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PREFACE 

Soil salinity is one of a major constraint in sustainable crop production, affecting more than 100 countries, 

worldwide. Globally, more than 900 million hectares of land, accounting for nearly 6% of the world's 

total land area and approximately 20% of the total agricultural land is affected by salinity. Technologies 

and knowledge generated till date has helped in taming the problem in large tracts of land in different 

countries to restore their full potential. However, new challenges are set to be faced either due to 

changing climate or land use anomalies, leading to exponential increase in the area under salinity. 

Presently, the total degraded land due to salinity and sodicity is estimated to be 6.74 million hectares in 

India and is likely to increase to 16.2 million ha by 2050. With new emerging soil salinity related stresses 

can be more pronounced and more damaging to crop production in years to come.  

ICAR-Central Soil Salinity Research Institute (CSSRI) during its journey of 50 years, since its 

inception in 1969, has made impressive contributions in terms of development of technologies for 

reclamation of salt-affected soils and waters. Besides U.S. Soil Salinity Laboratory, CSSRI is the only 

institution in the World dedicated to development of technologies for salty land management for crop 

production. It has been in the forefront, for last five decades, in developing technologies for holistic 

management of salt-affected soils and waters, and extending them to millions of farmers through robust 

extension mechanisms. In the context of climate change, the institute is fully geared up to face new 

challenges for mitigation and adaptation for salt affected scenarios. With its first “International 

Symposium on Salt-Affected Soils”, which was organized in 1980, the foundation was laid for 

internationally collaborated efforts to mitigate soil salinity and transform lives of millions of farmers in 

salt-affected areas worldwide. Since 2009, the institute has been organizing national seminars regularly in 

collaboration with Indian Society of Soil Salinity and Water Quality (ISSSWQ), and also publishes 

Journal of Soil Salinity and Water Quality (JSSWQ), to disseminate salinity related research findings. On 

its Golden Jubilee anniversary, ICAR-CSSRI again proposes Golden Jubilee International Salinity 

Conference on “Resilient Agriculture in Saline Environments under Changing Climate: Challenges 

and Opportunities” during 7-9 February 2019 to bring together the national and international scientific 

fraternity for devising the future roadmap to address the salinity issues in the backdrop of climate change. 

The themes in this Conference cover a) drivers, stressers and key indicators/parameters of soil 

salinity and diagnostic criteria for assessment and mapping, b) mechanism of salinization and its impact 

on soil crops vital ecological functions and novel strategies for up-scaling the saline agro-ecosystem 

amelioration, c) newer approaches and breeding protocols for inducing stress tolerance in plants, d) 

alternate landuse systems for saline agro-ecosystems, e) climate resilient approaches for higher 

agricultural productivity of salt affected lands and livelihood security and f) impact assessment, framing 

dynamic policies, addressing gender and other socio-economic issues for mitigating of salinization.  

I am grateful to the Abstract Publication Committee for putting their tireless efforts to compile the 

abstract book.  

(Parbodh Chander Sharma) 

President, Indian Society of Soil salinity and Water Quality & 

Director, ICAR–Central Soil Salinity Research Institute, Karnal 30
th

 January, 2019 
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Effect of Different Quality Groundwater on Soil Properties of Kaithal Block, 
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Long-term irrigation with poor quality water results in soil quality decline. Therefore, there is a need to 

appraise groundwater quality as well as to evaluate the impact of different quality water on soil properties 

and crop growth. In order to ascertain the effect of groundwater quality on soil properties, 48 soil samples 

from 12 representative sites were collected from depths, 0-15, 15-30, 30-45 and 45-60 cm which were 

analyzed for texture, saturation percentage, electrical conductivity (ECe), pH, cation exchange capacity 

(CEC), exchangeable sodium percentage (ESP), available nitrogen (N), available phosphorous (P), 

available potassium (K), organic carbon (OC), calcium carbonate (CaCO3), soluble cations (Ca
2+

, Mg
2+

, 

Na
+
 and K

+
) and anions (CO3

2-
, HCO3

-
, Cl

-
 and SO4

2-
). The ECe, SARe, ESP and CEC ranged from 1.70 - 

6.67 (dS m
-1

) 3.28-20.33 (m mol L
-1

)
1/2

, 4.23-25.55 and 5.37-8.73 (cmol (p+) kg
-1

), respectively. The soils 

were low in organic carbon. Calcium carbonate was absent at some sites, however, at some places it was 

higher (4.75-7.00%). The soluble ions showed a positive correlation with the ions of the irrigated 

groundwater. The use of poor quality water resulted in salt accumulation throughout the soil profiles. 

Highest electrical conductivity and sodium adsorption ratio of saturation extract were observed in surface 

layers of the soil which gradually decreased with application of good quality water for irrigation. 

Therefore, it is better to make conjunctive use of water for irrigation so as to prevent the soil deterioration 

and crop damage.  

Keywords: Soil quality, Groundwater, Exchangeable sodium percentage, Sodium adsorption ratio, 

Irrigation 
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The present study examined the quality of groundwater in a Hathin block of Palwal district southern part 

of the Haryana state lies between 27
o
50

/
49

// 
and 28

o
16

/
30

//
N latitude and 77

o
7

/
16

//
 and 77

o
32

/
49

//
E 

longitude angles with a total geographical area of 136996 ha. The development blocks of Palwal district 

are Hathin, Hassanpur, Palwal and Hodal with a total of 282 villages. A 68 groundwater samples from 

running tubewells in the block have been analyzed for ionic concentrations of CO3
2-

, HCO3
-
, Cl

-
, SO4

2-
, 

Ca
2+

, Mg
2+

, Na
+
 and K

+
. Parameters such as electrical conductivity (EC), sodium absorption ratio (SAR) 
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and residual sodium carbonate (RSC) have been evaluated. According to AICRP classification, it was 

found that 17.6 % water samples were of good quality, 75.0% saline and 7.4 % alkali in nature. Out of the 

saline water, 22.1, 4.4 and 48.5 % were marginally saline, saline and high SAR saline, respectively. In 

alkali group only 7.4% were observed in high alkali category. The study revealed that out of 68 samples 

47.06 percent samples showed EC up to 4 dS m
-1

 and the maximum value of EC (11.99 dS m
-1

) was 

found in village Bhandoli. Residual sodium carbonate (RSC) and sodium adsorption ratio (SAR) varied 

from nil to 5.40 me L
-1

 and 5.64 to 19.98 (m mol L
-1

)
½
, respectively. Spatial variable maps of EC, SAR, 

RSC and water quality of groundwater used for irrigation in the block were prepared through GIS to study 

spatial variability. 

Keywords:  Groundwater, Residual sodium carbonates, Salinity, Sodium adsorption ratio 
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The increasing extent of salt affected soils (SAS) in arid and semiarid region resulted due to the 

introduction of poor quality groundwater (saline/sodic with high residual sodium carbonate) for crop 

production (Singh, 2015). Timely identification, precise assessment and periodic monitoring salinity 

affected areas is required for combating soil salinization/ alkalization and sustainable crop production 

(Mandal, 2016). Traditional techniques for categorizing and examining salt-affected soils are time-

consuming, expensive and required rigorous sampling to illustrate spatial variability. Hyperspectral 

remote sensing (HRS) provides high resolution (1nm) data in discrete bands 350 nm to 2500 nm and fast 

assessment of soil salinity (Srivastava et al., 2017). Our study aims to the possibility of predicting salt 

concentrations in soils from measured reflectance spectra using principal component regression (PCR) 

and partial least squares regression (PLSR). To achieve this objective, different levels of salinity/sodicity 

were artificially created in silty clay loam and silty loam soils by the use of NaCl, Na2SO4, Na2CO3 salts 

and their mixture with the concentration varying from 0.2% to 10% in triplicate. Before soil analysis of 

these artificial soils, we have taken hyperspectral reflectance by spectroradiometer. Performance of these 

two adaptive methods has been compared, in order to examine linear relationship between soil reflectance 

and salinity/sodicity related attributes, based on considering or not considering depended attributes 

(salinity/sodicity related attributes) during data reduction technique among independent attributes (value 

of reflectance spectra). For each data set PCR and PLSR predictive models of soil salinity were developed 

based on soil reflectance data in Unscrambler 10.1. The predictive accuracies of PCR and PLSR models 

were assessed against independent validation data sets (48 samples) not included in the calibration or 

training phase (98 samples). Different salt dominated soils have characteristic absorption peak at 1400, 

1900 and 2200 nm wavelength and there was shifting of wavelength at higher value as the concentration 

of salts increases. The data pointed out that 25% of the samples had ECe and pHs values of greater than 

56.3 dS m
-1

 and 8.01, respectively. There was variation in soil salinity and alkalinity ranging from lower 
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to higher values over the treated soil samples which was most suitable for evaluation of band by 

multivariate regression models. The efficacy of the calibrated PCR hyperspectral model when applied to a 

validation set of soil samples correctly predicted more than 90% variability in ECe and other salinity and 

sodicity related attributes (saturated extract (SE)-Na
+
, K

+
, Cl

-
, CO3

2-
 and HCO3

-
) except SE-Ca

2+
, Mg

2+
 

and SO4
2-

, whereas, in case of PLSR hyperspectral model the predictive performance of Ca
2+

, Mg
2+

 and 

SO4
2-

 has been improved as indicated by higher value (RPD>2) of ratio of performance to deviation 

(RPD) than PCR method (RPD<2). Higher absolute PLSR coefficients values at wavebands 470, 1400, 

2020 and 2190 nm for pHs, 1400, 1890, 1930 and 2180 nm for ECe and 460, 1400, 1910, 2180, 2340 and 

2430 for SE-SAR pointed out that these bands are carrying more soil salinity/sodicity related information. 

The increased use and application of HRS will aid in building a spectral library for SAS and in 

conjunction with hyperspectral satellite data will provide real time monitoring as well as rapid 

information enabling the farmers to deal with salt degradation more effectively and efficiently. 

Keywords: Hyperspectral rmote sensing, Salt-affected soils 
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In order to ascertain the quality of groundwater, water samples were collected at an interval of three 

to four kilometers on the kachcha, link and main roads. The elevation, longitude and latitude 

angles of the sampling points were recorded by GPS system at each location. All the 525 

groundwater samples (77 from Bhattu Kalan, 104 from Bhuna, 112 from Fatehabad, 53 from Jakhal, 

89 from Ratia and 90 from Tohana block) were analyzed for various chemical parameters, viz. pH, 

EC, (Ca
2+

, Mg
2+

, Na
+
 and K

+
) and anions (CO3

2-
, HCO3

-
, Cl

-
, SO4

2-
 and NO3

-
) by using standard 

procedures. Subsequently, SAR and RSC were calculated for these samples. The pH, EC, SAR and 

RSC in groundwater ranged from 7.02-9.90, 0.21-15.84 (dS m
-1

), 1.74-53.60 (m mol L
-1

)
1/2

, 0.00-9.40 (me 

L
-1

), respectively. The concentration of cations viz., Ca
2+

, Mg
2+

, Na
+
 and K

+ 
varied from 0.15-9.40, 0.60-

17.50, 1.10-133.23, 0.20-2.90, me L
-1

 with mean values of 1.00, 3.02, 19.10, and 0.53 me L
-1

, 

respectively. Likewise, the concentration of anions viz., CO3
2-

 , HCO3
-
, Cl

-
 and SO4

2-
  varied from 0.00-

7.50, 0.20- 12.00, 1.30-117.50 and 0.00-53.20 me L
-1

 with average values of 0.29, 3.31, 15.88 and 4.29 

me L
-1

, respectively. According to AICRP classification, 47.2, 14.1, 2.3, 16.8, 5.1,3.4 and 11.0% were of 

good, marginally saline, saline, high SAR saline, marginally alkali, alkali and highly alkali, respectively. 

Spatial variability maps of EC, SAR, RSC and water quality of groundwater were also generated. By and 

large, the analysis of various parameters indicated that quality of groundwater of experimental site is not 

safe for irrigation.  

Keywords: Electrical conductivity, Saline, Alkali, Groundwater, Fatehabad 
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Soil Salinity Mapping by Optical and Radar Remote Sensing 
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This paper summarized the recent progress in soil salinity detection, prediction, quantification and 

mapping by optical and radar remote sensing technology. The traditional application of remote sensing 

data to map soil salinity is image classification using either unsupervised or supervised algorithms. Since 

1990s, machine learning classifiers such as Artificial Neural Networks (ANN), Support Vector Machine 

(SVM) and Random Forests (RF) have been widely applied to optical data to conduct classification-based 

soil salinity mapping. At the same time, optical data-derived biophysical indicators (BI), e.g., vegetation 

indices, land surface temperature (LST), Principal Components (PCs), Tasseled Cap Brightness (TCB), 

etc. have been also employed for salinity modeling and mapping. It is worthy of mention that the 

phenologically contrasted multiyear BI-maximization followed with a multivariate linear regression 

(MLR) modeling approaches are able to overcome the problems caused by fallow state, crop rotation and 

soil moisture, and to deliver reliable salinity mapping. 

Radar data, independent of weather condition and of which signal can penetrate up to subsoil, 

have been long applied to salinity mapping. However, successful applications have been rarely reported 

because of the difficulty to separate the soil salinity from moisture. A breakthrough has been very 

recently made to remove the impacts of soil moisture and vegetation cover on the salinity part of the radar 

backscattering coefficients by introducing Water-Cloud Model. After this removal procedure, soil 

components of the radar backscattering coefficients are highly correlated with the field measured soil 

salinity.  

A new development trend in soil salinity mapping is the application of the machine learning 

regression modeling, for example, Support Vector Regression (SVR) and Random Forest Regression 

(RFR) modeling. Using the optical and radar combined dataset, SVR, in particular, RFR are capable to 

achieve very accurate soil salinity prediction and mapping with a reliability of 93-94% (Wu et al. 2018). 

In summary, few studies using Convolutional Neural Networks (CNN) for soil salinity mapping have 

been documented. Probably, this shall be a new direction for test. Optical and radar combined BI-dataset 

followed with MLR and RFR modeling will be recommended for soil salinity prediction and mapping. 

Keywords: Radar remote sensing, Artificial neural networks, Soil mapping 
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The Indian Deccan Plateau carries a distinct category of soil with long deep, grey to very dark grey 

colour, richness with swelling clay (smectites) preferably known as “black cotton soil‟. These soils have 

some distant characteristics viz., high stickiness, plasticity and cohesiveness in moist and very hard and 

tillage impossible on drying and chances of rapid deflocculation and high degree of sodium saturation. 

Therefore, soil and agronomic practices is not similar of this type of soils compared to soils of Indo-

Gangetic Plain. Moreover, sodicity and presence of alkaline hydrolyse salts have overriding influence for 

crop performance and yield. Keeping this in view, we collected 55 numbers of geo-referenced sodic soils 

along depth (0-0.15, 0.15-0.30, 0.3-0.45 and 0.45-0.60 m) from Madhya Pradesh (16), Maharashtra (16), 

Telangana (15) and Tamilnadu (8) from barren sodic land, after harvest of cotton, moong, rice and other 

important field crops of local area of respective states. The preliminary soil analysis indicated that soil 

pH1:2 and pHs increased along depth upto 0.60 m soil depth for soils nearly for all studied profiles.  Soil 

pHs ranged from 7.4-9.4 with mean of 8.3 for Madhya Pradesh, 7.1-8.6 with mean of 7.8 for Maharashtra 

and 7.7-9.8 with mean of 8.6 for Telangana and 7.5-8.6 with mean of 7.6 for surface layer. Generally soils 

showed ECe<4.0 dS m
-1

; among them it varied from 0.8-4.0 with mean of 2.0 dS m
-1

, 0.5-6.6 with mean 

of 0.5 dS m
-1

; 1.0-4.0 with mean of 2.5 dS m
-1

 and 1.0-11.8 with mean of 1.0 dS m
-1

 for surface soils in 

respective states. The soils of Maharashtra were more calcareous (0.3-12.2 with mean of 6.3%) followed 

by Telangana (0.5-20.5 with mean of 5.9%), Tamilnadu (0.7-27.9 with mean of 5.1%) and Madhya 

Pradesh (0.2-3.5 with mean of 2.2%) for surface layer. Clay content increased along depth and it content 

was greater in Maharashtra (2.6-59.4 with mean of 31.4%), Madhya Pradesh (14.9-44.4 with mean of 

30.3%), Telangana (5.8-49.3 with mean of 25.0%) and Tamilnadu (8.3-55.7 with mean of 18.2%) for 

upper surface. Except Telangana, all soils were low in oxidizable organic C for surface layer; its content 

declined along depth for all profile.  The estimated gypsum requirement (50GR through gypsum) for 

reclamation of sodic Vertisols of MP varied from 4.0-29.0 with mean values of 14.0 t ha
-1

; Talangana 

from 5.5-23.0 with mean values of 11.0 t ha
-1

; Maharashtra from 5.0-15.0 with mean values of 9.5 t ha
-1 

and Tamilnadu from 5.5-13.0 with mean values of 7.5 t ha
-1 

for surface soil.  

Keywords: Sodic soil, Exchangeable sodium, pHs, Clay, Calcium carbonate, Gypsum, Indian Deccan 

Plateau 
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Sodic soils are characterized by high pHs (>8.2), exchangeable sodium per cent (ESP >15) and variable 

electrical conductivity (ECe). Soils have low pore spaces, and difficulty to water entry and poor 

infiltration and prone to waterlogging, impedance aeration, deflocculating of soil particles resulting in a 

degradation of soil structure and formation of hard crust on the surface layer. Overall crop performance 

and yield return of sodic soil not economical. Therefore, in depth characterization of this category soils 

has paramount importance for enhancing productivity of marginal land. Keeping this in view, we 

collected 93 geo-referenced sodic soils along depth (0-0.15, 0.15-30, 0.3-0.45 and 0.45-60 m) from Uttar 

Pradesh (73), Haryana (10) and Rajasthan (10) from barren sodic land, after harvest of wheat crop and 

other important field crops of local area of respective states. The preliminary soil analysis indicated that 

soil pH1:2 and pHs increased along depth upto 0.45 m followed by declined at 0.45-0.60 m soil depth for 

soils under Uttar Pradesh and Haryana. Soil pHs ranged from 8.0-10.9 with mean of 9.65 for Uttar 

Pradesh, 8.1-10.15 with mean of 9.05 for Haryana and 8.0-9.65 with mean of 8.2 for Rajasthan for surface 

layer. Soils had variable ECe from 0.9-4.6, 1.0-50.0 and 1.3-8.4 dS m
-1

, for upper layer in respective 

states. The ESP of soils varied from 48.3-95.4 with mean of 80.0% for Uttar Pradesh, 10.6-90.7 with 

mean of 45.0% for Haryana and 7.8-88.8 with mean of 42.3% for Rajasthan in surface layer. Soil ESP 

declined along depth upto 0.45 m. The soils of both Haryana and UP are calcareous in nature and 

contained 3.3, 2.7, 3.1 and 3.9% and 2.4, 2.9, 4.7 and 5.5% of CaCO3 in 0-0.15, 0.15-0.30, 0.30-0.45 and 

0.45-0.60 m of soil layer, respectively. Soils were low in oxidizable organic C with 0.19, 0.1, 0.09 and 

0.08% for UP and 0.12, 0.13, 0.11 and 0.09% for Haryana in 0-0.15, 0.15-0.30, 0.30-0.45 and 0.45-0.60 

m of soil depth. In general clay content increased along depth for soils of three states. Soils of Haryana 

had greater values of clay with 16.5, 22.3, 23.0, 19.0% followed by UP with 14.9, 16.9, 18.0 and 19.6% 

and 10.6, 13.7, 12.6 and 12.3% for 0-0.15, 0.15-0.30, 0.30-0.45 and 0.45-0.60 m soil depth. The estimated 

gypsum requirement (50GR through gypsum) for reclamation of sodic soils of UP varied 3.0- 34.0 with 

mean values of 9.0 t ha
-1

 and 3.0-15.4 with mean of 9.0 t ha
-1 

for surface layer.  

Keywords: Sodic soil, Exchangeable sodium, pHs, Clay, Calcium carbonate, Gypsum, Indo-Gangetic 

plain 

https://www.getpincode.info/pincode/452001
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Increasing soil salinity across the arid and semi-arid regions of India is a common problem due to large 

scale irrigation for the agriculture. Approximately 8.7 million ha of land is salt-affected and about 40 % 

of this is concentrated in the north-western, semiarid/arid states of Haryana, Punjab, Uttar Pradesh and 

Rajasthan with saline aquifers. Rising saline water table and associated environmental degradation is a 

major issue in these areas, making the lands unproductive for agriculture. Inland saline aquaculture is the 

alternate livelihood for the farmers of these areas. It has been increasingly recognised that future of food 

security largely depends on the aquaculture production. Inland saline aquaculture poses potential for the 

production of euryhaline species and for further expansion of aquaculture area in the country in the 

context of limited expansion of area in the coastal areas. Ground Water Board of Rajasthan reported salt 

affected soils as well as underground saline waters in the state and earlier report by Central Institute of 

Brackishwater Aquaculture (CIBA) in 1992 suggested to utilise the unutilised saline ground water reserve 

and other surface saline water sources for development of inland saline aquaculture. In order to identify 

the suitable sites for inland saline aquaculture, Jaipur, Ajmer, Jodhpur, Pali and Jalore districts of the state 

was surveyed during March, 2018. The surface soil and water samples from open wells, bore wells and 

surface water bodies were collected and analysed for the basic physico-chemical parameters, nutrients and 

mineral profile as per the standard prescribed methods. The salinity, pH, alkalinity and hardness of the 

surface and subsurface waters varied from 0-22 ppt, 7.06-9.15, 49-1415 ppm and 84-3480 ppm, 

respectively. Surface water sources are fresh waters with the salinity of 0-2 ppt. The groundwater sources 

are suitable for the inland saline aquaculture due to high salinity and open water sources can be utilised 

for low saline aquaculture. The salinity, pH, hardness and alkalinity of subsurface water ranged from 0-20 

ppt, 7.1 to 9.1, 84-3480 ppm and 98-1415 ppm respectively. Kishangarh and Kanpura areas in Ajmer 

district with extremely high alkalinity were not recommended for aquaculture. Sodium and potassium 

concentration of water samples from 16-270 ppm and 1-254 ppm, respectively and Ca: Mg minerals ratio 

of 0.6 to 28.4 indicates the variation in mineral profile and requirement for the minerals supplementation. 

Phosphate and nitrate concentration of 0.008-0.560 ppm and 0.001-1.05 ppm, respectively indicates the 

variable productivity of water sources. The soil pH, electrical conductivity and calcium carbonate content 

range of 6.9 to 9.5, 119 to 11, 260 dS/m and 0.36 to 10.4 %, respectively indicates the non-requirement of 

lime and richness of ions in soil extract. The soils in general are poor in organic matter content (0.15 to 

0.6%) and needs external manures supplementation for enhancement of natural productivity, except for 

few locations, Kanpura (1.29%) and Jillawarda (2.01%). Based on the suitability criteria, Jaitpura of 

Jalore district is suitable for inland saline aquaculture of shrimp (Litopenaeus vannamei) as well as finfish 

(Seabass, Milkfish, Grey mullet, etc. Culture of milkfish in an acre pond (stocking density of 5000 

no/acre) for 8 months provides a net profit of around Rs. 2, 00,000. The discharge water from the 

aquaculture farms should be treated with Discharge Water Treatment System (DWTS) before releasing 

into the environment. 

Keywords: Inland saline aquaculture, Salinity, pH, Hardness, Alkalinity 
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Sugarcane is very important cash crop which required frequent heavy irrigations during its crop seasons. 

If irrigation water has high salinity (both saline and sodic water), the plant grown is severely affected 

unless manage judiciously and the cane production decreases when grown in these condition. The major 

effect of saline water on plant growth is osmotic and specific toxicity of ion and nutrition imbalance. The 

high pH, high concentration of sodium salts present in water affects the plant growth and juice quality. 

The use of irrigation water with high residual sodium carbonates (RSC) in sugarcane can deteriorate 

physico-chemical properties of the soil and ultimately affects the cane yield and juice quality, unless 

judiciously used with suitable amendment like gypsum. Keeping this in mind, study was undertaken to 

assess the groundwater quality of „Assand‟ block sugarcane growing area, so that the irrigation water can 

be managed for higher sugarcane production. Village wise characterization of groundwater of four circle 

of Assand block of Karnal district (29º52
/
145

//
 N latitude and 76º60

/
6508

//
 E longitude) was conducted. A 

total of one thousand seven hundred sixty four (1764) groundwater samples were collected from different 

111 villages. The water samples were analyzed for EC, cations (calcium+magnesium), and anions 

(carbonate, bicarbonate, chloride) and specific irrigation water quality indices (residual sodium carbonate) 

have been determined. The EC value of groundwater of whole block varied from  0.1 to 11dS m
-1

 with 

average  value of  1.95 dS m
-1

 , the CO3 varied from 0.0 to 0.5 meq L
-1

 with average  value of  0.1 meq L
-

1
, the HCO3 varied from 0.38 to 20.5 meq L

-1  
with average  value of  8.11 meq L

-1
, the Cl varied from 

0.45 to 34.0 meq L
-1  

with average  value of  4.97 meqL
-1

. Among different captions the Ca+Mg varied 

from 0.60 to 30.5 meq L
-1 

with average value of 7.43 meq L
-1

. The RSC varied from 0.0 to 14.4 meq L
-1 

with average value of 3.1 meq L
-1

 and the gypsum requirement varied from 9 to 480 kgs per irrigation 

with average value of 113 kgs. The SAR of water ranged from 0 to 94.2 meq L
-1 

with the average of 6.6 

meq L
-1

. Out of the entire water sample analyzed for whole block 35-7% water fall in good category, 

18.5% in marginally saline, 1.6% saline, 5% in high SAR saline, 13.4% marginally alkali, 18.7% alkali 

and 7.2% in high alkali water. Out of the entire water sample analyzed 62% water sample have RSC 

(range from 0.3% to 14.4 meq L
-1

) the tube well water not suitable for irrigation, unless the required 

amount of gypsum is applied along with irrigation water. These tube well require gypsum application 

range from 9 to 480 Kg gypsum for irrigation. Co-relation matrix indicated that EC is highly correlated 

with Cl (r=0.86) and Ca+Mg (r=0.62). 

Keywords: Groundwater quality, Water samples, RSC, SAR 
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Increasing soil salinization may affect up to 50% of the existing arable land by 2050. Most of the damage 

to crop is caused due to excessive Na
+
 and Cl

- 
ions. Presence of higher amount of Na

+
 ions adversely 

alters the ionic homeostasis and physiological status of the cell. Salinity results in induction of an array of 

genetic changes leading to fluctuations in functional activities of plants. Cotton productivity is declining 

due to several abiotic stresses, and soil salinity is one of the abiotic factors that affect growth, 

development and productivity. We hypothesized that selection of cotton cultivars based on its salt 

tolerance, may play a vital role in its adaptation to salinity. Six cotton cultivars belonging to three 

different species of namely Suraj, LRA-5166 (G. hirsutum), G-Cot 25, Jayadhar (G.herbaceum) and Roja, 

Phule dhanwantary (G. arboreum) were subjected to four levels of NaCl stress (i.e. 0, 100, 150,  and 200 

mM ) for eight weeks from 21-75 days after sowing (DAS) under protected conditions. Na
+
 and Cl

- 
ions 

and their Na
+
/Cl

- 
ratio were determined by standard methods in the fourth node cotton leaves at 60 DAS 

as well as post-harvest rhizosphere soil. Results indicated that the plant Na
+
 and Cl

-
 ions concentration 

and rhizosphere soil were significantly modified by increasing salt concentrations. Na
+
 in cotton leaves 

showed a positive correlation with concentration of NaCl applied in the rhizosphere. The highest 

concentration of Na
+
 was recorded in 200 mM NaCl treatment. The lowest accumulation of recorded Na

+ 

ions was in Suraj (6%), while LRA-5166 had the highest accumulation (33%) as compared to the control. 

With regard to Cl
-
 ions, the lowest accumulation (23%) was recorded in the leaves of G-Cot 25, while 

Suraj showed the highest concentration (44%). In the soil rhizosphere, Na
+ 

ions concentration was found 

to increase in all the treatments. Among the cultivars, the lowest concentration was observed in LRA-

5166 (7%) and the highest in Phule dhanwantary (40%). The lowest Cl
- 
content was recorded in G-Cot 25 

(33%) and the highest in the rhizosphere of Phule dhanwantary (85%). Based on these findings, we found 

ion selective ability, varied with cotton cultivars probably because salt stress modified the influx or efflux 

of ions in cotton tissues. Based on the study, among the cultivars we tested, the salt tolerance followed the 

order: G-Cot 25 > Jayadhar>Phule dhanwantary>Roja>LRA-5166> Suraj. Though salt tolerant cultivars 

(G-Cot 25, Jayadhar) had high concentration of Na
+
 and Cl

-
 in their leaves, they were found to adjust ion 

concentrations, and allowed uptake of other ions. On the other hand, sensitive cultivars (Suraj, LRA-

5166), had higher accumulation of Na
+
 and Cl

-  
and inhibited nutrient uptake of Ca

2+
, Mg

2+
 and K

+
. 

Na
+
/Cl

- 
ratio in leaves were non-significant, among the cotton cultivars. However tolerant cultivars had 

high Na
+
/Cl

- 
ratio as compared to the susceptible cultivars. We conclude that salinity stress can affect ion 

selectivity as well as uptake of other nutrient ions in cotton. Hence, we recommend that Na
+
 and Cl

-
 

concentrations and their ratios should be continued while selecting cotton cultivars for cultivation under 

saline areas. 

Keywords: Cotton, Na
+
 and Cl

-
 ions, Na

+
/Cl

- 
ratio, Salinity stress 
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Soil salinity is a major constraint in the crop production in many countries of arid and semi-arid regions, 

where, saline water is one of the main irrigation sources, affecting the productivity as well as quality of 

the soil. In these regions seed spices have special position in covering approximately thousand ha in India. 

Since these crops are widely grown using the saline water, but there is hardly any systematic information 

available on the effect of saline water irrigation on physico-chemical properties of soil under seed spice 

crops and how we can use the irrigation resources judiciously in these crops. Keeping this in view a study 

was carried out to evaluate the effect of saline water (EC-6 dS m
-1

), fresh water and combination of both 

on soil reaction, cationic and anionic concentrations of soil saturation extract at different intervals of 

growth stages under four seed spice crops (Anethum graveolens, Nigelia sativa, Pimpinella anisum and 

Trachyspermum ammi). Soil samples were collected (0-15 cm depths) from pot culture experiment carried 

out at ICAR-Central Soil Salinity Research Institute, Karnal, Haryana and analysed for different physico-

chemical properties (pH1:2, EC1:2, pHs and ECe), cationic (Ca
2+

, Mg
2+

, Na
+
 and K

+
) and anionic (CO3

2-
, 

HCO3
-
, Cl

-
, SO4

2-
) concentration. The soil pH1:2 varied from 7.79 to 8.54, EC1:2 from 0.45 to 7.31 dS m

-1
, 

pHs from 6.93 to 7.81, ECe from 1.28 to 24.90 dS m
-1

, Ca
2+ 

from 2.2 to 25.16 me L
-1

, Mg
2+

 from 2.25 to 

41.25 me L
-1

, Na
+
 from 4.07 to 192.39 me L

-1
, K

+
 from 0.11 to 2.19 me L

-1
, HCO3

- 
from 0.10 to 6.7 me L

-

1
, Cl

-
 from 26.0 to 270.87 me L

-1
, SO4

2-
 from 8.34 to 50.11 me L

-1
and sodium absorption ratio (SAR) from 

2.44 to 36.22 under selected seed spice crops. The carbonate concentration in soil saturation extract was 

in traces under all the treatments and crops. Continuous application of the saline water irrigation led to 

built up of soil salinity in soil, no matter what the crop was. The results also indicated that application of 

saline water in the early stages of growth followed by fresh water irrigation, have comparatively low ECe, 

cations and anions compared to continuous saline water irrigation under all the seed spice crops. The 

sodium absorption ratio was also less than 13 except for Dill and Nigelia, after the continuous application 

of saline water followed by fresh water (121 to 150 DAS). Conclusively, instead of applying saline water 

continuously, we can go for alternate application of saline and fresh water in the seed spice crops in arid 

and semi-arid region 

Keywords: Salinity, Seed spice crops, Sodium absorption ratio, Soil saturation extract 
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Groundwater is the major source of irrigation in most arid and semi-arid regions of the country. For 

sustainable crop production there is a need to assess groundwater quality in these regions. Therefore, the 

study was carried out to evaluate the quality of groundwater in Punhana block of Mewat district. 84 

groundwater samples were collected from the block and analysed for pH, electrical conductivity (EC), 

anions (CO3
2−

, HCO3
−
, Cl

−
, SO4

2−
 and NO3

−
) and cations (Ca

2+
, Mg

2+
, Na

+
 and K

+
). In addition to this, 

water quality indices (SAR and RSC) were also calculated. The EC and pH of water samples varied from 

1.00 to 15.29 dS m
-1

 and 7.06 to 9.60 with a mean value of 5.48 dS m
-1 

and 8.10, respectively. The 

relative abundance of major ions for most of the water samples were Na
+ 

> Mg
2+ 

> Ca
2+ 

> K
+
 and Cl

− 
> 

SO4
2− 

> HCO3
− 

> CO3
2− 

> NO3
− 

for anions. Sodium adsorption ratio (SAR) and residual sodium carbonate 

(RSC) varied from 3.77 to 46.48 (m mol L
-1

)
1/2 

and 0.00 to 4.00 me L
-1 

with average value of 17.25 (m 

mol L
-1

)
1/2

 and 0.21 me L
-1

 respectively. Based on EC, SAR and RSC, 11 groundwater samples were 

classified as good quality, 23 marginally saline, 33 high SAR saline, 2 marginally alkali and 1 highly 

alkali. Spatial variability maps of EC, pH, SAR, RSC and water quality of groundwater used for irrigation 

in the block were also generated which provided firsthand information about the quality of groundwater. 

In general, the analysis of various parameters indicated that quality of groundwater is unsuitable for 

irrigation purposes. Therefore, the groundwater should be blended with canal water before irrigation. 

Keywords: Groundwater, Cations, Anions, Spatial variability, Maps 
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The investigation was undertaken during 2015-2016 in Department of Soil Science and Agricultural 

Chemistry, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola, Maharashtra to assess the quality of 

irrigation water in Katepurna command area of Akola district of Maharashtra. For that the water samples 

from ten open wells were collected in three different seasons i.e. pre monsoon (summer), monsoon (rainy) 

and post monsoon (winter). The ground water samples from ten open wells were collected form ten 

villages i.e. Salpi, Walpi, Nimbhara, Hatola, Botha, Zodga, Wagha, Mahan, Chichkhede, Shelubk in 

Katepurna command area. Simultaneously the soil samples were also taken in pre monsoon (summer), 

monsoon (rainy) and post monsoon (winter) season and analyzed for various parameters. The ground 

water was having high salinity and low sodium hazard (C3 S1) during pre monsoon (summer) and 

monsoon (rainy) season, medium salinity and low sodium hazard (C2S1) during post monsoon (winter) 
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season, amongst the cation sodium was dominant in pre monsoon and monsoon season. The all anionic 

composition was below the permissible limit in all three seasons. The sodium adsorption ratio was within 

the permissible limit in all three seasons and Mg:Ca ratio falls in acceptable range in all three seasons. 

The adjusted sodium adsorption ratio of seven samples in pre monsoon (summer) and monsoon (rainy), 

two samples in post monsoon (winter) season was exceeded the permissible limit as per recommended 

guidelines. As per Kelley‟s ratio nine samples during pre monsoon (summer), eight samples during 

monsoon (rainy) and two ground water samples during post monsoon (winter) season was unsuitable for 

irrigation. On the basis of permeability index ground water was in class II and III which categorized as 

medium to high during all three season. The residual sodium bicarbonate in all three seasons was below 

the permissible limit. As per magnesium adsorption ratio five samples during pre monsoon (summer) and 

monsoon (rainy), four samples during post monsoon (winter) season was found above permissible limit. 

Soluble sodium percentage in six samples during pre monsoon (summer), four samples each in monsoon 

(rainy) and post monsoon (winter) season were above permissible limit which clearly indicates that the 

water should be analyzed for all three seasons for its safe use. 

Keywords: Groundwater quality, Katepurna Command, Sodium adsorption ratio, Open wells 
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In semi arid agro eco region of Rayalseema plateau (AESR 7.1) in drought prone areas of Andhra 

Pradesh, soil sodicity is one of the most crucial environmental problems is limiting agricultural 

production and sustainability in this region. In this contest, a case study was made in a part of granitic 

terrain of Somavati river basin of Kadiri tehsil, Anantapur distinct of Andhra Pradesh under the project of 

drought mitigation programme. Detailed soil survey was carried out in Inagaluru cluster covered 3000 ha. 

Detailed soil survey was taken on 1:10000 scale using Cartosat-2 + IRS-P6 LISS IV merged image for the 

generation of land resource information in conjunction with the Inagaluru cadastral map and SOI 

topographical sheets of 1:50000 scale. Nearly 115 soil profiles were studied and identified 14 soil series 

after soil correlation and forty five soil phases as mapping units. From the soil map, two dominant sodic 

soil series, Mittapalle and Pedapalle were identified with moderately alkaline (> pH 8.5) and non saline 

(EC <1 dS m
-1

) with >1% organic carbon in Ap horizons. Distribution of clay content varied from 29 to 

43% in Mittapalle series and 8 to 34% in Pedapalle series respectively which are increasing with depth. 

Exchangeable sodium percent (ESP) values are varied from 9.21 and 3.65% in surface and 9.21 to 56.73 

and 41.61 to 57.29% in subsurface horizons of Mittapalle and Pedapalle series. The causes of sodicity and 

presence of carbonates and bicarbonate of sodium in Somavati river basin attributed due to increasing 

aridity with erratic rainfall and high evapotranspiration. Based on morphology and physico-chemical 
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characteristics, Mittapalli soils are classified as Typic Natrustalfs whereas Pedapalle series as Aridic 

Haplustepts inspite of having exchangeable sodium percent >15. It is here by proposed to have an 

adjective of sodic at subgroup level to define and to classify these soils occurring extensively in river 

basins of Rayalseema region.     

Keywords: Sodic soils, Exchangeable sodium percent, Clay content, Soil series 
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Soil salinity is one of the major problems of the arid region in the world. In India, Haryana, Punjab, and 

Rajasthan have the largest salt-affected lands. A lot of research has been done in past to identify the 

source of salinity in this area. The outcomes of most of the research indicate that surface irrigation 

through the canal is the source of salinity especially in Haryana.  A recent study carried out to know the 

source of salt coming to the Haryana. In this study, some remote sensing & GIS tool i.e. soil water 

assessment tool (SWAT) and Global flood monitoring system (GFMS) has been used. The combination 

of both tools is helpful to identify the approximated discharge and also low lying area. In addition to field 

data collection of soil and water, data of pre and post-monsoon from the various rivers drains, floodplains, 

landslides, debris with muds, accumulated near the banks of rivers etc. from Punjab, Haryana, 

Uttarakhand, and Himachal Pradesh has been collected for this study. During the monsoon, the sample 

has been collected from the live runoff from the lower elevation area of the mountainous regions.  The 

water samples from various dams and reservoir‟s supplying the irrigation water to Haryana such as 

Hathnikund barrage, Shakuntla dam etc. has been taken separately. The analysis of soil and water and 

samples especially electrical conductivity (EC) has been done to determine the salinity level. It has been 

found that the water coming in Haryana by the canal in the monsoon has higher EC than normal days. It 

has also identified that during the rain the water coming from the upper elevation area (Mountain) has 

negligible EC in it,  but when it reach to the downward and a lot of drainage water associated within the 

river and the EC value gradually increases. The main reason for increasing the EC in the water is the 

mixing of the soil particles from various drains. These drains carry the dissolved soil particle from the 

various landslides, weathering of rocks and also by erosions in the hills. The water from various canals 

flowing in the Haryana, coming from Hathnikund Barrage and going to the farmers‟ fields with soil 

particle containing average EC range during the monsoon is 0.72 dS m
-1 

and before the monsoon, it has 

approximately 0.2 dS m
-1

. The continuous use of canal water during the monsoon may be one of the 

reasons for the salt accumulation in lower elevation area of an area of Haryana e.g. Rohtak and Jhajjar 

districts. Both tools are helpful to identify the direction of stream network, basin area, flow direction and 

estimation of discharge of any stream. These tools are useful for the salt & water studies and also it‟s 

monitoring. It can also be used for the prediction of salinity. 

Keywords: EC, Canals, Water, Tools 
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Water plays a vital role in all living beings as well as in plants. As the poor quality water is increasing all 

over the world, knowledge of quality of irrigation water is essential for sound crop planning, water 

management and better production. The magnitude of essentiality is more in multiple cropping 

programmes, where two or more crops are raised successively in the same land in a year. Quality of water 

is important consideration in any appraisal of salinity or alkali conditions in an irrigated area. A detailed 

survey of four blocks Fatehpur Sikri, Akola, Achhnera and Bichpuri was carried out for assessing and 

comparing the quality of underground irrigation water between present survey and the survey done forty 

years ago. G.P.S. location, depth of water table, tube-well depths and other details were collected while 

taking samples from the mapping units. The collected samples were analysed for its cationic and anionic 

composition by following standard procedure. The EC, SAR and RSC ranged from 1.7 to 26.3 dS m
-1

, 1.4 

to 55.1 (mmol L
-1

)
1/2

 and nil to 28.2 meq L
-1

 in surveyed blocks. In distribution of water samples in 

different EC, SAR and RSC classes, no water samples in EC<1.5 dS m
-1

 in any block was found, the 

maximum number of samples fall in between 3 to 10 dS m
-1

, however, 15 to 27 per cent samples are 

having EC above 10 dS m
-1

 in all the blocks. Considering the RSC classes, the maximum (60-80%) 

samples are in absent (nil) category. Only in Fatehpur Sikri and Akola blocks the RSC is recorded >10 

meq L
-1

. In SAR value, majority water samples are found in 10-20 and 20-30 (mmol L
-1

)
1/2

 in all the 

blocks. However, some samples of SAR >40 (mmol L
-1

)
1/2

 are found in Fatehpur sikri and Achhnera 

blocks. The fluoride composition of samples revealed that in all four blocks more than 80 per cent 

samples are found in safe category i.e. 0-1.5 ppm fluoride. Whereas, three blocks viz. Fatehpur Sikri, 

Akola and Achhnera have some samples of fluoride in 1.5-3.0 ppm class. The nitrate was detected only in 

15 per cent samples of Fatehpur Sikri and fifty- fifty per cent samples are found in 0-2.5 and 2.5-5.0 meq 

L
-1

 class respectively among in nitrate having samples. The distribution of water samples in different 

water quality classes reveals that about 80 per cent samples came under high SAR saline in all four 

blocks, whereas, 5 to 10% in marginally saline and approx. 6 to 12% samples in high alkali class are 

found. Only Bichpuri block have few samples of good quality water (4.4%). Comparing the water quality 

from 40 years ago survey, it is clear that good quality, marginally saline, saline, marginally alkali and 

alkali water in all surveyed blocks have been reduced. The major number of samples falls in high SAR 

saline 22.3% and high alkali only 1.6% increase over surveyed year 1975.  

Keywords: Irrigation water, EC, SAR, RSC 
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The requirement of assessing the performance of subsurface drainage in terms of improvements in crop 

growing environment by reducing soil salinity is necessary for proper functioning the implemented 

project. To facilitate this, we conduct an electromagnetic induction survey (EM-38) in two time frames 

before (2012) and after (2016) installation of subsurface drainage in saline water logged soil at 

Siwanamall, Jind, Haryana, India. Survey was carried out in vertical (ECav) and horizontal (ECah) modes 

across the two subsurface drainage blocks of siwanamall village. Based on the survey readings of high, 

moderate and low apparent conductivity, soil samples were collected from 11 sampling locations points 

during 2012 and 2016. We collected soil samples at three depth increments, including topsoil (0-0.15 m, a 

subsurface (0.15-0.3) and a subsoil (0.3-0.9) and measured the soil electrical conductivity (ECe dS m
-1

). 

We develop depth specific calibrated relationship from the data acquired in two time frames. The 

prediction accuracy was compared at different depth increments and results of the spatiotemporal 

distributions of soil salinity using ordinary kriging (OK) interpolation were described in terms of 

performance of subsurface drainage. Mapping of spatiotemporal distribution in GIS environment shows 

distinct change in area of different salinity classes with in a period of four years, which indicates effects 

of SSD on desalinization of soil.  Successful operation of subsurface drainage over a period of four years 

2012 to 2016 revealed that area under low soil salinity (0-4 dS m
-1

) and moderate salinity (4-8 dS m
-1

) 

classes increased by 6 and 37%, conversely area under high (8-16 dS m
-1

) and very high (>16 dS m
-1

) 

reduced by 40 and 3%. This improvement of land also reflects in crop production in term of increasing 

productivity. As compared to pre-drainage condition (2012), rice productivity increases by 92% and 

wheat productivity increases by 106 % over a span of 4 years after SSD installation. The overall results of 

the study suggest that SSD has significant effect on desalinization process and improving crop yield in 

waterlogged saline soil. Regular monitoring of desalinization process is required to get maximum benefit 

of SSD project. We conclude that electromagnetic induction approach allows for rapid assessment of 

performance of subsurface drainage project and produce a quantifiable soil salinity map for site-specific 

management. 

Keywords: Electromagnetic induction survey, Sub-surface drainage, Productivity, Salinity 
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Effect of different quality irrigation water viz., normal tap water (NTW, EC 0.7 dS m
-1

), dilute saline 

water (DSW, EC 5.0 dS m
-1

; SAR 5.0 mmol
½
 L

-½
), concentrated saline water (CSW, EC 10.0 dS m

-1
; 

SAR 5.0 mmol
½
 L

-½
), dilute alkali water (DAW, RSC 2.5 me L

-1
) and concentrated alkali water (CAW, 

RSC 10.0 me L
-1

) on the soil chemical properties and its impact on growth and yield of wheat (cv. KRL 

213) and rice (cv. CSR 36)  was evaluated in normal (pHs 7.5, ECe 1.0 dS m
-1

), saline (pHs 7.7, ECe 10.6 

dS m
-1

) and alkali (pHs 9.15, ECe 2.9 dS m
-1

) sandy loam soils in the micro-lysimeter. Initial saturated 

hydraulic conductivity (Ks) value for normal, saline and alkali soil was observed 0.16, 0.23 and 0.005 cm 

h
-1

 respectively. No significant change in Ks value of post-rice soil was observed under NTW and DAW 

in the normal soil, whereas it was reduced significantly to one fifth of initial value under CAW. DSW and 

CSW causes 20% and 50% increase in Ks as compared to normal soil. Saline soil followed the same trend 

although, magnitude of Ks was found higher than normal soil under different water treatments. In alkali 

soil, Ks decreased significantly more than 50% under DAW from its initial value of 0.005 cm
-1 

and further 

reduced to about one-fifth (0.001), when irrigation was applied with CAW. While it increased 

significantly to 0.07 and 0.21 on the application of DSW and CSW respectively. Generally, Ks value 

increased in lower depths (15-30 cm) in normal and saline soils while it decreased in alkali soil. In post 

wheat samples, Ks value found 10 to 15-times higher in normal soil while, 5 to 9-times higher in saline 

soil and 15 to 30-times higher in alkali soil under both saline water applications as compared to initial 

value. But in comparison to post-rice soil, no effect was observed in alkali soil in post-wheat soil on alkali 

water application but Ks increased 5 to 10-times in normal and saline soil under saline water irrigations. 

Dispersion index (DI) and Ks value observed inversely proportional to each other in all water treatments 

in all three soils. No significant change in DI was observed as compared to initial soil (29.9) by 

application of NTW, DSW, CSW in normal soil, whereas under DAW (31.3) and CAW (39.9), it was 

increased significantly by 5% and 33% respectively, as compared to the initial soil. Saline soil observed 

lesser DI in magnitude and followed the same trend as compared to the normal soil under corresponding 

water treatments. DI increased by 12% and 30% under dilute and concentrated alkali water application, 

respectively in saline soil. DI of initial alkali soil was observed 50.4. No significant change was observed 

under the application of NTW and DAW, respectively. It was increased significantly to 65.3 with 

application of CAW. DI decreased significantly to 37.0 and 34.2 when irrigation was applied with DSW 

and CSW, respectively. DI varied little in lower depths (15-30 cm) in all three studied soils. Under 

different quality water used, water retention was found highest in alkali soil followed by normal and 

saline soil in all matric suction points. In each of three studied soils, water retention increased with 

increase in SAR of applied irrigation water at a given suction. Under the application of saline water in all 

three soils, water retention decreased or remains unchanged with increase in TEC of irrigation water as 

compared to normal tap water. Whereas, under the application of alkali water, in all three soils, water 

retention increased with increase in TEC of irrigation water as compared to normal tap water application.  
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A study was undertaken during 2015 on the comparative assessment of water stable aggregates (WSA), 

aggregate ratio (AR) and mean weight diameter (MWD) in irrigated and rainfed surface soils of pedons 

(6-pedons of each) of saline Vertisols of Bara tract in Bharuch district (Gujarat, India). Soils of all pedons 

irrespective of irrigated and rainfed situation were found to vary widely from mild to strongly alkaline in 

soil reaction, non-saline to saline in nature and low to medium in organic carbon. Percent distribution of 

WSA varied widely from pedon to pedon in different sizes of WSA (> 2.0, 1.0 - 2.0, 0.5 - 1.0, 0.25 - 0.5 

and < 0.25 mm) in two upper horizons of irrigated and rainfed situations. However, major portion of % 

WSA has fallen under WSA-size fraction 0.25-0.50 and < 0.25 mm. In irrigated and rainfed surface soils, 

the mean WSA of size fraction 0.25-0.50 mm fraction was 53.0 and 40.9 per cent, respectively while 

under < 0.25 mm fraction was 24.0 and 36.8 per cent, respectively. Considering WSA >0.25 mm size as 

macro-WSA, at irrigated surface and subsurface soils macro-WSA varied from 33.5 to 87.3 and 25.9 to 

74.5 per cent, respectively in different pedons with a mean value of 76.0 and 54.3 per cent, respectively 

while the value of the same in rainfed pedons of surface and subsurface soils were 32.6 to 83.2 and 28.4 to 

79.1 per cent, respectively with a mean value of 62.8 and 49.4 per cent, respectively. Generally, irrigated 

pedons exhibited higher mean macro-WSA as compared to rainfed pedons in two upper horizon-soils. 

Aggregate ratio (AR) of irrigated soils of surface and sub-surface horizons varied from 0.5 to 6.85 and 

0.35 to 2.92, respectively with mean value of 4.74 and 1.58, respectively. MWD of irrigated and rainfed 

surface soils varied from 0.71 to 1.08 mm and 0.66 to 1.06 mm, respectively with mean value of 0.87 mm 

and 0.89 mm, respectively. MWD in soils of upper layer of irrigated pedons was of the following order: 

pedon-5 > 7> 9 > 11>3>1, while for rainfed pedons the order was: pedon-4 > 10> 6 > 12> 2> 8. As a 

result other associated soil physical parameters were also recorded in the optimum range for its more 

suitability for good agriculture. The variation in the quantum of different macro-WSA in soils of both 

situations was mainly attributed to the varying organic matter content and its subsequent complexation 

(physical and chemical) under prevailing tillage condition. 

Keywords: Water stable aggregate, Mean weight diameter, Irrigated, Rainfed 
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Soil salinity and water logging are the twin problems of TBP command due to unscientific land and water 

management and violation of cropping pattern over the years. Majority of the reports vary in their 

estimates on the extent of soil salinity. A proper delineation of the area through intensive ground truth is 

thus look imperative in arriving at a close approximate of salt affected area. No such delineation of salt 

affected soils in TBP command is available. With the aid of GPS and toposheet, soil samples were 

collected on a grid basis (5′ x 5′ = 9 x 9 km) from Raichur district (Sindhanur, Manvi, Devdurga and 

Raichur taluks) during summer 2015. A total of 339 soil samples (0-15, 15-30, 30-60 and 60+ cm) from 

53 grids representing (110 sampling points) were collected and characterized for soil salinity appraisal. At 

surface soil (0-15 cm) pH(1:2.5), pHs, EC(1:2.5) and ECe varied from 9.00 to 5.80, 8.49 to 4.86,  21.0 to 0.13 

(dS m
-1

) and 47.0 to 0.14 (dS m
-1

) respectively with an average of 8.09, 7.56, 1.27, and 2.68 respectively. 

Soil pH(1:2.5) increased with depth. Among cations, average Na content was more than Ca+Mg followed 

by K. In case of anions, average Cl
-
 content was more than HCO3

-
 followed by SO4

2-
. Nearly 13% of 

surface samples had ECe > 4.0 dS m
-1

. Further, per cent of samples with >1 (CO3+HCO3)/(Cl+SO4) and 

Na/(Cl+SO4) ratios were to the extent of nearly 5.60 and 39.3 respectively indicating that the soils could 

be sodic or developing into sodic. Accordingly, nearly 16 per cent of samples had SAR >13.  At lower 

depths, the mean ECe was slightly lower than the surface samples and about 9.80 (15-30 cm) to 16.28 

(60+ cm) per cent of samples had ECe > 4.0 dS m
-1

. Similar to surface soil, Na
+
 and Cl

-
 were dominant 

among cations and anions respectively. Not only the values of (CO3+HCO3)/(Cl+SO4), (Na/(Cl+SO4) 

ratios and SAR were increased slightly with depth but also the percent of samples falling under these 

category also increased with depth from 12.7 to 20.9, 48.0 to 59.2 and 11.8 to 34.9 respectively. 

Keywords: Soil salinity, pHs, ECe, SAR 
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The present study was carried out to study the macro and micronutrient status of salt affected shrink-swell 

soils in distributory number 2 of Mula command area of Ahmednagar district during 2009-10.The study 

area is a part of Mula command area in Rahuri Tahsil of Ahmednagar district of Maharashtra state. The 

area comprises of Kendal Bk, Kendal Kd and Chandkapur villages in Rahuri tahsil. The study area is 

located between 19
0
51 to 19

0
 54 N latitude and 74

0
 21 to 74

0
 25 E longitude covers total area of 688.53 

ha.  Its elevation is 502 m above mean sea level and is suited about 15 km east to Rahuri town on both 
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sides of distributory No.2 of Mula right bank canal. The standard methodology of detailed soil survey was 

followed. The survey of India (SOI) topographical sheets in 1:50,000 scale (47 I/11) was used to collect 

topographic information. The toposheets were used for location of sample areas, ground truth sites and 

planning for traverse routes in the field and cultural details. A cadestral map of the area given in the scale 

of 1:8000 was used as a base map for delineating boundaries and number of soil sample spots of scale 1: 

250 m was used. 155 surface soil samples (0-15 cm) were collected from study area. The results indicated 

that the soils were moderately to strongly alkaline in reaction having pH ranged from 8.0 to 9.10.  The 

ECe of soils ranged from 0.85 to 9.73 dS m
-1

. The higher pHs of tail region soils (sodic soils) may be due 

to presence of soluble and exchangeable Na
+ 

alongwith CO3
2-

, HCO3
-
 ions and reverse was the case in 

upland region soils (saline soils). The organic carbon content varied from 3.90 to 7.4 g kg
-1

 in salt 

affected soils indicating poor content of soil organic carbon in sodic soils of tail region. The calcium 

carbonate content in these soils ranged from 67.5 to 160.0 g kg
-1 

and CEC was ranged from 46.8 to 62.4 

cmol (p+) kg
-1

. The area affected due to soil salinity and sodicity in the command under study was 22.39 

%, out of which 6.11% was saline, 6.18 % saline-sodic and 10.10 % was sodic in nature. Among the 

available macro nutrients, the soils were very low to low in nitrogen (121.1 to 194.4 kg ha
-1

), low to 

medium in phosphorus (6.06 to 14.88 kg ha
-1

) and high to very high in potassium (270 to 773 kg ha
-1

).  

The upland soils showed high status of available N (162.9 kg ha
-1

) as compared with midland (159.4 kg 

ha
-1

) and tail region sodic soils (140.1 kg ha
-1

) under low category. This could be due to comparatively 

high organic matter content in saline soil and higher pH also declined the organic carbon status of sodic 

soil indicating lower values of available N. About 84 per cent soils were found to be low in available 

nitrogen and 26% soils were found in very low category. The soils were sufficient in available Mn and Cu 

while deficient in available Zn and Fe. The negative and significant correlation of soil pH with available 

N and K was observed. Calcium carbonate was negative and significantly correlated with available K, Fe, 

Mn and Cu. The salt affected shrink- swell soils of Mula command area showed high fertility status in 

respect of available K, Mn and Cu and medium fertility status for available P and Fe and low fertility 

status for organic carbon and available N. 

Keywords: Soil properties, Macro and micro nutrient status, Mula command area, Shrink-swell salt 

affected soils  
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Presence of excess Na
+
 ions in sodic soil destroys the soil structure hampering the infiltration as well as 

hydraulic conductivity. Because of the excess monovalent sodium ions, the electric double layer is large, 

encroaching into the soil pore space and restricting flow of water. Calcium ions are divalent hence 

required less than sodium ions to maintain the electrical neutrality on the clay surface. Because of the 

higher valence, calcium is attracted more towards the clay surface, thus capable of replacing the sodium 

ions. When gypsum is applied, Ca
2+

 ions are generated after dissolution. These calcium ions displace the 

existing Na
+
 ions from the electric double layer and leached. Thus, the electric double layer formed on the 
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clay surface is reduced in size facilitating the leaching of excess Na
+
 ions. Though the electric double 

layer plays the crucial role in sodic soil, the study on reclamation of the sodic soil involving electric 

double layer is neglected. The thickness of the electric double layer (β) is computed using the solution of 

Poisson-Boltzman equation. In this study, the sodic soil reclamation model of Mahanta and Mishra (2018) 

is simulated for leaching in saline soil by neglecting the residual negative charge on the clay surface and 

the model is compared with Van der Molen‟s model. Van der Molen‟s model assumes the reservoirs to be 

initially saturated and the flow to be steady. The model of Mahanta and Mishra (2018) considers the soil 

to be initially unsaturated and the flow to be unsteady. The simulation results indicate that the sodic soil 

reclamation model of Mahanta and Mishra (2018) can also be used for leaching study in saline soil. 

Keywords: Leaching, Sodic soil reclamation model, Van der Molen‟s model 
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Soil erosion is a major concern for environment, natural resources and sustainable resource management 

at watershed scale. Thus estimation of soil loss and identification of critical area for implementation of 

best management practice is the key work in the soil conservation programme. In the present study, 

Revised Universal Soil Loss equation (RUSLE) model in integration with Remote Sensing (RS) and 

Geographical Information Systems (GIS) was employed to estimate soil erosion and prioritization of 

watersheds of Nainital district of Uttarakhand, India. The different factors, namely rainfall-runoff 

erosivity (R) factor, soil erodability (K) factor, slope length steepness (LS) factor, cover management (C) 

factor, and the erosion control practices (P) factor were estimated for the estimation of soil losses. The 

various other parameters such as Land Use/Land Cover (LU/LC), Digital Elevation Model (DEM), slope, 

contours, drainage network, soil texture, organic matter and rainfall were integrated to prepare database 

for RUSLE equation by employing ENVI & QGIS software.  R factor was estimated using monthly and 

annual rainfall, while K factor was derived using soil properties like particle size organic matter, soil 

structure code, and soil permeability class. LS and P factors were derived from Digital Elevation Model 

(DEM) prepared using ASTER data, while C factor was estimated based on NDVI generated through 

Landsat 8 images. Land use and land cover map were derived using LANDSAT 8 (OLI) images. The 

results show that major portion (70.26 %) of Nainital district is covered with forest followed by fallow 

and agriculture land. Annual average soil loss ranged from 20 to 80 t ha
-1 

yr
-1

 in the study area. Out of 50 

watersheds in the study area 7 watersheds were given top priority for conserving natural resources, while 

11 watersheds mostly in east-central part of Nainital were given second priority.  Four watersheds of 

Nainital district were assigned third priority, while fourteen watersheds got fourth priority. Ten 

watersheds have been assigned fifth priority, while remaining 4 watersheds were given last priority. On 

the basis of results it may be concluded that a major portion of Nainital district comes under severely 

prone category of soil erosion, therefore require immediate attention of government agency and civil 

society to take appropriate measure to check soil erosion and evading the possibility of landslide. 
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There is paucity of source of good quality irrigation water during rabi season in coastal belt of 

Maharashtra. Hence, the evaluation of water quality for irrigation purpose is of paramount importance in 

coastal Konkan region of Maharashtra. Therefore, the present study was undertaken to assess the quality 

of ground water in coastal districts of Konkan region of Maharashtra. From five districts of the region, 

218 groundwater samples were collected from the creek/sea side to landside upto 10 km distance by using 

GPS instrument and were analysed for pH, EC, Anions (CO3
-2

, HCO3
-
, Cl

-
 and SO4

-2
) and Cations (Ca

+2
, 

Mg
+2

, Na
+
 and K

+
). In addition to this, water quality indices (SAR and RSC) were also computed. The 

result revealed that the pH and EC of water samples collected during post monsoon season ranged from 

5.08 to 8.60 and 0.01 to 8.91 dS m
-1

 with overall mean value 7.26 and 2.05 dS m
-1

, respectively. Sodium 

adsorption ratio (SAR) and Residual sodium carbonate (RSC) ranged from 0.13 to 15.86 and nil to 44.10 

with overall mean value 2.21 and 1.29, respectively. Similarly, the pH and EC of the water samples 

collected during pre-monsoon season ranged from 6.34 to 8.90 and 0.01 to 13.79 dS m
-1

 with overall 

mean value 7.65 and 3.94 dS m
-1

, respectively. The SAR and RSC ranged from 0.13 to 15.90 and nil to 

18.10 with overall mean value 2.75 and Nil, respectively. According to AICRP on Management of Salt 

Affected Soils and Use of Saline Water in Agriculture classification, about 34% water samples were 

found to be saline and 41% as good water. In post monsoon 58% water samples were found as saline and 

only 24% as good water. The spatial variability maps of EC, pH, SAR, RSC and water quality used for 

irrigation in the five districts of the Konkan region were also generated.  

Keywords: Groundwater, Irrigation water quality, Cations, Anions, SAR, RSC, Spatial variability. 



Golden Jubilee International Salinity Conference (GJISC) 2019 

 

 
 

23 

 
  

 

Monitoring Properties of the Salt Affected Soil of Coastal Region of India 

Using Hyperspectral Remote Sensing 

 

GR Mahajan
1*

, Das B
1
, Patel K

1
, Kulkarni A

1
, Morajkar S

1
, Kulkarni R

1
, Bhaskar 

Gaikwad
2
 

1
Natural Resource Management, ICAR – Central Coastal Agricultural Research Institute  

Old Goa – 403 402, Goa, India 
2
ICAR – National Institute of Abiotic Stress Management, Baramati – 413 115 

Maharashtra, India 
*
E-mail: gopal.soil@gmail.com, gopal.mahajan@icar.gov.in 

 

Soil salinization is one of the major land degradation processes and constraint for crop production in 

agriculture. Quantitative assessment of the soil properties of salt affected soils is very crucial to manage 

crop, water and soil resource. The conventional methods of assessment are time-consuming and 

expensive. In this context, hyperspectral remote sensing is a modern, valid and alternative technique and 

little is known with respect to its use for salt affected soils. The objective of the study was to assess the 

properties of the salt affected soils of the coastal region of India using hyperspectral remote sensing. The 

study was carried out on typical salt affected soils from 372 locations of 17 coastal districts west coast 

region of India. The soil properties were estimated by standard methods. The spectral reflectance of 

processed soil samples was recorded in 350-2500 nm using Fieldspec
®
3 ASD-Spectroradiometer. The 

whole data set (n=372) was split in to two as 70% for calibration data set (n=260) to develop the 

calibration model and 30% for validation data set (n=112), an independent data set to assess the 

performance of the model. The spectral data were calibrated using the laboratory estimated soil properties 

for five multivariate techniques: (a) linear - MARS, PCR and PLSR and (b) non-linear - RF and support 

vector regression (SVR). Prediction accuracies of the models for calibration and validation were assessed 

based on standard criteria. In general, the spectral reflectance from the soils decreased with increasing 

levels of salinity. The wavelengths, 494, 673, 800, 1415, 1748, 1915, 2207 and 2385 nm showed potential 

absorption characteristic to estimate the soil properties. The significant achievement of the research is that 

the soil properties like soil pH, salinity (electrical conductivity), bulk density, soil available nitrogen, 

exchangeable magnesium, soil available zinc and boron were estimated using hyperspectral remote 

sensing with fair to excellent predictions (ratio of performance to deviation - 1.48 to 2.06). The 

multivariate analysis techniques like support vector regression, partial least square regression and 

principal component regression were found more robust. The soil salinity was effectively predicted using 

the support vector regression method. The methods developed are rapid, repeatable, reliable, less time-

consuming and cost-effective.  

Keywords: Coastal saline soils, Salt affected soils, Spectroscopy, Remote sensing 
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Water is precious natural resource for sustaining life and environment. Majority of costal area of Gujarat 

state are suffering from salinity ingress. This study was designed to assess the quality of harvested rain 

water in pond at Samni village (catchment area 513.3 ha) and Sudi village (catchment area 421.9 ha) of 

Bharuch district with respect to physico-chemical, microbiological parameter including total hardness, 

DO, BOD, COD and salinity in year of 2017-2018. The different water quality was analysed to quantify 

overall pond water quality status of the area which were compared with WHO water quality standards. 

Rain harvested water in pond of Samni village was collected at regular interval to monitor the quality of 

water. Electrical conductivity (EC) of water has been continuously increased from 0.44 to 2.28 dS m
-1

 

from October 2017 to July 2018 and then decreased to 0.48 dS m
-1

 in November 2018. Increase in EC 

values is mainly due to evaporation of water in summer months from the pond. The SAR of the pond 

water varied between 1.49 to 7.75 from October 2017 to November 2018 and pH ranged from 7.31 to 

8.94. RSC of the water was lower than threshold limit (2.5 me L
-1

). There was gradual increase in sodium 

content from 1.83 to 15.12 me L
-1

 in month of October 2017 to July 2018 then decreased to 1.95 me L
-1

 in 

November 2018 and similarly chloride content was also increased from 0.25 me L
-1

 to 18.75 me L
-1

 then 

decreased in November 2018 up to 2.5 me L
-1

. Dissolved oxygen (4.9-5.8 mg L
-1

), Chemical oxygen 

demand (44-55 mg L
-1

), Biological oxygen demand (18-20 mg L
-1

) values were also less than the 

threshold limits. In Sudi village, pond water ECwas increased to 2.77 dS m
-1

 in month of June and then 

decreased to 0.11 dS m
-1

in the month of November. There was also a variation in pH value with minimum 

7.08 in the July to 9.10 in the month of March. SAR and RSC value were low throughout the period. 

Sodium content was increased from 0.13 to 35.84 me L
-1

 in month of October 2017 to June 2018 then 

decreased to 0.63 me L
-1

 in November month and chloride content was also increased from 0.50 me L
-1

 to 

47.5 me L
-1

 up from October 2017 to June 2018 and then decreased in the month of November to 2.5 

me/L. Dissolved oxygen (4.5-6.2 mg L
-1

), chemical oxygen demand (27-175 mg L
-1

) values were less 

than the threshold limits but Biological oxygen demand increased from 12 to 73 mg L
-1

 which was more 

than the threshold limits in month of June. Silt of the both ponds was analysed and observed that it was 

high in available nitrogen (332-282 kg ha
-1

), available phosphorus (86-54 kg ha
-1

), available potassium 

(1355-1336 kg ha
-1

), and organic carbon (0.49-1.08 %) content. There was highest E. coli content (>1600 

MPN/100mL) of water was found in pre monsoon season in both the pond of villages.  
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Over the past few decades, notable increase in soil salinity/sodicity areas in Haryana state has been 

observed. Estimated figure correlates more than 80% of the groundwater is of poor quality in central 

Haryana. Prominent areas of high residual sodicity (RSC 3.5–6.0 meq L
-1

) represents Kaithal district 

representing Ghaghar alluvial plain (CSSRI, 2014). Frequent use of sodic groundwater for irrigation 

purpose in rice-wheat cropping sequence containing Na2CO3, NaHCO3 parent materials aggravated 

secondary salt enrichment in soil profiles, caused sodicity and low productivity. Precise assessment and 

periodic monitoring of salinity/sodicity affected areas is of utmost importance for combating soil 

salinization/alkalization vis-à-vis sustainable crop production. Precise assessment at field level is not 

possible, require more investment and labour. On the contrary, spatial modelling help to find out the 

spatial variability of each point and would enable the stakeholders such as policy planners, reclamation 

agencies and ultimately farmers for appropriate selection of land reclamation technologies. Our study 

aims to the development of soil salinity/sodicity thematic map (TM) for understanding the spatial 

variability of salt affected soil (SAS) using GIS technique. To achieve this objective, a total of 354 soil 

samples were collected based on grid basis (500 m × 500 m) for preparation of geo-referenced digital 

stratified thematic maps, delineating salt affected problematic areas in the five villages (Mundri, Kathwar, 

Geong, Sampli Kheri and Bhaini Majra) of Kaithal district, where, continuous use of high residual 

alkalinity in irrigation water limits crop production to a greater extent. The collected data of observed and 

predicted (using spatial models) geo-referenced soil samples (0–15 cm) will be used in geo-statistics tool 

of ArcGIS platform for easy understanding the spatial variability of SAS which will help for the 

quantification and characterization of salinity/sodicity related parameters through TM for its best land 

reclamation technology. 

The frequency distribution revealed 39.4% of soil samples had pHs>8.2, indicating sodic nature 

of soils covering 13.7% area of the sampled area which aggravated upon use of available high RSC (mean 

value varies from 4.6–6.0 meq L
-1

) groundwater for irrigation purpose. Analysed all soil samples are low 

in organic carbon (<0.5%), nitrogen (<250 kg ha
-1

), boron (<0.5 mg kg
-1

) content. About 38.2% area was 

confirmed with low available Zn content (Zn>0.6 mg kg
-1

) in soil, whereas, available phosphorus, 

potassium, sulphur, Fe, Cu and Mn were showed in sufficient range. There was no salinity (ECe<4 dS m
-

1
) problem. Village-wise frequency distribution for occurrence of sodic soil further highlighted 65% 

samples with high SAR (>13 meq L
-1

) following the order of: Bhaini Majra (92.9%) >Geong 

(71.8%)>Kathwar (64.1%)>Sampli Kheri (56%)>Mundri (39.5%). Ordinary kriging map using Arc-GIS 

software at 1:50,000 scale considering soil sodicity parameters (pHs and SAR) for reclamation purpose 

indicated 14% area having soil sodicity, further confirmed the ground truth data as defined by GPS based 

soil sampling. Only 8.18% area was characterized with good quality water resources. Therefore, précised 

irrigation water management strategies with soil reclamation techniques are the key management issues 

need to be strongly addressed by holding strong farmers-scientist interface, strengthening farmers 
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participatory research and extension network, suggesting suitable adaptation (salt tolerant varieties) and 

mitigation (neutralization amendments) strategies to further control degradation (soil sodicity) trends and 

secure sustainable land management in salt affected agro-ecosystems. The increased use and application 

of geo-statistical tool will aid in building TM for SAS and in conjunction with satellite data will provide 

real time monitoring as well as rapid information enabling the farmers to deal with salt degradation more 

effectively and efficiently. 

Keywords: Soil salinity/sodicity, Spatial variability, Ordinary kriging, Thematic map 
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Groundwater quality has a vital concern for food security, ecosystem sustenance and economic prosperity 

in many parts of the world, particularly for densly populated country like India. A study on groundwater 

quality by estimating the chemical composition was carried out for Rania block of Sirsa district, Haryana. 

Seventy eight samples were collected from existing tubewells and analysed for different chemical 

composition (Na
+
, Ca

2+
, Mg

2+
, K

+
, CO3

2-
, HCO3

-
, Cl

-
,  SO4

2-
) and parameters (EC, pH, RSC and SAR). To 

study the spatial distribution of different parameters (EC, pH and groundwater quality according to 

AICRP criteria), maps were prepared through Geographic Information System (GIS). The results of 

analysis were interpreted according to three different classification criteria i.e. AICRP, USSL and Piper to 

check its suitability for irrigation purpose. According to AICRP criteria, out of seven categories, 

maximum 29.0 percent of samples were found in High SAR saline and minimum 15.4 percent were found 

in marginally saline as well as saline categories, whereas, there was no sample in alkali and high alkali 

category. According to USSL, groundwater quality of the block was observed under C2S1, C3S1, C3S2, 

C4S2, C4S3 and C4S4 categories. According to Piper criteria, 19.2, 1.3, 76.9 and 2.6 percent samples was 

under good (Ca
2+ 

- Mg
2+ 

- Cl
-
), marginal (Ca

2+
-Na

+
-HCO3

-
) and poor category (Na

+
-Cl

-
 and Ca-Cl or Ca-

SO4 types), repectively. Area under different quality of groundwater according to AICRP criteria was 

calculated by using special techniques of the ArcInfo software on the basis of thematic map and 

maximum area (53.0 percent) was estimated under High SAR saline category. 

Keywords: AICRP classification, EC, GIS, Groundwater, Piper classification, USSL classification 
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The salt affected soils data for Haryana state was compiled using Geographic information System (GIS). 

The methodology includes integration of IRS LISS III data and the inputs from field studies of soil 

profiles (1.5 m depth) followed by laboratory analysis for physico-chemical properties of soils. The map 

legends described nature, degree and extent of salinity and sodicity. Slight, moderate and strongly salt 

affected soils were classified as per USDA approach and were merged to two categories viz, saline and 

sodic respectively (Richards 1954, Bhargava 2006). Depth-wise soils samples were analyzed for physico-

chemical properties such as pHs, ECe (dS m
-1

) , soluble salt composition (Na
+
, K

+
, Ca

2+
, Mg

2+
, CO3

2-
, 

HCO3
-
, Cl

-
 & SO4

2-
  as me L

-1
), O.M.(%) , CaCO3 (%), CEC, ESP (%) and Sand, silt and clay (%) 

contents.  The water samples from the tube wells were analyzed for quality appraisal. The soils were 

mapped using the Survey of India topographical sheets on 1:50, 000 scales. Salt affected soils were 

distributed in eighteen districts that covered 315617 ha. Saline and sodic soils covered 145054 ha and 

170563 ha respectively. Significant areas were distributed at the low-lying flats/ depressions in Central 

Haryana largely confined in Sonepat (35077 ha), Jhajjar (41546 ha), Rohtak (32633 ha) and Jind (11805 

ha) districts. Saline soils were distributed in sandy arid and semiarid plains of Hisar (34245 ha), Sirsa 

(30311 ha) and Bhiwani (15958 ha) districts in western Haryana. In the irrigated areas, the presence of 

thick calcareous layer favored waterlogging and secondary soil salinization. The use of sodic ground 

water in Kaithal (9812 ha) district and alkaline (Na2CO3 and NaHCO3) parent materials in Ghaggar plains 

of Kurukshetra (15873 ha) district favored sodicity development. The Karnal (19183 ha) and Panipat 

(7514 ha) districts showed the sporadic occurrence of soil sodicity at the post-reclamation stage. The 

salinity and sodicity in Faridabad (8637 ha), Gurgaon (9314 ha), Palwal (10033 ha) and Mewat (8834 ha) 

districts were influenced largely by the Aravalli hills. 

Keywords: Salinity, Sodicity, Physico-chemical properties, Soluble salt composition 
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Water is a superior natural resource for the existence of all living organisms. Management of the quality 

of this resource is, therefore, of special significance. The study water body of Hiran River in western 
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Saurashtra play a fundamental role in local society, as a source of irrigation and drinking water. Hiran 

River originated from Sasa hills in Gir area and performing the best ecological roll, in order to 

characterize the seasonal variability of surface water quality in this river and its confluence, physico-

chemical parameters measure at selected representative sampling sites with round a year. There was less 

variation in the values of physico-chemical parameter observed on the sampling sites, the levels of some 

physico-chemical parameters were found to be above and within American Public Health Association 

(APHA) and World Health Organization (WHO) standards. The water samples were analysed 

periodically on seasonal basis. The parameter of physico-chemical in water such as temperature, pH, EC, 

turbidity, total alkalinity, total hardness, TDS, dissolved oxygen, nitrate, phosphorous, potassium, 

chemical oxygen demand, biological oxygen demand and chloride. 

Keyword: River, Saurashtra Zone, Physico-chemical analysis, Nutrient, WHO, APHA 
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Tube wells are the main source of irrigation in Rewari district of Haryana state. Therefore, to study the 

effect of groundwater quality on soil properties in Rewari block of Rewari district, 143 water samples 

from running tubewells were collected and their locations were recorded by using hand held GPS. These 

samples were analyzed for various chemical parameters viz. pH, EC, ionic concentrations of CO3
2-

, HCO3
-

, Cl
-
, SO4

2-
, Ca

2+
, Mg

2+
, Na

+
 and K

+
. Subsequently, SAR and RSC were also calculated and classified. 

According to AICRP (1989) classification, 39,18,10,17,3,9 and 4% waters in Rewari block were found in 

good, marginally saline, saline, high SAR saline, marginally alkali and alkali and highly alkali category, 

respectively. After categorization of water samples, 56 soil samples from 2 representative profiles of 

each, irrigated with all identified categories of water were collected from different depth, 0-15, 15-30, 30-

45 and 45-60 cm which were analyzed for pH(1:2), CEC, ESP, ECe, soluble cations (Ca
2+

, Mg
2+

, Na
+
, K

+
) 

and anions (CO3
2−

, HCO3
−
, Cl

−
 , SO4

2− 
). The highest pH (9.11) in the soil profile was observed in the 

village Budana irrigated with highly alkali water where as the lowest pH (7.31) was observed in village 

Karnawas irrigated with marginally saline water. The highest ECe (6.29 dS m
−1

) in the soil saturation 

extractwas observed in the village Chanda was irrigated with high SAR saline water where as the lowest 

ECe (1.30 dS m
−1

) was observed in village Janti irrigated with good quality water. The maximum ESP 

(17.22) was found in the soil profile of village Surajpura irrigated with highly alkali water and was lowest 

(3.75) in village Bithwana irrigated with good quality water. The texture of all the soil profile in Rewari 

block was found to be sand to sandy loam having CEC in the range of 3.96 to 5.29 cmol(p
+
)kg

−1
. In 

general, the mean cationic composition of the soil extract in all soil profiles was of the order 

Na
+
>Ca

2+
>Mg

2+
>K

+
, likewise the mean anionic composition was of the order Cl

−
>SO4

2−
>HCO3

−
>CO3

2−
. 

The highest accumulation of salts was found in the upper surface in comparison to lower soil depths. The 

use of poor quality water resulted in salt accumulation throughout the soil profiles. Highest electrical 

conductivity and sodium adsorption ratio of saturation extract were observed in surface layers of the soil 

which gradually decreased with depth irrespective of texture and quality of irrigation water. A significant 

positive correlation of 0.897 between ECiw and ECe and 0.619 between SARiw and SARe was also found 
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in Rewari block. The brackish or saline groundwater should be used to irrigate the crops by blending it 

with canal water to ameliorate the bad effect of such water. This would help in bringing down the high 

water level and also in coping with shortage of water in the block. Conjunctive or alternative use with 

good quality water and proper soil water management practices will help in maintaining a favorable salt-

water balance and the crop yields would be affected to the minimum. However, high soil salinity can also 

cause nutrient imbalances, resulting in the accumulation of toxic elements in plants.                  

Keywords: Rewari block, Soil properties, ESP, Cation exchange capacity, Management 
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The field experiment were conducted during 2016-17 and 2017-18 at Salinity Research Farm, Barwaha at 

College of Agriculture, Indore to study the effect of organic manure and different ESP levels on growth, 

yield attributes and yield of rice and wheat and under sodic Vertisols. The treatment included four organic 

manure (control, FYM @ 10 t ha
-1

, sunhemp and dhainch) in main plot and four ESP levels (25±2, 35±2, 

45±2 and 50±2) in sub plot with thrice replications. Results revealed that grain and straw yield of paddy 

and wheat decreased significantly with increase in soil ESP. Maximum grain and straw yield of paddy 

was recorded in case of dhaincha (3.71, 3.96 and 8.68, 8.23 t ha
-1

) followed by sunhemp (3.42, 3.57 and 

7.55, 7.81 t ha
-1

) in 2016-17 and 2017-18, respectively at soil ESP levelof 25, while, lowest yield was 

observed in control plots. Similarly the highest grain and straw yield of wheat was recorded in under 

dhaincha (3.47, 3.68 and 4.71, 4.85 t ha
-1 

in both the respective years) followed by sunhemp (3.21, 3.50 t 

ha
-1

 in 2016-17 and 4.30, 3.98 t ha
-1

 2017-18) at soil ESP of 25. Lowest grain and straw yield was 

observed in control plot. pHs and ECe of soil did not affected significantly by various treatments, 

however, the ESP values were decreased significantly due to incorporation of organic manures. The 

lowest ESP (23.54 in 2016-17 and 22.62 in 2017-18) was recorded under incorporation of dhaincha 

followed by sunhemp (26.70 in 2016-17 and 25.90 in 2017-18).  

Keywords: Dhaincha, Rice, Wheat, Sunhemp, ESP, Grain yield 
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Water is a vital input in agriculture and can be optimally used only when its quality is assessed at micro 

level. The present study was aimed to assess and categorize the quality of ground water in both pre- and 

post- monsoons in Ankleshwar and Hansot taluka of Bharuch district by focusing on spatial variability of 

electrical conductivity (EC), pH, cationic and anionic composition of the groundwater. It was found out 

that 78% of samples in pre-monsoon and 76% in post-monsoon had EC values less than 4 dS m
-1

. 

Maximum EC of 11.4 and 9.3 dS m
-1

 were found in pre- and post-monsoons, respectively. Residual 

sodium carbonate (RSC) and sodium adsorption ratio (SAR) ranged from 0-30 me L
-1

 and 0.15- 20.84 (m 

mol L
-1

)
½ 

in pre-monsoon and 0 to 17.5 me L
-1 

and 0.54 to 23.99 (m mol L
-1

)
½ 

in post-monsoon. Contour 

maps of EC, pH, SAR and RSC were plotted through GIS to study spatial variability of these parameters. 

As per AICRP classification it was found out that in pre- and post-monsoon seasons, 6 and 7% of 

surveyed groundwater were of good quality, 38 and 32 % were saline, 54 and 56% were sodic, 1 and 4% 

were saline/sodic and 1% in each were saline-sodic, respectively. These findings indicate that 69 and 65% 

of surveyed area in pre- and post-monsoon seasons were not suitable for irrigation. 

Keywords: Groundwater, EC, pH, RSC, SAR 
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Precise characterization, classification and mapping of salt-affected soils are extremely necessary to take 

appropriate measures for land reclamation for sustainable development of agriculture. Conventional 

methods for obtaining information on spatial extent and characterization require intensive field survey 

restricted by limited funds and scientific man power. Remote sensing (especially hyperspectral remote 

sensing) shows as a promising tool to substitute or complement traditional methods and provides spatial 

distribution of salt-affected soils. Hyperspectral remote sensing methods have been successfully used for 

quantitative analysis of salt-affected soils in recent years. 

Hyperspectral remote sensing is widely used for analyzing and estimating the severity of soil 

salinity in arid and semi-arid regions, throughout the world. Narrow-band spectral derived from 

hyperspectral remote sensing data provide better discrimination of salt-affected soils and information on 

degree of soil salinity. Several researchers have tested different metrics and support vector machine 
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(SVM) methods to characterize salt-affected soils. The present study deals with identifying sensitive 

spectral bands (wavelength regions) for salinity parameters. These sensitive spectral bands used to 

generate spectral indices viz. Salinity index (SI), Brightness index (BI), Normalized Differential Salinity 

Index (NDSI), Combined Spectral Response Index (COSRI) Soil Adjusted Vegetation Index (SAVI), 

Desertification Soil Index (DSI) and Coloration index (CI) using Hyperion-1 hyperspectral satellite 

remote sensing data. The study was attempted to map the various soil salinity severity classes using 

different hyperspectral indices and Support Vector Machine (SVM) method in the Mathura region of 

Indo-Gangetic plain of India. A statistical relationship between these spectral indices and salinity 

parameters of electrical conductivity (EC), sodium adsorption ratio (SAR) and exchangeable sodium 

percentage (ESP) were established to generate maps showing severity of salt-affected soils of the area. 

The severity maps were categorized into classes of normal, slight, moderate and highly showing the 

spatial distribution of severity of salt affected soils. The SVM technique was attempted to generate soil 

salinity map with overall classification accuracy of 78 percent. The Hyperion-1 hyperspectral remote 

sensing data has shown the potential to assess severity of salt-affected soils for large area which may very 

useful for identifying the area for carrying out reclamation measures and management planning. 

In coming years several hyperspectral remote sensing satellites such as HISUI (Hyperspectral 

Image Suite, Japan), HIS Hyperspectral Imager (DLR, Germany), HYC (Hypercpectral Camera, Italy), 

PRISMA (ASI, Italy)   HyspIRI (Hyperspectral Infrared Imager, NASA), HySIS (ISRO, India, launched 

in Nov., 2018) are planned to launch, will provide large availability of narrow band spectral data to obtain 

information on salt types and their quantitative analysis and spatial distributed salt-affected soils. 

Hyperspectral remote sensing data analysis comprising of radiometric correction, advance image 

processing, algorithms from the field of signal, feature mining, statistical analysis and machine learning 

will be contributing as most promising tools in the field of soil salinity research in future. 

Key words: Hyperspectral Remote Sensing, Spectral Analysis, Soil Salinity, Indo-Gangetic plains 
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Groundwater flow models are the vital tool to compute and understand the water availability and 

hydrology of aquifer zone respectively. In this study, a methodology had been developed to estimate flux 

across the boundary of Karnal district, Haryna, India. The spatial map of topography bore log, hydraulic 

conductivity, porosity and water level was created using the Kirging method and a buffer was made of 

1×1 Km
2 

cell size inside and outside the boundary of three sides (North, South and West) of these 

parameters. Buffer of these parameters was put in to Darcy flow model as input parameters to calculate 

groundwater inflow and outflow across the boundary. Darcy model outputs indicated that groundwater in-

flow and out-flow flux contributed about 36.20 mm change in total average annual water level 

fluctuation. Estimated flux was used in Visual Modflow Flex Model as specified boundary condition 

(Neumann boundary condition) in groundwater flow model to check the significance of it on simulation 
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variability with other parameters. A calibrated groundwater flow model of the study area was used to 

check the accuracy of flux across the boundary in simulation. So, for this purpose model was tested with 

both flow boundary and no flow boundary condition. The estimated flux an input in simulating 

groundwater flow model increased the simulation accuracy i.e. R
2
 from 0.89 to 0.97. It shows that value 

calculated as specified flux using GIS and Darcy flow model methodology improve the simulation 

accuracy of groundwater flow model in acceptable range. Thus, it can be concluded that developed 

methodology can be used for calculating specified flux across the boundary. Therefore, study suggests 

that the role of specified flux in the groundwater flow model cannot be underestimate and cannot consider 

arbitrary no flow boundary in the absence of physical boundary. 

Keywords: Specified flux, GIS, Darcy flow tool and Groundwater model 

 

Mapping of Salt-Affected Soils using Remote Sensing and GIS 

 

Brijendra Pateriya* and Raj Setia 

Punjab Remote Sensing Centre, Ludhiana – 141 004, Punjab, India 

*E-mail: director.prsc@gmail.com 

 

Salt-affected soils occur within the boundaries of at least 75 countries. Traditional methods for mapping 

of these soils include ground-based geophysics and laboratory analyses, which are labour intensive, and 

time-consuming. Remote sensing data and techniques offer the possibility for mapping and monitoring of 

these soils more efficiently and economically. Extensive research has been conducted on the application 

of satellite imagery covering the visible to infrared regions of the spectrum for identification and mapping 

of salt-affected areas in countries like Australia, Bolivia, China, Egypt, India, Iran, and USA. Many 

studies have used the remote sensing data and technologies for mapping of these soils but the choice of 

seasons, sensors and classification techniques is important for management of different categories of salt-

affected soils: saline, sodic and saline-sodic soils. The selection of appropriate season is determined by 

feasibility of using remote sensing data to map saline soils directly from bare soil and indirectly from 

vegetation. In the areas where multiple cropping is practiced and the land is left fallow for couple of 

months before the next crop is grown, the images before the onset of summer and rainy season, and the 

fallow period with enough soil moisture without cloud cover provide the best discrimination of salt-

affected soils. In the areas where land is left fallow during summer season, the best season for 

discrimination of salinized areas would be the time when the crops are at their greenest with fully 

developed canopies. For accurate mapping of sodic soils, it is necessary that electrical conductivity and 

sodium adsorption ratio of soil extracts should be correlated with the reflectance data of satellite imagery 

due to similarity in high reflectance of surface features with sodic soils. The reflectance of saline-sodic 

soils is similar with the reflectance pattern of saline soils and it increases with increasing quantity of salts, 

particularly in blue band in which the interference caused by ferric oxide is masked. In general, high 

resolution and hyperspectral imageries are superior than multispectral imagery for mapping of salt-

affected soils because of low spectral resolution and the use of conventional classification methods, the 

multispectral sensors (e.g., SPOT, Landsat MSS, and Landsat ETM+) are reported to have limited value 

for studying the patchy distribution of these soils. Monitoring of these soils require past to present data 

for making timely decisions about their management. In general, there is no past information available for 

ground truth data which is one of the main challenges for monitoring of these soils. Besides remote 
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sensing techniques, a number of proximal sensing techniques (like NIR and MIR spectroscopy) are also 

being used for mapping of salt-affected soils at farm level. However, more investigations are still needed 

to uncover techniques to enhance the detection and monitoring of salt-affected soils.  

Keywords: Remote sensing data, Reflectance, Salt-affected soil, Satellite imagery  
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Soils are considered sodic in nature when the amount of sodium impacts soil structure. Sodicity becomes 

problem when there is sufficient sodium attached to clay particles to affect soil structure. Sodicity 

degrades soil properties by weakening the bond between soil particles and further lead to development of 

saline sub-soils, causing crusting and sealing, which then impedes water infiltration accelerating erosion, 

which can cause the appearance of gullies and tunnels, and structureless soils as it destroys aggregation. 

With these facts five representative pedons have been studied and characterized to know the soil sodicity 

in Rayachotymandal, YSR Kadapa district, Andhra Pradesh, in South Telangana Plateau (Rayalseema) 

and Eastern Ghat, hot, dry semi-arid eco-sub region. Results revealed that, soils were alkaline in reaction, 

non-saline, having ESP >15. Organic matter content was high in surface and low in sub soils. Soils were 

low in available P, low to medium in available K and high in available sulphur content. DTPA extractable 

Fe and Zn was deficient where as Mn and Cu was sufficient and B was low to medium. Plant available 

water content ranged from 7.77 to 11.34 percent in surface and 2.9 to 11.79 percent in sub soils. Percent 

Calcium Carbonate equivalent ranged 2.23 to 13.65 in surface and 1.17 to 9.98 in sub soils. The clay 

percent were ranged from 18.99 to 24.63 in surface and 5.23 to 29.32 in sub-surface soils. The cation 

exchange capacity ranged 12.40 to 15.60 cmol (+) kg
–1 

in the surface soil and 3.70 to 18.30 cmol (+) kg
–1 

in subsoil. The exchangeable sodium ranged 0.76 to 3.44 cmol (+) kg
–1 

in the surface soil and 0.50 to 3.4 

cmol (+) kg
–1 

in the subsoil. Base saturation is >100 percent in all the soils. Soils are moderately shallow 

to very deep; moderately well drained; non-gravelly to gravelly; dark gray, Gray, Grayish brown, Reddish 

brown, Dark grayish brown, Very dark grayish brown, Brown, Dark brown, Yellowish brown, Light 

yellowish brown, Dark yellowish brown in color. Based on the morphological, physical and chemical 

characteristics soils were classified as Typic Haplustepts (sodic in nature), Typic Natrustalfs, Anthroportic 

Ustorthents, Sodic Ustic Haplocambids. The information generated can help the researchers, farmers and 

planners to take up management practices and also for developmental planning. 

Keywords: Sodicity, Sub soils, Soil structure, Exchangeable sodium 
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The ongoing climatic variabilities such as warmer temperatures and prolonged drought have seriously 

threatened the viability of irrigated agriculture in the arid and semi-arid southwest U.S. In the Middle Rio 

Grande Basin, agriculture is highly dependent on availability of irrigation water from the Rio Grande 

River. However, the recent hot and dry climate has reduced snow pack that feeds the river and severely 

reduced the freshwater available for agriculture. Therefore, it is important to develop alternative water 

sources for ensuring the long-term viability of irrigated agriculture in the region. The region is endowed 

with adequate amounts of alternative waters such as brackish groundwater, water from the oil industry, 

power plant cooling towers and treated urban wastewater to supplement irrigation. Only about 13% of 

treated or reclaimed water has been reused and therefore, there is a great opportunity for expanding its 

use. Abandoned agricultural lands can be brought back to production using marginal quality water 

irrigation with suitable salt tolerant crop (e.g. canola) and appropriate salinity management. Goals of this 

field study were to evaluate (i) canola performance under irrigation with treated municipal wastewater on 

saline soil (ii) impacts of soil amendments on root zone salinity and sodicity under treated municipal 

wastewater irrigation. Split-plot design was used to evaluate the effects of two water qualities (main 

plots)[treated wastewater (WW) and freshwater (FW)] on canola that was grown on saline soil that 

received two soil treatments (sub plots) [(i) gypsum & sulfur applied at the rates of 12.9 and 1.2 Mg ha
-1

, 

respectively and (ii) control that received no-amendments] with three replications. Irrigation water 

samples were collected every month during the growing season and analyzed for selected chemical 

properties such as pH, electrical conductivity (EC), Ca, Mg, K, Na, bicarbonates, chlorides, nitrates, 

phosphates and sulfates. Biological oxygen demand (BOD) and fecal coliforms are regularly monitored 

by the wastewater treatment plant. Baseline and year end soil samples were collected from four depths (0-

15, 15-30, 30-45 and 45-60 cm), processed and analyzed for saturated paste extract ECe, pH; major 

cations (Na, Ca, and Mg) and anions (Cl, SO4).  Sodium adsorption ratio (SAR) of the soil samples was 

estimated. Crop growth parameters such as plant height, leaf area index, and seed yield were recorded for 

each treatment. Study results indicated that canola yield under wastewater irrigation was about 1800 kg 

ha
-1

. Gypsum and elemental S amended plots yielded about 28 g canola seeds/plant, statistically at par 

with control plots. Pre-study soil salinity ranged from 0.9 to 2.1 dS m
-1

 and after one year of irrigation, it 

increased by more than two-fold with maximum values (>4 dS m
-1

) observed for deeper depths in plots 

irrigated with wastewater. Soil sodicity were higher in treatments that received wastewater irrigation with 

no addition of calcium to counter sodium. Although SAR exceeded the threshold value of 13 in some 
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plots, no impairment in soil permeability was observed. Study results indicated a great potential for 

marginal quality water irrigation to improve degraded saline land productivity. 

Keywords: Wastewater, Irrigation, Canola, SAR, Brakish water, Arid environment 
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Poor quality groundwater extensively occurs in arid and semi-arid parts of India and its indiscriminate use 

poses a serious threat to sustainability of the natural resources and environment. Soil and water salinity 

cause several physiological disorders in plants, due to the abnormal concentration of ions in the 

rhizospheric environment. Therefore, present study was undertaken to access the effect of irrigation water 

salinity and varieties on physiological responses of pearl millet. Performance of pearl millet (Pennisetum 

glaucum L.) cultivars for dual purpose was assessed under variable salinity irrigation during kharif 2015 

at ICAR-CSSRI experimental farm, Nain, Panipat, Haryana, India. A split-plot experiment with four 

replications was conducted with 4 levels of irrigation water salinity i.e. ~0.6, 3.0, 6.0 and 9.0 dS m
-1

 in 

main plots and two varieties viz. ICMV-15111 and AVKB-19 in sub-plots. AVKB 19 variety was found 

more hardy and stable than ICMV 15111 in terms of physiological attributes (relative water content, 

membrane injury, chlorophyll content) at all three periodic observations taken at 50 DAS (1
st
 cut), 30 

days and 60 days after 1
st
 cut. Among biochemical attributes, total soluble sugars, proline, epicuticular 

wax content increased with increasing stress levels where as protein content decreased. Variety AVKB 19 

was found to contain significantly higher content of osmolytes than variety ICMV 15111. Irrespective of 

salinity treatments Na
+
 content (shoot and root) was recorded relatively higher in ICMV 15111 than 

AVKB 19 at all the three stages. AVKB 19 variety had significantly higher shoot and root K
+
 content than 

ICMV 15111. Two cultivars showed significant differences in green fodder yield across different levels 

of irrigation water salinity. The variety AVKB-19 produced significantly higher mean green fodder yield 

(27.96 t ha
-1

) as compared to ICMV-15111(25.51 t ha
-1

). The AVKB-19 also produced significantly 

higher DM yield at the 1
st
 (5.67 t ha

-1
) as well as 2

nd
 cut (5.09 t ha

-1
) over ICMV-15111. Variety AVKB-

19 produced significantly higher (16.26%) grain yield of 1.93 t ha
-1

 as compared to 1.66 t ha
-1

 in ICMV-

15111, and thus has potential to grow in saline environment. The magnitude of reduction (%) in grain 

yield with increasing salinity over good quality irrigation water was observed 10.14, 20.74 and 37.33 with 

3.0, 6.0 and 9.0 dS m
-1

 salinity water, respectively. Our results concluded that AVKB-19 variety of pearl 

millet, with better physiological and biochemical responses, proved superior in terms of higher grain as 

well as green fodder yield under saline environment. 

Keywords: Saline water, Pearl millet, Physiological attributes and Yield 
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Soil moisture is one of the basic parameter for making irrigation management decisions. Different 

methods are used to estimate soil moisture content at particular soil depths in relation to the crop rooting 

depth, and can be classified into direct and indirect methods. A direct method involves physical collection 

of soil samples and oven drying to estimate soil water content in terms of weight or volume basis, also 

known as gravimetric method. This method is accurate yet time consuming and lacks practicality in terms 

of availability of resources and lag for timely scheduling of irrigation. Hence, it is used as a reference 

only. Indirect methods involve sensing other parameters linked to responses controlled by soil moisture. 

These can be broadly categorized under: a) Volumetric measurement techniques and b) Tensiometric 

measurement techniques. Volumetric measurement involves measuring various physical properties of soil 

with water, such as, dielectric constant, electrical conductivity, thermal conductivity, acoustic impedance, 

neutron absorption, magnetic resonance of the water molecules, and optical techniques based on 

reflection and absorption. These methods facilitate quantitative measurement by estimating the volume of 

water in a sample volume of soil. Tensiometric measurement, determines soil water tension/matric 

potential that includes adsorption and capillary effects of the soil. Sensor involves in volumetric 

measurement may further be classified based on the principles used as: dielectric types, resistive types, 

and radiological types. The dielectric types estimate soil water content by measuring the soil bulk 

permittivity (or dielectric constant), whereas, resistive type sensors measures soil resistance, and 

radiological methods are based on the interaction of high-energy (fast) neutrons and the nuclei of 

hydrogen atoms in the soil or attenuation of gamma rays as they pass through soil. Radiological methods 

are highly expensive, pose a radiation hazard, and can be difficult to calibrate and install. Those 

measuring matric potential generally employ porous material in contact with soil through which water can 

move. Thereby water is drawn out of porous medium when soil is dry and from soil into the porous 

medium when the soil is wet. All these sensors differ in terms of use and maintenance, calibration 

requirements; accuracy, price and their output may change with change in soil type. Conditions in salt 

affected soils make sensing of soil moisture difficult because of presence of dissolved salt in the soil 

solution as well as on clay matrix. Careful selection of sensing techniques and proper calibration is 

required under salt affected conditions as sensors measuring matric potential may not perform true to 

calibration due to swelling/shrinking of soil under different moisture conditions, and choking of porous 

media due to presence of salts. The resistive types may interpret salts as water, as the absolute value of 

soil resistivity depends upon ion as well as moisture concentration, hence salts may give similar electrical 

signal as water. However, dielectric types are considered to be more robust under such conditions as they 

measures dielectric constant that determines the velocity of an electromagnetic wave or pulse through the 

soil. As the soil is made up of different materials like minerals, salts, air and water, the value of dielectric 



Golden Jubilee International Salinity Conference (GJISC) 2019 

 

 
 

38 

 
  

 

constant is resultant of relative contribution of each component present in the soil. Since dielectric 

constant of water (=81) is much higher than the other soil constituents hence dielectric constant values are 

mainly governed by the quantity of water in the soil media. Such sensors hold promise for use under salt 

affected conditions. Development of suitable sensors for irrigation scheduling in salt affected soils is 

being pursued at CSSRI with these considerations. 

Keywords: Salt-affected soils, Irrigation scheduling, Soil moisture sensing 
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Southwestern US has scarcity of fresh water for irrigation and brackish groundwater is increasingly used 

to supplement the shortfall. The groundwater aquifers in New Mexico are large; although not contiguous, 

they are mostly brackish. Brackish groundwater needs treatment, for example using reverse osmosis 

(RO), prior to irrigating glycophytes. Inland RO process generates highly saline concentrate and reuse or 

disposal is a challenge. This study aims to design improved irrigation strategies for arid regions to use 

salinity as a value added product for resilient agriculture, grow a suite of food and forage crops using 

natural brackish groundwater and RO concentrate, and quantify the underlying mechanisms related to 

exclusion or osmotic adjustments. Salt tolerance of four glycophytes (alfalfa, chile-peppers, tomato, and 

pecan) and eight halophytes (Atriplex canescens, Hordeum vulgare, Lepidium alyssoides, Distichlis 

stricta, Panicum virgatum, ×Triticosecale, Chenopodium quinoa, and Salicornia californicum) was 

studied at germination, emergence, and vegetative growth in a greenhouse using control (0.6 dS m
-1

), 

brackish groundwater (4-5 dS m
-1

) and RO concentrate (8-10 dS m
-1

). For most glycophyte species, 

percent germination did not change but percent emergence decreased with increasing irrigation water 

salinity. Mean germination and emergence times increased with irrigation water salinity. Pecan seedlings 

did not show bud-break and tomato yields declined at higher salinity. Evapotranspiration (ET) and yield 

of chile-peppers decreased with increasing soil or irrigation water salinity for a constant leaching fraction 

(LF). Chile peppers did see early flowering and more flowers were seen in pots irrigated with brackish 

groundwater and RO concentrate than control. The exponent in van Genuchten yield response curve was 

1.63, much less than three suggested for most crops. The 50% yield reductions also occurred at much 

higher soil salinity. Therefore, chile-peppers, irrigated with calcium dominated brackish groundwater, in 

this study, were more salt tolerant, and yield reduction was less than those reported for NaCl dominant 

saline water irrigations. However, irrigation with brackish groundwater and RO concentrate, except 

occasionally as nutrient supplement, will increase soil salinity and decrease chile-peppers yield severely. 

For halophyte species, germination percentages were similar within a species across salinity gradient and 

with the exception of A. canescens all species showed germination delays in response to increasing 

salinity. No significant differences were observed for photosynthetic, stomatal conductance, and 

transpiration rates by soil texture or irrigation water salinity. The ET and biomass did not change for most 

halophyte species with increasing irrigation water salinity. Although plant ion uptake was higher for 
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halophytes indicating osmotic adjustment, overall plant ion uptake was low causing accumulation in the 

soil. Periodic increase in LFs during the season, and irrigation with freshwater at the start of the growing 

season are needed to sustain soil quality. Continuous use of brackish groundwater without appropriate 

LFs will enhance abiotic stress for both species, and exacerbate soil salinity. Periodic soil salinity 

monitoring and sustainable RO concentrate reuse for growing salt-tolerant plants could aid the 

implementation of inland groundwater desalination in the arid southwestern U.S. RO irrigations to grow 

halophytic plants on desert margins has the potential to improve air quality downwind and control desert 

expansion. 

Keywords: Salinity, Glycophytes, Halophytes, Leaching fraction, Saline water 
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The south-western region of Punjab is situated at the tail end of canal irrigation system and uncertainty of 

canal water is major hitch for crop production. Therefore, farmer community is left with no other option 

than using underground poor quality water for irrigation purpose. The underground tubewell water in the 

region is saline or saline-sodic in nature. The fodder production is thus affected as it requires many (12-15 

irrigations) for its entire crop season (including 3-4 cuts) so assured irrigations are needed for proper 

growth and yield. Attempts have been made through present investigation to study the effect of quality of 

irrigation water on fodder yield and quality of ryegrass. Ryegrass is a grassy fodder crop which is 

preferred in south-western Punjab for its fast growing and palatable nature to feed animals. It can be 

grown sole or intercropped with berseem or other rabi fodders. A 2-year field study was conducted at 

Research Farm of the Punjab Agricultural University Regional Station, Bathinda, during rabi 2015 and 

2016 on a sandy loam soil. The organic carbon content, pH, CaCO3, available phosphorus and potash of 

surface layer of soil (0-15 cm) were 0.27%, 8.18 and 4.46%, 11.9 kg ha
-1

 and 326 kg ha
-1

,
 
respectively.  

The corresponding vales of EC of soil ranged from 0.328 to 0.414 dS m
-1

 throughout the soil profile (0-

180 cm). The experiment was laid out in Randomized Block Design with four replications comprising six 

water quality treatments viz., canal water alone (CW), Saline water alone (TW ; Residual Sodium 

Carbonate =1.36 mmol L
-1 

, EC= 4.2 dS m
-1

), CW -TW (alternately), 1CW- 2TW, 2TW- 1CW, 1CW-

subsequent irrigations with TW. Results revealed that green fodder yield (GFY) of rye grass was 

significantly higher in CW than TW, however, it was at par with alternate use of CW and TW (CW-TW) 

and one irrigation with CW and subsequent two irrigations with TW alternately (1CW-2TW) during both 

the years. The irrigations with TW alone showed 15.9 and 14.5% reduction in GFY than CW and 

CW-TW, respectively. The dry fodder yield (DFY) showed the same trend as GFY. Significantly higher 

per cent crude protein was found in canal irrigated treatment which was at par with CW-TW (alternately). 

Lowest crude protein percentage was found in TW alone and 1CW-2TW treatment. The value of acid 

detergent fibre (ADF) was significantly lower in CW and was at par with CW-TW and 1CW-2TW. A 

significant lower level of neutral detergent fibre (NDF) was also recorded in CW, whereas all other 

qualities of water treatments had higher values of ADF. In conclusion ryegrass can be grown by irrigating 
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with good quality canal water and poor quality water of tubewell alternately or one irrigation with CW 

and two irrigations with TW for higher green fodder yield and quality where supply of canal water is 

limited. 

Keywords: Residual sodium carbonate, Saline water, Fodder, Rye grass 
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Salinity and sodicity are major constraints for successful crop production and may have a significant 

impact on soil organic carbon (SOC) turnover and thereby greenhouse gas emissions. Soil carbon (C) 

models have been successfully validated for non-saline soils, but development and testing of C models 

have not been carried out for salt-affected soils which cover approximately 19% of the 20.8 billion 

hectares of arable land on earth. We modified the Rothamsted carbon (RothC) model for salt-affected 

soils by introducing both decomposition rate modifier and plant input modifier. The surface soil samples 

were collected from parts of the Indo-Gangetic plains in India and the soils were selected on the basis of 

EC (electrical conductivity) and SAR (sodium adsorption ratio) for an incubation experiment. These soil 

samples were amended with 2 per cent wheat residues and CO2 emission was measured over 4 months. 

Increasing salinity (EC) decreased the total CO2 emission from the soils but no significant relationship 

with sodicity (SAR) was found. Therefore, the cumulative respiration data was used to develop an 

equation to modify the rate of decomposition according to salinity and the equation was incorporated into 

RothC model. To account for the effect of the treatment of the soils before incubation (air-drying and 

sieving), an equation describing the change in the rate of decomposition due to this lab effect was 

calculated using the incubation results from the non-saline soils. This equation was then used to remove 

the lab effect from the CO2 emissions of a subset of salt affected soils, allowing the modification of the 

decomposition rate due to salinity to be calculated directly from the laboratory incubations. A significant 

exponential relationship was obtained between EC and the salt rate modifier, suggesting that a 

decomposition rate modifier for salt should introduced into RothC to accurately model CO2 emission 

from salt affected soils. The simulations including the decomposition rate modifier for salt were evaluated 

against incubations of samples that had not been used to develop the equation for the salt rate modifier. 

The evaluations showed that including the salt rate modifier provided a significant improvement in the 

coincidence and association between modelled and measured data.  Simulation of SOC stocks with 

decomposition modifier and plant input modifier for soils of the Indo-Gangetic plains in India showed a 

greater decrease in saline than in non-saline soils under future climate. These results suggest that 

accounting for salinity will provide an accurate simulation of SOC stocks in salt-affected soils. This will 

help to improve understanding of turnover of soil organic matter as well as providing improved prediction 

of CO2 emissions from salt-affected soils.  

Keywords: RothC model, CO2 emission, EC, Soil organic carbon 
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Quality of natural resources viz. water, land and climate is deteriorating day by day at an accelerated pace, 

that needs development of appropriate technologies to make best use of degraded land and water sources 

to enhance the food production. Soil and water salinity is one of the major threats to boosting agricultural 

production. Salicylic acid (SA) and thiourea (TU) can play vital roles in the ability of plants to 

acclimatize in saline arid and semi-arid environments by mediating growth, development, source/sink 

transitions and nutrient allocation. The present investigation was conducted during 2016-17 to 2017-18 at 

ICAR-CSSRI, Research farm, Nain, Panipat (Latitude 29   19′ North, Longitude 76   47′ East) to assess the 

effect of salicylic acid and thiourea in mitigating matric and osmotic stresses in pearl-millet wheat system. 

The experimental site has salinity range ECe of 5 to 35 dS m
-1

 upto 0- 90 cm soil depth, with only saline 

water available for irrigation. The experiment was laid in split split plot design with 36 treatment 

combinations [4 saline irrigation water levels (EC- 2, 4, 8, 12 dS m
-1

), 3 deficit irrigation levels (60, 80, 

100% water of full volume irrigation requirement); two plant bioregulators (salicylic acid 1mM and 

thiourea 500ppm)] along with control in three replications. Results indicated that seed treatment and foliar 

spray of salicylic acid and thiourea at vegetative and grain development stage have positive effect on 

growth and yield of both crops. Increasing salinity of irrigation water significantly decreased green fodder 

yield (22.76 t ha
-1

) but the use of salicylic acid and thiourea found to significantly mitigate the negative 

effect of salinity on the green fodder yield (25.43 t ha
-1

) of pearl millet. Mean grain yield of wheat and 

pearl-millet at various levels of saline irrigation was 3.0, 0.86 t ha
-1

 that increased to 4.03, 1.03 t ha
-1

, 

respectively, with the application of thiourea. Therefore, salicylic acid and thiourea were found to 

influence growth, yield and also mitigate the adverse effect of matric and osmotic stresses in pearl-millet -

wheat cropping system. 

Keywords: Matric and osmotic stresses, Plant bioregulators, Pearl-millet-wheat cropping system 
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Two field experiments were conducted in farmers‟ fields at Patkelghata, Satkhira, Bangladesh (AEZ 13: 

Ganges Tidal Floodplain Soil) during 2017-2018 cropping season to find out the effect of salinity 

management practices on growth, yield and quality of chewing cane in saline prone soils. The 

experiments were laid out in a Randomized Complete Block Design having seven treatment combinations 

with three replications. Chewing sugarcane variety Isd 42 (Rangbilash) was used as test crop in this 

experiment. Two eyed sugarcane sets were planted following conventional method. The treatment of the 

experiment comprised of T1- Recommended Dose of Fertilizer (RDF) without gypsum, T2- Soil Test 

Basis (STB) fertilizers with gypsum, T3- 125% of STB fertilizers with gypsum, T4- T2 + FYM 10 t ha
-1

, 

T5- T3 + FYM 10 t ha
-1

, T6- T2 + FYM 10 t ha
-1

+ Trash Mulching and T7 - T3+ FYM 10 t ha
-1 

+ Trash 

Mulching. Results revealed that all the growth parameters and yield of chewing sugarcane differed 

significantly due to different treatment combinations. The highest germination (%), number of tiller, 

chewable cane and yield of cane were obtained in treatment T7 where 125% of STB fertilizers with 

gypsum was applied. The highest MBCR was also found from the same treatment combination. Lower 

soil salinity levels in different months were also recorded from the same treatment combination.  

Keywords: Salinity, Management, Growth, Yield, Quality, Chewing Cane  
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Zinc (Zn) deficiency in crops is very common problem worldwide, which drastically reduces growth, 

yield and nutritional quality. Availability of Zn reduces with increase in pH of the soil owing to increased 

Zn adsorption, formation of Zn hydroxide, co-precipitation of Zn in oxides of iron and chemisorption on 

calcium carbonate. Zinc deficiency is mostly pH-dependent, and concentration of Zn in soil solution 

decreases 100-fold for each unit increase in pH value of the soil.  About 5% of the total soil Zn presents in 

water soluble, exchangeable and complexed fractions is available for plant uptake. Remaining 

approximate 95% of soil Zn present in mineral fraction contributes very less for plant uptake. Thus, there 

is a need to develop strategies which can bring this unavailable form of Zn to plant utilizable forms and/or 

increase apparent recovery of Zn fertilizers. Therefore, rhizospheric manipulation, utilizing Zn 

solubilising bacteria can be a viable option for increasing the availability of native as well as applied Zn 
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to plants. In this study, rhizospheric soil samples were collected from salt affected and Zn mine sites for 

isolation of Zn solubilising bacteria. Bacterial isolation was carried out from collected rhizospheric soils 

samples using modified pikovskaya agar medium. Initially, 27 Zn solubilising bacterial isolates were 

selected on the basis of zone formation in ZnO supplemented media. But after morphological 

identification only 20 isolates were selected. These selected isolates were able to solubilise Zn from ZnO 

(0.1%) in broth after 10 days of incubation, when initial pH (maintained before autoclaving) of broth was 

9.0. Out of 20 isolates, four isolates have ability to solubilise Zn more than 500 μg mL
-1

, four isolates 

have capacity to solubilise Zn between 300-500 μg mL
-1

 and twelve isolates were able to solubilise Zn 

between 100-300 μg mL
-1

 (17 μg mL
-1

 in control) at 9.0 pH. With increase in pH value of broth from 9.0 

to 13.0, growth of isolates was adversely affected and Zn was not solubilised by any of the isolates. All 

bacterial isolates have very good potential to solubilise zinc, generate titratable acidity and declined pH of 

broth medium at 9.0 pH compared with un-inoculated control. But, when the pH value of broth medium 

was shifted from 9.0 to 13.0, none of the bacterial isolate showed above mentioned properties. Thus, the 

present study suggests the need of further evaluation of these isolates for zinc solubilisation under salt 

affected environment.   

Keywords: Bacteria, Zinc solubilisation, pH, Titratable acidity and Rhizospheric soils 
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Soil salinity and sodicity are the most serious abiotic stresses, which drastically reduce crop growth, 

productivity and soil health worldwide. Many plant growth promoting rhizobacteria, and beneficial fungi 

can enhance crop tolerance to abiotic stresses including salt stress by increasing nutrient uptake through 

greater effective root area and better solubilization of nutrients, and by production of metabolites such as 

indole-3-acetic acid or auxin analogs. In the present study, rhizospheric and non-rhizospheric soil samples 

were collected for the isolation of salt tolerant fungi from different salt affected areas. The sodic soil 

samples were collected from four different sites of rice and sorghum fields of Patiala and CSISA field, 

CSSRI. Some non rhizophereic soil samples were also collected from Sitamai, Dharamgarh, Haibatpur, 

Geong and Saraswati farm. These samples have pH range from 8.18-10.11. While saline soil samples 

were collected from the Nain farm and from the rhizosphere of sorghum, pearl millet and mustard. The 

soil samples collected from different sites were serially diluted for the isolation of the fungi. The isolation 

of the salt tolerant fungi from saline soil was done on the medium supplemented with 5% NaCl while 

from sodic soil pH of the medium was adjusted at 10. Soil samples collected from different salt affected 

areas showed different results and as observed in results, the number of salt tolerant fungi varied in 

different sites. The isolated fungi were subjected for the screening for their nutrient acquisition activities, 

which was mainly focused on phosphate solubilisation activity. Fungi were inoculated on the medium 

supplemented with calcium triphosphate. Twelve fungi were found to solubilize phosphorus at pH 10, 

however, fifteen fungi were found to solubilize phosphorus at 5% NaCl conditions with the range of 2-6 

mm zone of solubilisation. Other nutrient acquisition activities like zinc solubilising and siderophore 
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production potential was also screened and 10 fungi isolated from sodic soil showed both the activity. 

While 9 and 11 fungi isolated from saline soil demonstrated zinc solubilising and siderophore production 

potential, respectively. Ammonia and indole acetic acid production of the selected fungi was also tested, 

to check their antagonistic and plant growth promoting activity while results were found positive in some 

of the fungi. Further such isolated fungi may be co-inoculated to crops in sodic and saline soils to identify 

their PGP potential and phosphate solubilising ability in-vivo. 

Keywords: Fungi, Plant growth promoting activity, Phosphate solubilisation, Siderophore, Soil salinity 
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High pH soils account for more that 30 percent of world soils. Alkaline soils pose problems to plant 

nutrient availability especially micronutrients, in which for each unit increase in soil pH the activity of 

ferrous iron, Zn, Mn and Cu decreases about 100 times. Increasing the release of indigenous soil nutrients 

and supplying the plants with external sources of available nutrients are two well-known agronomic 

approaches for alleviation of these problems. Elemental sulphur as a cheap and readily available source of 

soil acidulates possesses the slow release characteristic that is produced as a by-product of oil refinery 

may be a useful material for alleviating some alkaline soil problems. The objective of the present project 

was to evaluate the ability of high pH Iranian calcareous soil to oxidize elemental sulphur. A calcareous 

soil was selected near Sadooq salinity research station, located in Yazd province. The soil was treated 

with three levels of elemental sulfur (0, 1 and 2 grams per kg of soil) and incubated for 82 days under 

laboratory conditions. Each experimental unit included a plastic container with two kilograms of screened 

soil. Soil moisture content were adjusted to 65 percent of field capacity and soil subsamples were 

provided after 7, 13, 20, 27, 35, 42, 58, 61 and 82 days after incubation. Remaining elemental S, soil pH 

and electrical conductivity were determined to monitor elemental S oxidation and its effects on soil 

properties. The results showed that elemental S was successfully oxidized over time. Sulphur oxidation 

rate for soils treated with 1 and 2 g S kg
-1

 soil were 4.51 and 7.78 mg day
-1

. While application of 

elemental S decreased soil pH, it significantly increased soil electrical conductivity. In conclusion, 

elemental S application is recommended for improving soil pH of calcareous soil. In addition, proper 

considerations for negative effects of increased soil electrical conductivity due to elemental S application 

should be considered. 

Keywords: Soil acidification, Salinity stress, Elemental sulphur 
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Haloculture has been introduced as a creative solution to combat with the increasing trend in soil 

salinization and fresh water scarcity. With economic value, Salicornia plants are proposed as an oilseed 

crop that is inherently salt tolerant. In addition, while small scale experiments under controlled conditions 

indicate that Salicornia irrigated with highly saline waters can yield as much as conventional crops, field 

experiments are rarely reported. Moreover, 90 percent of the vegetable oil in the domestic market of Iran 

is imported and it stands at 1.5 million tons per annum. In addition Iran is planned to achieve 70% self-

sufficiency in oilseed production. While this is unlikely by production of conventional crops with 

freshwaters, using highly saline waters such as seawater seems to be promising. This study was aimed to 

elucidate the performance of Salicornia irrigated with seawater and shrimp effluent at field conditions of 

Persian Gulf beach in Delvar region of Bushehr province in Iran. In addition, the response of Salicornia 

to different rates of triple superphosphate was investigated. The treatments included two sources of 

irrigation water (seawater and shrimp sewage with electrical conductivity of 65 dS m
-1

) and three levels of 

triple superphosphate fertilizer including 0, 75 and 150 kg ha
-1

. The treatments arranged in a randomized 

complete block design with three repetitions. Nitrogen fertilizers were applied at four stages. At a rate of 

100 kg ha
-1

, potassium sulfate fertilizer was added at planting. Salicornia persica seedlings provided from 

National Salinity Research Center spaced 25 cm apart in 30 cm rows and irrigated twice a week. The 

results showed the significant effect of water quality on performance of Salicornia. While the above 

ground biomass for plants treated with seawater was equal to 848.08 kg ha
-1

, and that of shrimp effluent 

equaled to 667.3 kg ha
-1

.  Although, the positive effect of triple superphosphate at a rate of 75 kg ha
-1

 on 

salicornia performance irrigated with shrimp effluent was observed, application of triple superphosphate 

did not improve Salicornia performance irrigated with seawater.  

Keywords: Shrimp effluent, Persian Gulf, Salicornia, Haloculture 
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Soil sodicity largely limit the crop performance and agricultural production. Therefore, suitable 

reclamation technology is advocated to reduce the deleterious impact of sodicity and high pH. Calcium 

rich chemical amendment has long history to rehabilitate sodicity. However, the current demand of these 

amendments in allied sectors has necessitated inventing the potentiality of elemental S-formulation to 

combat sodicity/and lowering pH. Elemental S is not soluble in water and its oxidation is mediated by 

Thiobacillus thiooxidans, in some favorable environment. Considering this in view, a total of 215 S 

oxidizers morphotypes were isolated on thiosulfate medium from the soils with variable sodicity and high 

pH, S-rich dump sites and water samples from hot-water springs. Among them, 15 isolates were selected 

on the basis of better pH reduction ability in S-broth containing bromocresol purple and agar medium by 

changing the colour of the media from purple to colourless. The S-oxidising bacterial isolates obtained 

from the soil of Mumbai coastal area reduced the pH up to 3.98-4.50 from the initial pH (8.0) within 11 

days of incubation. Additionally, a maximum amount of SO4
2- 

of 58.7 ppm was produced during the 

growth of S-oxidizer in elemental S-broth. Therefore, an effective use of these isolates can be a boon for 

developing suitable reclamation technology to combat sodicity in near future. 

Keywords: Sodicity, S-oxidizers, Thiosulfate medium, Hot-water spring, Elemental S-formulation 
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Bicarbonate (HCO3
-
) is detrimental for the overall irrigation water quality and can potentially create 

negative health impacts to aquatic organisms, crops and humans. This paper deals with the removal of 

HCO3
-
 from contaminated wastewater using Fe3O4 nanoparticles. X-ray diffraction, Fourier transform 

infrared spectroscopy, scanning electron microscopy, surface area measurement and particle size analysis 
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revealed that the adsorbent falls under the nano-scale size range (7.60 nm) with high specific surface area 

(249.21 m
2
 g

-1
). The kinetics of HCO3

-
 adsorption indicated that Fe3O4 nanoparticles reached equilibrium 

within 2.5 h at pH 6.5. The operative adsorption mechanisms were Lewis acid-base reaction, outer sphere 

complexation and ligand exchange, which were well defined by pseudo-first order and pseudo-second 

order kinetic models for anions. As calculated from the best fitted Sips isothermal model (R
2
 =0.77 and 

RPD value =2.12), the Fe3O4 nanoparticles exhibited the maximum HCO3
-
 adsorption potential of 3.07 

meq g
-1

 at pH 6.5. Thus, Fe3O4 nanoparticles could be a potential HCO3
-
 removal amendment for waste 

irrigation water having high level of alkalinity in the arid and semi-arid regions of the world.  

Keywords: Bicarbonate, Fe3O4 nanoparticles, Adsorption, Wastewater, Outer sphere complexation 
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Soil and water salinity is a large-scale threat in arid and semi-arid zone that limits crop performance and 

agricultural production and impedes human life. Scarcity of good quality water and dependency of 

underground saline water for irrigation accelerate the problem of soil salinity. Therefore, we hypothesized 

that tillage, mulch and deficit saline irrigation had effect on soil microbial biomass C, N (Cmic and Nmic) 

and soil chemical properties with cultivation of rainfed kharif sorghum (cv. HSSG-5000) and irrigated 

rabi wheat (cv. KRL-210) in saline soil (ECe, electrical conductivity of saturation extract, 4.0-36.0 dS m
-

1
) and saline water irrigation of 8 dS m

-1
 since 2014 at Nain Experimental Farm, ICAR-CSSRI, Panipat, 

Haryana. The field experiment was conducted in split-plot design with 3-replications consisting of three 

tillage treatment viz., zero (ZT), conventional (CT) and reduced tillage (RT) in main plot and six 

treatments comprising irrigation (100, 80 and 60 per cent of water requirement) and mulch (no and 5 t ha
-1

 

rice straw) combination in subplots. Soil samples of surface layers (0-15 cm) were collected in both the 

seasons (October and April) after harvest of crops in 2015-16 and 2016-2017 and refrigerated for analysis 

of Cmic and Nmic within one month from sampling. Same samples further used for determination of soil 

pH, EC, organic C, available N, P and K. Irrigation with deficit saline water (60 WR) increased Cmic (8.1 

to 19.6%) and Nmic (4.5 to 9.4%) compared to irrigation with saline water (100% WR) after sorghum and 

wheat harvest. Nmic and Nmic/Cmic ratio increased significantly in 2016-17 compared to 2015-16 in soil 

after the harvest of sorghum and wheat. Adoption of ZT (both sorghum and wheat) showed greater values 

of Nmic in soil compared to CT in both growing seasons. Soil salinity (EC1:2) declined to 2.92 dS m
-1

 in 

2016-17 compared to 4.92 dS m
-1

 in 2015-16 after wheat harvest whereas after sorghum harvest soil 

salinity increased 2.13 dS m
-1 

in 2016-17 than 1.58 dS m
-1 

in 2015-16. Available N (5.6 to 7.6%) and K 

(4.9%) were significantly higher in mulch than no mulch. Irrigation with 100WR maintained higher 

values of available N (94.4 kg ha
-1

; P<0.05) compared to deficit irrigation of 60 and 80 WR (90.0 and 
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89.9 kg ha
-1

) for rabi wheat, whereas; available K and P were higher in deficit saline irrigation at 60 WR 

in soil after sorghum and wheat harvest. Among the tillage treatments, ZT-RT showed higher (25.0 and 

23.3 kg ha
-1

; P<0.05) values of available P compared to CT-CT and ZT-ZT (23.0 and 19.4; 22.6 and 21.0 

kg ha
-1

) after sorghum and wheat harvest, respectively. Application of different tillage, mulch and 

irrigation had similar effect on SOC and dissolved organic C. Interaction between tillage and saline 

irrigation was apparent for rabi wheat and saline water irrigation with 100 WR in ZT-RT maintained 

higher soil available N. Interaction between tillage and mulch showed that ZT-RT with mulch showed 

greater values of Cmic and Nmic.  

Keywords: Saline soil, Tillage, Mulch, Deficit saline, Microbial biomass C and N, Sorghum, Wheat 
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Crop establishment in semi-arid and arid regions is largely impeded by soil and water born salinity and 

likely to be increase in changing climatic scenarios. Further, supplemental irrigation using underground 

saline water trigger salinity build up in root zone. Keeping these in view an field experiment was started 

with soil salinity (ECe, electrical conductivity of saturation extract) of the experimental sites ranging from 

4.0-36.0 dS m
-1

 and saline water irrigation of 8 dS m
-1

 since 2014 at Nain Experimental Farm, ICAR-

CSSRI, Panipat, Haryana with kharif fodder sorghum (cv. HSSG-5000)-rabi wheat (cv. KRL-210) 

cropping system in split-plot design with 3-replications consisting of three tillage treatment viz., zero 

(ZT), conventional (CT) and reduced tillage (RT) in main plot and six treatments comprising irrigation 

(100, 80 and 60 per cent of water requirement) and mulch (no and 5 t ha
-1

 rice straw) combination in 

subplots. To capture the seasonal variation in soil enzymes activities in different management practices, 

soil samples of surface layers (0-15 cm) were collected in both the seasons after harvest of crops in 2015-

16 and 2016-2017. The refrigerated soils without one month delay were analysed for soil enzymes viz., 

dehydrogenase (DHA),  and -glucosidase ( and -glu) urease (URE) and alkaline phosphatase (AlP) 

activity. A part of soil was used to determine soil pH and electrical conductivity. The activities of DHA 

were greater where deficit saline water (95.6 and 87.2 µg TPF g
-1 

soil day
-1

; P<0.001and P<0.01) applied 

compared to 100WR (85.9 and 81.2 µg TPF g
-1 

soil day
-1

) after harvesting of kharif and rabi crop, 

respectively. Contrarily, deficit saline irrigation (60 WR) had a greater values of AlP (24.6 and 24.4 µg p-

nitrophenol g
-1

soil h
-1

;P< 0.05 and 0.01) compared to 100WR (23.3 and 23.2 µg p-nitrophenol g
-1

soil h
-1

) 

and 80 WR (23.0 and 22.7 µg p-nitrophenol g
-1

soil h
-1

) in soils after harvest of sorghum and wheat, 

respectively DHA,  and -glu were 5, 9 and 18% greater in soil after sorghum harvest and 

dehydrogenase and urease was 7 and 5% greater in soil after wheat harvest in the mulch than no mulch 

treatment but mulch decreased AlP in soil by 6% over no mulch. Whereas, soil salinity (EC1:2) declined to 

2.92 dS m
-1

 in 2016-17 compared to 4.92 dS m
-1

 in 2015-16 after wheat harvest whereas after sorghum 

harvest soil salinity increased 2.13 dS m
-1 

in 2016-17 than 1.58 dS m
-1 

in 2015-16. We conclude that, 
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under limited irrigation conditions with rice straw mulching in zero tillage-reduced tillage for sorghum 

and wheat, respectively are effective in improving the soil enzymes activities. 

Keywords: Salinity, Soil enzymes, Mulch, Deficit irrigation, Tillage, Sorghum-wheat 
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Highly productive agricultural regions of world, like Indo-Gangetic plain, are facing pressure for 

increased grain production due to population explosion. Nutrient management practices have key control 

over yield, soil carbon (C) buildup, and in maintaining soil health to sustain long term productivity. Rice-

wheat is the most prevalent cropping system in the Indo-Gangetic region. High amount of „nitrogenous 

fertilizer alone‟ is the most prevalent nutrient management practice. Because of intensive operations these 

soils have low buildup (or faster depletion) of soil organic C. Addition of organic amendments provides 

multi-pronged benefits like carbon (C) buildup in soil as well as enrichment with slow yet consistently 

released nutrients during a cropping cycle. Long term rice-wheat cropping experiments (since 2005) on a 

sandy loam soil at ICAR-CSSRI, Karnal, were used to study six integrated nutrient management, 

including five with reduced (50%) inorganic fertilizer doses in combinations with organic sources [LE- 

legume (Vignaradiata) in rotation, GM-green manuring with Sesbania aculeata, FYM- farmyard manure 

application, WS- wheat stubble retention, RS-Rice stubble retention], compared to „farmer‟s practice of 

inorganic fertilizer only (F). Changes in organic C (very labile, labile, less labile and non-labile), nitrogen 

and micronutrient (Fe, Cu, Mn, Zn) availability with ion exchange resin strips and available pools in soil, 

nutrient accumulation in plants parts (grain, straw) and grain and straw yield were recorded. Our results 

indicated that with increased C return to soil, the most significant contributions went to very labile C 

fractions. Plant assimilated C, and C return to the soil were maximum in case of GM. LE and GM 

management showed no responses to increased soil C inputs in different years, perhaps indicating nutrient 

richness shadowing the beneficial effects of soil C beyond a threshold. There were no significant changes 

in total-N, NH4
+
-N and NO3

-
-N available, as summed over full season, in the soils even with reduced 

inorganic inputs but supplemented by organic amendments. Micronutrient availability in soil and plant 

parts was significantly higher in green manuring (GM) based systems followed by rice stubble (RS) 

retention, and lower in LE and WS systems. Based on overall performance green manuring and legume 

based systems are the best options for long term benefits. 

Keywords: Organic amendments, Inorganic fertilizer, Ion exchange resin strips, Micronutrient 

availability  
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Water is becoming an increasingly scarce commodity with its availability declining day by day thereby 

posing a major challenge for its sustainable use. Water quality is yet another important issue as it 

influences the salinity build up that could impact crop productivity. Scarcity of good quality irrigation 

water is one of the major bottlenecks along with soil salinity that severely limits crop production in the 

coastal region of West Bengal, particularly during the dry season. Most of the lands are therefore mono-

cropped and left fallow during the dry season. Thus there is a need to focus on proper irrigation 

management practices that would allow efficient use of available water resources to sustain crop 

productivity and increase cropping intensity in the region. A study was therefore were carried out at 

ICAR-Central Soil Salinity Research Institute, RRS, Canning Town, West Bengal to understand the 

impacts of saline water irrigation on salt dynamics and productivity of rabi maize in a heavy texture 

coastal saline soil. The treatments consisted of good quality irrigation water (ECiw<2 dS m
-1

) and saline 

irrigation waters having ECiw of 4 and 8 dS m
-1

applied in four different regimes based at 125, 100, 75 and 

50 % of cumulative pan evaporation (CPE). The results obtained revealed that salinity build up at the end 

of the crop growth period was more with the application of saline irrigation water. With the application of 

irrigation water having salinity of 8.0 dS m
-1

, the mean surface soil salinity (ECe) increased from 4.17 dS 

m
-1

 to 7.1 dS m
-1

at harvest. The soil ECe at harvest was 4.1 dS m
-1 

where good quality water was applied 

and 4.7 dS m
-1

with irrigation water having ECe of 4.0 dS m
-1

. Soil ECe at harvest showed an increasing 

trend with the application of decreasing level of good quality water. However, with application of saline 

water in increasing amounts, the ECe increased due to introduction of more salts into the soil along with 

the irrigation water. This effect was more pronounced with application of irrigation water having EC 8.0 

dS m
-1

 due to high salt content. The contents of Na
+
, K

+
, Cl

-
 and SO4

-2
 in the soil saturation extract was 

found to be closely related to the soil ECe with R
2
 values of 0.84, 0.54, 0.87 and 0.65, respectively. The 

mean kernel and stover yields of maize were reduced by 24.2 and 18.5 % respectively in deficit irrigation 

treatment (50% CPE) as compared to irrigation level of 100% CPE. Statistically at par kernel and stover 

yields were obtained at irrigation levels of 100% and 75% CPE. Irrigation with saline water having EC of 

8.0 dS m
-1 

significantly reduced the kernel, stover and cob yields of maize to the extent of 31.1, 46.4 and 

26.2 % over that with good quality water. However, the differences in kernel yield of maize irrigated with 

good water to that with saline water of 4.0 dS m
-1

 was insignificant. The study revealed that irrigation 

with fresh water provides higher yield advantage in maize. However, under conditions of limited 

availability of irrigation water, irrigation with 4 dS m
-1

 saline water or deficit irrigation at 75% CPE may 

prove to be an alternative irrigation management option for maize production in coastal saline soil.  

Keywords: Saline irrigation waters, Maize, Coastal saline soil, Cumulative pan evaporation 
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Sundarbans, world‟s largest coastal wetland in the deltaic complex of the rivers Ganga, Brahmaputra and 

Meghn at the southern fringe of West Bengal, India and Bangladesh, is home to millions of the world‟s 

poorest people who depend mainly on agriculture, the productivity of which is low due to several agro-

climatic constraints. Soils of the region are mainly saline, but acid sulphate soils having pH <4 are also 

found in patches. Soil salinity shows a large temporal-spatial variation across the zone, being highest in 

summer and lowest in rainy season. Soils are generally low in available N and organic carbon, low to high 

in available P and high in available K.  Soils are usually rich in micronutrients except Zn. Acid sulphate 

soils are deficient in P and very high in water soluble Fe, Al, and Mn. Availability of freshwater in this 

region is mainly dependent on upstream river water flows. Rivers are all tidally fed as they have lost their 

upstream connections with the Ganges due to heavy siltation, solid waste disposal and other 

anthropogenic factors. River water quality shows significant variations in surface temperature, salinity, 

pH and dissolved oxygen. River water salinity increases gradually from post-monsoon to pre-monsoon 

period, rendering it unsuitable for use in agriculture. Acidification of estuarine water has also been caused 

by seawater intrusion, sewage discharge and photosynthetic activity of the mangrove vegetation. There 

are also impediments to groundwater use; a thick impermeable clay layer separates top saline water-

bearing aquifers from the underlying fresh aquifers. Arsenic contamination problem in groundwater has 

also been reported. Generally, groundwater salinity is higher in dry season than in monsoon. Despite these 

constraints, agricultural productivity of this region can be improved through adoption of protective 

embankments to avert seawater intrusion, amelioration of acid sulphate soils, improved nutrient 

management, mulch farming and cover cropping, innovative crop establishment methods, flood and salt 

tolerant crops, cropping system intensification and diversification, and fresh/brakish water fish culture 

through land shaping. Unlocking agricultural production potential of this region requires effective water 

management. More emphasis should be given on land drainage, rain water harvesting, conjunctive use of 

saline and fresh water, efficient water use through pressurized irrigation systems etc. 

Keywords: Coastal salinity, Groundwater, Seawater intrusion, Water management 
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Sustainable management of the water resources is an international priority to meet the demands of future 

population for food and fiber. Increasing competition for water due to rapid urbanization and 

industrialization is greatly affecting the fresh water allocation for irrigated agriculture in many countries. 

Lack of good water supplies for irrigated agriculture in now forcing farmers to use low quality waters. 

Consequently, the productivity of irrigated agriculture is low in many parts of the world because of the 

use of poor quality of ground water such as sodic water high in carbonates of sodium. It is therefore 

imperative that irrigation development plans are carefully drawn and executed to sustain crop production 

and to minimize sodification and deterioration of soil physical, chemical and biological properties over 

the long-term. Alternative options have now emerged to safely use waters otherwise designated unfit. 

This has led to the replacement of too conservative water quality standards by site-specific guidelines 

where factors like soil texture, rainfall and crop tolerance have been given due consideration. The 

contribution of Indian Punjab in Green Revolution, which transformed the food security scenario of the 

country, is a well-known fact. However, this revolution was accompanied by overexploitation of natural 

resources mainly soil and water. In Punjab, majority (69%) of the 42% poor quality ground waters are 

sodic in nature posing serious threat to sustainable crop production especially in the south-western region 

of the state. Since supply of good quality canal water for irrigation is not guaranteed, large number of 

farmers in the south-western region of the state are using poor quality saline and sodic ground-waters for 

irrigation with harmful impacts on crop productivity. In addition, continuous demand for more food is 

putting considerable stress on the Punjab‟s limited land and water resources. To prevent degradation of 

state‟s land and water resources while meetingcountry‟s increasing demand for food, adoption of relevant 

and emerging technological interventionsfor optimally using poor quality waters in agriculture is 

imperative. In this context, the long-term research work conducted by Soil Salinity Laboratory, 

Department of Soil Science, PAU, Ludhiana with regional stations located at Faridkot and Bathinda 

mainly focused on managing and developing strategies for safe and judicious use of sodic waters in 

agriculture for sustaining crop productivity and maintaining soil health in these challenging environments. 

Examples of the  technologies and practices generated by the research team at PAU include growing of 

salt-tolerant genotypes of wheat, cotton and sugarcane; application of FYM instead of gypsum under 

saline-sodic irrigation; use of rice-residue biochar for ameliorating sodic soils, applying organic 

amendments like crop residues and boron in calcareous soil under sodic water irrigation; use of drip 

irrigation to decrease salt build-up in root-zone and increase water use efficiency, alternate use of sodic 

and canal water in cotton, wheat, sunflower and canola. Although the emphasis is placed on managing 

sodic water in Indian Punjab, such practices are appropriate for many other arid and semi-arid regions 

where irrigated agriculture is confronting similar challenges. 

Keywords: Sodic water, Poor quality water, Soil health, Crop productivity, Punjab 
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Salinity is one of the major abiotic stresses which caused yield losses especially in arid and semi-arid 

regions. To overcome the demand of burgeoning population, there is need to bring the saline soils under 

productive utilization. Phytoremediation is one of the cost effective technology and halophytic plants 

have the capability to hyperaccumulate the salt in their harvestable parts. Several physiological 

mechanisms are adopted by these plants. Here we shall review the physiological responses in leaves of 

Suaeda fruticosa and Aerva tomentosa under different salinity levels (8, 12, 16, 20 dS m
-1

). It was 

concluded that leaves of Suaeda fruticosa showed succulence mechanism whereas Aerva tomentosa 

behaves as salt excluders. Dry weight (g) of the leaves showed decreasing trend but the percent decline 

was found less in Suaeda fruticosa (38%) as compared to Aerva tomentosa (65%). Values of ash content 

(212 to 249 and 314 to 360 mg g
-1

 DW) and total dissolved solids (0.96 to 1.8 and 1.58 to 3.25 mg L
-1

) 

increased significantly upon salinity in A. tomentosa and S. fruticosa, respectively. Relative stress injury 

(RSI%) values in Aerva tomentosa and Suaeda fruticosa also noticed were 22% and 15% respectively, at 

20 dS m
-1

 of salinity. Malondialdehyde content (MDA) also showed the similar trend. Reversibly, plant 

water status (RWC, Ψs and Ψw) was decreased with salinity. Whereas, Na
+
/K

+
 , Na

+
/ Ca

2+
 + Mg

2+
 and Cl

-

/SO4
2-

 ratio showed increasing trend. Conclusively, Suaeda fruticosa showed better hyperaccumulation in 

comparison to Aerva tomentosa.  

Keywords: Saline soils, Hyperaccumulators, Phytoremediation, Halophytes, Suaeda 
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The Food and Agriculture Organization (FAO) of the United Nations created the Global Network on 

Salinization Prevention and Productive Use of Salt Affected Habitats (SPUSH) that has organized seven 

thematic meetings addressing different aspects of salinity, its regional distribution and quantification of 

affected areas, in order to obtain a global picture of the extent of the problem. The relevance of the 

possible impact of climate change in many productive areas prompted the organization of a meeting 

considering the possible effects of climate change on cultivated lands, coastal areas and other areas under 

risk of salinization. This constituted a new approach to the prevention of the risk of salinization, and an 
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attempt to develop strategies for early action at regional and global scale. Soil salinization is one of the 

more subtle and progressive causes of soil degradation, threatening some of the most productive lands 

currently under irrigated agriculture. It is also an increasing environmental concern for those areas for 

which suggested climate change scenarios predict aridity increase and/or sea level rise. Salinity is also a 

natural inherent condition of many ecosystems contributing to global biodiversity supporting halophytes. 

Salinization is a problem that has long being associated with agriculture, both as a constraint and as the 

result of inappropriate practices. In addition, agriculture intensification, as well as changes in temperature 

and precipitation patterns expected from climate change, is likely to further affect the salt-water balance 

of fragile ecosystems. Information on the relationship between climate change, salt-affected habitats and 

salinization processes is scarce. There is a need to establish a better picture of the most affected or 

vulnerable areas and to promote practices that can be used to adapt agricultural production in areas 

susceptible to climate change. This will contribute to food security and reduce stress on ecosystems. 

Ecological restoration is defined as the process of assisting the recovery of an ecosystem that has been 

degraded, damaged, or destroyed (Society for Ecological Restoration International Science and Policy 

Working Group, 2004). Ecological restoration is required when the degraded ecosystem is unable to self-

repair. The main aim of ecological restoration is to reinstate ecological processes and functions that are 

resilient, adaptable to change, and deliver important ecosystem services. The present review highlights 

smallholder farming practices that could be innovatively redesigned to increase AMF symbiosis and 

related agroecosystem services. Indeed, the future of global food security depends on the success of 

smallholder farming systems, whose crop productivity depends on the services provided by well-

functioning ecosystems, including soil fertility.  

Keywords: Salinity, Ecological restoration, Biodiversity, Halophytes, Climate change 
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Soil degradation caused by salinization is one of the greatest concerns associated with crop yield 

reductions in the country vis-à-vis world. In India, out of 329 million hectares of total geographical 

area, the arid and semi-arid regions occupy more than one third of the area (127.4 M ha). The salt 

affected soils occurring in these zones occupy 12 M ha spread over 15 states of the country. These 

salt affected soil zones comprise of 4.12 M ha of alkali soil, 3.26 M ha of saline soil and 4.62 M ha of 

saline alkali soils. Nano materials have played important roles in degrading various recalcitrant dyes, 

and halogenated compounds and removal of heavy metals with disinfecting microbes. Various nano 

materials can be used to make composite membranes. This enhances salt retention ability, curtails 

costs, land area and energy for desalination. This has made it urgent to invent an appropriate water 

treatment technology that not only removes macro-, micro- and nano-pollutants but also desalinates 

water to a significant extent. Several hurdles such as insufficient data quality on long time operation, 

stability and scaling up has to be resolved prior to commercialization (Goh et al., 2013). Thus, a 

reliable, safe, sensitive and cost-effective water treatment technology has become the hardest 
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currency for water desalination. Therefore, an attempt has been made to synthesize ZC 

nanocomposite and evaluate its potentiality for amelioration of saline irrigation water. In the present 

investigation, zeolite nano-particles (<100 nm) are mixed with carbon nano-particles (CNPs) (<100 

nm) to ZC nano-composite through ultra sonication and precipitation process. Measurement of pH, 

particle size, SEM (Scanning Electron Microscopy) and TEM (Transmission Electron Microscopy) 

characterization were performed following the standard protocols. The adsorption study was carried 

out in batch mode. The adsorbent, ZC nano composite powder was used for the removal of Na from 

aqueous solutions. Graded doses of Na (0, 20, 40, 80, 160, 320 mg Na L
-1

) were prepared from 1000 

mg L
-1

 Na stock solution. For batch adsorption experiment, 0. 5 g of nano composite (adsorbent) was 

added to 50 mL of aqueous solutions of sodium ions of varying concentration (0 to 320 mg L
-1

) in 

250 mL stoppered conical flasks. All the adsorption experiments were conducted at two temperatures 

25
o
C and 40

o
C at a pH of the working solution and agitation rate of 150 rpm on an environmental 

shaker. Zeolite nano-particles and carbon nano-particles were characterized by DLS, TEM, SEM and 

BET instruments. In the present investigation, zeolite nano-particles are mixed with carbon nano-

particles (CNPs) to produce ZC nano-composite which recorded 95% sodium retention ability. 

Overall we can conclude that ZC nano-composite is effective to reduce salt content in irrigation 

water. In the present investigation, zeolite nano-particles are mixed with carbon nano-particles 

(CNPs) to ZC nano-composite which recorded 95% sodium retention ability. Carbon nano-particles 

were used for adsorption based desalination because of their extraordinary adsorption capacities. 

Thus, these have opened a new avenue to create a gate point separation of pollutants in water 

purification technology. Microorganisms induced membrane fouling followed by coagulation and 

pore blocking is a major concern in separation technologies. This challenge can be overcome by 

using carbon nano particles which have antimicrobial activity. CNPs rupture bacterial cell through 

the production of reactive oxygen species (ROS), disruption of their metabolic pathway and oxidative 

stress. However, it is still at the premature stage and need further improvement.  

Keywords: ZC Nanocomposite, Saline Irrigation Water 
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Rice and wheat are the two most important cereal crops and staple food of millions of Asian people. Rice 

–wheat in irrigated agro-ecosystem of Indo-Gangetic region of India contributes about 32% to the 

national food basket. Keeping in view to improve the soil health and water productivity under rice–wheat 

cropping sequence, a long term experiment was conducted on tillage and residue management for 

addressing crop productivity, energy saving and soil quality under rice–wheat cropping system in sodic 

soil environment. Six adopted resource conservation technologies (reduce and zero tillage with and 

without crop residue) vis-a-vis conventional practices (with and without crop residue) were imposed. 
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Hybrid rice variety cv. Arize 6129 and wheat-cv. HD 2967 were taken as test crops during 2011-2015. In 

rabi crop, five years pooled data of grain yield of rice–wheat sequence were taken, indicated that wheat 

sowing in conventional with crop residue incorporation yielded 5.85 t ha
-1

, increased additional grain 

yield 9.48% compared to conventional practices (5.34 t ha
-1

). Whereas, in reduced tillage with crop 

residue incorporation yield 5.87 t ha
-1

, increased additional wheat grain yield by 2.80% compared to 

without crop residue incorporation. In zero tillage without crop residue recorded 5.43% higher grain yield 

compared to conventional wheat sowing. However, in zero tillage with crop residue anchors recorded 

8.24% higher wheat grain yield in comparison to conventional tillage method. In kharif season, five years 

pooled data of rice crop shows that  higher rice grain yield (7.70 t ha
-1

) was recorded in TPR (transplanted 

rice) with crop residue incorporation with 3.77% higher additional grain yield compared to TPR (7.42 t 

ha
-1

) without crop residue management. Grain yield in DSR (direct seeded rice) was 6.79 t ha
-1 

increased 

by 4.71% with crop residue incorporation. However, grain yield in DSR under zero tillage without crop 

residue produced 6.72 t ha
-1

 which was 8.21% higher compared to zero tillage with crop residue anchors 

due to more weed infestation and less plant population. DSR in different combinations saved irrigation 

water 30.68%, reduced diesel consumption by 42%, in reduced tillage method and by 86% in zero tillage 

in comparison to transplanted rice. DSR technology reduced labour requirement by 23.8% in reduced 

tillage and 28.6% in zero tillage, whereas energy saving in DSR was more than 37.9% under reduced 

tillage however, in zero tillage DSR it was 83.3%. Soil health improved with increasing water stable soil 

aggregate, infiltration rate, water retention, and carbon sequestration rate with addition of rice and wheat 

crop residue simultaneously regularly in conventional, reduce and zero tillage practices. The SOC was 

increased from 14.81 to 39.47% in the treatments of residue + tillage (conventional, reduced and zero 

tillage) at 0-15 cm soil depth over the control. Higher carbon sequestration rate (0.67 t ha
-1 

year
-1

) was 

observed in zero tillage + rice residue treatment at 0-15 cm soil depth. Crop residue along with zero 

tillage favoured a higher amount of carbon to be preferentially stabilized in fine and coarse aggregates. 

Crop residue either incorporation in conventional and reduced tillage or anchors in zero tillage serves as a 

useful indicator for assessing soil carbon and sustaining crop productivity in the partially reclaimed sodic 

soil. Both rice –wheat crop productivity increased with addition of crop residue by improving soil quality.  

Keywords: Tillage, Crop residue, Rice-wheat cropping, DSR, Energy saving, Soil aggregate, Infiltration, 

Crop productivity 
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Competing demand of fresh water for industry and allied sectors is encouraging the utilization of 

marginal saline water for crop irrigation. Bringing these resources into sustainable productive use will 

offer opportunities to increase agriculture production. Keeping these in view a field experiment was 

started in saline soil (ECe, electrical conductivity of saturation extract, 4.0-36.0 dS m
-1

) with rainfed 
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kharif sorghum (cv. HSSG-5000) and irrigated rabi wheat (cv. KRL-210) with saline water irrigation (8 

dS m
-1

) since 2014 at Nain Experimental Farm, ICAR-CSSRI, Panipat, Haryana in split-plot design with 

3-replications consisting of three tillage treatment viz., zero (ZT), conventional (CT) and reduced tillage 

(RT) in main plot and six treatments comprising irrigation (100, 80 and 60 per cent of water requirement) 

and mulch (no and 5 t ha
-1

 rice straw) combination in subplots. To understand the system productivity and 

quality attributes fodder sorghum and wheat straw, two square meter yield for both crops and plant 

samples at maturity stages were analysed in laboratory. Two season pool data indicated that zero tilled 

practice performed similar green fodder yield (56.5 t ha
-1

) with conventional tillage (53.7 t ha
-1

). Further, 

mulching improved green fodder yield by 2.3% over no mulch. Whereas, deficit saline irrigation at 60% 

WR maintained statistically similar fodder yield compared with 100% WR (57.6 and 53.5 t ha
-1

). For 

wheat, grain yield was improved (4.5%) (p< 0.05) in 2016-17 compared to 2015-16. Zero-reduced tillage 

practice (RT-ZT) performed at par with conventional tillage (CT-CT tillage) for wheat grain yield. 

Mulching significantly increased (p< 0.05) wheat grain yield (4.9%) and system productivity was ~4% 

higher in mulch (10.3 t ha
-1

) than no mulch (9.9 t ha
-1

; p<0.05). Among the fodder quality attributes, 

mulching significantly improved the crude protein content (CP) by 2.4 and 6.8% for leaf and stem in 

fodder sorghum and 7.0% for wheat straw over no mulch. Practicing ZT performed similar values of CP 

than CT and application of deficit saline water irrigation (60 and 80 WR) maintained at par values of it 

than 100% WR by saline water for leaf and stem of fodder sorghum. Further, deficit saline water 

irrigation 60% WR had higher total ash content for both fodder sorghum and wheat compared with 100% 

WR by saline irrigation. Mulch significantly increased total ash content by 5.0% over no mulch in 

sorghum stem. ZT practice reduced (65.3%) the neutral detergent fibre (NDF) in stem of fodder sorghum 

than CT (66.6%). Acid detergent fibre (ADF) content in leaf and stem for fodder sorghum were 

significantly decreased by 2.4 and 2.3% in 60% WR than 100% WR. Further, mulching favoured on 

decrement of ADF by 2.9 and 3.0% for leaf and stem, respectively. Overall findings suggest that 

mulching with deficit saline irrigation in ZT-RT (for sorghum and wheat) is outperformed in increasing 

green fodder sorghum yield and improving quality of fodder sorghum and wheat. 

Keywords: Saline irrigation, Deficit irrigation, Salinity, Tillage, Mulch, Sorghum-wheat cropping, Crude 

protein, Neutral detergent fibre 
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Cumin (Cuminum cyminum L.) is one of the most monetary valuable rabi crops for the arid region of 

Rajasthan. Rajasthan is the second largest producer of cumin after Gujarat in the country accounting for 

over 40% of total production and 32.21% crop area. Cumin crop is affected by many diseases and pest, 

the important among them being wilt, blight, powdery mildew and aphid which are responsible for heavy 

yield losses. The present study was carried out at the research farm of CAZRI-RRS, Pali district 

(Rajasthan), during November, 2017 to evaluate the effect of foliar spray and seed treatment of 
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decomposer on growth, disease and pest incidence, and yield of cumin under residual sodium carbonate 

(RSC) water and saline soil. The experiment was laid in RBD design with three replications. Groundwater 

was used for the irrigation purpose throughout the experiment. The ECiw and pH of the ground water was 

>4.6 dS m
-1

 and 8.5, respectively. Seed treatments with three foliar spray of decomposer treatment at 45, 

60 & 75 DAS resulted higher grain yield (581 kg ha
-1

) followed by seed treatment with two foliar spray of 

decomposer (570 kg ha
-1

) over the control treatment (341 kg ha
-1

), respectively and no incidence of pest 

(aphid) and disease (wilt) was observed during the study periods. The observations and plant samples 

were taken at randomly from each plot on a per unit area basis. Growth and yield parameters viz: plant 

height (cm), 1000 seed weight (g), number of seed  umbel
-1

, number of umbel plant
-1

 and number of 

branch  plant
-1

 were recorded. Foliar application of decomposer at 45, 60 and 75 DAS exhibited higher 

yield of cumin being at par with rest of the treatments with decomposer. However, all the treatment of 

decomposer was superior over the control.  

Keywords: Residual sodium carbonate, Salinity, Cumin, Decomposer, Seed treatment, Disease, Yield 
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Sodic soil reclamation is imperative for rehabilitation and sustainable agricultural productivity in arid and 

semi-arid areas of the world. Therefore, a laboratory experiment was conducted to investigate the impact 

of city compost on reclamation of saline-sodic soil and ionic selectivity co-efficient. Soil was amended 

with 50% of gypsum requirement (50GR), 25GR with 10 Mg ha
-1 

of farmyard manure, 25GR with 10 Mg 

ha
-1 

of municipal solid waste compost of Karnal and Delhi. The processed saline-sodic soil collected from 

Saraswati forest, Haryana [pH of saturation paste (pHs) 10.2; EC of saturation extract (ECe) 12.2 dS m
-1

; 

cation exchange capacity 27.2 cmol(p+)kg
-1

, exchangeable sodium per cent (ESP) 70.3%, clay content 

23.3%, CaCO3 1.45% and gypsum requirement for 100% neutralization (GR100) of sodicity 22.7 t ha
-1

] 

was incubated for one month followed by an intensive column-leaching experiment with synthetic water 

of fixed EC 6 dS m
-1

 and two levels of SAR (5 and 15) upto 10 pore volumes. Water quality had 

overriding influence on soil properties but overall soil pHs, ECe, ESP, SARe (saturation extract) and KG 

(Gapon selectivity co-efficient) declined after incubation followed by leaching. Among the quality water, 

SAR 5 reduced soil ESP and SARe below 15 and 13 but leaching with SAR 15 showed values of ESP >17 

and SAR>16. However, untreated soil showed the ESP and KG of 20 and 0.025 with SAR 5 and 40 and 

0.035 when irrigated with 15 SAR water, respectively. The integrated use of 25GR and compost declined 

ESP (9.1-10.8%) and KG (0.010-0.012) upon irrigation with SAR 5 and ESP (17.9-22.4%) and KG (0.012-

0.016) upon irrigation with SAR 15. KG of compost amended soils was at par with 50GR.This indicates 

higher affinity of Ca for exchange sites in soils amended with city compost compared to gypsum alone 

(50GR). The study advocated that a conjunctive use of GR25 + farmyard manure/ compost can be a 

promising alternative to reclaim sodic soils. 

Keywords: Sodicity, SAR, ESP, Gapon co-efficient, City compost, Farmyard manure, Gypsum 
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Salinity is a major problem affecting crop production all over the world in the form of its growth, 

development and yield. Tolerance and yield of a crop are complex genetic traits which are difficult to 

maintain simultaneously since salt stress may occur as a catastrophic agent, be imposed continuously or 

intermittently or become gradually more severe. Adverse effects of salinity may be due to ion cytotoxicity 

and osmatic stress which disrupt homeostasis in water potential and ionic distribution due to disordering 

in cohesions of membrane lipids and proteins, and influence various physiological and biochemical 

processes. To review the tolerance of vegetable crops to salinity and alkalinity, the present paper collates 

the existing experimental data sets establishing the salt tolerance limits of various vegetable crops under 

saline/alkali environment either in the soil root zone or that created due to application of saline/alkali 

water for crop production. The relative tolerance of different vegetable crops can easily be seen through 

the data presented in this paper. Since a good crop stand is necessary for higher yields, the crop sensitivity 

at germination/initial growth stage must be kept in view while selecting a crop and to ensure optimum 

root environment for the selected crop. Vegetable crops are generally more sensitive to salts than arable, 

fodder, pulse and oil seed crops. Spinach, celery and cabbage are highly tolerant, as 50% reduction in 

yield takes place at a high ECe of 10 dS m
-1

. Selection and breeding of salt-resistant crop varieties offer 

tremendous possibilities of utilizing saline water resources for crop production. Genetic enhancement 

using molecular technologies has revolutionized plant breeding. 

Key words: Alkalinity, QTL mapping, Saline soil, Saline water, Varietal tolerance, Vegetables 
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A field experiment was conducted during 2015-16 to 2017-18 at crop research farm, Dalipnagar of C. S. 

Azad University of Agriculture and Technology, Kanpur. The studies confined to the impact of CSR-Bio 

microbial culture and chemical fertilizers on cabbage in sodic soil. The initial soil properties were pH 

9.10, EC 0.96 dS m
-1

, ESP 43.6%, organic carbon 2.9 g kg
-1

, available N 187 kg ha
-1

, P2O5 20 kg ha
-1

 and 

K2O 227 kg ha
-1

. The experiment was laid out in randomized block design with three replications and ten 

treatments viz., T1- 100% NPK, T2-50% NPK+CSR-Bio microbial culture (foliar spray), T3-75% 

NPK+CSR-Bio microbial culture (foliar spray), T4-100% NPK+CSR-Bio microbial culture (foliar spray), 
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T5-50% NPK+CSR-Bio microbial culture (soil application), T6-75% NPK+CSR-Bio microbial culture 

(soil application), T7-100% NPK+CSR-Bio microbial culture (soil application), T8-50% NPK+CSR-Bio 

microbial culture (foliar spray + soil application), T9-75% NPK+CSR-Bio microbial culture (foliar spray 

+ soil application) and T10-100% NPK+CSR-Bio microbial culture (foliar spray + soil application). The 

highest survival (74%), number of leaves per head (13.20), head weight (1.22 kg) and yield (142.5 q ha
-1

) 

were recorded with the application of 100% NPK+CSR-Bio microbial culture (foliar spray + soil 

application) treatment which showed its superiority over rest of the treatments. The maximum protein 

content (16.35%), N, P and K content (as 2.93, 0.53 and 2.86%, respectively) and uptake (208.4, 51.4 and 

262.1 kg ha
-1

, respectively) by cabbage was also found with 100% NPK+CSR-Bio microbial culture 

(foliar spray + soil application). Soil application of CSR-Bio microbial culture was more effective as 

compared to foliar spray of CSR-Bio microbial culture. Minimum value of NPK content were recorded 

with 100% NPK while minimum yield and uptake were noted with 50% NPK + CSR-Bio microbial 

culture foliar spray treatment. The improvement in soil properties with the use of CSR-Bio along with 

chemical fertilizers was also observed. 

Keywords: CSR-Bio, Sodic soil, Cabbage, Microbial culture, Soil properties 
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The area under Vertisols and associated soils in India is 73 million ha and out of this 8.2 million ha area 

(nearly 11%) is in Gujarat state. The districts of Bharuch, Surat, Navsari, Valsad and southern part of 

Vadodara, and the Bhal region have deep black soils. The major part of South Gujarat receives very high 

rainfall with average annual rainfall of Bharuch, Surat, Navsari and Valsad districts is 904, 1301, 1871 

and 2215 mm, respectively. The very low infiltration rate of vertisols and high rainfall is resulting into the 

seasonal waterlogging conditions in these areas. Besides this, higher water table condition in Ukai-

kakrapar and Mahi canal command areas has resulted in permanent water logging situations. Remote 

sensing studies carried out by the ISRO showed that approx. 2,65,000 ha area in Gujarat is facing problem 

of waterlogging and out of this 50,000 ha area is permanently waterlogged while 2,15,000 ha area is 

seasonally waterlogged. Different land drainage interventions have been carried out in past for 

amelioration of these waterlogged areas under Indo-Dutch project (28 ha closed SSD and 16 ha open 

SSD), AICRP on land drainage (surface drainage on 12000 ha area), and individual SSD installation by 

farmers under technical guidance of NAU, Navsari and CSSRI, Karnal. However, it has covered only 

small size of affected area and still large chunk of area is awaiting suitable interventions. The subsurface 

drainage (SSD) is installed on less than 1000 ha area in the Gujarat whereas open drainage work was 

carried out only in some parts of Mahi and Ukai-Kakrpar command areas. Moreover, construction of 

roads, canals and railway lines without adequate cross drainage has resulted in blockage of natural drains. 

Cost is one of the major constraints in installation of SSD in Vertisols because of closer drain spacing. 



Golden Jubilee International Salinity Conference (GJISC) 2019 

 

 
 

61 

 
  

 

The efforts need to be undertaken to make SSD system cost effective and ICAR-CSSRI, Regional 

Research Station, Bharuch is conducting pilot studies in this regard. The cost effective SSD system 

installation can be achieved by various ways like adopting singular drainage system, reducing sizes of 

lateral drains, avoiding use of drainage envelope and integration of mole drainage with SSD. The singular 

drainage system facilitates shallow drain installation, eliminates use of collector drain pipes and man 

holes, and shallower open drains can be adequate for disposal of drainage discharge. It was also observed 

that for 30 m drain spacing drain pipe of 80 mm is oversized and pipe of lower size can be used. The 

envelope material is necessary in Vertisols only when SAR of soil exceeds 8 and hence cost of envelope 

material can also be saved.  Mole drains are useful in Vertisols and can be used in between SSD lateral 

drains to facilitate larger spacing. Although SSD is comparatively costly technology but economic 

analysis has showed that B: C ratio of 1.25 to 2 can be achieved. The seasonal water logging conditions in 

Vertisols can be efficiently and economically addressed by surface drainage and equal consideration need 

to be given on construction and maintenance of open drains.  

Keywords: Subsurface drainage, Surface drainage, Cost effective drainage, Mole drainage 
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A comparative field experiment was conducted over three seasons (kharif - 2012, kharif - 2013 and rabi 

2013-14) to evaluate the effects of conventional and controlled sub-surface drainage systems on non point 

source discharge of soil nutrients from the paddy field particularly at the tail-end of the irrigation 

command at Agricultural Research Station (ARS), Gangavathi. Water samples collected from 

conventional and controlled drainage outlets during the flow events were analyzed for N, P and K 

concentration and multiplied by their corresponding drainage discharge of each laterals to express their 

losses on kg ha
-1

 basis. Though their concentrations were less under conventional drainage system, 

because of higher drain discharge the losses (pollutant load) were higher compared to controlled drainage 

system. The average NO3-N concentrations observed in the drain discharge was 13.25 vs. 14.46 ppm with 

its seasonal loss of 18.13 vs. 7.08 kg ha
-1

 under conventional and controlled sub-surface drainage systems, 

respectively reflecting that the loss of nitrogen in conventional drainage system was over two times 

higher than controlled drainage system. Similarly, the average phosphorus and potassium concentrations 

observed were 0.27 vs. 0.36 ppm and 1.42 vs. 1.76 ppm with their seasonal loss of 0.0062 vs. 0.00029 kg 

ha
-1 

and 0.035 vs. 0.018 kg ha
-1 

under conventional and controlled drainage systems, respectively. 

Keywords: Controlled drainage, Non point source discharge, TBP command area, Paddy field 
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A field experiment was conducted during 2013 to 2017 to assess the performance of conventional (CNV) 

and controlled (CTD) sub surface drainage systems under different lateral spacing (40, 50 and 60 m with 

lateral depth of 1.0 m) in an area of 9.42 ha on soil salinity, water table, water quality, and crop yield in 

saline soils of TBP Command area at Agricultural Research Station, Gangavathi. The data over five seasons 

revealed that the drainage discharge under conventional SSD was higher than the controlled SSD and it 

varied from 0.72 vs. 0.36, 2.25 vs. 0.58 and 1.08 vs. 0.73 mm d
-1

 at 40, 50 and 60 m lateral spacing, 

respectively. Salinity of drainage effluent varied from 3.98 vs. 3.38, 2.28 vs. 2.40 and 2.98 vs. 2.03 dS m
-1

; 

quantity of salts removed were 0.76 vs. 0.31, 1.19 vs. 0.49 and 0.81 vs. 0.30 t ha
-1

 and loss of nitrogen were 

2.0 vs. 0.68, 6.60 vs. 3.19 and 4.91 vs. 3.07 kg ha
-1 

under 40, 50 and 60 m spacing under conventional and 

controlled SSD systems, respectively. Irrespective of lateral spacing, the average paddy grain yields were 

higher (37.8, 51.8 and 45.1 q ha
-1

) under conventional SSD compared to controlled SSD (36.4, 48.1 and 

44.0 q ha
-1

) at 40, 50 and 60 m spacing, respectively. 

Keywords: Controlled Sub Surface Drainage, Saline Vertisols, TBP Command, Water table 
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The present investigation was carried out under All India Coordinated Research Project on management 

of Salt Affected Soils and Use of Saline Water in Agriculture aimed to optimize nutrient requirement of 

pearl millet-isabgol crop sequence using saline waters under drip irrigation during 2014-15 to 2017-18 in 

Hyper Arid Partially Irrigated Western Plain Zone of Rajasthan. The treatments comprised of three levels 

of ECiw (BAW, 4 and 8 dS m
-1

) and three levels of fertility (75, 100 and 125 per cent of recommended 

doses of NPK were tested in a randomized block design with 4 replications. It is evident from the data 

(pooled) that different treatments had significant effect on yield attributes and yield of both pearl millet 

and isabgol crops. Increase in the ECiw beyond 4 dS m
-1

 caused significant reduction in the yield of both 

the crops. A significant reduction of 4.93, 22.67 and 3.76, 41.34 per cent in seed yield of pearl millet and 

isabgol, respectively was observed with ECiw of 4 and 8 dS m
-1 

in comparison with BAW. In respect of 

fertility levels, it was noted that application of 100 and 125 per cent recommended dose of NPK 

registered significant increase of 25.20, 28.54 and 26.19, 29.05 per cent, respectively in seed yield of both 
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crops over 75 per cent RDF. However, levels 100 and 125 per cent RDF were found statistically at par 

with each other. Similar trends were recorded in almost all the yield attributes studied in both the crops. 

Further combined effect of treatments was also found significant. Increase in the salinity of irrigation 

waters beyond 4 dS m
-1

 caused significant reduction in the seed yield of both crops with all the levels of 

fertilizer application. 

Keywords: Saline water, Drip irrigation, Pearl millet-isabgol cropping, Seed yield 
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Rapid changes in climate coupled with population explosion and limited arable land are the greatest 

challenges before the humanity in attaining future food and nutritional security across the globe. In this 

context, being rich in grain protein, food legumes play an important role in reducing hunger and 

malnutrition especially in developing countries along with major cereals like maize, rice and wheat. 

Among more than a dozen legumes, chickpea (Cicer arietinum L.), a cool season crop, is the most 

important food legume in India. Chickpea is a highly nutritious grain legume crop and is one of the 

cheapest sources of protein. It is an important source of energy, protein, soluble and insoluble fibre. It is 

also a good source of vitamins (rich in B vitamins) and minerals like potassium and phosphorus. To 

investigate the responses of growth and biochemical contents in chickpea under salt affected conditions, a 

green house experiment was carried out in the Department of Soil Science, CCS, Haryana Agricultural 

University, Hisar in year 2016-17 and Chickpea cultivars HC-3 and CSG-8962 were grown under 

different salinity (Non-saline, 2, 4 and 6 dS m
-1

 in both chloride and sulphate dominated salinity) and 

sodicity levels (0, 2.5 and 5.0 me L
-1

 with fixed ECiw 2.0 dS m
-1 

and constant SAR 20 (mmol L
-1

)
1/2

). Each 

treatment was replicated thrice with Completely Randomized Design. There was different responses of 

both chickpea cultivars HC-3 and CSG-8962 in growth, proline content, total soluble carbohydrates, 

chlorophyll stability index (CSI %). Both cultivars behave differently under the stressed conditions. In the 

arid and semi-arid regions as in India and world, the salinity becomes a factor limiting for the crop 

production. To decrease its effect, the use of salt tolerant varieties/cultivars is of primordial interest. 

Therefore, results revealed that these changes in indicators such as physiological and biochemical content 

are important for the selection of salt-tolerant chickpea varieties.  

Keywords: Salinity, Chickpea, Biochemical contents, Food legumes 
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This experiment was conducted to examine nitrogen fertigation requirement for chilli crop using 

marginally saline water with different frequency of drip irrigation. Experiment was carried out in micro 

plots (2 m × 2 m) constructed in lab area of Department of Soil and Water Engineering, COAE&T, 

CCSHAU, Hisar, Haryana, India. Irrigation of marginal quality (EC ~ 2.5 dS m
-1

) water was scheduled on 

the basis of daily (I1) and alternate day (I2) with combination of three fertigation levels (F1: 75% RDN, F2: 

100% RDN and F3: 125% RDN) and surface irrigation (Si) with 100% RDN as control with three 

replication. The highest yield (10.69 t ha
-1

) was obtained under daily drip irrigation with 125% RDN 

(I1F3), followed by 100% RDN (I1F2) having 10.23 t ha
-1

 yield. In daily irrigation, 28.2% and 34.0% more 

yield was obtained in I1F2 and I1F3 in comparison to I1F1. Among the drip irrigation, I1F3 treatment has 

obtained the highest water use efficiency (4.17 kg m
-3

) and its lowest value 3.19 kg m
-3

 was obtained in 

I2F1 treatment. The highest NUE (172.2 kg of chilli per kg of Nitrogen) was obtained under daily drip 

irrigation with 75% RDN (I1F1), followed by 100% RDN (165.6 kg of chilli per kg of Nitrogen). The 

highest nitrogen uptake (64.99 kg ha
-1

) was obtained under daily drip irrigation with 125% RDN (I1F3), 

followed by 100% RDN (I1F2) having 61.68 kg ha
-1

. With respect to irrigation frequencies as well as 

different RDN levels, nitrogen uptake was found significantly different. In daily drip irrigation, among 

fertigation level at 85 DAT, 23.4 and 27.2% higher CFL was recorded in I1F2 and I1F3, respectively in 

comparison to I1F1 treatment. Similar observations were also recorded in NDVI. From all the observation, 

it was concluded that salinity can be lowered by increasing the irrigation frequency and got better result in 

crop production under saline water through drip system. N-fertigation level supply beyond 100% RDN 

had no significant effect on yield. 

Keywords: Drip irrigation, Fertigation, Nitrogen, Saline water, Chilli 
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Diseases caused by fungal pathogens lead to extreme reduction in the growth and yield of crops. Soil 

Bacteria with antagonistic activity have the potential to act as biocontrol agents against fungal pathogens 

causing diseases to various crops. The aim of this study is to screen soil bacteria possessing biocontrol 

activity against fungal plant pathogens. The soil samples were collected from the experimental fields of 

ICAR-Central Soil Salinity Research Institute, Karnal for the isolation of soil bacteria. Total 184 bacteria 
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were isolated from collected soil samples. These isolates were subjected to the primary screening against 

Bipolaris sorokiniana and 66 were found to inhibit its growth. Antagonistic activity of these 66 strains 

was further tested against six other phytopathogenic fungi namely Aspergillus niger, Fusarium 

oxysporum, Rhizoctonia solani, Fusarium sp., Aspergillus sp. and Penicillium sp. The screening test 

revealed that 20 strains inhibited all the test phytopathogens to the desirable extent. Studies on 

antagonistic activity showed that these isolates have the potential to produce siderophore and ammonia. 

These isolates were also capable of producing Indole Acetic Acid (IAA) and Hydrogen cyanide (HCN).  

Keywords: Soil bacteria, Biocontrol agents, Antagonistic activity, Siderophore 
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South Asia, the most populous and vulnerable regions of the world facing challenges of natural resource 

degradation (soil, water and energy) with projected serious implications of climate change on the future 

food security. Cereal based system of north-west (NW) India playing a pivotal role in food security of 

India. In rice-wheat (RW) system, repeated tillage, residue burning and over-pumping of ground water are 

the major causes of concern for soil health deterioration, serious water deficits and environmental 

pollution. Climate smart agriculture (CSA) based production intensification have paid dividends across 

globe for making agriculture more efficient and sustainable, arrest land degradation, protect natural 

resources and produce more from less without negative environmental externalities. In NW India, 

conservation agriculture (CA) has demonstrated tangible benefits for addressing several issues and 

concerns. Hence, science based evidence on performance indicators of CSA based management 

optimization layered with adapted component technologies (cropping system, tillage and crop 

establishment, precise water and nutrient management, and residue management etc.) have been subjected 

to systematic research investigation. To address these issues of RW system, CSA based management 

practice with precise input management (sub-surface drip irrigation (SSDI) cum fertigation) and replacing 

rice with low water requiring maize crop may help to achieve sustainability with remarkable profitability 

in NW India. On a 2-year mean basis at ICAR-CSSRI, RW system with full CSA+SSDI recorded similar 

productivity but saved ~55% (133 cm/yr) of irrigation water and increased irrigation water productivity 

(WPI) by almost two times compared to business as usual. However, maize-wheat (MW) system with full 

CSA+SSDI recorded ~10% higher productivity, saved 88% (200 cm/yr) of irrigation water and increased 

WPI by eight times. Climate smart agriculture practices based rice/maize- wheat system with flood 

irrigation enhanced the crop productivity by 10 and 16%, water productivity by 56 and 33%, and 

profitability by 34 and 36% while saving in irrigation water by 38 and 32% compared to their respective 

conventional-till (CT)-based systems, respectively. Diversifying RW system with maize-wheat with 

layering of CA+ SSDI cum fertigation + solar energy for water pumping has shown a potential of higher 
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system productivity by ~1 t/ha/year with significantly lesser water use (50%) and higher income (INR 

~45000 /ha/year) and zero water foot prints. Cereal systems with SSDI in NW India is a potential game 

changing technology for sustaining productivity while conserving natural resources and ensuring food 

security under the emerging climate change scenario.  

Keywords: Conservation agriculture, Sub-surface drip irrigation, Climate smart agriculture 
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Zinc (Zn) and iron (Fe) deficiencies are mostly found in salt affected soils in arid and semi-arid tracts of 

India. To improve crop productivity in these soils, Zn and Fe sufficiency are to be ensured. Keeping in 

view these constraints, the field experiment was conducted during 2013-14 and 2014-15 under pearl 

millet-mustard cropping system to evaluate response of methods and application rates of Zn and Fe 

fertilizer to mustard crop. The salt tolerant mustard (Brassica juncea) variety CS-54 was sown with 12 

treatments of Zn and Fe i.e.  T1- Control, T2- 5 kg Zn ha
-1

, T3- 6.25 kg Zn ha
-1

, T4- 7.5 kg Zn ha
-1

, T5- 7.5 

kg Fe ha
-1

, T6- 10 kg Fe ha
-1

, T7- 12.5 kg Fe ha
-1

, T8- 5 kg Zn+10 kg Fe ha
-1

, T9- 5 kg Zn+10 kg Fe + 10 t 

FYM ha
-1

, T10- Foliar sprays of 0.5% ZnSO4 (twice), T11- Foliar sprays of 1% FeSO4 (twice) and T12- 

Combined foliar sprays (0.5% ZnSO4+1% FeSO4; twice) at 30 and 45 days after sowing of crops. The 

results showed that the increase in levels of soil application of Zn from 0 to 7.5 and Fe from 0-12.5 kg ha
-

1
 increased seed yield of mustard. The maximum yield (22.7 q ha

-1
) was recorded under T9, which 

received 5 kg Zn+10 kg Fe + 10 t FYM ha
-1

 followed by 5 kg Zn+10 kg Fe ha
-1 

( with seed yield of 19.3 q 

ha
-1

) over control. The positive correlation was recorded between seed yield and yield attributes with the 

combined soil application of Zn and Fe with FYM or without FYM. Among the foliar application, highest 

seed yield (17.2 q ha
-1

) was recorded under 0.5% ZnSO4+1% FeSO4 (T12) in mustard. Twice foliar 

application of 0.5% ZnSO4+1% FeSO4 (T12) was equally effective in increasing the yield of mustard with 

application of 5 kg Zn and 7.5 kg Fe ha
-1

 alone. The combined soil and foliar application of Zn and Fe 

was found superior than sole soil and foliar application under saline environment. Significant build-up of 

soil fertility in terms of available macronutrients (N,P & K) as well as micronutrients (Zn, Fe, Cu & Mn) 

was observed with combined application of 5 kg Zn+10 kg Fe +10 t FYM ha
-1

 as compared to control or 

sole application of respective nutrient. The results highlighted that combined use of Zn and Fe as soil and 

foliar application is beneficial option for improving the mustard yield and soil fertility in terms of 

available Zn and Fe in saline soils. 

Keywords:  Zinc, Iron, Mustard, Saline soil, FYM 
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A field experiment was conducted at the experimental farm of AICRP-Management of Salt Affected Soils 

and Use of Saline Water in Agriculture, Raja Balwant Singh College of Agriculture, Bichpuri, Agra 

during 2016-17 in micro-plots. The soil profile (0-90 cm) had an initial pH 8.5, ECe 1.9 dS/m, CEC 8.6-

14.7 me/100 g, CaCO3 < 1%, organic carbon < 0.5%. The land of experimental site is well drained and 

fairly permeable and water table always remained below 13.8 m during the study period. The field plots 

of 4.0 m × 4.0 m size and were lined with polythene sheets up to the depth of 90 cm. The average rainfall 

in the area was 650 mm with more than 75% occurring during rainy season. The seven treatments were 

taken i.e. (i) All tube well water (ii) 1 Tube well water: 1 Alkali water (iii) 2 Tube well water: 2 Alkali 

water (iv) 2 Alkali water: 2 Tube well water (v) Mixing (1 Tube well + 2 Alkali)  (vi) Mixing (2 Tube 

well + 1 Alkali water) and (vii) All alkali water. The experiment was conducted in randomized block 

design with three replications. The irrigation water was prepared synthetically dissolving sodium 

bicarbonate in tube well water. The water has RSC 10 meq/l. The sowing Toria variety Kamboj-Gold was 

sown in second week of September, 2016 and harvested in first week of January, 2017. The yield 

attributing characters of Toria i.e. primary branches per plant, secondary branches per plant, no. of siliqua 

per plant, length of siliqua, seed per siliqua and 1000 seed weight (g) were significant and maximum in 

tube well water and minimum in alkali water treatments. The yield, biological yield, harvest index and net 

profit (15.48 q/ha, 44.26 q/ha, 34.97% and Rs. 35,840/ha) were significantly higher in tube well water 

irrigation and minimum (12.10 q/ha, 36.31 q/ha, 33.34% and Rs. 23,469/ha) in alkali water irrigated 

treatments. 

Keywords: Toria, Alkali water, Tube well water, Seed yield 
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The study was conducted on cabbage performance under drip irrigation during rabi 2016 and 2017, with 

five levels of saline water viz. best available water (BAW) pumped from filter point well (0.6 dS m
-1

) and 

saline water with 2, 4, 6 and 8 dS m
-1 

of electrical conductivity in sandy loam soil with medium levels of 

available nitrogen and phosphorous and high potassium content. It is found that the electrical conductivity 

of the soil (saturated extract) irrigated with 2 dS m
-1 

quality water has increased from 0.5 to 0.7 dS m
-1 

by 

the end of the rabi season, whereas with 4 dS m
-1

 quality water, it has increased from 0.5 to 1.10 dS m
-1

. 

The change in the plant heights of cabbage was found decreasing as 35.9, 33.0, 27.3, 23.5 and 19.1 cm in 

0.6, 2, 4, 6 and 8 dS m
-1

 saline water irrigation field and similarly the head diameter of cabbage is in the 

order of 17.98, 15.19, 12.71, 11.08 and 9.11 cm, respectively. The chlorophyll- a and Chlorophyll- b were 

found to decrease as 24.2, 23.7., 18.6, 15.5 and 14.8 mg g
-1

 and 11.2, 12.1, 8.8, 7.2 and 6.7 mg g
-1

, 

respectively in 0.6, 2, 4, 6 and 8 dS m
-1

 saline water irrigation field. The yield of cabbage found 

decreasing from 40.1, 32.8, 23.0, 18.4 and 11.8 t ha
-1

, respectively in 0.6, 2, 4, 6 and 8 dS m
-1

 saline water 

irrigation field. The threshold irrigation water limits for cabbage at 90, 75, 50 and 0% yield was found to 

be 1.2, 2.8, 5.5 and 10.8 dS m
-1

, respectively.  

Keywords: Irrigation water salinity, Cabbage, Plant heights, Chlorophyll-a, Chlorophyll-b 
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Vidarbha Region of  Maharashtra 

 

BA Sonune*, VK Kharche, VV Gabhane, AN Paslawar, SM Bhoyar, PR Kadu, NM Konde, 

AO Shirale,  SD Jadhao, DV Mali and RN Katkar 

Dept. of Soil Science & Agricultural Chemistry, Dr. Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola – 444 104, Maharashtra, India 

*E-mail: basonune@gmail.com 

 

Purna valley in Vidarbha region of Maharashtra is a unique tract having native sodicity covering about 

2.74 lakh ha area in 547 villages of Amravati, Akola and Buldhana districts. Major problems of these 

soils are native sodicity, poor hydraulic conductivity, compact subsoil, incomplete leaching of salts due to 

severe drainage impairments, high degree of swell shrink potential resulting in water stagnation in kharif 

season and wide cracks in the summer season. In view of the above, a field experiment on farmer's field 

was conducted to evaluate the effect of green manuring and crop residue management on soil health and 

crop productivity in salt affected soils of Purna valley in Vidarbha region of Maharashtra during 2010-11 

to 2016-17. The experiment consisted of nine treatments replicated on three different farmers‟ fields. The 

treatments comprised of five different green manures (dhaincha, sunhemp, leucaena, lopping and 

greengram), two crop residues (cotton stalk and farm waste) and gypsum. The crop rotations were cotton-

(greengram-chickpea)-cotton which is predominantly followed in the area. During first year cotton was 

grown in kharif and various green manuring crops were sown in between two rows of cotton which were 

buried at 30 DAS subsequently in soil. During the second year the residual effect of these treatments were 

studied in green gram –chickpea crops. The treatment wise soil samples were collected and analyzed for 

various soil properties as per standard methods. The pooled results showed that the application of in-situ 

green manuring of dhaincha recorded significantly higher yield of crops which was on par with the 

application of gypsum @ 2.5 t ha
-1

. The higher monetary returns and B: C ratio of cotton-greengram 

chickpea was obtained with the application of in-situ green manuring of dhaincha which was on par with 

the soil application of gypsum. The significant reduction in pH and ESP of soil was observed with the soil 

application of gypsum followed by in-situ green manurng of dhaincha. The application of in-situ green 

manuring of dhaincha resulted in buildup of fertility status of soil with significant improvement in 

SMBC, CO2 evolution, DHA, soil organic carbon stock and soil quality index over application of gypsum 

and control. Hence, it can be concluded that in-situ green manuring of dhaincha was found beneficial and 

as an alternative to gypsum and low cost technology for improvement in soil health with sustaining the 

productivity of cotton- greengram-chickpea cropping sequence along with higher monetary returns in salt 

affected soil of Purna valley of Vidarbha region of Maharashtra. 

Keywords: Sodic soil, Green manuring, Crop residue, Soil organic carbon, Purna Valley, Gypsum 
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Farming community in the coastal zone of India is facing several challenges such as weather aberrations 

causing flood, drought, increasing soil-water salinity, soil acidity, poor irrigation and marketing 

infrastructure, inherent poverty etc. Cultivable land remains fallow during dry season due to depletion of 

soil moisture, salinity build up and scarcity of good quality irrigation water. New cropping systems for 

increasing cropping intensity with improved package of practices have been developed in recent years to 

address these challenges. Cropping systems such as rice-maize, rice-potato, rice-green gram, rice-potato-

green gram, rice-onion, rice-sunflower, rice-mustard and vegetables-vegetables-vegetables have been 

found promising with adoption of specific improved package of practices. Management practices such as 

stress tolerant/suitable varieties, improving soil health through green manuring, application of rock 

phosphate/ lime for amelioration of acid saline soils, mulching for conservation of soil moisture and weed 

control, water conservation practices such as solar drip irrigation with plastic/paddy straw mulching 

increased the mean yields of crops by 20 - 101% and save irrigation water by 40% under only drip and 

60% under drip + mulched conditions over conventional practices. Zero tillage (ZT) potato/rapeseed after 

Kharif rice found to be very good option, followed by green gram/onion/vegetables, there by cropping 

intensity increased to 300%. Soil acidity, particularly acid sulphate soils (pH 4.6 to 4.8) ameliorated 

through green manuring, selection of tolerant crops, varieties and application of soil amendments. System 

rice equivalent yield increased from 4.2 t ha
-1

 in rice-fallow to 26.3 t ha
-1

 in rice-ZT potato-green gram 

(R-ZTP-GM) with increase in net return from ₹ 14,000/ha to ₹ 1,71,750/ha and enhanced the benefit-cost 

ratio from existing 1.4 under rice-fallow to 2.3 in R-ZTP-GM. The new cropping systems and 

management options have the capability to decrease the soil salinity to 2.8 dS m
-1

 during dry season from 

more than 7 dS m
-1

 under conventional practice.  To cope with the changing scenario of increasing soil 

and water salinity, periodic monitoring of depth, salinity and pH of ground water, surface water, irrigation 

water resources and modeling to predict the anticipated effects on the emerging cropping systems can 

reduce the vulnerability. Capacity building and imparting trainings on improved crop production 

technologies to the stakeholders such as extension functionaries, non-government organizations, farming 

community covering improved crops, varieties, cultivation practices etc. accelerate the subsequent 

dissemination of the package of practices to the whole coastal zone.  

Keywords: Salt affected soils, Coastal zones, Zero tillage, Green manuring 
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Popularity of drip irrigation is increasing with increasing scarcity of water, enhanced irrigation efficiency, 

constant moisture regime with reduced water stress in soil, ease of automaton, the ability to apply 

fertilizers and other chemicals with irrigation water and suitability to use poor quality water for crop 

production. United States is having 1.64 M ha, China 1.67 M ha and Spain nearly 1.63 M ha under drip 

irrigation. India is having largest area under drip irrigation with 1.90 M ha share. Against global irrigated 

area of 212 M ha, only 4.75% of it is currently under drip irrigation indicating great untapped potential for 

drip irrigation. In India against total arable area of 140 million ha only 42% land is irrigated showing a 

huge potential for micro-irrigation. Drip irrigation is being applied to wide varieties of crops grown on 

soil with broad range in texture, structure and hydraulic properties. The method is also suitable where 

conventional methods of irrigation cannot be used at all. The emitter and lateral spacing is designed 

taking into account the distribution of soil moisture which depends on the unsaturated hydraulic 

conductivity function. Available methods for the measurement of unsaturated hydraulic conductivity 

function have their own limitations. Field drippers have been recently used to measure in-situ unsaturated 

hydraulic conductivity by measuring steady state saturated fronts. Measurement of saturated wetted front 

advance is subjected to error. Demarcation and measurement of wetted front advance is much easier and 

accurate. In the current study proposes an in-situ method for the measurement of saturated hydraulic 

conductivity and scaling parameter using wetted front data of line source field drippers. Saturated 

hydraulic conductivity was measured initially by measuring steady state saturated front width and a 

relationship was established between the conductivity and scaling parameters measured using wetted front 

width. The measured values of saturated hydraulic conductivity were found to be 4.08, 3.18, 1.77 and 

0.426 cm hr
-1

 and scaling parameters as 10.0, 10.0, 10.0 and 250.0 cm for cultivated recently tilled normal 

soil, cultivated untilled normal soil, cultivated recently tilled sodic soil and uncultivated untilled sodic 

soil, respectively. The correction factor for converting saturated hydraulic conductivity indices to 

saturated hydraulic conductivity were 0.54, 0.45062, 0.7064 and 0.9989 and correction factor for 

converting scaling indices to scaling parameters were 02.29, 3.57, 0.3163 and 0.8849 for cultivated 

recently tilled normal soil, cultivated untilled normal soil, cultivated recently tilled sodic soil and 

uncultivated untilled sodic soil, respectively. The proposed method would be quick and reliable for in-situ 

measurement of unsaturated hydraulic conductivity and scaling parameters. 

Keywords: Drip irrigation, Scaling parameter, Sodic soil, Unsaturated hydraulic conductivity function 
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Ground water recharge is increasingly becoming an essential component of water resources development 

for sustainable agriculture and domestic water supply in rural India. Flood and runoff water is abundantly 

available in Central Indo Gangetic Plain during rainy season for groundwater recharge. Both the waters 

contain high silt loads and may keep on accumulating in recharge well, recharge filter and recharge pond. 

Deposition of silt in filter box, recharge well and recharge pond adversely affects the filtration efficiency 

and recharge. Recharge filters may need frequent cleaning for maintaining the desired filtration 

efficiency. Entry of runoff or flood water is advised to be diverted through a water body such as pond in 

order to minimize silt load entry to the filter box and recharge wells. The moment high velocity runoff or 

flood water enters the pond, the velocity of flow gets drastically reduced causing speedy settlement of silt 

and other heavier particles to the bottom. An experiment was conducted to assess the silt load distribution 

in a recharge pond of Under Ground Taming of Flood for Irrigation (UTFI) scheme for developing de-

silting guidelines. In a recharge pond of 1050 m
2
 10 recharge wells were installed. The diameter of the 

recharge wells were 0.15 m. Five recharge wells were of 24 m depth and five of 30 m depth. The flood 

water of Pilakhar River was diverted through a canal for irrigation and recharge purposes. Canal water 

samples were collected weekly for measuring silt load. Total silt entered the recharge pond was calculated 

from the silt load of sampled water and total silt deposited on the pond bottom was directly measured over 

a pre-decided grid. During recharge year 2016 total 40067 m
3
 water was recharged over a period of 85 

days. The total silt load entered the pond was calculated as 13.45 tonne using the silt load data of runoff 

water. The silt deposited on the bottom of the pond was measured after the recharge period and was 

calculated as 12.18 tonne. Average silt load entered the recharge well with 1.5 m diameter filter box was 

147.5 kg and with 3.0 m diameter filter box was 103.37 kg. Total volume of silt entered the recharge pond 

was 9.60 m
3
 which resulted to an average thickness of 9.2 mm of silt on the bottom of the pond. Similarly 

total volume of water recharge during 2017 was 72426 m
3
 resulting to total silt load of 22.5 tonne during 

78 days of recharge period. The resulting depth of silt accumulated on the pond bottom was 15.3 mm. The 

average silt deposition rate in the recharge pond was calculated as 12.3 mm/annum. Considering 100 mm 

accumulated depth of silt needs cleaning as criteria, the cleaning interval comes out to be 8 years. The silt 

could be used as source nutrients and should be applied in the agricultural fields. 
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Soil health and yield capacity is crucially dependent on the water usage and water quality. However, these 

two factors are not always under human control, except for cases, when the source is such which is 

constantly contaminated from human industries. Use of high Total Dissolved Solids water can severely 

affect the productivity of the soil, since it directly affects the water uptake capacity of the plant roots. 

Furthermore, buildup of salts in the soil due to the water quality and excessive use of fertilizers and 

pesticides reduces the buffering capacity of the soil and in turn further aggravates the problems in the soil. 

In view of the above, Rex Polyextrusion Pvt. Ltd. (RPPL) introduced GeoRex Corrugated Perforated 

PVC Pipes with Geotextile Wrapping for removal of sub-soil water in the agricultural lands and 

alongwith it, reduce the salt content of the soil to maximum extent. The product has been widely accepted 

and utilized since its introduction in the year 2005, and today, GeoRex Corrugated Perforated pipes are an 

integral part of any agricultural occupation throughout the country due to the significantly high positive 

results in terms increased soil productivity, increased crop yield, and reduced salinity contents. In 

collaboration with CSSRI, Rex has implemented the use of GeoRex in most of the states of India, and 

envisages a nation-wide policy level implementation to keep our soil productivity at its peak.   

Keywords: Sub-surface Drainage, GeoRex, Salinity, Corrugated Pipe, Perforated Pipe 
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A field experiment was conducted during the Rabi season of 2017 in Wheat crop (var. HUW-234) at Crop 

Research Farm, Department of Agronomy, Naini Agricultural Institute, SHUATS, Allahabad (U.P.). The 

experiment was laid out in a Randomized Block Design with 12 treatment combinations, consisting of 

three nitrogen levels (100,125 and 150 kg N ha
-1

) on soil test basis compared to farmer practice (Farmers 

Practices) and nitrogen management viz., 100% N through urea, 75% N through urea + 25% N through 

vermicompost with seed inoculation by Azotobacter. The experimental result reveals this saving of 

nitrogen by 16.5 to 31.7 kg ha
-1

 without any significant effect on growth, yield, quality and economics of 

wheat was noticed. The growth parameters viz. plant height, number of tillers/running row meter, Crop-

growth rate (CGR), and Yield attributes viz. number of effective tillers/m
2
, grains/spike and  grain yield 

(4.57 t ha
-1
), net returns (₹ 55685.83 ha) and B:C ratio (2.98) were significantly higher with 150 kg N ha

-1
 

(Farmers Practice) when applied 100 % N through urea, whereas plant dry weight, leaf area index (LAI), 

straw yield (7.63 t ha
-1

) and protein content (10.93%) were significantly higher with 150 kg N ha
-1

 

(Farmers Practice) when applied 75% N through urea + 25% N through vermicompost + Azotobacter 

(Seed inoculation). 

Key words: Wheat, Integrated nitrogen management, Yield, Protein content and Economics  
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Water for irrigation is a major limitation in India and use of poor quality ground waters is likely option to 

meet the increasing irrigation demands. Irrigation with such waters results in the build-up of soil salinity 

and reduced crop yield. The guidelines for use of poor quality groundwater through surface irrigation in 

different agro-climatic regions of the country were released in 1994 by ICAR-CSSRI, Karnal. Recently, 

micro-irrigation methods i.e. drip and sprinkler irrigation systems are being used for applications of saline 

and alkali waters for different crops. In these systems relatively low amounts of water and salts are 

applied as compared to surface irrigation. The data of such experiments conducted at different centres of 

AICRP on Salt Affected Soils and Use of Saline Waters in Agriculture under different agro-climatic 

conditions were compiled and subsequently salinity-yield crop production functions were developed for 

major crops. The secondary data of growing cauliflower at Hisar centre of AICRP on SAS&USW was 

obtained for the case study. The crop was grown with four irrigation water salinities (ECiw) of 0.4, 2.5, 5.0 

and 7.5 dS m
-1

 under surface and drip irrigation. Salt accumulation in the crop root zone was computed 

and leaching requirement (LR) at 0.15 leaching fraction (LF) was estimated. The results showed that 

cauliflower tolerated 4.8 and 5.9 dS m
-1

 irrigation water salinities under surface and drip irrigation, 

respectively. Salt accumulation was estimated 0.8, 5.0, 10.0 and 18.8 t ha
-1

 in surface irrigation and 0.6, 

3.9, 7.8 and 14.7 t ha
-1

 in drip irrigation at 0.4, 2.5, 5.0 and 7.5 dS m
-1

 irrigation water salinities, 

respectively. The leaching requirement for leaching out excessive salts was estimated 0.5, 3.7, 8.3 and 

14.3 cm in surface irrigation and 0.3, 2.3, 5.0 and 8.4 cm in drip irrigation at 0.4, 2.5, 5.0 and 7.5 dS m
-1

 

irrigation water salinities, respectively. In drip irrigation system cauliflower tolerated higher level of 

irrigation water salinity, with lower salt accumulation in the crop root zone and lower leaching 

requirement as compared to surface irrigation system. These results will be helpful in deciding the 

different water salinity for optimizing vegetables production using surface and drip irrigation. At the same 

time, it will also lead to control the soil salinization. Finally, it will be further used for the development of 

guidelines for use of poor quality groundwater for irrigation using micro irrigation methods.  

Keywords: Salt accumulation, Drip irrigation, Leaching requirement, Cauliflower, Production function 
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A field experiment was conducted during Kharif season, 2015 at Research Farm of Forage Research and 

Management Centre, ICAR-National Dairy Research Institute (NDRI) Karnal, to assess the effect of 

nitrogen, phosphorus and biofertilizer on multicut fodder sorghum (Sorghum bicolour L.). The 

experiment was carried out in split plot design with three multicut fodder sorghum varieties (CSH 20MF, 

CSH 24MF and CO (FS) 29) in the main plot and five levels of nutrient (Control, N90P40, N90P40 + BF, 

N60P40 + BF and N30P20 + BF) as subplot treatments with three replications. Experimental results showed 

that maximum green fodder yield (856.33 q ha
-1

) was obtained in variety CO(FS)29, while in respect with 

nutrient level highest green fodder yield (653.67 q ha
-1

) was recorded at N90P40 + BF level of fertilization. 

Dry matter percentage was recorded significantly higher for CO (FS) 29 variety. The crude protein 

content and ether extract was at par with respect to varieties while, significant difference was observed 

among nutrient levels. Highest ether extract was estimated at N90P40 + BF treatment level. Total Ash 

percentage was recorded significantly higher in variety CO (FS)29 with N90P40 + BF level (10.76%). 

Among the varieties, NDF content was not significantly affected due to varieties but significantly 

influenced by nutrient levels while ADF percentage were recorded highest in CO(FS)29 variety under 

control treatment.  
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The drip and sprinkler irrigation methods are effective in precise application of irrigation water at regular 

intervals. Percolation losses and soil evaporation losses are lesser in these methods and hence application 

efficiency remains higher compared to surface irrigation. In case of saline irrigation water, drip method is 

quite useful as it maintains sufficient moisture in root zone and reduces osmotic stress. Though irrigation 

water is applied at low leaching efficiency, salts in root zone are pushed out to outer periphery of wetting 

front. Thus drip saves irrigation water, reduces osmotic stress of plant and improves crop yield. 

Recognizing these positive aspects of drip irrigation system, drip system was employed to irrigate 

cauliflower at Hisar centre of AICRP on Salt Affected Soils and Use of Saline Water in Agriculture 

(AICRP on SAS&USW). In case of drip irrigation, the relative yields of cauliflower were obtained as 
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99.2, 94.9, and 84.0 per cent when irrigated with saline water of 2.5, 5.0 and 7.5 dS m
-1

, respectively, as 

compared to the yield recorded in canal water irrigation (0.4 dS m
-1

) with drip. In surface irrigation, the 

relative yields of cauliflower were obtained as 95.7, 85.1 and 66.8 per cent when irrigated with saline 

water of 2.5, 5.0 and 7.5 dS m
-1

, respectively, as compared to the yield with canal water irrigation (0.4 dS 

m
-1

). Significantly higher yield of cauliflower was obtained under drip irrigation as compared to surface 

method of irrigation for given irrigation water quality. At Gangavathi centre of AICRP, cotton crop on 

saline Vertisols was irrigated by drip with good quality irrigation water with provision rice straw as 

mulch. Drip with mulch gave significantly higher yield of seed cotton (29.0 q ha
-1

) compared to drip 

without mulch (24.4 q ha
-1

).  On coastal sandy soils at AICRP Bapatla Centre, it was observed that 

capsicum yield levels of 90 and 75 per cent were realized with irrigation water having EC values of 1.2 

and 2.7 dS m
-1

, respectively. Cluster bean yield levels of 90 and 75 per cent were realized at 1.5 and 3.2 

dS m
-1

 irrigation water salinity, respectively. Similarly, spinach yield levels of 90 and 75 per cent were 

realized at 1.5 and 2.9 dS m
-1

 irrigation water salinity, respectively. In case of sodic soils, soil physical 

properties are poor and frequent application of irrigation water helps in improving crop yields. 

Experiments at AICRP Indore centre proved that daily irrigation water application by drip at lower 

discharge rate (1.3 LPH) gave better yield compared to other irrigation schedule with higher discharge 

rate. AICRP on SAS&USW, Tiruchirapalli, used drip system to apply reclaimed alkali water for cotton. 

Ameliorating alkali water through gypsum bed recorded the highest seed cotton yield of 2581 kg ha
-1

 

followed by the treatment of irrigation water with DSW which gave 2423 kg ha
-1

. Drip irrigation with 

alkali water recorded the lowest seed cotton yield of 1880 kg ha
-1

. At field level, drip irrigation has been 

quite successful in improving crop yield, water use efficiency and water productivity. Thus drip can play 

greater role in management of saline/alkali waters and salt affected soils at field as well as at regional 

level.  

Keywords: Drip irrigation, Saline soils, Sodic soils, Poor quality water, Crop yield 

 

Nutrient, Yield and Quality of Fodder Maize under Seeding Density and 

Nutrient Levels 

 

Rakesh Kumar*, H Ram, RK Meena, G Makarana and Dinesh Kumar  

ICAR- National Dairy Research Institute, Karnal – 132 001, Haryana, India 

*E-mail: drdudi_rk@rediffmail.com 

 

An account of fodder production scenario of India reflects that, at present, India has a net deficit of 35.6% 

in green fodder, 11% in dry crop residues and 44% in concentrate feed ingredients. Thus any attempt 

towards enhancing feed availability and economizing the feed cost would result in increased margin of 

profits to livestock owners. With this the current study was planned to access information about cause and 

effect relationship between plant densities and yield and nutritive quality of fodder maize with various 

fertility levels. A field experiment was conducted during kharif season of 2014 and 2015, at research farm 

ICAR-NDRI, Karnal, Haryana. The soil of experimental site was sandy clay loam in texture with pH of 

7.8. The experiment was laid out in split plot design with three seed rates 60 (S1), 75 (S2) and 90 (S3) kg 

ha
-1

 in main plot and six fertility levels in subplots 0 (F0), 50 (F1), 75 (F2), 100 (F3), 125(F4) and 150% 

(F5) of recommended dose of fertilizer (RDF- 120 kg N+ 60 kg P2O5 ha
-1

) with three replications at fixed 

site. The maximum green and dry fodder yields were reported with use of 60 kg ha
-1

 seed rate and 
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successive increase in seed rate slightly reduces the fodder yields. Fertility levels were significantly 

increased in dry and green fodder yields of maize with increase in fertility level up to 125% RDF. 

However, the maximum green and dry fodder yields were noted with 150% RDF, which were at par with 

125% RDF. The interaction effect of plant density and fertility levels was also found significant and a 

crossover negative interaction noted in both green and dry fodder yields. Seed rate 60 kg ha
-1

 and fertility 

level (125% RDF) obtained significantly higher green (61.7 t ha
-1

) and dry fodder yield (14.1 t ha
-1

) on 

the basis of pooled analysis. Effect of seed rates on forage quality parameters i.e. crude protein content, 

ether extract and ash content of maize were found non-significant. Increasing levels of fertility increases 

the forage quality parameters i.e. crude protein content, ether extract and ash content. Increasing plant 

densities increased the fiber fractions and the highest value of NDF (69.6%), ADF (46.3%) and ADL 

(5.3%) were recorded at 90 kg ha
-1

 seed rate. However, maize planted with 60 kg ha
-1

 seed rate resulted 

into lowest values of these parameters. Our study demonstrated that use of 60 kg ha
-1

 seed rate along with 

application of 125% of RDF (150 kg N & 75 kg P2O5 ha
-1

) had significant effect on fodder and nutrients 

yields, quality and nutrient dynamics of maize fodder. 

Keywords: Fodder maize, Nutrient, Quality, Seed rate, NDF, ADF 
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A research to overcome hazardous problems due to municipal solid waste (MSW) was developed by 

means of on-farm MSW compost and industrial processed MSW compost and their use in combination 

with inorganic amendments to restore degraded sodic soils and sustaining crop productivity. Seven 

treatment combinations with two decomposing agents like earth worms (Eisenia foetida) and cellulose 

and lignin degrading microbes (Aspergillus spp., Trichoderma spp. and Bacillus spp.) were used for on-

farm composting. Amongst the treatments tested for producing on-farm quality compost treatment using 

50% degradable MSW + 50% agricultural waste enriched with earthworms and microbes produced cost 

effective and nutrient rich quality compost. This composted material was used in conjunction with 

inorganic amendments like gypsum and phosphogypsum with eight treatment combinations and three 

replications in a highly sodic soil (pH 9.8± 0.10, EC1.47 dS m
-1

, ESP 78 ) to monitor the combined effect 

of organic and inorganic amendments on soil amelioration and crop productivity. The study revealed that 

combined application of gypsum or phosphogypsum @ 25% gypsum requirement (GR) + on-farm MSW 

compost @ 10Mg ha
-1

 showed a significant improvement in soil physico-chemical and microbial 

properties and enhanced 4 and 12% rice and wheat grain yield, respectively over the recommended 

practices of gypsum/phosphogypsum @ 50% GR. Adoption of this approach saved about US$ 433 ha
-1

 on 

account of reclamation cost by reducing gypsum/phosphogypsum dose from 50% GR to 25% GR with the 

addition of MSW compost and sustained crop productivity in degraded sodic soils. 

Keywords: Sodic soil, Municipal solid waste composts, Earthworm, Microorganisms, Gypsum 
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Response of Tomato under Saline Water Drip Irrigation in Naturally 

Ventilated Polyhouse Structures 
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Underground saline water is a serious menace to crop production in arid and semiarid regions. Keeping 

this in view, an experiment was carried out for three years (2015-16, 2016-17 and 2017-18) at the 

research farm of ICAR-CSSRI, Karnal under naturally ventilated polyhouse structure. There were six 

saline water treatments (BAW, ECiw 2, 4, 6, 8, 10 dS m
-1

) applied during crop growth period. During 

initial two years, plant height differ non-significantly with saline water irrigation, though the highest plant 

height (520.1 and 674.5 cm) was recorded at irrigation of ECiw 8 and 6 dS m
-1

, respectively while during 

third year significantly highest plant height (660.9 cm) was observed with ECiw 2 dS m
-1 

and lowest 

(554.3 cm) with ECiw 10 dS m
-1

. The average plant height (590.5 cm) was highest at ECiw 4 and 6 dS m
-1 

of water salinity and ECiw 10 dS m
-1

caused only 3.8% reduction in plant height (565.1 cm) as compared 

to BAW irrigation. During 2015-16, number of fruits/plant was at par with ECiw 10, 4,6, 8 dS m
-1

while 

significantly higher (55.9) with ECiw 10 dS m
-1

followed by ECiw 8 dS m
-1

 (53.6) during 2016-17 while 

significantly higher at ECiw 4 dS m
-1

 (68.6 fruits/plant) followed by ECiw 6 dS m
-1

during 2017-18. The 

average number of fruits/plant (52.6) was obtained at ECiw 10 dS m
-1

followed by ECiw 4 (52.4) and ECiw 6 

dS m
-1

 (51.2). Fruit weight of tomato differ non-significantly during first year while significantly higher 

fruit weight (47.5g, 51.0g) recorded at ECiw 10 dS m
-1

during second and third year, respectively. During 

first year the fruit yield (116.3 t ha
-1

) was obtained at ECiw 6 dS m
-1 

was at par with yield (110.9, 100 and 

111.1 t ha
-1

) at ECiw 4, 8, 10 dS m
-1

, respectively and significantly lowest fruit yield of tomato was 

recorded at ECiw 2 dS m
-1

while during second year, significantly higher fruit yield (114.0 t ha
-1

) was 

obtained at ECiw 10 dS m
-1

as compared to all other salinity levels. During third year, significantly higher 

fruit yield (149.0 t ha
-1

) at ECiw 4 dS m
-1

was observed over other saline irrigations. At highest salinity of 

irrigation water (ECiw 10 dS m
-1

) the fruit yield (138.6 t ha
-1

) was higher than BAW and reduced only by 

7 percent in comparison to best yield obtained at ECiw 4 dS m
-1

during third year of cropping cycle which 

showed that tomato is more tolerant and salinity loving plant. Therefore, tomato could be successfully 

grown with saline water drip irrigation under naturally ventilated polyhouse structures with the advantage 

of better fruit yield and quality under salinity stressed conditions. The average fruit yield of tomato was 

highest (121.2 t ha
-1

) at ECiw 10 dS m
-1

 followed by fruit yields (119.7 and 118.1 t ha
-1

) obtained at ECiw 4 

and 6 dS m
-1

, respectively.  

Keywords: Saline water, Drip irrigation, Polyhouse structure, Tomato 
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Halophytes are plant species that grow naturally in saline habitats. They are represented by several 

thousand species of grasses, shrubs and trees distributed throughout different ecosystems; from coastal 

areas to mountains and lowland deserts. Utilization of saline land with halophytes for a range of different 

goals is termed „Saline Agriculture‟ or „Biosaline Agriculture‟. If some species of halophytes are to be 

produced as forage, they must be looked at as any other normal crop. That is to investigate the appropriate 

agronomic techniques for their economical maximum yields. It is well documented that fertilizers have 

positive effect on crop production on Iranian soils deficient in organic matter and having poor fertility. A 

three years glasshouse experiment was conducted on A. canescens at National Salinity Research Center, 

Yazd, Iran. The soil at the experimental site was calcareous, sandy loam in texture with total nutrient 

value of 29.25%, pH 8.00 and organic carbon 0.09 %. The treatments, three urea application rates (0, 25 

and 50 kg ha
-1

) and three phosphorous application rates (0, 25 and 50 kg ha
-1

), were arranged in a 

randomized block split plot design with three replications. Each experimental unit consisted of a pot of 1 

m height and 45 cm diameter. Plants were irrigated with irrigation water salinity of 14 dS/m using bubler 

irrigation system. Nitrogen fertilizer was applied after each cutting but triple superphosphate was applied 

only once a year at the beginning of growing season. Soil samples collected over the growing season were 

analysed for soil salinity. Results showed that forage production significantly decreased with increasing 

plant age. Fresh forage yield was 19.21 t/ha in the first year, it decreased to 14.18 and 11.49 t/ha in the 

second and third years of experiment, respectively. While application of nitrogen was essential for 

halophyte production, application of phosphorous fertilizer did not affect plant performance. Application 

of nitrogen at a rate of 25 and 50 kg/ha urea increased forage production at a rate of 91 and 176%, 

respectively. It was concluded that production of halophytes such as Atriplex canescens in saline 

calcareous soils of Yazd province for forage production is possible and urea fertilizer improves the plant 

performance.    

Keywords: Fertilizers, Haloculture, Halophyte plants 
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Salt Tolerant Variety and Matching Management Practices: Way Forward to 

Enhance Rice Productivity and Profitability under Sodic Environment of 

Eastern Indo-Gangetic Plains 
 

Ravindra K Gupta, YP Singh*, VK Mishra  

ICAR-CSSRI, Regional Research station, Lucknow – 226 002, Uttar Pradesh, India 
*
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Presence of salts is one of the major production constraints in sodic soils. Rice productivity in such soils 

is directly governed by the management practices followed. Existing management practices in sodic soils 

lacks in facilitating better environment for healthy nursery, optimum plant population and efficient 

nutrient availability thus leading to low productivity. This suggests that management practices essential 

for rice cultivation in sodic soils are distinctly different than those in normal soils and needs to be 

developed. In this endeavor experiments were planned and conducted at ICAR -Central Soil Salinity 

Research Institute (ICAR-CSSRI), Regional Research Station, Lucknow, Uttar Pradesh, India to develop 

matching management practices (mmp) with salt tolerant variety (STV) for enhancing productivity and 

profitability in sodic soils. Improved nursery management practices (Inmp) produced healthy seedling and 

thus increased grain yield. Thirty days old seedling raised with Inmp produced 8.4%, and 4.0% higher 

grain yield over 25-d and 40-d-old seedlings. Transplanting of 4 seedlings hill
-1

 at 15 cm × 20 cm apart 

produced higher number of tillers m
-2

 resulting significantly higher yield over 2 seedlings planted at 15 

cm × 15 cm and 20 cm × 20 cm. Negative yield enhancement trend was observed beyond 150 kg N ha
-1

 of 

rice in response to nitrogen application. The rate of increase in rice yield was higher up to 90 kg N ha
-1 

which further dips with every increasing N level up to 150 kg N ha
-1

, suggesting 150 kg N ha
-1 

being 

optimum dose and economically viable for salt tolerant varieties in sodic soils. Hence, strategies in 

combination with mmp and STV can adopt in eastern Indo-Gangetic Plains to maximize the rice 

productivity and profitability of sodic soils. 

Keywords: Crop productivity, Cost economics, Matching management practices, Salt tolerant rice 

variety, Sodic soil 
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Trickle irrigation has made significant advancements especially in areas having serious water shortage 

and salinity stress. It may be defined as the precise, slow application of water in the form of discrete or  

continuous drops, tiny streams, or miniature sprays through mechanical devices called emitters located at 

selected points along water delivery lines. The most important advantages apart from other various 

advantages are, higher water use efficiency, reduced salinity hazards to plants and increased possibility of 

fuse of poor quality water, and the main disadvantages are of continuous maintenance of the system 

required, salt accumulation in the periphery of wetted zone likely to damage crop growth in the region, 

high initial cost and lack of technical knowledge among farmers to handle. In the experimental part four 
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different textured soils (viz. Canning-A, Canning-B, Baruipur and Ghatakpukur) were artificially packed 

in large soil columns (60 cm dia. and 60 cm height) to bring it at their respective field bulk density and 

brought under simulated trickle irrigation with a discharge rate of 0.3 liter h
-1

, with 12 hour on (irrigation 

continued) and 12 hour off (irrigation discontinued) period, continued for 7 days. Soil moisture contents 

were measured non-destructively at the end of each on and off cycle by neutron probe moisture meter at a 

distance of 10 cm (average of two diametrically opposite sides of neutron probe readings were 

considered) from the emitter placed at the center of the soil column and at a depth of 5, 15, 25, 35, 45 and 

55 cm. The approach followed by the numerical model, originally proposed by Vander Ploeg and is 

known as Continuous System Modelling Programme (CSMP) is presented here. The present study, 

therefore, presents a rigorous testing of various predictive models with soils of wide range of textures 

under on and off cycles for a period of seven days. The objectives were (1) to study experimentally in 

laboratory condition moisture and salt distributions in soils of widely different textures under trickle 

irrigation with different quality waters, (2) to generate data theoretically on moisture transport in soil 

under trickle irrigation for various textured soils and for two qualities of irrigation water and to check the 

theoretical outputs with the experimentally generated data on moisture flux in soils both spatially and 

temporally. The soil under trickle source is imaginarily divided into concentric rings of width ∆r and 

height ∆z. The centres of all the rings are on a vertical line passing through the trickle source at the 

surface.  Any mesh M (middle) is surrounded by A (above), B (below), L (left) and R (right). Assuming 

Darcy‟s law for saturated flow of water to be valid for unsaturated flow also, the amount of water that 

enters and that leaves through each of these cylinders can be calculated within short interval ∆t.  Basic 

soil hydraulic properties, viz.  Diffusivity (D) – moisture (ϴ) and potential (Ψ) – moisture (ϴ) 

relationships may be utilized for this purpose. Water balance may then be computed after balancing 

inflow and outflow of water for a given mesh. The theoretically computed data agreed fairly 

satisfactorilywith the experimental data. The most important feature in this model used was that it 

followed rigorously and, possibly, most realistically, the physical principles involved in the flow 

processes. The best performance of this model for the lightest textured soil (Ghatakpukur soil), is possibly 

because of more realistic assumptions of Darcy‟s law of water flow which is valid in the saturated or near 

saturated zone attains quickly for this soil. It is of considerable importance to decide on the choice of 

crops, its spacing, etc. if the distribution of moisture and salts in soil under the given irrigation scheme is 

known. Alternatively, to attain desired moisture distributions in soil it may be necessary to know the rate 

and frequency of trickle discharge in a given soil.   

Keywords: Trickle irrigation, Water movement, Darcy‟s law, Continuous System Modelling 
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On farm experiment was conducted in saline (4-6 dS m
-1

) Vertisols during 2013-14 to 2016-17 to see the 

effect of subsurface drip irrigation on soil physico-chemical properties and yield of sugarcane in saline 

Vertisols to different irrigation (Surface drip, subsurface drip and furrow irrigation) methods with 

different applied irrigation (ET, 0.8, 1.0 and 1.2 ET) water. The pooled data of four years (2015-2018) of 

experiment revealed that, among irrigation methods, significantly higher cane yield (131.0 t/ha) was 

recorded in subsurface drip compared to surface drip (124.4 t/ha) and furrow irrigation (105.0 t/ha) 

methods. Among irrigation levels, significantly higher yield (124.7 t/ha) was recorded at 1.2 ET irrigation 

level followed by 1.0 ET (121.0 t/ha) and least in case of 0.8 ET (114.7 t/ha). Significantly higher water 

use efficiency (WUE) of 83.0 kg/ha-mm was recorded in subsurface drip irrigation compared to surface 

drip (78.6 kg/ha-mm) and furrow irrigation (66.4 kg/ha-mm) methods. Among irrigation levels, 

significantly higher WUE (83.2 kg/ha-mm) was recorded at 0.8 ET followed by 1.0 ET (75.9 kg/ha-mm) 

and least in case of 1.2 ET (68.9 kg/ha-m). More moisture was retained and more salts were leached out 

to the periphery in subsurface drip irrigation method with 1.2 ET irrigation level. Higher net returns and 

B: C ratio was recorded in subsurface drip with 1.2 ET irrigation level treatment compared to furrow 

method with 0.8 ET.  

Keywords: Saline Vertisols, Drip irrigation, Sugarcane, Water use 
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Approximately 20% of the world‟s cultivated area and around 50% of the irrigated croplands are affected 

by soil salinity. India is by far no different from others with 6.74 m ha area is salt affected, losing 16.84 

million tonnes of farm production valued at US$3.5 billion per year. The problem is more acute in the 

north-western India wherein 2.7 million ha mostly of centuries-old barren sodic soils with no land use 

opportunities and poor quality waters (32-84% in different states) utilized for irrigation purpose have high 
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incidence (30–50%) of residual alkalinity. Lack of fresh water supplies for irrigated ecosystem is now 

compelling the farmers to use poor quality high residual alkalinity irrigation water (RSC). Continued 

irrigation with high RSC waters results in build-up of excessive salt concentration (Na
+
) adversely 

affecting plant growth, soil physico-chemical properties, especially the structural stability and bulk 

density, enhances the dispersion of clay, decreases soil permeability and strongly compromises crop 

productivity. Establishment of sustainable techniques for managing sodic and sodic-water irrigated soils 

require removal of Na
+ 

from the exchange sites and leaching of the replaced Na
+
 out of the root zone in 

percolating water with an understanding how these soils affect crop production. Alternatively, salt 

tolerant plant species can be only cost effective means of getting higher crop yields. Increasing and 

sustaining yields in these areas will require a strategy integrating salt tolerant varieties with effective and 

affordable irrigation management practices. This study aims at quantifying long-term use of sodic (RSC) 

irrigation water towards salt build-up in the soil and how application of reclamative amendments 

(gypsum/pressmud) can help in sustaining crop productivity when used either individually or in 

combination with salt tolerant varieties under rice–wheat cropping system (RWCS) in sodic soils of Indo-

Gangetic plains. The field experiment was initiated in farmers‟ participatory mode in June 2014 at two 

locations representing bicarbonate dominated irrigation water residual alkalinity with RSC of 5.13 and 

6.93 meq L
-1

with rice as the first crop.  Eight treatments involving two varieties one each as salt tolerant 

(CSR 30 basmati in rice and KRL 210 in wheat) and most adopted ones (Pusa 1121 in rice and HD 2967 

in wheat) in respective growing seasons were taken in main plots while RSC neutralizing ameliorants 

viz., available RSC water/untreated control  (T1); T1 + gypsum @ 7.5 t ha
-1 

(T2); T1 +  pressmud  @ 10 

t/ha (T3) and T1  + gypsum @ 3.75 t ha
-1 

+ pressmud @ 5 t ha
-1 

(T4) were superimposed as sub plot 

treatments at both locations replicated three times in split-plot design. Decline in yields of rice and wheat 

(regardless of cultivable variety) due to continued irrigation with sodic water was relatively higher at 

RSC~7 me L
-1

 compared to that observed at RSC~5 me L
-1

. Cumulative average yield elucidating 15.7 

and 13.7% reduction in rice and wheat yields, respectively was observed with the increase in RSC 

level.Varietal differences indicated relative decline of 12.7 (CSR 30 Basmati) and 18.3 (PB 1121) per 

cent in rice and 11.4 (KRL 210) and 16.1 (HD 2967) per cent in wheat yield under sodic water irrigated 

plots (unamended control). Yield improvement to the extent of 0.45-0.68 t ha
-1 

in rice and 0.55-0.83 t ha
-1 

in wheat was realized with neutralization ameliorants in comparison to continuous irrigation with sodic 

water, reflecting their effectiveness to counter adverse effect of RSC waters on crop yields. Continuous 

irrigation with sodic water significantly increased the soil pH at both the locations reflecting the 

consequences of high RSC irrigation waters on soil properties. Précised irrigation water management 

involving salt tolerant cultivars of aromatic rice (cv. CSR 30) and wheat (cv. KRL 210) with alone or 

combined use of cost effective RSC neutralizing ameliorants (gypsum/pressmud) can be an important 

strategy towards sustaining crop yields with sodic water use for irrigation in RWCS. 

Keywords: RSC water, Rice-wheat cropping, Sodic soils, Gypsum, Poor quality water, Pressmud 
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Sugarcane (Saccharum officinarum L.) is one of the important cash and industrial crops in India that 

occupies around 5.0 million hectare area with average productivity of about 70 t ha
-1 

and  its ratoon crop 

that is cultivated on half the sugarcane area, yields 20–25 % less than its plant crop. This is mainly due to 

poor sprouting of stubbles, higher mortality of tillers and inefficient use of applied fertilizers. 

Furthermore, open field burning of trash is also a common practice results in loss of organic carbon, plant 

nutrients, soil biota besides the environmental and health hazards due to release of soot particles, smoke 

and green-house gases.Therefore, eco-friendly management of colossal quantity of trash (10-20 t ha
-1

), 

and fertiliser-N management under surface trash retained conditions are continue to be the major 

challenges in achieving higher ferti-N-use efficiency and cane productivity of sugarcane ratoon crop.  To 

address these issues, a field experiment was conducted with sugarcane ratoon crop (var. Co-671) at 

Agricultural Development Trust located near to ICAR-National Institute of Abiotic Stress Management, 

Baramati, Maharashtra. The soil at experimental site had 0.77 % organic carbon and 185 kg 

KMnO4oxidizable N ha
-1

 with 7.73 pH and 0.25 dS m
-1

 EC. There were six treatment combinations 

including three methods of fert-N application (broadcast as is the farmer‟s practice, placement with a 

crowbar tool, and fertigation) and two methods of trash management (keeping the trash uniformly as 

mulch in the field as such or after chopping with a trash chopper) were accommodated in RCBD. 

Fertigation, crowbar tool and earthing-up machine for soil inversion techniques were used for the 

application of fert-N as per the treatments. The highest chlorophyll content was recorded with fertigation 

followed by band placement of N with crowbar that indicates that uptake of the N was greater under these 

treatments. Similarly, application of N either through crowbar tool or fertigation resulted in the maximum 

tillers and greater accumulation of cane dry matter. The highest millable cane, lengthiest internode and 

lengthiest cane were recorded when N was applied either with fertigation or crowbar. The highest cane 

yield was recorded with the application of N through fertigation that was 20-45 % more than rest of the 

treatments, except when N was applied with crowbar. Yield improvement with chopping of trash was 8.9 

and 16.8 t ha
-1

 when fertilizers were broadcasted and placed with crowbar, respectively, whereas earthing 

up-right with first dose of fertilizers helped to improve yield by 19.5 t ha
-1

. In conclusion, the application 

of N through either fertigation or crowbar tool improved the N-use efficiency vis-à-vis productivity of 

ratoon sugarcane when trash was retained at the surface. 

Keyword: Sugarcane ratoon, Nitrogen management, Nitrogen use efficiency, Fertigation 
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Effect of Tillage Practices and Nitrogen Management on Yields and 

Economics of Baby Corn 
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A field experiment was carried out during Kharif season of 2016 to 2017 at ICAR-NDRI, Karnal to 

evaluate the effect of different tillage practices and nitrogen management on yields and economics of 

baby corn (Zea mays L.). The experiment consists of 18 treatment combinations comprising of 3 tillage 

systems viz., Zero tillage (ZT), Conventional tillage (CT) and Raised Beds (RB) as main plots while 6 

nitrogen management practices viz., N0, N75%, N75+Azotobactor, N100%, N100+Azotobactor and 

N125% were assigned in sub-plots in split plot design with three replications. Raised bed (RB) treatment, 

found statistically over zero tillage (ZT) and conventional tillage (CT) in green fodder and baby corn 

yield. Nitrogen levels also showed significant variation in yields and increasing levels of N up to 100% 

with azotobactor application increased yields. The maximum mean cost of cultivation was recorded under 

CT followed by RB and lowest in ZT (Rs. 26,592/ha) while mean net returns was observed highest under 

RB (Rs. 111,870/ha) followed by ZT and lowest in CT (Rs. 89,330/ha). The saving in total cost of 

cultivation due to ZT was around Rs. 1500 to 2500/ha, as compared to CT and RB. It can be concluded 

that to realize higher productivity and profitability of dual purpose maize may planting under raised bed 

with application of 100%N with Azotobactor are quite helpful, which will further strengthen and sustain 

the performance of livestock in terms of fodder availability, higher income and crop diversification. 

Keywords: Azotobactor, Maize, Nitrogen management, Tillage 
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Salinity is one of the important stresses after moisture stress which affects the growth and productivity 

of wheat crop particularly in semi-arid areas. In these areas, conservation of moisture and avoiding 

salinity stress through agronomic and physiological approaches can minimize the productivity loss and 

can enhance the yield and quality at the same time. Retention of crop residue on the soil surface 

reduces moisture loss through evaporation, maintains wetness for longer periods and also prevents salts 

from building up in root zone through capillary rise. Additionally, growth regulators and potassium is 

reported to reduce the effect of salt stress on plants by influencing physiological mechanisms. With this 

hypothesis, a field experiment was conducted to minimize the salt and moisture stress through K, 

growth regulators and moisture conservation. 
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The study was carried out during the winter (rabi) seasons of 2015-16 and 2016-17 at Seed and 

Research Farm, Hisar of ICAR-Indian Institute of Wheat and Barley Research, Karnal to study the 

effect of potassium and salicylic acid with different levels of irrigation scheduling under conventional 

and conservation agricultural practices on yield and water use efficiency (WUE) of wheat (Triticum 

aestivum L.). The experiment was conducted in split-split plot design with three replications. Crop 

residue treatments were in main plots (no residue retention and residue @4.0 ton/ha) and irrigation 

levels were imposed in sub plots (one irrigation at CRI, two irrigations at CRI and late jointing, three 

irrigations at CRI, late jointing and milking and optimum irrigations). The foliar applications of 

potassium @ 2.0% and salicylic acid (500 ppm) were arranged in sub-sub plots. The seeds of wheat 

were treated by salicylic acid (500 ppm) before sowing and foliar applications of potassium @ 2.0% 

were imposed at fortnightly interval, began from 30 days after sowing to physiological maturity. Wheat 

variety HD 2967 with 100 kg/ha seed rate was used during both the years and recommended fertilizers 

and weed control measures were practiced. The crop residue retention enhanced wheat yield (4.98 t/ha) 

significantly as compared to no residue retention (4.34 t/ha) despite having at par yield attributes (no. 

of tillers, grains/ear and 1000-grains weight). Limited irrigations; one and two significantly reduced the 

grain yield of wheat while the yield differences between three and optimum irrigations were non-

significant. Significantly higher grain yield was recorded in the salicylic acid seed treatment and foliar 

application of potassium (5.03 t/ha) followed by foliar application of potassium alone (4.96 t/ha) under 

saline conditions. 

Keywords: Irrigation scheduling, Salicylic acid, Water use efficiency, Wheat Yield 
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The microbiome and back population studies on in-vitro bio-hardened plantlets of tissue cultured banana 

variety G9 (Grand Naine) grown in sodic soils of  pH 9.3 at Shivari experimental farm, ICAR- Central 

Soil Salinity Research Institute, Regional Research Station Lucknow from 2015-2017 resulted in the 

identification of a mutated isolate CSR- T-3. The isolate was identified as Trichoderma reesei by PCR 

amplification and partial sequencing using ITS-1 and ITS-4 region of internal transcribed primers. 

Trichoderma reesei is reported to be a unique isolate possessing high cellulolytic and proteolytic 

functions. The isolate found to exhibit high Plant growth promoting properties (PGP‟s) like phosphate 

mobilization, IAA production, ACC deaminase production. Further, studies on salt tolerance attributed 

their role in sustaining tolerance to salinity (NaCl) upto 15%. The isolate was found to exhibit 

antagonistic and biocontrol properties in the control of Fusarium wilt of banana caused by Fusarium 

oxysporum f. sp. Cubense (Foc) Tropical Race 4 and also wilt of tomato caused by Fusarium solani. It 

was in this perspective Liquid Chromatography Mass Sepctrometry (LC-MS) studies were conducted to 

assess the secondary metabolite, produced by the fungi to explicit abiotic and biotic stress tolerance. The 

studies were mostly targeted on cellulolytic and proteolytic compounds. Also activities of proline, 
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Reactive Oxygen Species (ROS) and defense enzymes were studied for their presence. Results based on 

the peaks and mass value showed that the compounds endoglucanases (mass-22.8 kDa, peak value- 23.64 

m/z), peptaibols (mass- 1175.5 Da peak value-1065 m/z), xylanase (mass-29.8 kDa, peak value- 29.4m/z), 

prolines (mass 115.13 kDa, peak value-118m/z), polyphenolsoxidase (mass- 128 kDa peak value- 

129m/z), cytochrome C oxidase (mass- 12000 kDa, peak value-16.28), copper/zinc superoxide dismutase 

(SOD1) (mass- 19 kDa, peak value- 15.8m/z), siderophores (peak value- 566.4m/z), chitinase (mass- 33 

kDa peak value- 23.64m/z) were distinctly being produced by the fungi. The results suggested the 

expression of genes that triggered the production of compounds like peptaibols, xylanase which supports 

its role in imparting tolerance to major diseases like Fusarium oxysporum f. sp. Cubense Tropical Race 4 

and wilt of tomato. Also the expression of peaks in compounds like Superoxide dismutase, proline 

suggested their role in imparting tolerance to salinity (abiotic stress). This suggests the potential use of 

this isolate in the preparation of bio-formulation with a suitable substrate to provide solution to the major 

diseases and stress encountered in the cultivation of the agri-horticultural crops. 

Keywords: LC-MS, Trichoderma reesei, Fusarium oxysporum f.sp. Cubense 
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Salinity is one of the most critical problems that limit the productivity of agricultural crops especially in 

arid and semi-arid regions. It adversely affects most of the crop growth stages like germination, seedling 

establishment, early plant growth, flowering and ultimately the crop yield. The total area under salt 

affected soils in the world is 831 m hectares. In India, 6.74 million hectares land is salt affected and is 

expected to increase upto 20 million hectares by the end of this century. High salinity affects plants by 

different means: osmotic stress, ion toxicity, oxidative stress, alteration of metabolic processes, membrane 

disruption etc. Salt and osmotic stresses are also responsible for inhibition and deferred seed germination 

which results in poor plant stand. Soil salinity may affect the germination of seeds by two ways: first by 

inducing a lower osmotic potential preventing water uptake, and second through the toxic effects of Na
+
 

and Cl
-
 ions on the germinating seed. Now a days various strategies are used to produce plants that can 

withstand salinity stress. In recent times, seed priming has been developed as a basic method to produce 

tolerant plants against salinity. The simplest seed priming technique is the hydro priming which refers to 

controlled hydration of seeds before sowing, thus completing the prerequisite for germination before 

actual sowing. Other priming methods include treatment with inorganic salts (halopriming), plant growth 

regulators (hormonal priming), natural or synthetic antioxidant chemicals (chemical priming), biological 

agents (biopriming) etc. The basic principle behind all these methods is the induction of a particular 

physiological state in plants by the treatment of natural and synthetic compounds to the seeds before 

germination. Plants raised from primed seeds show robust and rapid cellular defense responses. The 

seedlings emerging from primed seeds show early and uniform germination and promotes better plant 

stand under unfavorable conditions. Higher plant stand during early crop growth enhances the overall 

growth of plants which results in better productivity of the crop under saline conditions. 

Keywords: Salinity stress, Ion toxicity, Germination, Plant stand, Seed priming 
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Rice-Residue Biochar 
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Irrigated agricultural production in many countries is expected to face extreme water crisis in the near 

future. Limited availability of good quality surface water supplies in arid and semi-arid regions forces 

farmers to use the ground water of poor quality for supplemental irrigation. Consequently, persistent and 

continuous use of poor quality waters for irrigation results in build-up of salts causing soil salinity which 

adversely lowers crop yields. In addition, decrease in biomass production limits the carbon inputs into soil 

and thus deteriorating soil health. Generally, addition of organic amendments can improve soil properties 

under high salt conditions. In this context, biochar, a carbonaceous material produced from heating 

biomass in the absence or with limited oxygen supply to a temperature between 300 and 750
o
C has shown 

beneficial effects on soil C accretion, supply of plant nutrients and crop productivity in the non-saline and 

non-sodic soils. However, information is still scarce on the impact of rice-residue biochar when applied to 

soils irrigated with saline water. A field experiment on cotton-wheat cropping system was initiated at the 

experimental farm, Punjab Agricultural University, Ludhiana in soils irrigated with different levels of 

salinity [0 (S0), 5 (S5), 10 (S10), 15 (S15) dS m
-1

] at four rates of rice-residue biochar application [0 (B0), 2 

(B2), 4 (B4) and 8 (B8) t ha
-1

] in plots measuring 2.5×2 m
2
. The experiment was laid out in factorial 

randomized complete block design with three replications. An intermediate pyrolysis technique (thermo-

chemical conversion) was used to produce biochar that takes place inside a reactor called pyroformer at a 

temperature of around 450°C. Biochar was applied only once before sowing cotton and its residual effect 

was evaluated during the next crop (wheat). Irrespective of the salinity of the applied irrigation water, pH, 

EC (electrical conductivity) and bulk density of the soil decreased with increasing rate of biochar 

application. Subsequently, seed cotton and wheat grain yield increased with increasing rate of biochar 

addition at various salinity levels. For example, compared with S0B0 treatment, irrigation with S15B0 water 

alone reduced cotton yield by 52%. However, with addition of biochar at different rates, reduction in 

cotton yield was lowered to 35-41%, respectively. On the other hand, treatment with S10 water along with 

rice-residue biochar showed 3-10% higher seed cotton yield even from plots irrigated with good quality 

water (S0B0). Similar favorable residual effects of rice-residue biochar were also observed on wheat grain 

yield. Furthermore, soil organic carbon content also showed a positive trend (10-30% increase) with 

addition of rice-residue biochar at various salinity levels. The results of the study indicate that application 

of rice-residue biochar as an organic amendment will be an effective strategy in reducing the adverse 

effects of saline water irrigation on crop productivity and increasing C accretion in the soil.  

Keywords: Saline water irrigation, EC, Rice-residue biochar, Crop yield, C accretion 
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The salt stress has resulted in reduced crop yields and thus elevated poverty among the resource poor 

farming community of the state of U.P., North India. The chemical amendments like gypsum and 

phosphogypsum used for reclamation of sodic soils are becoming costly due to reduced availability. The 

biotic approach „plant-microbe interaction‟ to overcome salt stress has recently received a considerable 

attention from many workers throughout the world. Plant-microbe interaction is beneficial association 

between plants and microorganisms and also a more efficient method used for the reclamation of salt 

affected soils. Rhizosphere bacteria improve the uptake of nutrients by plants and /or produce plant 

growth promoting compounds and regenerate the quality of soil. Thus, bio-remediation through halophilic 

plant growth promoting microbes can be a better alternative for enhancing crop production under sodic 

conditions. The applications of halophilic bacteria include recovery of salt affected soils by directly 

supporting the growth of vegetation thus indirectly increasing crop yields. Salt tolerant (halophilic) 

bacterial strains of N-fixers, Phosphate solubilizing bacteria (PSB) and Zinc solubilizing microbes were 

isolated from the native salt affected soils of Indo-Gangetic plains. The isolated strains of halophilic 

bacteria were tested for differential salt and pH tolerance as application of these cultures in sodic soil 

have the complex effect of different salts. It was observed that all the 19 isolates were able to tolerate upto 

5% of Na2SO4 while only 5, 4 and 3 could tolerant NaCO3 upto 10% level. These strains were 

characterized for plant growth promotion and tested for their efficacy under different levels of salt stress. 

The efficient strains of N-fixers, P- and Zn-solubilizers were mass cultured and prepared in suitable 

standardized media as liquid bioformulations viz. Halo-Azo, Halo-PSB and Halo-Zinc. Pot and field 

experiments were conducted to test the efficacy of these liquid bioformulations for bio-remediation and 

plant growth promotion in sodic soil. At farmers field in Unnao, Sitapur, Lucknow, Barabanki and 

Raebareilli at different soil sodicity, Halo-Azo and Halo-PSB inoculation resulted in enhanced paddy and 

wheat yields compared to farmers practice. Substantial reduction in soil pH where consortia was 

inoculated was observed. These liquid bio-formulations were promoted through KVKs and farmers 

interactions for wider adoption. Multilocational testing and validation of the bioremediation potential of 

liquid bioformulations showed there was increase in paddy and wheat yield by 11.5 and 14.03% with the 

inoculation with liquid bioformulations Halo-Azo, Halo-PSB and Halo-Zinc over the un-inoculated 

control. The average Benefit: Cost ratio enhanced to 2.31 in paddy and 2.59 in wheat with the use of 

bioformulations. Application of bioformulations also keeps soils biologically active and helps in soil 

health maintenance. These bioformulations have been successfully used by farmers in different crops viz. 

rice, wheat, mustard, brinjal, cauliflower, field pea, tomato, sugarcane under salt stress. 

Keywords: Bioremediation, Halophilic microorganisms, Salt affected soils, Crop yield 
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Judicious water management practices at on-farm level in canal commands have become imperative not 

only to increase agricultural production but also for protecting the irrigated lands from further 

waterlogging and secondary salinization. It is a well-known fact that excess or deficient water, affects 

most crop production activities. Only sufficient water must be present in the root zone for germination, 

evapotranspiration, and nutrient absorption by roots, root growth, and soil microbiological and chemical 

processes. But the facts shows a reverse trends in most of the canal as well as tubewell commands where 

the overall project efficiency is not higher than 40%. To minimize the mismanagement in use of irrigation 

water the focus should be on improved on farm water management. Improved on-farm water management 

and water conservation techniques play an important role in yield improvement and water productivity. 

But the technologies or interventions those are cost effective, socially acceptable and environmentally 

harmless may be sustainable and have long lasting impact. Appropriate interventions, which can really 

benefit farmers under their prevailing constraints, may have good and quick scope of adoption. This 

requires better understanding of components of the water management system that must be managed on a 

farm are such as a)Irrigation b)Drainage c)Conveyance to and from fields d) Water storage e)Release of 

water from the confines of the farm f) Water sources and sinks. Whereas, water is delivered over a 

considerable area varying with crops, climate and topography in canal systems. There are also limitations 

in the capacities of the water conveyance systems in the canals. Because of these complexities it is not 

very easy to estimate and deliver the exact required quantities of water to different users at the field levels 

as and when required. This raises the probability of wastage of canal water and reduced overall system 

efficiency. Hence, an integrated approach between main canal management and on-farm water 

management practices is the need of hour. This paper addresses various constraints which restricts in 

efficient use of irrigation water at on-farm and attempts to suggest measures for improvement. 

Keywords: Canal command, Water management, Water productivity 
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Field experiment was conducted during 2013-14 to evaluate the planting techniques for rice under alkali 

soil with conjunctive use of canal and alkali water and evaluating different vegetable crops to be grown 
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after rice under alkali soils with use of alkali water. The treatment consists of three method of irrigation; 

M1: Irrigating both rice and vegetables with alkali water, M2: Irrigating rice with canal water and 

vegetables with alkali water and M3: Irrigating rice with canal water and alkali water in 1:1 ratio (cyclic) 

vegetables with alkali water and four planting methods; S1: Conventional planting (Random), S2: Line 

planting, S3: Square planting (SRI) and S4: Machine planting vegetables with alkali water. The 

experiment was laid out in strip plot design with three replications in alkali soil (pH – 8.7, EC – 0.21 dS 

m
-1

, ESP – 25.0). The transplanting of paddy variety TRY 1 was taken during October 2013 and harvested 

during January 2014. During summer, sowing of vegetable crops were taken in June 2014 and harvested 

in staggered manner depending upon the maturity of the crop up to September 2014. The results revealed 

that significant differences were observed for irrigation treatments and method of planting. Regarding the 

irrigation treatments, canal water irrigation for rice (M2) recorded the maximum yield of 6.30 t ha
-1

 

followed by cyclic irrigation of canal water and alkali water in 1:1 ratio (M3). Lowest grain (4.31 t ha
-1

) 

and straw yield (5.34 t ha
-1

) recorded in alkali water irrigation. In respect of method of planting, adopting 

square planting (S3) registered the maximum grain yield of 5.90 t ha
-1

 followed by line planting (S2) and 

machine planting (S4).  The lowest grain and straw yield were recorded in conventional method of 

planting (S1). Significant interaction has been observed between irrigation treatment and method of 

planting.  Highest grain yield of 6.98 t ha
-1

 was recorded with canal water irrigation adopted with square 

planting (M2S3) followed by canal water irrigation with line planting (M2S2). Cyclic mode of canal water 

and alkali water (1:1) with square planting (M3S3) was recorded 20.8% more yield than the alkali water 

irrigation with conventional planting (M1S1). After the harvest of rice crop, each main plot was divided 

into 4 sub-plots and different vegetable crops viz., Okra, Cluster bean, Lab-lab and vegetable cow pea 

were sown following the harvest of rice crop in the same experimental plot during June 2014. All the 

vegetables performed well in M2 treatment (Irrigating rice with canal and vegetable crops with alkali 

water) followed by Irrigating rice with canal and alkali water at the ratio of 1:1 conjunctive mode 

subsequently irrigating vegetable with alkali water (M3). The plot received both rice and vegetable with 

alkali water registered the lowest yield. Among the vegetables tried, Okra registered the highest yield of 

6.83 t ha
-1

 in canal water irrigation. The post harvest soil samples were analysed for pH, EC and ESP. The 

results indicated that the pH value varied from 8.50 in canal to 9.04 in alkali water irrigation. EC value 

varied in the range of 0.16 to 0.27 dS m
-1

. Canal water irrigation recorded the lowest EC value of 0.17 dS 

m
-1 

followed by cyclic mode of irrigation (0.19 dS m
-1

). Highest EC was registered in alkali water 

irrigated plots (0.25 dS m
-1

). Irrigation with alkali water increased the ESP to 32.23 and the lowest level 

of ESP 18.28 was recorded in canal irrigation.   

Keywords: Alkali water, Conjunctive use, Rice-vegetable cropping system 
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Soil organic matter (SOM) being a storehouse of all essential plant nutrients, plays a pivotal role in crop 

production. The soil salinity and cropping behaviour under different landforms also have an important 

influence on soil organic matter. The objectives of the research were to study physicochemical parameters 

of soil and humic components of organic matter under different landforms and to correlate those with soil 

salinity. In this study, soil samples were collected from three different villages of Gosaba Block of South 

24 Parganas district of West Bengal (India) for two different seasons (June-July, 2016 and Feb.- March, 

2017). The area is mostly mono-cropped (rice cultivated). For the 1
st
 season soils were collected from 

three different landforms namely, non-cultivated deltaic (NCD), mudflat (MUD) and depressed lowland 

(DL). For the 2
nd

 season soils were collected from cultivated deltaic (CD) (during rice cultivation), 

mudflat and depressed low land soils. The study area covers approximately four sq. km. Soil samples 

were collected from three different depths (0-20, 20-40, 40-60 cm). Soil samples were collected from 

three different locations (three replications) under each landform. Soil sorptivity and physico-chemical 

characteristics like soil texture, pH, EC, organic carbon etc. were studied. Sorptivity was determined 

using Philip‟s (1957) model, I = St
½
 where S is sorptivity, I is cumulative infiltration. Sorptivity, S= (θo-

θi)(Ď/π)
1/2

, where Ď is weighted mean diffusivity, θi is initial soil water content, θo is saturated wetness 

and t is time. Soil water diffusivity, D (θ) was calculated by using the equation: D (θ) =-1/2 t.dx/dθ +∫ xdθ 

where, t is time; x is distance; the definite integral is solved between initial wetness (θi) and final wetness 

(θo).The humic components of OM namely, humic acid (HA) and fulvic acid (FA) were analyzed using 

Kononova (1966) method. Soil EC (1:2) values were also studied. For the 1
st
 season, organic carbon 

content of all soils were medium (0.71-0.85%) to high (1.13-1.19%). EC2 values were low to high (2.8-

13.2 dS m
-1

). The upland soils contained higher fraction of FA (0.11-0.14%) which is hydrophilic in 

nature, whereas depressed soil contained greater fraction of insoluble HA (0.25-0.31%) and exhibited less 

cumulative infiltration. The HA / FA ratio decreased with soil depth for all landforms. The finer fraction 

of soils were significantly positively correlated (r
2
 =0.79) with organic carbon. The relation between 

sorptivity and clay, pH, EC, porosity and HA were highly significant (r= -0.91, -0.85,-0.86, -0.87 and -

0.90, respectively) and negative. For the second season, it was found that the cultivated deltaic (CD) soil 

observed highest steady state cumulative infiltration (5.0 cm) followed by mudflat (MUD) soil (3.5 cm) 

and depressed low land soil (DL) soil (1.9 cm). The salinity was low to high (3.6-13.7dS m
-1

). In general, 

there was a decrease in organic matter content with increase in salinity for all soils. Thus correction of 

soil pH and salinity with adoption of appropriate amendments was suggested for improving sorptivity of 

the soils. 

Keywords: Soil sorptivity, Landforms, Salinity, Organic matter fractions 
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Soil organic matter (SOM) being a storehouse of essential plant nutrients, plays a pivotal role in crop 

production. Soil salinity and cropping behaviour under different landforms also have an important 

influence on soil organic matter. The objective of this research was to study physicochemical parameters 

of soil and humic components of organic matter under different landforms and to correlate those with soil 

salinity. Soil samples were collected from three different villages of Gosaba Block of South 24 Parganas 

district of West Bengal, India in two different seasons (June-July, 2016 and Feb.-March, 2017). The area 

is mostly mono-cropped with rice. For the 1
st
 season, soils were collected from three different landforms 

namely, non-cultivated deltaic (NCD), mudflat (MUD) and depressed lowland (DL). For the 2
nd

 season, 

soils were collected from cultivated deltaic (CD) (during rice cultivation), MUD and DL landforms. Soil 

samples were collected from three different depths (0-20, 20-40, 40-60 cm) from three different locations 

(three replications) under each landform. Soil sorptivity and physico-chemical characteristics like soil 

texture, pH, EC, organic carbon etc. were studied. For the 1
st
 season, organic carbon content of all soils 

were medium (0.71-0.85%) to high (1.13-1.19%). EC2 values were low to high (2.8-13.2 dS/m). The 

upland soils contained higher fraction of FA (0.11-0.14%) which is hydrophilic in nature, whereas 

depressed soil contained greater fraction of insoluble HA (0.25-0.31%) and exhibited less cumulative 

infiltration. The HA/FA ratio decreased with soil depth for all landforms. The finer fraction of soils were 

significantly positively correlated (r
2
 =0.79) with organic carbon. The relation between sorptivity and 

clay, pH, EC, porosity and HA were highly significant (r= -0.91, -0.85,-0.86, -0.87 and -0.90, 

respectively) and negative.For the second season, it was found that the cultivated deltaic (CD) soil 

observed highest steady state cumulative infiltration (5.0 cm) followed by mudflat (MUD) soil (3.5 cm) 

and depressed low land soil (DL) soil (1.9 cm).The salinity was low to high (3.6-13.7 dS/m).  In general, 

there was a decrease in organic matter content with increase in salinity for all soils. Thus correction of 

soil pH and salinity with adoption of appropriate amendments is suggested for improving sorptivity of the 

soils. 

Keywords: Landforms, Salinity, Soil sorptivity 
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Response of Paddy (Oryza sativa) to Bioregulators under Irrigation Water 

with Residual Alkalinity 
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Plants have evolved their inherent mechanism to compensate for salt stress conditions by altering 

physiological and developmental processes to maintain growth and reproduction. These mechanisms can 

be facilitated by exogenous application of bioregulators (BR‟s) and some of BR‟s like thio-urea, salicylic 

acid, potassium nitrate, GA etc. have been documented for their viability under drought/water stress 

conditions. Therefore, foliar applications (3 sprays between 20-30,40-60, and 70-80 days after 

transplanting) of some of chemicals like thio-urea (TU, 500 ppm), gibberellic acid (GA, 25 ppm), 

salicyclic acid (SA, 10 μM),  potassium nitrate (PN, 15 g L
-1

) and sodium benzoate (SB, 150 mg L
-1

) were 

tested for paddy at two farmer‟s fields irrigated with groundwater having residual alkalinity (RSC 3.4 me 

L
-1

 (Site-I) and 4.4 me L
-1

 (Site-II) during 2017 and along with their additional combinations like TU-PN-

TU, GA-TU-PN and TU-PN during 2018. The application of TU, GA, PN and SA improved yields by 21, 

18, 17 and 4 percent at Site-I and the counter values were 19, 2, 15 and 5 percent during 2018. Similarly 

at Site-II, the improvements equaled 17, 8, 15 and 1 during 2017 while the respective values were 4, nil, 

15 and 10 percent during 2018. The combinations of BR‟s though were effective in improving growth and 

straw yield (4-9%), but their impacts were not translated in grain yield. Paddy also responded (about 9% 

grain yield improvement) to SB at both the sites during 2017. The initial results indicate the possibilities 

of alleviating sodicity stress especially with the use of TU and PN under alkali water irrigated conditions.  

Keywords: Sodic water, Bioregulators, Paddy, Foliar application  
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The experiment has been carried out during Kharif 2017 at Agricultural Research Station Gangavathi to 

combat soil salinity in cotton crop due to shallow water table. The experiment consists of three main plots 

viz., M1- PRB with residue retention, M2- PRB with residue harvested and M3- Farmers practice (Flat bed 

method) and three irrigation modes in sub plots viz., I1- Every furrow irrigation, I2- Alternating skip 

furrow irrigation and I3- Permanent skip furrow irrigation. The initial soil ECe ranges between 6-8 dS m
-1

. 

The first year results indicated that among the main plots, significantly higher seed cotton yield was 

recorded with Permanent Raised Bed (PRB) with mulch (2676 kg ha
-1

) as compared to PRB without 

mulch (2280 kg ha
-1

) and farmers practice (2505 kg ha
-1

). Among the different irrigation modes, 



Golden Jubilee International Salinity Conference (GJISC) 2019 

 

 
 

95 

 
  

 

significantly higher seed cotton yield was recorded with Permanent Skip Furrow Irrigation (2590 kg ha
-1

) 

over Alternate Skip Furrow Irrigation (2475 kg ha
-1

) and Every Furrow Irrigation (2396 kg ha
-1

). 

Interaction of main and subplots did not differ significantly. Similarly, growth and yield parameters such 

as Plant height, number of monopodial branches per plant, number of sympodial branches per plant 

(144.3 cm, 5.81 and 28.12, respectively), number of bolls per plant (49.71) and mean boll weight (4.58 g) 

as compared to PRB without mulch (131.4 cm, 4.82 and 23.25, respectively) and farmers practice (136.2 

cm, 5.35 and 26.15, respectively) as compared to PRB without mulch and farmers practice. However, 

among irrigation modes, significantly higher plant height, number of monopodial branches per plant, 

number of sympodial branches per plant (139.8 cm, 5.40 and 26.40, respectively), number of bolls per 

plant and mean boll weight (49.32 and 5.30 g, respectively) were significantly higher with Permanent 

Skip Furrow Irrigation over every furrow irrigation (45.33 and 4.20 g, respectively) and alternate skip 

furrow irrigation (47.61 and 4.80 g, respectively). 

Keywords: Cotton, Permanent Raised Bed, Irrigation modes, Saline Vertisols, Seed cotton yield  
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Water is an important resource in agricultural production particularly in arid and semi-arid regions. As 

water availability becomes limiting, use of wastewaters as such and/or after the treatment seems an 

alternative proposition for agricultural crop production. As the use of treated effluent from GNFC-Unit II 

(Aniline-TDI plant) needs to be tested for its suitability for irrigation in crops, it was planned in rabi 

Maize (variety SS-7077) with an objective to study the impact of treated effluents on growth and 

productivity of the crop. A field experiment was conducted for two years with rabi Maize (Zea mays L.) 

with the application of nitrogen through urea and irrigation using treated effluent in factorial design with 

three replications. The treatments comprises of (I1) best available water (BAW) as such i.e. effluent: 

BAW (0:1 ratio); (I2) effluent & BAW (1:1 ratio); and (I3) effluent as such i.e. effluent: BAW (1:0 ratio) 

with combination of three nitrogen doses (N1= 80 kg N ha
-1

; N2= 100 kg N ha
-1

& N3=120 kg N ha
-1

). 

Results based on the pooled data for two years (2016-17 & 2017-18) revealed that maximum maize cob 

yield/plot (5.50 kg plot
-1

), dry biomass yield (7.58 kg plot
-1

), single cob weight (213.5 g), cob length 

(20.1 cm) and cob yield (10168 kg ha
-1

) were obtained in the I2N2treatment (effluent and BAW in 1:1 

ratio and 100 kg N ha
-1

). Mean values showing that under I2 irrigation (effluent & BAW in 1:1 ratio) 

treatment, showing significant effect for maize yield parameters, which gave higher maize cob yield and 

other yield parameters as compared to I1 and I3 treatment. On the basis of dilution of effluents and 

optimum dose of nitrogen, effect on yield and its parameters of maize crop would be beneficial for 

improving crop productivity as well as soil health, because treated effluent irrigated soils having higher 

organic carbon as compared to normal water irrigated soils which ultimately supplying macro and micro 

nutrient to arable crops for achieving sustainable yield (based on the study of long term use of treated 

effluents as source of irrigation). Similarly higher water productivity (1.36 Kg/m
3
) was observed in I2 
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irrigation treatment as compared to I1 and I3 treatment, which was due to higher biomass and yield of 

plant. From the study, it is concluded that effluent can be used for irrigation in combination with BAW 

as it does not have adverse effects on plant and soil. Effluent in combination of optimum nitrogen 

application was found to be beneficial in enhancing the fodder quality and increased yield of rabi maize. 

Keywords: Industrial effluent, Rabi maize, Salinity, Vertisols, Water productivity 
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Raw sewer and tube well water samples were collected from various sewer disposal sites and nearby 

fields in Haryana where these waters are directly used for irrigating the crops. Soil samples (0-15 and 15-

30 cm) were also collected from fields irrigated with these waters and from nearby fields irrigated with 

non sewage waters to determine the changes in soil physical properties due to sewage irrigation. All the 

physical properties except texture varied according to the composition of the sewer water and duration of 

irrigation. The bulk density was found highest in Narwana (1.56 Mg m
-3

) at 0-15 cm in sewage water 

irrigated soil while at 15-30 cm depth, it was highest in Charkhi Dadri (1.54 Mg m
-3

). The infiltration rate 

decreased with the application of sewage water. However, the highest infiltration rate was observed in 

Jind district (25.0 mm h
−1

) under the non-sewage water as compared to the sewage water (17.6 mm h
−1

). 

The highest water retention (26.22%) was observed in the soils irrigated with sewage water at 0.03 bar in 

district Jind while it was lowest (14.84%) in the soils of Charkhi Dadri at 0-15 cm. Highest available 

water capacity was recorded in the soils irrigated with sewage water at 0-15 cm depth in district Kaithal 

(21.15%) while it was lowest (9.23%) in the soils of Charkhi Dadri. Therefore, sewage water can be used 

for irrigation but continuous monitoring is necessary to check its long term effect.  

Keywords: Available water capacity, Bulk density, Infiltration rate, Texture, Water retention 
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The study was conducted in Kaithal, Kurukshetra, Karnal, Panipat and Faridabad district of South-

Eastern Haryana State, from where sewage water samples in duplicate were collected and analysed for 

their chemical characteristics. It is observed from the data that pH, EC and organic carbon (OC) ranged 

from 6.60 - 7.50, 1.00 - 3.34 dS m
-1

 and 100 - 330 mg l
-1

, respectively. The minimum pH was recorded 

in Karnal-III, whereas, maximum EC and organic carbon were recorded in Faridabad-I sewage water 

collected from industrial outlets. The EC of all the sewage water except Faridabad-I and Faridabad-III 

falls within the medium range of salinity hazards. The basic cations and anions followed the order as 

Na
+
 > Mg

2+
 > Ca

2+
 for cations and HCO

3-
 > Cl

-
 > CO

3-
 > SO

4-
 for anion. The residual sodium carbonate 

(RSC) ranged from 0.40 to 3.46 meql
-1

 and was quite high in Kaithal-II sewage water due to high 

carbonate and bicarbonate content and low calcium and magnesium content in these water. Sodium 

adsorption ratio (SAR) ranged from 1.95 - 23.19 (meq/l)
-1/2

.
 
It revealed from the study that these waters 

can be used for irrigation purpose without any adverse effect on soil health. It is also observed from the 

study that the sewage irrigation considerably decreased soil pH at all the locations. The extent of 

decrease varied among different locations depending upon the composition of sewage water and 

duration of electrical conductivity of sewage water irrigated soil was more than non-sewage water 

irrigated soil at all the locations. The organic carbon content of sewage water irrigated soils was much 

higher as compared to soil irrigated with tubewell or canal water at all the locations. The calcium 

carbonate content was higher in non sewage water irrigated soil than sewage water irrigated soil at 

Kaithal and Karnal, whereas at Kurukshetra, Panipat and Faridabad the condition was reverse. The 

cation exchange capacity of sewage water irrigated soil were found more than that of non-sewage water 

irrigated soils at all the locations under study. 

Keywords: Sewage water, Physico-chemical properties, Quality assessment, Irrigation 
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Soil salinity is a major factor affecting irrigated agriculture in the western San Joaquin Valley of 

California. Salinity is a spatially and temporally dynamic soil property, and thus, mapping at the field 

scale requires a rapid and reliable means of recording such type of geospatial measurement. 

Electromagnetic (EM)-38 soil salinity surveys were conducted at the San Joaquin River Improvement 

Project (SJRIP) facility managed by the Panoche Drainage District (Los Banos, California, U.S.A.) which 

receives saline subsurface drainage water from 40,000 hectares of irrigated land.  In the re-use facility, the 

drainage water is blended and/or used directly for the irrigation of forages such as „Jose‟ tall wheatgrass 

(Thinopyrum ponticum var. „Jose‟) and alfalfa (Medicago sativa) to reduce drainage discharge and salt 

loading into the nearby San Joaquin River. In 1998, approx. 148 ha-m (1.48 M m
3
) of drainage water was 

used to irrigate 162 ha of pasture; whereas in 2012, approx. 2922 ha-m (29.2 M m
3
) of saline drainage 

water was applied to 2080 ha of tall wheatgrass, alfalfa, and a small acreage of pistachios. The facility is 

now approaching 2428 ha of land with approximately 30% of the reuse fields having subsurface drainage 

systems. As of 2012, the re-use resulted in an 82% reduction in drainage discharge to the river, with 

corresponding reductions of salt, boron and selenium loading of 84%, 72% and 92%, respectively. The 

system is mandated to go to zero discharge to the river by 2020, thus increased acreage for reuse and/or 

water treatment to remove problem constituents is being actively pursued.    

 In this project, salinity surveys were conducted in fall and spring of 2016 and 2017 using a 

Geonics EM38-MK2 in two alfalfa (ALF) and two tall wheatgrass (TWG) fields in the SJRIP to monitor 

soil salinity in response to the salinity (ECw) of applied drainage water. The chosen fields were 28-36 

hectares in size and the TWG fields were irrigated with higher salinity water as compared to the ALF 

fields. To convert the apparent electrical conductivity (ECa) readings from the EM-38 to the established 

soil salinity measure (ECe- electrical conductivity of the saturation paste extract), soil samples taken to a 

depth of 120 cm in 30-cm increments and analyzed for pH, ECe, gravimetric water content and saturation 

percentage. These ground-truthing samples were taken at 12 locations in each field as directed by the 

Electromagnetic Salinity Analysis Program (ESAP) software.   

During the two years in which soil surveys were conducted, the average ECe obtained from the 

ground-truthing locations was 12.5 to 19.3 dS/m for tall wheatgrass (TWG) fields and 8.9 to 14.4 dS/m 

for alfalfa (ALF) fields. Soils in the TWG fields had sodium adsorption ratios (SAR) of 20.8 – 22.1 and 

boron concentrations of 18.9 – 21.9 mg/L, roughly twice as high as those in the ALF fields, for samples 

taken at the end of the two year study period (Fall 2017).  The SAR of 20-22 in the TWG fields would 

suggest significant reductions in water infiltration into the soil. This was not observed in the field, 

possibly due to the fibrous root system of the forage which can improve infiltration. Likewise, the boron 

concentrations in the TWG fields (approx. 20 mg/L) would be detrimental to the growth of most crops, 

demonstrating the high level of salt and boron tolerance which has been reported for „Jose‟ tall 

wheatgrass growing under irrigation with saline drainage water from the WSJV.   
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GIS maps were developed depicting the spatial variability of salts in the fields. Fields 13-1 

(TWG) and 13-2 (ALF) with subsurface drainage systems had improved leaching, as most of the salt 

accumulation was found at the lower soil profile (120 – 150 cm). In contrast, the 2
nd

 and 3
rd

 layers of the 

soil profile (30-60 and 60-90 cm) were the sites of highest salt accumulation in the other two fields, 10-6 

(TWG) and 13-6 (ALF), which were not drained. Field 10-6 had the largest variability in salt distribution 

within the soil profile which could be attributed to variability in soil texture.  Data from these EM-38 

surveys were used to calibrate a computer model (CSUID) developed as a potential decision support tool 

to adjust salinity levels in applied irrigation water with the soil leaching requirements for sustainable 

forage production. At present, forage yields do not appear to be impaired, despite high soil salinity in 

these fields, particularly for alfalfa.   

The EM38 soil surveys are providing valuable data for model calibration however, the surveys 

require significant expertise, time and effort and hence, are unlikely to be continued on an annual basis 

given current limitations in water district resources and personnel. Future collaborations with universities 

and research project funding may allow short-term continuation of the EM38 mapping program. In the 

interim, the installation of representative cluster wells within each of the experimental fields may allow 

the District to track salinity trends at two intervals within the soil profile with the currently available 

resources and monitoring instrumentation. These wells will help to assess the adequacy of current salt 

leaching practices as well as providing data for ongoing calibration of the CSUID model. By developing a 

proxy relationship between each well and the average salinity at shallow (5-8 ft) (150 – 240 cm) and deep 

(14-17 ft) (420 – 510 cm) depths, the well EC data could be useful in showing trends in field salinization.  

The use of EM38 soil surveys, or remote sensing/aerial imagery, could be feasible for reuse 

facilities irrigating with saline water to monitor increases in soil salinity over time and take proactive 

steps to protect against the declining crop yields. Strategic reclamation may be required to return soil 

salinity to acceptable levels, but this should be undertaken when nitrogen levels are low in the soil profile 

to prevent nitrate leaching to groundwater. At present the forage fields in the SJRIP are not fertilized, but 

instead they are maintained on nitrogen present in the incoming subsurface drainage water. The eventual 

goal is to use the CSUID model as a decision support tool to allow water districts reusing saline waters to 

apply appropriate, but not excessive, leaching fractions in order to maintain the long-term sustainability of 

their forage production.   

Keywords: Saline irrigation, Soil salinity mapping, EM-38, Forage, Reuse 
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Soil is the most important source of micronutrients for plants and human being (through consumption of 

plants). But over application of fertilizers to meet demand for food are disturbing nutrients balances. The 

nutrient deficient soil is the reason why the availability of micronutrients is lacking in human dietary 

items. We studied the effect of 13 years old long-term integrated nutrient management system on 

micronutrient availability under different managements. We used ion exchange resin membranes (IER) to 
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determine total availability of micronutrients and studied micronutrients distribution in rice-wheat 

cropping system in treatments, namely F (fertilizer; recommended dose), LE (legume), GM (green 

manure), FYM (farmyard manure), WS (wheat straw), RS (rice straw) for two consecutive years. Soil 

moisture conditions controlled the availability of micronutrients in rice-wheat cropping systems. Moisture 

closed to field capacity favored higher availability of Zn, Fe, and Cu. Among treatments, FYM 

contributed maximum to total availability of Zn and Fe, Cu, and Mn; however, the micronutrient 

availability showed variable trends in both the years in rice and wheat cropping systems. In terms of 

micronutrient distribution, the better availability was observed in wheat crop than rice, and in straw than 

grain. The soil stock of Zn was observed highest (13.15 µg cm
-2

) in F treatment (supplied with ZnSO4 

fertilizer); however organic treatments showed increased availability of Fe, Cu, Mn in both straw and 

grain as compared to F treatment.  

Keywords: Rice-wheat cropping system, Micronutrient, Reclaimed sodic soil, Plant uptake 
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Sewage sludge is by-products generated during wastewater treatment. At present, land use is one of the 

most promising methods for sludge disposal because it is a cheap and rich source of organic matter, N, P, 

K and other essential plant nutrients. In most of the states of India, 25-84% of groundwater used for 

irrigation is of poor quality (saline/sodic). Quality of irrigation water also affects soil pH, EC and other 

properties of soil. Soil pH increased with the use of high SAR water greatly influences heavy metal 

dynamics and the bioavailability. Therefore, for safe disposal and exploiting sewage sludge as a resource, 

it is necessary to understand the dynamics and accumulation of heavy metals in crops grown on sludge 

added soils and irrigated with marginal quality waters. For this purpose, a greenhouse experiment was 

conducted at Water Technology Centre, IARI, during Rabi season of 2016-17 with spinach (Spinacia 

oleracea L.) as test crop. Treatments comprises five levels of N i.e. 0, 25, 50, 100 and 200% of 

recommended dose of nitrogen fertilizer (RDF) applied through sludge and four levels of alkali water 

(based on SAR: 0, 10, 20 and 30 me L
-1

) were used as irrigation purpose during crop growth stage. 

Harvesting of spinach was done after 40, 60 and 80 days after sowing (DAS), fresh weight and heavy 

metals concentration were recorded after each harvest. Post-harvest soil was analyzed for soil chemical 

properties and heavy metals accumulation. Results indicated that, test crop responded positively in terms 

of total fresh and dry biomass yield to applied sludge up to 200% level of N over control treatments. On 

an average, nutrient (N, P and K) content in spinach increased in all N treatments over control and slightly 

decreased when irrigated with alkali water up to 30 (SAR) levels over control. Moreover, on an average, 

Pb content increased to the tune of 2.7, 4.9 and 5.9% in 50, 100 and 200% level of N treatments, 

respectively over control and decreased in treatments irrigated with alkali water (SAR) up to 30 me L
-1
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(4.5%) over control. Similar pattern was also observed with other heavy metals (Cd, Cr, Ni and Zn) in 

plant as well as in soil. Results also revealed that, pH and EC of soil was not significantly altered by 

application of sludge, irrespective of depth of soil, but high SAR value water (30 me L
-1

) lead to marginal 

and significant increment in pH and EC value in 0-5 cm of soil. The results demonstrated that nitrogen, 

phosphorus and organic carbon contents increased significantly in top (0-15 cm) soil of pots receiving 

sludge, while no significant change appeared when irrigated with alkali waters. Our results also revealed, 

heavy doses of sludge (100 & 200% N treatments) lead to heavy metals accumulation (Zn, Pb, Cd, Cr, 

Ni) in soil with varying degrees, the magnitude of increment was maximum in the case of Zn followed by 

other metals. This work brought, about notable benefits of sludge application to soil fertility, but heavy 

metals accumulation in plants and soil needs to be monitor. 

Keywords: Heavy metals, Sewage sludge, Alkali water, SAR, Spinach 

 

Recent Management and Remediation Approaches for Wastewater Use in 

Agriculture 

 

Khajanchi Lal* 

Water Technology Centre, ICAR - Indian Agricultural Research Institute, New Delhi – 110 012 

Delhi, India  
*
E-mail: khajanchilal65@gmail.com; khajanchi@iari.res.in 

 

Accelerated industrialization and population explosion accompanied with urban development led to more 

exploitation of freshwater and generation of huge volume of wastewater having complex composition. In 

peri-urban areas, use of wastewater is inevitable, as it is a cheap, reliable and alternate potential source of 

irrigation and plant nutrients. However, wastewater carries pathogen and pollutants posing acute risk to 

public health and natural resources. A major contributor to pollute water bodies with harmful pollutants, 

toxins or pathogenic microorganisms is improperly or untreated urban effluents. High investment cost and 

maintenance problems associated with conventional treatment facilities emphasizes on development of 

low cost technologies. Treatment technologies like phytoremediation, bio-remediation, bioadsorption and 

decentralized treatment methods like constructed wetlands, lagoons etc. are efficient,  low cost and 

ecofriendly methods for pollutant and pathogen reduction and more suited to dilute effluent that originates 

either from an industrial plant or from the primary wastewater treatment facility. The next generation 

technologies like nanoclays, biopolymers, genetically engineered microorganisms etc. are also promising 

but needs research for up scaling. A combination of at source reduction, land & water management, crop 

restriction and post-harvest measures are another management practices to reduce risk in agriculture. 

Carbon based technologies in the form of graphene, graphene composites and improved activated carbon 

which have enormous potential for removal of heavy metals, pesticides and harmful bacteria from 

wastewater could be the future strategies.  

Keywords: Sewage irrigation, Nutrient potential, Health risks, Management, Remediation technologies 
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Water is very essential for the crop production in agriculture. India has 18% of world population, 

accounting 4% of fresh water out of which 80% used in agriculture. Agriculture faces a challenge of 

water scarcity. There is an option of using marginal quality water and good quality blended with saline 

water for the irrigation in agriculture. Every crop has some tolerance factor of saline water. It can survive 

with irrigation of marginal quality water at the growth stages. That also enhances the yield and improves 

quality. Drip irrigation technique also improves the water productivity and use of marginal water in the 

vegetable and crop production. Vegetables are sensitive to the salinity. Imposing of saline water can 

reduce the yield. Saline water blending with good quality water is a good management strategy to use 

saline water in irrigation. Mostly vegetable are short duration and can increase the farmers yield. Several 

studies showed that vegetables were grown in marginal quality water. Irrigation with marginal quality 

water in other cereal crops has been studied. Marginal quality water irrigation saves a large quantum of 

good quality water which can be used for other purposes. 

Keywords: Marginal water, Saline water, Drip irrigation, Crop 
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Like other countries, India has also salt affected soils. The degraded area is increasing day by day due to 

secondary salinization, increase in dependence of agriculture on poor quality waters in semi-arid and arid 

regions, sea water infringement and brackish water aquaculture in coastal regions. For reclamation of salt 

affected soil (saline and alkali soil) different amendment are used. Application of amendments like 

gypsum, higher doses of nitrogen in splits to compensate for volatilization losses, organic matter 

additions through green manure to increase reclaiming action, skipping phosphorus application in the 

initial years and the application of zinc to each crop were some of the emerging recommendations. Also 

low-grade are to reclaim of calcareous soils. Drainage system also used faster remedy of saline and 

waterlogged soils. Alkali soils have also been reclaimed by the hydro-chemical technology. For crop 

production in salt affected soil by leaching, proper selection of crops (salt tolerant crops), different 
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irrigation method, cultural activity (furrow planting, fertility management) and also by drainage system 

(safer disposal of drainage waters). In future, the reclamation of salt affected soils is essential due to the 

increasing food demand with stagnant or decreasing cultivable area. 

Keywords: Saline soil, Alkali soil, Management 
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Agricultural productivity in the arid and semi-arid zones of Central Asia increased dramatically during the 

1950s owing to large-scale development of irrigated land using the water resources of Amu-darya and 

Syr-darya Rivers. Simultaneously, however, inadequate water management and poor drainage have led to 

widespread salinization, especially over a large area in Uzbekistan causing serious damage to agricultural 

production. Several measures, such as constructing a drainage system, dredging of drainage ditches, and 

leaching operations to remove salt from farm fields, have been taken to mitigate salinization. Still, salinity 

levels have remained high in many farm fields as incomplete dredging operations, decreased discharge of 

deep subsurface drainage, and ineffective vertical drainage systems only had a minimal leaching effect. 

Thus, we proposed a shallow subsurface drainage technology to ensure effective salt removal (by 

leaching) from the surface soil layer. The technology was investigated in combination with a new drain 

drilling machine developed in Japan. The machine can construct relatively stable, low-cost mole holes 

(hereinafter referred to as “Cut-drain”) to depth between 60 to 90 cm from the surface. The Cut-drain was 

initially applied in semi-arid areas for reducing salt loads from shallow subsurface drainage. The 

information gathered about the technology was later described and compiled into a technical manual after 

field experiments. The manual is composed of the following sections, namely, “The mechanism of salt 

accumulation and countermeasures,” “The factors of salinization in the experimental site,” and “Shallow 

subsurface drainage technology.” The contents are described in a simple manner and conveyed 

intelligibly using photos or illustrations. The shallow subsurface drainage is explained in the manual 

according to the planning and construction method, the appropriate soil conditions (i.e., suitable soil 

texture and soil moisture), and problems (e.g., collapse of Cut-drain) and its countermeasures. In the farm 

field where the shallow subsurface drainage technology was applied, high salinity water was discharged 

from the field to the open drainage, decreasing soil salinity and subsequently resulting to an 

approximately 20% increase in cotton yield. The manual is expected to be applied in arid or semi-arid 

zones. Cut-drains should be constructed in areas where the soils meet certain texture and moisture 

conditions (i.e., the texture should have a low proportion of sand or silt, and it should not be too hard and 

dry). The manual was translated into Japanese, English, and Russian in agreement with the Farmers‟ 

Council (FC) and concerned research institutes in Uzbekistan. In addition, an abridged version was also 

translated into English, Russian, and Uzbek for field use. The drilling machine is relatively expensive for 

farmers. Therefore, FC has an important role to play in supporting farmers, such as providing easy access 

to use the machine. 
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In Central Asia, large-scale development of irrigation was conducted in the Amu and Syr Darya river 

basins since 1960s (during the Soviet era). In these areas, secondary salinization caused by inappropriate 

water management and poor drainage has become a serious problem. In search of effective measures for 

mitigating secondary salinization, the Japan International Research Center for Agricultural Sciences 

(JIRCAS) has engaged in research activities which focused on developing effective drainage technology 

since 2013. JIRCAS has come up with a shallow sub-surface drainage system, which can be used in 

combination with flexible plastic pipes and low-cost drain drilling machine (Cut-drain). In Uzbekistan, it 

is expected to improve salt removal (leaching effect) in winter time by making Mole holes to depths of 60 

to 90 cm from the soil surface by Cut-drain. However, there is a concern that decreasing soil moisture 

during irrigation period due to accelerated drainage might detrimentally affect plant growth. In this study, 

the effect of construction of Cut-drain on furrow irrigation for cotton cultivation was investigated in 2016. 

Control and Cut-drain plots (width, 50 m; length, 10 m) were prepared on 2
nd

 June. In the Cut-drain plot, 

two rows of Mole holes at 5 m interval were constructed in the north to south direction by Cut drain. The 

first and second irrigation carried out on 6-7
th
 and 20-22

nd
 July, respectively, resulted in the formation of 

ridges and furrows in the east to west direction. During the irrigation period, a water flow test was 

conducted in 42 furrows at each plot, and the volumetric water contents (VWC) of surface soil (up to 10 

cm depth) and soil EC (up to 40 cm depth) were observed. Thereafter, a cotton yield survey was 

conducted on the 13
th
 September by measuring the weight of raw cotton. The water flow test revealed that 

Preferential Flow (PF) occurred in Cut-drain plot during the first and second irrigation, affecting 16 

(38%) and 15 (36%) furrows, respectively. PF refers to the uneven and often rapid movement of water 

and solutes through wormholes, root holes and cracks. In contrast, PF was not observed in the Control 

plot. The cracks made by the insertion of Cut-drain blade are presumed to be the cause of occurrence of 

PF. VWC of ridges in the Cut-drain plot decreased by around 26% compared with those of the Control 

plot. On the other hand, Soil EC of the ridge compare with initial soil of each plot, decreased by about 

10% in Cut-drain plot, increase by about 20% in Control plot. Cotton yield of Cut-drain plot had 

decreased only by 4% compared with that of the Control plot. Although this present study showed that the 

reduction in cotton yield was small, the continued construction of Mole holes by Cut-drain perpendicular 

to the furrows could lead to negative effect on cotton yield due to the lowering of soil moisture caused by 

PF. To prevent such occurrence, it is seemed to useful that plowing for closing the cracks and Mole holes 

made by Cut-drain be constructed parallel to the furrows. 

Keywords: Cut-drain, Furrow irrigation, Preferential flow, Salinity 

 



Golden Jubilee International Salinity Conference (GJISC) 2019 

 

 
 

105 

 
  

 

Years of Fertilization and Liming Impacts on Surface versus Deep Soil 

Organic Carbon Sequestration in a Sub-tropical Alfisols 

 

Ankita Trivedi
1
*, Ranjan Bhattacharyya

2 

1
ICAR-Cental Arid Zone Research Institute, Jodhpur – 342 001, Rajasthan, India 

2
ICAR-Indian Agricultural Research Institute, New Delhi–110 012, India  

*E-mail:ankita_trivedi@outlook.com 

 

Minimizing elevated CO2 concentration in atmosphere and increasing soil organic carbon (SOC) stock 

can be achieved through appropriate soil management practices. Hence, this study was conducted to 

understand the effect of 60 years of fertilization and liming in an Alfisol under sub-tropical climatic 

condition under maize (Zea mays L.) -wheat (Triticum aestivum L.) cropping system on SOC 

sequestration in surface (0-30 cm) and deep (30-60 cm) soil layers. In farmyard manure (FYM; added on 

equivalent recommended nitrogen basis) with adjusted doses of phosphorus and potassium coupled with 

liming (FYMP'K'L) treated plots, total SOC was nearly 83% higher than unfertilized control plots in the 

0-30 cm soil layer. Labile C including KMnO4-C was more in plots with FYM than NPKL plots, whereas 

the recalcitrant C content was more in NPKL than FYM treated plots. In the 0-60 cm soil layer, labile C 

stockwas highest for FYMP'K'L plots, but recalcitrant C stock was highest for NPKL. Total SOC 

accumulation rate (over unfertilized control plots) was highest for FYMP'K'L plots (0.38 Mg ha
-1

 year
-1

) 

in the surface soil layer, whereas C sequestration rate was highest for NPKL plots (0.18 Mg ha
-1

 year
-1

) in 

that layer. Both total SOC accumulation and SOC sequestration rates were highest for NPKL plots in the 

deep soil layer. Averaged across all treatments, total SOC sequestrations (over unfertilized control plots) 

in surface and in deep soil layers were 0.09and 0.08 Mg ha
-1

year
-1

 in 60 years. Overall, NPKL 

management practice had highest C sequestration potential in this agro-ecosystem thereby offsetting CO2 

emission, while liming with application of FYM (based on equivalent recommended mineral N 

fertilization) and adjusted doses of PK (FYMP'K'L) was the next best management practice. 

Keyword: Carbon sequestration, Maize-wheat system, Long term fertilization, Liming 
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Soybean [Glycine max (L.) Merrill] is an important oilseed crop of the Madhya Pradesh. It is cultivated 

during the kharif season. The productivity of the soybean in this region is only 1,124 kg/ha besides having 

good resources. The low productivity is mainly due to water stress at growth stages and untimely 

irrigation by the farmers and secondly occurrence of salt affected soils in irrigated regions of semi arid 

tropics is common and ascribed mainly to the rise in water table brought about by extensive seepage from 
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water flowing in canals, distributaries and channels and reckless use and ill management of irrigation 

water. Using efficient irrigation water management adopting border methods plays an important role in 

increasing productivity of soybean crop. ART field experiments were conducted under World Bank 

funded -MPWSR project during year 2011-14 for consecutive three years at selected farmer‟s fields in 

Betwa commands of Vidisha district of MP to assess the response of irrigation water management borders 

technology for enhancing crop and water productivity. The soil of experimental field was Vertisols with 

pH ranges 7.8-8.3, organic carbon 0.53%, soil textures with proportions of sand 34.6%, silt 23.35% and 

clay 42.05% as clay loam. A WHC reported 18cm/m depth of soil as determined by porous plate 

apparatus. The available N, P2O5 and K2O were 265 kg/ha, 22.68 kg/ha and 323.85 kg/ha. EC of the soil 

class ranged between  0.465 to 0.809 mS. The soybean variety JS -95-60  was grown with row to row 

spacing of 45 cm with ridge furrow system 75 kg seed per ha in the month of 1
st
 week of July. To 

demonstrate the potential of improved water management adopting borders technology farmer‟s field 

were selected to observe sustained impact of technology adaptive research trails (ART) on  in-situ each of 

head, middle, tail reach of left main canal side of Betwa command. The two treatments were farmer‟s 

practices (two surface irrigation) and improved water management technology (two irrigation at flowering 

and pod formation stage with borders method with 80% cutoff ratio). Results obtained was applying two 

irrigations each nearly of 6 cm depth at flowering and pod formation stages by border strip method of 

irrigation gave significantly higher yield  ranged from 1395 to 2025 kg per ha. Mean yield of these ART 

fields worked out to 1357 kg per ha whereas the average yield obtained in case of farmer‟s practices were 

1080 kg per ha. This revealed that an increase of crop productivity 33.33% over farmer‟s practice. Water 

use efficiency was also found better in those of ART fields as compare to farmers practices as border 

methods allowed water uniformly spread during water front advance and recession. Economic water 

productivity evaluation worked out per hectare net returns of Rs 34,212 for water saving borders 

technology were obtained in ART fields while Rs 24,700 in farmer‟s practice resulting 38.51% higher 

obtained at borders field. The B.C. ratio under improved practice (5.25) was 24.53 per cent higher over 

farmer‟s practice (4.22).  

Keywords: Adaptive research trial, Madhya Pradesh Water Sector Restructuring, Water use efficiency, 

Net return, Cutoff, Water productivity, Front advance, Recession 
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Rice (Oryza sativa) provides lives to billions of people around the world. It is the oldest domesticated 

crop and staple food for more than 2.5 billion people. Rice covers 9% of the earth‟s arable land and 

provides 21% of global human per capita energy along with 15% of per capita protein. India is the largest 

producer of white and brown rice, accounting for 20% of world‟s production. Looking at the importance 

of rice, its growth and development is of great consideration. Zinc and iron are the important micro 

nutrients for rice production. Deficiency of zinc leads to stunted growth, reduce number of tillers, small 
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leaves and chlorosis. On the other hand, iron is important for DNA synthesis, respiration and 

photosynthesis. It also helps in maintenance of chloroplast structure and function. Zinc and iron 

deficiency had been a great problem in recent times. There are many factors such as pH of soil, chemical 

fertilizers application, low organic content which are responsible for less availability of zinc and iron to 

have better concentration and easy availability of zinc and iron in soil organic matter can be a great 

asset.Organic amendments would help in maintaining the availability of zinc and iron in soil. 

Keywords: Rice, Biofortification, Micronutrients, Organic fertilizer, Metabolic process 
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With the aim to study the yield sustainability and maintenance of soil fertility on long term basis, the 

experiment was laid out in the year 2009 at Research Farm of Department of Soil Science, CCSHAU, 

Hisar. Seven treatments comprising of  control, FYM @ 15 t ha
-1

, RDN&P, STCR with Target Yield 

5.5/3.0 and 6.0/3.5 t ha
-1

 with and without FYM in wheat and pearl millet, respectively. The treatments 

where FYM @ 15 t ha
-1

 was applied approximately 22 kg N and 15 t ha
-1

 was reduced from fertilizer 

nutrients. The initial soil test values of surface soil during 2009 before the start of the experiment on long 

term nutrient management were 0.50 % OC; 126 Kg N, 15 Kg P, 288 Kg K ha
-1

, 4.4 mg kg
 -1 

Zn, 9.0 mg 

kg
 -1 

Fe, 12.4 mg kg
 -1 

Mn and 0.9 mg kg
 -1 

Cu. The electrical conductivity (EC) of the soil increased with 

increase in organic matter content of the soil both in wheat and pearl millet; however a non-significant 

relation was observed in pH of the soil with different nutrient management practices of STCR. The 

organic carbon content of the soil increased from 0.50% (2009) to 0.88% (2016-17). Among the different 

treatments of STCR, the organic carbon content of the soil varies from 0.82 to 0.88 % in STCR–IPNS and 

FYM treatments, 0.61 to 0.64% in RDN&P and STCR treatments and 0.28% in control at 0-15 cm soil 

depth in wheat and pearl millet. As compared to the initial values, the NPK content of the soil decreased 

to 114, 10 and 249 kg ha
-1

in control; however, in STCR-IPNS treatment the NPK content increased to 

152, 27 and 309 Kg ha
-1

, respectively which were due to addition of FYM continuous for nine years. The 

NPK content of the soil increased significantly with increase in organic matter content of the soil in wheat 

and pearl millet at surface and subsurface soil and was found to be highest for STCR IPNS and FYM 

treatments followed by STCR and RDN&P and lowest for control. The micronutrient levels (Zn, Fe, Mn 

and Cu) decreased in control and other treatments as compared to initial values. However, among the 

different treatments of STCR, application of FYM resulted the increase in Zn, Fe, Mn and Cu to 2.62, 

6.73, 9.10 and 1.18 mg kg
-1

 of the surface soils which decreased further with depth. The highest microbial 

biomass carbon of the soil was found in STCR-IPNS treated plots (895 to 910 mg kg
-1

) and lowest was 

observed in control (497 to 523 mg kg
-1

). The grain yield of wheat (6.25 and 5.75 t ha
-1

) and pearl millet 

(3.34 and 3.04 t ha
-1

) was found to be highest in STCR-IPNS treatment. Thus, the long term management 

of nutrients through FYM resulted in improvement in chemical properties of the soils as organic matter is 
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the store house of the available macro and micronutrients which contributes to its availability from the 

soil native pools and thus increasing the grain yield of wheat and pearl millet. 

Key words: STCR, Nutrient management, Microbial biomass carbon, Yield 
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The study was carried out on the ongoing long term experiment of Soil Test Crop Response (STCR) 

correlations for yield sustainability and maintenance of soil fertility under pearl millet–wheat cropping 

system at Research Farm of Department of Soil Science, CCSHAU, Hisar. The experiment was initially 

started in 2009 and was planned in a randomized block design with four replication and seven treatments 

viz. T1-control, T2-FYM @ 15 t ha
-1

, T3-RDN&P, T4-STCR with TY 5.5/3.0 t ha
-1

, T5-STCR with TY 

6.0/3.5 t ha
-1

, T6-STCR-IPNS with TY 5.5/3.0 FYM and T7-STCR-IPNS with 6.0/3.5 FYM yield targets. 

Farm Yard Manure @ 15 t ha
-1

 was applied in both rabi and kharif season in T2, T6 and T7 plots. The 

treatments where FYM @ 15 t ha
-1

 was applied approximately 22 kg N and 15 t ha
-1

 was reduced from 

fertilizer nutrients. The results showed the decrease in the bulk density of the soil with the incorporation 

of fertilizers or FYM or both and it decrease from 1.43 to 1.38 and 1.44 to 1.37 Mg m
-3

 at surface 0-15 cm 

soil depth in wheat and pearl millet after 9 year of experimentation.The bulk density increased with 

increase in soil depth at 15-30 cm. At lower depth also, the decrease in bulk density was observed due to 

FYM/Fertilizers or both. Infiltration rate of the soil was also found to increase from 36.3 to 78.9% and 

45.8 to 91.9% with the application of fertilizers or FYM or both. Hydraulic conductivity of the surface 

soils increased with the application of FYM or fertilizers (0.60 to 1.22 and 0.57 to 1.15 cm hr
-1

) in wheat 

and pearl millet, however, it decreased at lower depth (15-30 cm) due to increase in compaction that 

resulted the decrease in porosity of the soils. Also the water stable aggregates > 0.25 mm and mean 

weight diameter of the aggregates were found higher in STCR–IPNS treatment where FYM along with 

fertilizers were applied continuously for nine years. The plant available water content was also found to 

increase by 8.8, 5.9 & 8.0 and 6.9, 4.6 and 4.1% in surface 0-15 cm in wheat and pearl millet, 

respectively, in FYM and STCR-IPNS treated plots.  It has also been observed that penetration resistance 

of the soil decreased from 1.40 to 1.03 and 1.58 to 1.03 Mpa at 0-15 cm soil depth with the application of 

fertilizers and FYM in wheat and pearl millet, respectively. The results inferred from the study of long 

term nutrient management of STCR showed the improvement in physical properties of the soils with the 

application of FYM or fertilizers or both at surface and subsurface soils. 

Keywords: STCR, Bulk density, Hydraulic conductivity, Infiltration rate, Pearl millet-wheat cropping 

system 
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The problem of salt affected soils has been reported from many parts of the world from ancient times. The 

wider spread occurrence of these soils in about 120 countries encompassing all continent poses a serious 

threat to agricultural production in both irrigated and rainfed areas. Based on FAO/UNESCO Soil Map of 

the World, a total of 953 M ha covering about 7-8% of the surface are suffering from this problem. In 

India, the estimated area of the salt affected soils is about 6.73 M ha, out of which 1.37 M ha land spread 

over in Central Indo-Gangetic Plains of Uttar Pradesh. These soils have abundance of sodium carbonate, 

bicarbonate, chloride and sulphate, which stimulated various kinds of geochemical processes within these 

soils and promotes poor hydro-physical properties. In the soil profile, the level of native soil organic 

matter is very less due to its high solubility, decomposability and accessibility within the sodic soils. As 

an adverse effect of soil poor physical and chemical and biological conditions, the organic carbon remains 

≤ 1gm/kg. The ownership of these lands is mainly belongs to the economically poor and socially 

backward classes. The average productivity of these lands ranges from 0.5-1.0 t/ha for rice and wheat. 

Holistic management practices using one time gypsum (flushing of salt followed by 50% gypsum 

application) ameliorant along with salt tolerant cultivars and locally available inputs like dhaincha 

(Sesbaniasp.), FYM, pressmud and crop residueproved to have a significant impacton crop productivity 

and soil health. In Uttar Pradesh the total 120832 ha sodic land were reclaimed by Uttar Pradesh 

BbhumiSudhar Nigam (UPBSN) during 2011-12 to 2015 -16. The total incremental production of paddy 

and wheat were estimated 1099726.14 and 975162.10 tonnesrespectively. The value of incremental 

produce based on MSP was Rs 2864.95 crores. The sodic land reclamation enhances the hydraulic 

conductivity, soil aggregates, carbon sequestration potential, availability of essential micronutrients to the 

plants and lowering the soil pH, ESP, thereby improving conducive soil environment for plants. In 

fluoride affected area, the soluble fluoride (NaF) content is significantly reduced by formation of CaF2 

through application of gypsum. It has also made impact on minimizing the migration of labors from sodic 

village and helped in nutrition and food security to the rural people. Thus, the sodic land reclamation and 

management could help to transform unproductive sodic lands into productive one to meet the food 

security of resource poor farmers of the Uttar Pradesh. 

Keywords: Carbon sequestration, Food security, Gypsum, Indo-Gangetic Plains, Sodic soil 
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The present research was conducted to study the influence of long-term poor quality water and crop 

residue incorporation on physico-chemical properties and potassium dynamics of the soil through a field 

investigation and an incubation study. The long-term experiment had 16 treatments involving four 

irrigation water qualities: canal water irrigation (SW1), sodic water (SW2), sodic water plus gypsum 

(SW3) and saline water (SW4). The crop residue treatments were wheat straw @ 6 t ha
-1

 to rice crop (T1), 

rice straw @ 6 t ha
-1

 to wheat crop (T2), both rice and wheat straw @ 6 t ha
-1

 each (T3) and the 

unamended control (T4). Irrigation with SW2 and saline SW4 significantly increased soil pH, EC, soluble 

salts, sodium adsorption ratio (SAR), exchangeable sodium percentage (ESP) and CaCO3, and decreased 

organic carbon while application of gypsum with sodic water decreased pH, SAR and ESP in soil after 

wheat and rice harvest in 2016-17. Bulk density increased with SW2 irrigation and soil depth and 

decreased with the addition of crop residues. Saline and sodic water irrigation lowered all the K 

fractions viz. water soluble K (WSK), exchangeable K (ExK), non-exchangeable K (NEK) in the soils, 

whereas application of crop residues increased these K fractions. The water soluble K and ExK 

decreased with depth while NEK and total K increased with soil depth. Incorporation of both rice and 

wheat residues (T3) significantly increased all the K fractions over the unamended control (T4). Simple 

Elovich model best represented the cumulative release of K as evidenced by higher R
2 
values (≈0.98) and 

higher value of kinetics parameters than other models. Decrease in N and P concentration in grain and 

straw of wheat and rice was observed due to saline and sodic water irrigation. Potassium concentration 

and uptake by wheat and rice grain was lowered when irrigated with saline and sodic waters while the Na 

content in grain and straw of both crops increased. Crop residue amendments improved rice and wheat 

yield as well as K uptake in saline and sodic water irrigated soils; the effects were pronounced in soils 

amended with both crop residues. A 30-day incubation experiment involving periodical analysis with 48 

treatment combinations involving four salt treatments, three crop residue and four fertilizer levels 

revealed that WSK and ExK significantly and progressively increased with K fertilization during 

incubation while reverse was observed for NEK. Application of nascent salinity induced by adding two 

levels (@ 40 and 80 mmol l
-1

) of NaCl increased WSK, ExK by releasing more K from non-exchangeable 

sites than that in the soil receiving long-term saline water irrigation. Conversely, a declining trend in soil 

NEK was observed under nascent salinity treatments compared with long-term saline irrigation. 

Generally, NEK increased while WSK and ExK decreased with time of incubation. The study showed 

that adverse effects of saline and sodic irrigation on K fertility can be more effectively managed by 

incorporation of crop residues than application of potassic fertilisers. 

Keywords: Crop residues, Potassium dynamics, Rice-wheat, Poor quality water, Soil properties 
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The study was carried out to estimate the effect of FYM, fertilizers (inorganic fertilizers-NPK) and bio-

fertilizers (PSB inoculation and Azospirilluminoculation) on yield attributes (neck thickness, equatorial 

diameter and polar diameter) of bulbs of 12 onion cultivars. The experiment was laid out at College Farm, 

College of Agriculture, SK Rajasthan Agricultural University, Bikaner, during “Rabi” season of 2015-16 

and 2016-17. The effect of organic manure treatments namely M0 (Control), M1 (FYM 10 t ha
-1

), M2 

(FYM 20 t ha
-1

); inorganic fertilizers treatments namely F0 (0% RD of NPK), F1 (50% RD of NPK), F2 

(100% RD of NPK) and bio-fertilizers treatments namely B0 (No-inoculation), B1 (PSB inoculation), B2 

(Azospirillum inoculation) were observed on onion bulbs. The results showed that the neck thickness, 

equatorial and polar diameter of bulb, and bulb yield of onion crop increased significantly with the 

application of FYM and 100% RDF of inorganic fertilizers and less significantly due to inoculation of 

Azospirillum and PSB respectively.  

Keywords: Onion, Yield attridutes, FYM, NPK, Bio-fertilizers 
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Sulphur oxidizing bacteria play an important role in reclamation of sodic soils by converting elemental 

sulphur into sulphate. In this study, attempt was made to isolate sulphur oxidizing bacteria from different 

sources and try to optimize the favourable condition for their growth. Seven different samples viz., 

molasses, refinery sulphur mixed with soils, press mud compost, fly ash, press mud infected with fungus, 

spent wash and soil press mud  were collected from different sulphur sources and also from soil by using 

Thiobacillus selective and NCIMB medium. The isolates were characterized and screened based on pH 

reduction and were kept on different temperatures (27 ºC, 32 ºC, 37 ºC, 42 ºC, 47 ºC and 52 ºC) to get the 

efficient isolates. The isolates were assessed for their ability to oxidise sulphur or sulphate production. 

According to the results, only S-2 (refinery sulphur mixed with soil) bacterial isolate decrease the pH of 
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the culture medium from 8.0 to 3.0 and 6.0 to 2.0 and efficiently produce sulphate ion in the medium. The 

isolates were able to grow at wide range of temperatures between 27 ºC to 37 ºC. However, isolates 

showed maximum sulphur oxidation capacity at 37 ºC followed by 32 ºC. The pH reducing and sulphur 

oxidation capacity of sulphur oxidizing bacteria can be utilized for reclamation of alkali soils after its 

evaluation under field conditions.  

Keywords: Sulphur oxidising bacteria, Temperature, pH, Sodic soil, Reclamation 
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The municipal solid waste (MSW) has been significantly increased in the last few decades, and its 

management became a major issue due to poor management system of MSW. The improper management 

of MSW is causing several health issues and poor amenity in the cities. In recent years, MSW disposal 

has been one of the most important problems worldwide in developing countries. There are three main 

methods viz., landfill, incineration and compositing for the management of MSW disposal, but the open 

landfill is most economical and executed method in developing countries, particularly in India. Open 

dumping causing problem to human health as well as adverse impacts on environment, geotech and 

agriculture. With the increase in urbanization, India ranks in top ten countries generating highest amount 

of MSW. In near future it will be very difficult to manage the MSW without proper management. In 

India, the MSW is managed by Government authorities. The several rules and regulation has been framed 

to manage MSW. However, due to lack of infrastructure, human resources, financial resources, these 

rules have not been implemented properly. There is need to aware the people regarding hazardous impacts 

of MSW on health and environment. Government of India, Ministry of environment and Forest provide 

rules of MSW in 2000. The Central Pollution Control Board issued “Guidelines and check list for 

evaluation of landfills proposals with information on existing landfills, 2008”. These guidelines provided 

to Urban local bodies (ULBs) for managing the municipal solid waste and landfill as per rules. However, 

a few Urban local bodies (ULBs) have attempting zero garbage on municipal solid waste management 

adopting concept of 3R (recycling, reduce and reuse). Government has launched new schemes such as 

Swachh Bharat Abhiyan (SBA), Smart City Plan for urban development and waste management. 

Government need to aware people from health hazardous problems, environmental, geotechnical and 

agricultural problems generated by open dumping of waste.  

Keywords:  Municipal solid waste, Waste generation, 3R concept, Landfilling and problems 
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Soil salinization is one of the most serious environmental challenges to resolve in the current century. 

There have been some recent pioneering attempts to use salinity as an experimental probe to link 

microorganisms to biogeochemical functions in soil.  Bacterial and fungal diversity reflects soil quality by 

affecting soil agglomeration and soil fertility. They are playing important role in nutrient recycling and in 

enhancing plant health through direct or indirect means. In addition, a healthy rhizosphere population can 

help plants to deal with biotic and abiotic stresses such as pathogens, drought and soil contamination. Soil 

salinity affects microbial communities to different extents which need to be studied. The present study 

expands the spectrum of the culturable microbial diversity in the salt stress areas. This study also helps to 

identify the microbes which could be helpful for the mitigation of salt stresses in crops. This study also 

increases the understanding in the role of rhizopheric microbes in the stress conditions. The study 

demonstrated that numbers of beneficial microbes were found in the rhizophere of halophytes of saline 

soils in comparison to the non-rhizopheric soil. Electric conductivity of soil samples ranged from 2.33-

12.1 while pH ranged from 8.21-9.0. Different types of microbes (Bacteria, fungi, actinomycetes, 

phosphate and zinc solubilising bacteria, Azotobacter, Azospirillium, Pseudomonas, N2 fixing bacteria) in 

varied population was found in the saline soil samples.  

Keywords: Microbial diversity, Saline soils, Electric conductivity, Rhizopheric 

 

Review on Reclamation of Salt Affected Soils in Drylands of Ethiopia 

 

Hintsa Muruts*,
 
Hailay Haileselassie and Yohannes Desta

 

Department of Land Resources Management and Environmental Protection (LaRMEP)  

Mekelle University, Mekelle, Tigray, Ethiopia 
*
E-mail: muhintsa2010@gmail.com 

 

Consistent with the fact that productivity enhancement of salt-affected soils is a prerequisite to meeting 

the food requirements of a growing Ethiopian population, this paper explores the drivers accelerating the 

formation of salt-affected (mainly saline) soils, extent of the problem and the best management options 

for productively utilizing such soils in the dryland regions of Ethiopia. An analysis of the literature 

reveals some drawbacks limiting the practical utility of otherwise potential salinity reclamation options, 

including relatively higher costs of some techniques unaffordable to small holder farmers and some 

undesirable changes in soil properties (e.g., pH and drainage characteristics) occurring after amelioration. 

It implies that preventing salinization rather than reclaiming saline soils is a much better option. In this 

back drop, this paper presents the experiences gained and the future research priorities in the reclamation 

of salt-affected soils for augmenting and sustaining the agricultural productivity in Ethiopian drylands. 
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This review also aims to highlight the multifarious benefits of woody perennial agroforestry systems in 

terms of soil reclamation and climate change adaptation in the salt-affected areas of Ethiopia. A critical 

examination of different issues leads to the conclusion that much practical work remains to be done using 

a multidisciplinary approach for reclaiming and managing saline soils in the drylands of Ethiopia. 

Keywords: Agroforestry, Reclamation, Salt affected soils 
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Newer approaches and breeding protocols for 
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A study was done to screen 47 diverse genetically diverse wheat genotypes for Mn deficiency tolerance 

based on physiological characteristics of the cultivars with the use of MnSO4 as source of Mn in nutrient 

solution as Mn sufficient (19.5 µM) and Mn deficient (0.06µM) nutrient solution under controlled growth 

condition and also to develop proper graphical (based on biomass yield and Mn use efficiency) and 

numerical [based on Mn deficiency tolerance index (MDTI)] classification methodology of Mn deficiency 

tolerance. Results showed that shoot dry weight and mean Mn accumulation was 136.7% and 76.5% 

enhanced when Mn nutrition was improved, respectively. In Mn deficient solution, efficient genotypes 

had lower root-length/shoot weight ratio but higher relative shoot growth rate with higher shoot demand 

on root which reflected higher Mn influx. Root geometry and total superoxide dismutase were suppressed 

with low Mn nutrition. Relative leaf greenness of the genotypes varied from 84.0 (PBW621) to 122.7 

(WR544). Genotypes were quantitatively classified as tolerant (>0.66), semi-tolerant (0.33–0.66) and 

sensitive (<0.33) on the basis of MDTI (0–1 scale) and as ER (efficient and responsive), IER (inefficient 

and responsive), IENR (inefficient and nonresponsive) and ENR (efficient and nonresponsive) on the 

basis of biomass yield at low Mn, and Mn efficiency in biomass, whereas, hierarchical cluster analysis 

only form two cluster (efficient and inefficient). All classification techniques enlisted the genotypes 

WH542, HW2083, HD2329, PBW343, WR544, KUNDAN, and HD2967 as Mn efficient. The efficient 

and responsive genotypes are most desirable as they reduce the risk of crop failure under Mn deficient 

conditions and respond better to Mn additions. Generated information on physiological parameters in 

relation to Mn deficiency tolerance of wheat genotypes could be used by plant breeders for selecting and 

development of Mn efficient varieties in their breeding program. Use of MDTI index can also be 

extended for other crops and nutrients. 

Keywords: Wheat, Hierarchical cluster analysis, Mn deficiency, MDTI  
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Breeding crops for salinity tolerance is one of the major pathways to bring saline land/water under 

agricultural use. Nature has its own ways to combat every environmental stress and evolved plants 

acclimatized to adverse ecology. There are certain crop plants which naturally have inherent tolerance to 
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wider range of abiotic stresses like salinity. Use of such plants which have economic value too, can be a 

potential way to bring the saline lands or water under cultivation with short time span. Quinoa 

(Chenopodium quinoa) is the one of suchpromising species among salt and drought tolerant crops that has 

a high potential to become a cash crop. Quinoa has been an important food source in the Andeanregion 

(Bolivia, Peru and Ecuador) for thousands of years. Recently, it gainsworldwide attention because of its 

extraordinary tolerance tovarious environmental stress conditions like soil salinity,acidity, drought, frost, 

etc. Apart from this, its grains are a rich source of awide range of minerals, vitamins, oil containing large 

amounts of linoleate, linolenate and natural antioxidants and high quality proteincontaining ample 

amounts of essential amino acids such aslysine and methionine. Quinoa‟s highly proteinaceous grain can 

help to make diets more balanced and can play an important role in combating „silent hunger‟ among poor 

populations in India who have little access to protein rich diet. To explore the possibility of natural salt 

tolerance of quinoa in Indian conditions, a pot experiment was conducted with 13 germplasm (11 

acquired from NBPGR and 2 local collections) under four levels (0, 8, 16 and 24 dS/m) of irrigation water 

salinity during winterseason of 2017-18. The various germplasm showed variable response with respect to 

growth and physiological parameters studied. The SPAD meter readings of different germplasm ranged 

from 43.7 to 53.7 across the salinity environments and no significant difference was observed between 

control and 8 dS/m treatments. But SPAD readings increased significantly further at 16 and 24 dS/m 

irrigation water treatments over control and 8 dS/m treatments. The salinity stress significantly increased 

the proline content in quinoa leaves and the highest value (163.7 µg/g FW) was observed in germplasm 

G13 with 24 dS/m salinity. Plant height of quinoa germplasm varied from 88.4 to 102 cm at the time of 

maturity. The increasing levels of salinity significantly reduced the plant height of all the quinoa 

germplasm which was 17.2, 28.1 and 47.3 per cent lower as compared to control treatment. The no. of 

branches/plant in quinoa varied between 20.3 to 24.1 per plant.  The effect of saline water on branches per 

plant was less profound than plant height as increasing levels of salinity reduced the no. of branches/plant 

by 11.6, 16.2 and 28.0 per cent than control. The germplasm G13 registered maximum grain yield of 13.7 

g/plant with normal irrigation water while at highest levels of salinity (24.0 dS/m), the germplasm G10 

recorded maximum grain yield (5.0 g/plant) followed by G13 (4.7 g/plant).  The mean reduction in grain 

yield/plant across the germplasm studied was 32.7, 51.9 and 79.7 per cent under 8.0, 16.0 and 24.0dS/m 

saline water treatments, respectively.   

Keywords: Chenopodium quinoa, Salinity tolerance, SPAD, Quinoa 
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Wheat (Triticum aestivum) production and productivity is adversely affected by various abiotic stresses 

such drought, heat and salt but salinity is an important factor. It is a complex trait that is regulated by 

different molecular mechanisms. To improve salinity tolerance, identification of robust markers as well as 

the exploitation of salt-tolerant cultivars is a valuable approach to reduce yield losses under saline 
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conditions. Though more number of  SSR markers are publicly available now, the challenge remains to 

identify the trait-specific SSRs which can be used for marker assisted breeding.In this study, we mined 

168 SSRs from bread wheat genome using the sequence information of functionally validated salt-

responsive rice genes. In order to understand the genetic diversity, candidate gene based SSRs (cg-SSRs) 

and MIR gene based SSRs (miR-SSRs) were mined from 168 members of salt-responsive genes of wheat 

and validated among the contrasting panels of 54 tolerant as well as susceptible wheat genotypes. Among 

39 SSR markers screened, 10 each of cg-SSRs and miR-SSRs were found to be polymorphic. 

Polymorphic information content (PIC) between the genotypes ranged from 0.07 to 0.67indicative ofwide 

variation between the genotypes. The phylogenetic tree divides 54 genotypes into 3 main groups, with 5, 

20 and 29 genotypes in each group respectively. We also studied the various characteristics to describe 

the impacts of salinity stress on wheat morpho-physiological traits (sodium and potassium content in root 

and shoot, shoot length, root length, shoot weight, root weight, chlorophyll content and chlorophyll 

fluorescence). The salt susceptibility index was also calculated for the total dry weightof root and shoot 

(at seedling stage) of all the genotypes, were grouped into 3 categories [HST (highly salt tolerant), MST 

(moderately salt tolerant), and SS (salt susceptible)].In wheat system, it is very difficult to recognize the 

imperative characteristics related to salinity tolerance.The results obtained in this study could help to 

increase genetic resources and breeding program for drought tolerance 

Keywords:  Salt stress, Salt tolerance index, Triticum aestivum, cgSSR, miRNA SSR 
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Screening of  thirty two mustard genotypes were done for salinity tolerance in screen house. The counted 

seeds were sown in plastic trays filled with saturated dune sand with chloride dominated saline solution 

(12 dS/m) at uniform depth. Germination % was recorded at third day after sowing to 7 days and 15 days 

old seedling were taken for seedling length and dry weight. Germination percentage was reduced 

significantly in all genotypes. Tolerant genotypes with minimum reduction in germination were KMR 

(L)15-5 and NPJ-195 (1.8%) followed by PDZ-4 (1.9%), KMR E15-6, RH 0673 (3.3%) whereas 

susceptible genotype showed reduction of  48.9% ( DRMR 1165-13). Seedling length, dry weight and 

seedling vigour decreased under salinity.  A minimum reduction in seedling length was observed in BRP-

549-9 (15.7%) followed by KMR (E) 15-2 (18.6%) while maximum in PDZ-2(48.4%). Fifteen genotypes 

showed < 20% reduction in dry weight of 10 seedlings while the number reduced to eight for seedling 

vigor. Thus, present studies conclude that the genotypes KMR 15-3, BRP-549-9 and KMR (L) 15-5 are 

tolerant under salinity stress. 

Keywords: Brassica juncea, Salinity stress, Seedling stage 
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Bacterial blight (Xanthomonas oryzae pv. oryzae) is a serious disease of rice in tropics and subtropics 

including salt affected agro-ecologies.  For effective disease management of bacterial blight (hereafter 

BB), genetic resistance is the only viable approach. In our 2 years‟ preliminary study encompassing 137 

geographically and genetically diverse salt tolerant genotypes received from different breeding centers 

under Salinity Tolerant Breeding Network program in India, only 14 were confirmed to be resistant 

(10.21 %) after artificial inoculation with the pathogen, whereas the remaining genotypes were found 

susceptible.  This shows that the agronomic advantage of salt tolerant rice varieties could be diluted if 

these varieties become BB susceptible. Seeing the successful development of BB resistant varieties 

developed through a series of resistance genes in India and elsewhere, it is worthwhile to incorporate the 

durable resistance conditioned by more than one gene for harnessing the sustained advantage of salt 

tolerant varieties. For knowing the particular resistance genes effective under Island conditions, the 

scoring of 21 rice BB differentials revealed that among single genes tested, Xa4,Xa7 and Xa21 while 

among combinations, Xa4+xa5 (IRBB50), Xa4+Xa21 (IRBB52) and Xa4+xa5+xa13+Xa21 (IRBB60) 

conferred resistance to all Island isolates inoculated. CARI Dhan 5 derived from induced somaclonal 

variation in Pokkali land race is a popular salt tolerant rice variety released for coastal saline and acid 

sulphate soils in Andaman & Nicobar Islands. But this variety is BB susceptible.  Accordingly, we have 

initiated the simultaneous transfer of four bacterial blight resistance genes (Xa4, xa5, xa13 and Xa21) 

from the donor IRBB60 into the genetic background of CARI Dhan 5 through marker assisted backcross 

breeding program funded by Department of Biotechnology, Govt. of India. The improved lines advanced 

through foreground selection (for target Xa/xa genes) and background selection (for CARI Dhan 5 

genomic recovery) are currently in BC3F3 stage. These lines are expected to result in the development of 

resistant versions of CARI Dhan 5 for their sustainable cultivation in coastal saline and BB prone areas. 

Keywords: Bacterial blight resistant, Rice, Coastal saline, Salt tolerant 
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Salt stress hampers production and productivity of Indian Mustard across the world and penalized 50-90% 

yield reduction. Salinity tolerance is a very complex trait, regulated by several independent and/or inter-

dependent pathways and acquired by specific modulation of gene expression leading to multitude of 
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changes in physiology and biochemistry at the cellular level. Classical approach of breeding for salt 

tolerance involves utilization of the wide spectrum of inter and intraspecific variability in available 

germplasm which is of paramount importance in any crop improvement programme. This large 

germplasm is then screened under varying salinity levels in microplots which is a highly rapid, reliable, 

reproducible and affordable screening technique for salt tolerance. Genotypes that showed better stress 

tolerance indices without significant yield reduction were considered tolerant and further used in breeding 

programmes. Besides this, modern molecular breeding strategies like gene expression study, marker 

assisted selection (MAS) should also be consider to accelerate the classical breeding programs. In this 

direction, we analyzed and correlated the expression profile of two key groups of salt responsive genes 

under varying salt stress in two mutants CS 52-SPS-1-2012 (salt tolerant) and CS 614-4-1-4-100-13 (salt 

sensitive) along with two high yielding check varieties CS 54 and Pusa Bold. Transcript abundance 

analysis revealed the existence of a highly efficient salt scavenging system comprised antiporters (SOS1, 

SOS2, SOS3, ENH1 and NHX1) and antioxidant defense genes (APX1, APX4, DHAR3 and MDHAR6) in 

CS 54 and CS 52-SPS-1-2012 compared to Pusa bold and CS 614-4-1-4-100-13, is responsible for 

regulation of salt tolerant mechanisms in Mustard. This is a definite initiation towards high–throughput 

genotyping techniques like Genotyping-By-Sequencing (GBS) and whole transcriptome analysis to 

unravel QTLs for individual developmental stages as well as for individual physiological parameters 

which can be subjected to gene pyramiding to develop improved salt tolerant mustard varieties in a short 

span of time.  

Keywords: Indian mustard, Gene expression, MAS, Salt stress  
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Soybean is an important cash crop for human diet and animal feed due to its high protein and oil content. 

Salt stress is one of the abiotic stresses that significantly reduce the yield of soybean. Out of 126 soybean 

varieties released in India till date, none of the variety was released for salt affected area. Now, ICAR-

CSSRI has taken initiative in the direction of the soybean breeding for salt tolerance. Our main aim is to 

categorized soybean germplasm for salt tolerance and identified donors for salt tolerance and its 

introgression into high yielding varieties. Screening of 191 accessions was done at control, ECiw 5.0 and 

8.0 dS/m
 
which were collected from different institutes. Saline irrigation was continued until the harvest 

of the crop for recording yield. Out of 191, 108 survived till maturity under saline condition. The higher 

salinity significantly reduced seed yield/plant and 100-seed weight. Whereas, Na/K ratio in root and shoot 

was significantly increased with increasing salinity levels as compared to control. Similarly, all the 191 

accessions were also evaluated under the field sodicity conditions (Control, pH 9.0 and pH 9.3). Out of 
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191, only 108 survived till maturity under sodic condition. Impact of sodicity was more pronounced on 

pods/plant and seed yield/plant which significantly reduced these traits. All genotypes differentially 

responded for different traits at stress level (salinity as well as in sodicity). Hence, reaching on a 

consensus to identify an ideal accession under salinity stress, AMMI Bi-plot analysis was performed. It 

indicates multiplicative portion of GE interaction into specific pattern of response of genotypes and the 

environments. The accession PS 1225, JS 2029 and AGS 751 were considered as stable. SL 1243 and SL 

1254 are specifically adapted for salinity stress (ECiw 5 and 8 dS/m), respectively. GGE Bi-plot analysis 

showed PS 1225 is the most ideal for salinity. This indicates that its rank was highly consistent across 

saline environments. AMMI Bi-plot and GGE Bi-plot analysis also performed for sodicity condition. The 

accession SL 1205 and SL 1234 were considered as stable for sodicity. SL 1113, GSL 1210, SL 1226 and 

SL 1258 are specifically adapted for sodicity stress that occurs close to particular environments. Hence, 

there is an opportunity to develop salt tolerant soybean genotype and expanding cultivation in about 13.30 

lakh ha salt affected area lies in major producing states of the country (MP, MH and Raj.) additional to 11 

million ha.  

Keywords: Soybean, Salinity stress, Sodicity, AMMI Bi-plot, GGE Bi-plot 
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Identification of salt stress responsive genes/TFs and elucidation of early salt tolerance mechanisms are 

two key issues that has to be studied to understand the systematic molecular response of sugarcane under 

salinity stress. S. spontaneum clones in the germplasm collections are reported to contain salinity and 

drought tolerant genes but yet to be characterized (SBI Catalogue 1985). Exploitation of wild relatives of 

sugarcane clones for abiotic stress tolerance genes is a one of the major thrust area in India. Therefore, 

this experiment was conducted with aims to screen the S. spontaneum clones to identify the critical limits 

of salinity for stress tolerance and to identify and clone salinity stress responsive genes from a potential S. 

spontaneum clone. Subsequently, S. spontaneum clones were subjected to salinity stress through 

application of saline solution at different concentrations like 6, 8, 10 dS m
-1

 and Physiological parameters 

viz Proline, RWC, Cell membrane injury and Nitrate reductase were analysed. Total RNA was isolated 

from leaf tissues of a S. spontaneum using TRI reagent, converted into cDNA which was normalized with 

25s rRNA gene specific primers. After a week of stress the clones showed yellowing and tip drying at the 

concentration of 10 ds/m and the plants failed to revive even after withdrawal of stress. This might be due 

to osmotic stress or heavy Na and Cl ion toxicity. Nitrate reductases activity reduced gradually with the 

increase of salinity stress concentration, which might be a physiological response in order to decrease 

growth and biomass in S. spontaneum during stress. While the proline content increased with the increase 

in salinity stress which is in accordance with the previous reports in sugarcane, green gram, mulberry and 

canola. Similarly RWC and CSI decreased with the increase in salinity stress concentration. Total RNA 

was isolated from leaf tissues of IND-07-1468 using TRI reagent, converted into cDNA which was 

normalized with 25s rRNA gene specific primers (amplification bands of 420 bp size). With this cDNA as 
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template we cloned three salinity responsive genes, Na
+
 /H

+
 exchangers (NHX 250 bp), salt overly 

sensitive (SOS 500 bp) and Responsive to ABA (RAB 750 bp), and sequenced. Expression analyses of 

salinity stress responsive genes were studied for different levels of salinity stress in the Co-Cane. We 

were able to get amplification for the SOS gene in CO89029 (salt tolerant). These results proved that SOS 

pathway is the prominent mechanism existing in the hybrids to impart salinity tolerance. Through real 

time PCR analysis we were able to get amplification for the transcription factor MYB, which showed an 

increased expression under 6dS/m and gradually decreased at 8 and 10 dS m
-1

, which would have 

switched on the salinity stress responsive genes.  

Keywords: Saccharum spontaneum, Gene expression, Salinity stress, SOS 
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Salinity is a constraint to the sustainable agricultural production in coastal region of Andhra Pradesh. 

Increasing salinity is found to inhibit growth and yield of rice leading to very poor yields. The screening 

is focused on the response of seven varieties of rice (Oryza sativa L.) viz. MCM-103, BPT-4455, MCM-

101, MCM-110, CSR-27, CSR-36 and BPT-5204. The experiment was conducted in Randomized Block 

Design in the farmer‟s field and replicated  thrice in salt affected soil having a pH of 8.6 and Electrical 

conductivity of 5.2 dS m
-1

 in  Bhavanamvaripalem village of Karlapalem Mandal in Guntur district of 

Andhra Pradesh  during kharif-2016. The soil is clay loam in texture, low in available nitrogen (188 kg 

ha
-1

) and high in available phosphorus and potassium (34.4 and 812.4 kg ha
-1

). The results revealed that 

among all the varieties tested, the highest plant height was observed in the variety of CSR-36 (61.7 cm) 

followed by CSR-27 (60.8 cm) at tillering stage whereas the variety MCM 101 (117.3 cm) recorded the  

highest plant height followed by CSR 27 (116.9 cm)  at panicle initiation stage. However, the highest 

grain yield was recorded with CSR 27 (6017 kg ha
-1

) followed by MCM-110 (5850 kg ha
-1

). The straw 

yield was found to be maximum with the variety CSR 36 (6150 kg ha
-1

) followed by BPT-5204 (5667 kg 

ha
-1

). 

Keywords: Rice, Varieties, CSR 36, MCM 101, MCM 110, BPT 5204, Grain yield, Straw yield 
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A field experiment was conducted at the experimental farm of AICRP-Management of Salt Affected Soils 

and Use of Saline Water in Agriculture, Raja Balwant Singh College of Agriculture, Bichpuri, Agra 

during 2016-17 in micro-plots. The soil profile (0-90 cm) had an initial pH 8.5, ECe 1.9 dS/m, CEC 8.6-

14.7 me/100 g, CaCO3 < 1%, organic carbon < 0.5%. The land of experimental site is well drained and 

fairly permeable and water table always remained below 13.8 m during the study period. The field plots 

of 2.5 m x 2.5 m size and were lined with polythen sheets up to the depth of 90 cm. The average rainfall 

in the area is 650 mm with more than 75% occurring during rainy season. The twelve newly evolved 

mustard genotype viz. CS 54 (SC), CS 13000-3-1-1-4-2, CS 2009-154, CS 2009-335, Kranti (NC), Giriraj 

(LR), RH 1514, RH 749 (Filler), RH 1462, CS 15000-1-1-1-4-2, RH 673 and RH 749 (CZ) were tested 

along with irrigation water having salinity of 12 dS/m. Sowing was done during last week of October. 

The experiment was conducted in randomized block design with three replications.  The saline water were 

prepared synthetically by dissolving desired amount of NaCl, Na2SO4, CaCl2 and MgSO4  salts and SARiw 

was kept 10 (mmol/l)
1/2 

. Tube well water was used for normal treatment of salinity. A uniform dose of 

120 Kg N, 60 Kg P2O5 and 60 Kg K2O ha
-1   

through urea, di-ammonium phosphate and muriate of potash, 

respectively were applied to each treatment. The irrigation were applied light and frequent to keep the salt 

distribution uniform in whole plot soil. All the improved agronomic practices were applied for growing 

good crop. The significantly higher yield produced in genotype CS 15000-1-1-1-4-2 (25.48 qha
-1

) and 

minimum in Giriraj (20.04 q ha
-1

). The other genotype produced seed yield in between 25.30 to 20.07 q 

ha
-1

. 

Keywords: Mustard, Saline water, Seed yield, SARiw 
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Soybean is most important oilseed crop of India with the total area and production of 11.40 million ha and 

14.12 million tons during the year 2016-17, respectively. High salt can significantly hamper its 

productivity and imposes negative impacts on growth, nodulation, agronomic traits, seed quality and 
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quantity and thus reduce the yield of soybean. There is 1.33 mha of salt affected area lies in three major 

soybean growing states; Madhya Pradesh (0.14 mha), Maharashtra (0.61 mha) and Rajasthan (0.38 mha). 

Thus development of salt tolerant soybean genotype could help in expanding soybean cultivation to about 

13.30 lakh ha additional area. A major gene GmCHX1 has been characterized for salt tolerance in soybean 

and SNP based haplotype markers has been identified. Employing these SNP based haplotype markers, 

188 soybean germplasm accessions were screened for the presence of salt tolerance locus. Out of 188 

accessions, 53 were identified for the presence of positive haplotype (rare allele) of salt tolerance gene 

GmCHX1. A total of 42 germplasm accessions containing rare allele of GmCHX1 along with three checks 

(commom allele) JS 335, JS 97-52, EC 538828  were evaluated at ECiw 5 dS m
-1

 and ECiw 8 dS m
-1

 

salinity levels for salt tolerance traits. Sodium (Na) and Potassium (K) ion content was measured in shoot 

and roots at harvest stage. Yield related observations like pods per plant, 100 seed weight, primary 

branches per plant and seed yield per plant were also recorded. Based on Na/K ratio and yield trait 

performance, five accessions namely IC 195, Type 49, EC 341115, UPSM 862 and TGX 849-309D, were 

found promising for salinity tolerance. These five lines are being evaluated under field conditions. Once 

validated under field conditions, the identified lines could be utilized in marker assisted introgression of 

salinity tolerance in popular soybean cultivars. 

Keywords: Soybean, Salinity tolerance, SNP haplotype, GmCHX1gene 
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A field experiment was conducted at different farmer‟s field under the jurisdiction of C.S. Azad 

University of Agriculture and Technology, Kanpur during 2014-15 and 2015-16 to study the Evaluation 

of promising salt tolerant wheat and mustard varieties under sodic soil conditions. The range of soil 

properties of experimental field were: pH 9.20, EC 1.67 dS m
-1

, exchangeable sodium percentage (ESP) 

48.20, organic carbon 2.5 g kg
-1

, available N 182 kg ha
-1

, P2O5 22 kg ha
-1

 and   K2O 223 kg ha
-1

. The 

experiment was laid out in randomized block design with three replications.  Various varieties of wheat 

like KRL 210, KRL 213 with check LOK-1and PBW-343 and mustard CS 52, CS 54, CS 56 with check 

Rohini and Varuna were tested. Maximum grain yield of wheat was received from KRL-213 (30.33 q ha
-

1
) followed by KRL 210 (29.12 q ha

-1
. 

 
These salt tolerant varieties showed its superiority 25.67 and 22.76 

percent over LOK-1 and 15.38 and 12.77 percent over PBW-343 as check. Maximum seed yield of 

mustard was received from CS 56 (12.35 q ha
-1

) followed by CS 54 (12.11 q ha
-1

). These salt tolerant 

varieties showed its superiority 42.46 and 56.82 percent over Rohini and 21.45 and 32.82 percent over 

Varuna, a most popular check variety but CS 52 showed decreasing trend than Varuna. 

Keywords: Wheat, Mustard, Salt tolerant variety, Sodic soil 
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Salt stress is the most complicated problem posing a major challenge for maintaining world food supplies 

as well as food security as it covers 1000 m ha globally and 6.74 m ha in India. App. 22 per cent of yield 

loss under salt affected soil. Productivity of rice is very less in salt affected soils. It is a need of hour to 

increase rice productivity using available staple scare resources in changing environment. The Central 

Soil Salinity Research Institute (CSSRI) has developed 12 salt tolerant rice varieties namely, CSR 10, 

CSR 13, CSR 23, CSR 27, Basmati CSR 30, CSR 36, CSR 43, CSR 46, CSR 49, CSR 52, CSR 56 and 

CSR 60 through conventional breeding approaches to increase the productivity of salt affected soils for 

resource poor farmers. The popularity of these salt tolerant rice varieties can be ascertained from the facts 

that large quantity of breeder seeds (949 quintals) and truthfully labelled seeds (2831 quintals) has been 

produced and sold during last 19 years (2000-2018), more demand from the farmers and annual average 

area of app. 1.0 m ha covered by these salt tolerant rice varieties every year. The pass port data of 9000 

rice Germplasm has been established for 30 traits and core of 1500 line has been developed. We screened 

this core collected under salt stress and identified the tolerant lines. Many thousands of rice lines 

(collected from different locations) have been screened in salinity and sodicity for both seedling stage and 

reproductive stage and used highly tolerant lines in breeding programme. We identified the novel salt 

tolerant donors for seedling and reproductive stage. The Saltol QTL has been transferred to Indian mega 

rice varieties namely, Pusa 44 and Sarjoo 52 to improve the salinity tolerance and identified the 5 and 6 

Saltol introgressed NILs in Pusa44 and Sarjoo52 background. We identified 20 SNPs (loci) significantly 

associated with Na
+
/K

+
 ratio and 44 SNPs with other traits observed under stress condition in CSR 

27/MI48 RILs. We identified total 21 novel QTLs for SSI for grain yield on rice chromosomes 1, 2, 3, 5, 

6, 8, 9 and 12 in the CSR 11/MI48 RILs. The loci identified for various salinity indices through GWAS 

explained 5-18% of the phenotypic variance. In addition to Saltol, we also found GWAS peaks 

representing new QTL s on chromosomes 4, 6 and 7. The transfer of spikelet fertility under salt stress 

QTLs (qSSISFH8.1) in HVYs is in progress to improve the salt tolerance at reproductive stage salt 

tolerance. The marker assisted selection accelerates the breeding activities to develop the salt tolerant 

varieties as well as transfer the QTLs to HVYs. The many number of salt tolerant rice genotypes are 

being developed for cope up the salt affected soils and sustainable agriculture under salt affected soils. 

Keywords: Saltol QTL, Salt tolerant rice, Molecular breeding, Conventional breeding 
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A field experiment was conducted to assess the “enzyme activities and osmolyte accumulation in 

sugarcane genotypes grown on sodic shrink-swell soil” during the preseason of 2015-16 at PGI, 

Department of Soil Science and Agricultural Chemistry, MPKV, Rahuri, Dist. Ahmednagar (MS). The 

experiment was laid out in Randomized Block Design comprising 27 sugarcane genotypes with two 

replications. The experimental soil was clay in texture and calcareous with pHs 8.64, ECe 3.56 dS m
-1

, 

exchangeable sodium percentage 18.68 with high cation exchange capacity (52.29 C mol (p+) kg
-1

) 

having swell-shrink property and categorized as sodic soil. Sugarcane enzyme activities and osmolyte 

accumulation was assessed at 75 and 240 days after planting (DAP). Result concluded that the activities 

of in-vivo nitrate reductase enzyme activity was found significantly higher in the sugarcane genotype 

CoM 0265 (0.86 and 0.74 µMole nitrite produced g
-1

fr. wt. hr
-1

) which was followed by MS 6847 (0.84 

and 0.72 µMole nitrite produced g
-1 

fr.wt. hr
-1

) and MS 10001 (0.79 and 0.68 µMole nitrite produced g
-

1
fr.wt.hr

-1
) at 75 and 240 DAP respectively. The sugarcane genotypes viz., CoM 0265, MS 6847 and MS 

10001 recorded higher ascorbate peroxidase enzyme activity at 75 DAP (2.84, 2.77 and 2.58 µmole 

ascorbate oxidized mg
-1

 protein min
-1

 respectively) and at 240 DAP (2.62, 2.52 and 2.38 µmole ascorbate 

oxidized mg
-1

 protein min
-1

 respectively). Further, the superoxide dismutase enzyme activity in MS 6847, 

Co 99004 and CoM 0261 were higher at 75 DAP (8.64, 7.86 and 7.85 units mg
-1

 protein respectively) and 

at 240 DAP (6.95, 6.71 and 6.88 units mg
-1

 protein respectively) than rest of the genotypes. However on 

the contrary, lipid peroxidase enzyme (membrane damaging enzyme) was recorded statistically lower 

activity in CoM 0265, MS 6847 and MS 10001 at 75 DAP (0.97, 1.08 and 1.18 µmoles MDA g
-1 

fr. wt.) 

and at 240 DAP (0.81, 0.91 and 0.99 µmoles MDA g
-1 

fr. wt.) respectively. In case of osmolytes 

accumulation, CoM 0265 recorded significantly higher proline (4.39 and 3.66 µmoles g
-1 

DW) and 

glycine betaine (1.82 and 1.68 mg g
-1 

DW) which was followed by MS 6847 for proline (4.24 and 3.54 

µmoles g
-1 

DW) and glycine betaine (1.77 and 1.56 mg g
-1 

DW) and MS 10001 for proline (3.83 and 3.43 

µmoles g
-1 

DW) and and glycine betaine (1.73 and 1.48 mg g
-1 

DW) at both the stages of analysis 

respectively. Significantly higher chlorophyll content was also recorded by CoM 0265 and MS 6847. 

Statistically higher cane and commercial cane sugar yield was recorded by CoM 0265 (164.70 and 21.90 

MT ha
-1

), while at par results were obtained by MS 6847 (131.90 and 14.58 MT ha
-1

), CoM 10051 

(128.27 and 15.86 MT ha
-1

) and MS 10001 (100.91 and 14.84 MT ha
-1

). Significantly higher cane and 

commercial cane sugar yield was recorded by CoM 0265 (164.70 and 21.90 MT ha
-1

) followed by MS 

6847 (131.90 and 14.58 MT ha
-1

), CoM 10051 (128.27 and 15.86 MT ha
-1

) and MS 10001 (100.91 and 

14.84 MT ha
-1

) which found to be statistically at par with each other. 

Keywords: Sugarcane, Sodic shrink-swell soil, Osmolytes, Enzyme activities 
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A breeding program was initiated at ICAR-IISR, Indore, in 2009 for developing drought tolerant varieties 

with high grain yield. Dehydration avoidance traits viz. delayed leaf wilting, relative water content, 

canopy temperature, SPAD Chlorophyll Meter Reading, root system architecture (RSA) and dehydration 

tolerance traits viz. stem reserve utilization, proline content, drought resistance index (DRI) were framed 

in a set of criteria for sequential phenotyping. A simple but less accurate screen that allows a large 

number of genotypes to be examined is a first-tier screen followed by tiers of more sophisticated screens 

of decreasing numbers of genotypes. So, a three tiered sequence of physiological screens was followed in 

efforts to identify germplasm accessions as candidate parental soybean lines and advance breeding lines 

for potential cultivar release in breeding efforts to sustain stem reserve utilization activity during soil 

water deficit. Delayed leaf wilting has been shown to be associated with stem reserve utilization under 

drought. From a screen of about 993 germplasm accessions and 586 advance breeding lines, 86 

accessions and 57 lines or slightly less than 10% with 5 rating scale of delayed leaf wilting were selected 

in summer 2016 for a field test of stem reserve utilization under chemical desiccation. The 86 accessions 

and 57 lines in the second tier screen were grown in Kharif 2016. Chemical desiccation was induced by 

Potassium Iodide spray (0.2%) at late pod filling stage (R5 plus 8-10days), a procedure standardized at 

ICAR-IISR, Indore, resulting in leaf senescence. Again about 10% of these field-tested accessions i.e. 6 

accessions, and 23 lines were selected for the third tier of screening for intensive measurement of 

dehydration avoidance and tolerance traits in controlled rainout shelter and RSA in lysimeters, using 

Regent‟s WinRHIZO Arabidopsis root scanner in Kharif 2017. Ultimately, six accessions were 

characterized for the listed drought tolerant traits and five breeding lines were identified that had 

substantial superiority of high DRI>1.0 with good RSA at ICAR-IISR, Indore, and seed yield in field 

situation at two locations of ZARS, Morena and ARS Majhera. In these experiments, stem reserve 

utilization trait during water deficits resulted in yield gains of 30–50%. 

Keywords: Soybean, Drought tolerance, Multi-tiered selection, DRI  
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Drought is a major abiotic stress that adversely affects wheat production in many regions of the world 

including India. Therefore, the objective of this study was to identify quantitative trait loci (QTLs) 

controlling yield contributing and other physiological traits under reduced moisture conditions. A 

recombinant inbred line (RIL) population of 218 lines derived from cross „Dharwar Dry‟ (drought 

tolerant) x „DPW621-50‟ (drought susceptible) was used to map QTLs for agronomic traits including 

grain yield, thousand-kernel weight, grain number per spike, grains weight per spike, and biomass yield 

and physiological traits. The mapping population was phenotyped at three locations i.e., Karnal, Hisar and 

Powarkhera over three consecutive years (2015-2018) under drought and irrigated conditions. Four 

linkage groups (7B, 4B, 1B and 2D) were constructed with 92 SSR markers using software Join map 4.1 

for map construction & Win QTL Cart for identification of QTLs on above mentioned chromosomes 

using minimum LOD value 3. Genomic regions were found on chromosome 7B for grain filling duration 

under water stressed condition and for spike length under irrigated condition and chromosome 2D for 

thousand grain weight and grain number per spike under water stressed condition. Further genotyping of 

RILs with more number of SSR/SNP markers is being in process to saturate the linkage maps. 

Keywords: Wheat, Drought, SSR markers, QTLs 
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Salinity is a major impediment to produce rice as it affecting yield and other yield related parameters. 

Rice crop is prone to salinity stress at seedling and reproductive stages. We preformed association 

mapping for grain yield and its contributing characters using panel of 180 rice accessions and a set of 94 

simple sequence repeats (SSR) markers distributed on 12 chromosomes of rice. Association analysis was 

carried out by means of mixed linear model (MLM), linking population structure with kinship (Q+K) to 

manage spurious associations. Population structure analysis revealed four subgroups in the 180 rice 

accessions. Twenty two marker trait associations were discovered under saline environment and 19 
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marker traits association identified under control environment. Six marker trait associations explained 

phenotypic variation (R
2
) more than 10 per cent under both (normal and saline) environments. Nine 

markers were found near to the candidate genes loci and some of them share overlapping regions with 

them. The associated markers will facilitate us to enhance breeding effectiveness and reduce the cost by 

decreasing the number of plants to be selected for next breeding cycle by avoiding the exhaustive 

phenotyping. This investigation could also be useful in genomic selection for salinity tolerance in rice at 

reproductive stage.  

Keywords: GWAS, Salinity, Reproductive stage, Rice, QTL 
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Rice crop is one of the most important cereal crops that is feeding more than half of the world population 

around the globe. The production of rice however is severely affected by many abiotic stresses. Salt stress 

limits the productivity of rice by affecting different yield related parameters. The present study was aimed 

to evaluate and identify the stable rice genotypes across salt stress locations. The present trial comprises 

of 44 rice lines including national and local checks (CSR 36, CSR 23 and yield check Jaya). We carried 

out experiment across 4 salt stress locations using random block design with three replications for 

alkaline and inland salinity.  Under saline stress in our study, ten rice lines outperformed the national 

salinity check CSR 23. Similarly under sodicity stress 18 genotypes outperformed local check CSR 36. 

Analysis of genotype by environment interaction (G × E) was done to determine levels of the genotype, 

environment, or the combinations of the both factors responsible for the differences in the phenotypic 

responses. It was found that few of the locations have high representativeness and appreciable 

discriminating ability over the others. Genotype G44 was found to be ideal genotype with highest mean 

yield and stability followed by G19. E4 was highly discriminating location, but also least representative 

location. The present study was successful in identifying rice lines that are highly adaptable in both 

environments. These genotypes could be used for commercial cultivation in salt affected area. 

Keywords: Sodicity, Salinity, Rice, G × E interaction 
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The present experiment was carried to evaluate the recombinant inbred lines (RILs) derived from Trichy1 

(Tolerant) × Pusa Basmati1 (Sensitive). A total of 215 RILs along with parents were evaluated in 3 

environments {normal, moderate sodic (pH2 ~ 9.5) and high sodic (pH2 ~ 9.9 soil conditions} during 



Golden Jubilee International Salinity Conference (GJISC) 2019 

 

 
 

130 

 
  

 

Kharif 2017. The range, mean and per cent reduction of different traits for RIL population were recorded 

for yield and other contributing traits. High mean for grain yield and other related traits were recorded on 

normal stress as compared to moderate and high sodic stresses. The grain yield (gm/plant) ranged 

from1.84 (RIL 197) to 23.99 (RIL 79), 0.50 (RIL 135) to 13.65 (RIL 86) and 0.06 (RIL 22) to 4.42 (RIL 

95) under normal, moderate sodic and high sodicity, respectively. The spikelet (%) fertility ranged from 

38.79 (RIL 164) to 93.21 (RIL 91), 6.11 (RIL 169) to 85.66 (RIL 142) and 0.67 (RIL109) to 78.15 (RIL 

141) under normal, moderate sodic and high sodicity, respectively. The grain yield was reduced by 

53.23% under moderate sodic as compare to normal followed by productive tillers per plant, total tillers 

per plant, spikelet fertility, plant height and panicle length under moderate sodicity stress. The grain yield 

was reduced by 93.28% under high sodicity stress as compare to normal followed by productive tillers per 

plant, spikelet fertility, plant height, total tillers per plant and panicle length. The top tolerant and top 

sensitive 30 lines were identified based on grain yield under normal, moderate and high sodicity stress. 

These lines could be used in BSA to identify the region associate for sodicity tolerance. This population 

may be further used in QTL mapping and in genomic studies at reproductive stage sodic tolerance.    

Keywords: Rice, Sodic stress, Reproductive stage, QTL 
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A randomized block design experiment was conducted to assess the effects of soil salinity/sodicity on 

nutrient uptake pattern of three halophytic grasses (Urochondra setulosa, Leptochloa fusca and 

Sporobolus marginatus) differing in their tolerance. Different treatments of salinity/sodicity (pH ~ 9.5, 

pH ~ 10, ECe ~ 30 dS m
-1

, ECe ~ 40 dS m
-1 

and ECe ~ 50 dS m
-1

) were created in microplots using 

saline/sodic irrigation water before transplanting of grasses. Na
+
 and Cl

- 
content (% DW) significantly 

increased with increasing sodicity or salinity stress condition in all the three grass halophytes whereas K
+
 

content decreased. All these three grass halophytic species showed relatively less reduction in Ca, Mg and 

Fe contents up to sodic stress level of pH ~ 9.5 and salinity level of ECe ~ 40 dS m
-1

. Zn, Cu and Mn 

content decreased with increasing stress conditions but higher decrease was observed under sodic stress. 

The Na
+
/K

+ 
and Na

+
/Ca

2+ 
ratio considered as indicators for measuring salt tolerance in plants. Na

+
/K

+ 
ratio 

increased with increasing stress condition in all the three grasses but Leptachloa maintained their Na
+
/K

+
 

near to 1.0 under sodic stress condition. All these halophytic grasses maintained their Na
+
/Ca

2+ 
below 1.0 

up to the level of pH ~ 9.5 and ECe ~ 40 dS m
-1

. Higher sodic stress of pH ~ 10.0 cause significant 

increase in Na
+
/Ca

2+ 
in Urochondra and Sporobolus whereas under highest salinity level, Leptachloa 

showed maximum or highest value for Na
+
/Ca

2+
. Changes in the accumulation patterns of nutrients in 

response to salinity is an important aspect and highest significant positive correlation was found between 

Ca and Mg (r = 0.816**) and Ca and Zn (r = 0.799**) while highest negative correlation was observed 

between Na and Ca (r = - 0.419*) and Na and K (r = - 0.411*) for all the three halophytic grasses. 

Keywords: Urochondra, Leptochloa, Sporobolus, Na
+
/K

+ 
ratio, Mineral 

Consequences of Salinity Stress on Growth and Development of Rice 
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In current climate change scenario, crops are exposed more frequently to abiotic stresses such as drought, 

salinity, elevated temperature, submergence and nutrient deficiencies. Abiotic stress such as drought, 

salinity, heat and cold, are greatly affecting the plant growth and agricultural productivity and causes 

more than 50% of yield loss of major crops every year. Plant physiological physiognomies are extensively 

susceptible to the highly saline rhizosphere. Inflow of salts into the plant causes ion imbalance and there 

excess uptake by plant may cause major physiological disorder in plants. Among the major cereal crops, 

rice is highly sensitive towards salinity and its productivity is severely affected by the accumulation of 

soluble salts in soils. Presence of salts in rice crop decreases rice stand density and seedling biomass 

production. Along with that, grain development is also affected because of panicle sterility in rice. 

Salinity as an abiotic stress is the second most devastating phenomenon after drought and interfering with 

the production and yield of rice globally.With respect to my analysis of result in saline condition of rice 

(Pusa 1121); it is majorly facing ion toxicity, nutrient imbalance, grain development, nutrients 

accumulation and transport, photosynthesis and ethylene biosynthesis.At biochemical,physiological and 

molecular level the defence system of rice works on capturing and multiplying of the harmful effects of 

salt toxicity. The major issue in mitigating the saline stress is polygenic nature of the stress. However, a 

number of metabolic pathways, enzyme complexes, regulatory genes and QTLs have been enumerated till 

date to throw some light on the various particular responses at various stages of this abiotic stress. 

Phenotypic evaluation ofhigh salt level affects seed germination, plant life, and crop productivity. During 

study it is found that an addition of as little as 50 mMNaCl in the soil can reduce rice yield 

significantly.Accumulation of Na concentration present in the plant was in the sequence: 

panicle > roots > shoots. 

Keywords: Salinity, Submergence, Physiognomies 
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A stress is considered as a phenomenon that affects the plant in a negative way reducing its vigour and 

yield. Based on the source they are of two classes viz., biotic and abiotic. Plants now days are prone to 

abiotic stress due to various reasons. As a result of growing temperatures and global warming heat stress 

has become a major issue in crop plants.It is a stress that restrains crop productionand reduces growth of 

the plant by upsetting various physiological and biochemical processes and one of the key stress which 

causes great loss to the plants.The strong correlation of heat stress between leaf nitrogen content and grain 
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protein content.Heat stress is a particular problem owing to its definitespatial and temporal variations 

leading to declines in plant growth and productivity. According to the estimations a rise in temperature of 

1°C in the wheat growing season could reduce the wheat yields by about 3-10%. Heat shock proteins 

(HSPs) play an important role in regulation of this heat-induced transcriptional reprogramming. Heat 

shock proteins (HSPs) are evolutionary conservedproteins which are induced in almost all organisms by 

high temperature and other abiotic and biotic stresses.Heat stress also causes oxidative stress in plants by 

the generation and the production of reactive oxygen species (ROS) and Plants get free ofthese harmful 

ROS products by converting them to less reactive chemicals. Heat stress results in the production of 

reactive oxygen species which causes cellular damage, hinders photosynthesis and altered metabolic 

activities, result in poor crop yield. Wheat (Triticum aestivum L.) is an important cereal crop and is 

suffered by various abiotic stress specially heat and causes severe loss to vegetative and reproductive 

performance of the crop. The pre-flowering and anthesis stages were relatively more sensitive to high 

temperature compared to post-flowering stages, especially at the reproductive and early grain filling 

stages which reduced the grain setting, duration and rate, and finally grain yield.The study statedthat the 

IC (Indigenous Collection) of Wheat were susceptible to heat stress. 

Keywords: Heat stress, Heat shock proteins (HSPs), Wheat, ROS  
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Salinity generally causes stunted growth of plants with simultaneous decrease in economic yield.  It is an 

environmental stress that restricts growth and development in plants. Land affected with salinity is 

increasing worldwide through vegetation clearance and irrigation both of which raises the water tables 

bringing dissolved salts to the surface. Salt stress affects plants at both plant and cellular levels through 

osmotic and ionic stress. Increasing salt concentrations on upper surface layers leads to higher levels of 

sealing, crust formation and soil compaction. Increased salinity levels in soil or irrigation water causes 

salt stress in plants which causes physiological changes due to its effects on osmosis and ionic 

interactions. Okra (Abelmoschus esculentus L.) is one of the most common vegetable crops grown in 

northern India. It is commonly grown under irrigation and understanding whether they respond to salinity 

by surviving (tissue tolerance) or dodging (salt exclusion) accumulation of salt in the shoots will assist 

with management for optimizing yield. As it is a sensitive crop towards salinity, its production in saline 

soil is a key problem. Salt stress affects the okra germination rate, plant growth, development and yield as 

well as the viscosity of mucilage. The study assumes from the results obtained that the IC (Indigenous 

Collection) of okra can perform well at control then the EC (Exotic Collection). With speedy urbanization 

and population growth, production of okra focussed for market is increasing in pre-urban zones. Okra is 

now cultivated as irrigated crop during dry season. The most effective way to overcome salinity problem 

in the soil is the introduction of salt tolerance cultivars through plant breeders. Increase in the 

concentration of NaCl and NaHCO3 has adverse significant effect on shoot height, reduction in the shoot 

girth, leaf colour changed from dark green to yellowish green, reduction in leaf size and reduction in pod 
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weight. Salt stress also delayed the emergence of seedlings and the mechanism behind inhibition of 

germination and seedling growth due to insufficient water absorption or ascribed to toxic effects on the 

embryo. Accumulation of Na concentration present in the plant was in the sequence: 

fruits > roots > shoots. Shoot and root concentrations of Na, S and P are correlated with flower abortion 

and negatively correlated with yield and yield related components. Water salinity is more damaging to 

yield than soil salinity and yield losses caused due to salinity can be reduced through repeated leaching of 

soil salt under okra. 

Keywords: Salinity, Okra Indigenous collection, Exotic collection, NaCl, NaHCO3,  
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Currently, salinity is a basic issue of discussion for which strong decision is to be taken for sustainable 

development and future availability of land for agriculture. Salinity is a type of abiotic stress in which soil 

has more than 4 dSm
-1

 electrical conductivity with less than 8.5 pH. It has been estimated that more than 

20% of cultivated land worldwide (about 45 hectares) is affected by salt stress and this amount is 

increasing day by day. Proteomics is an advance technology which involves identification and 

quantification of total proteins present in a cell, tissue or an organism. Proteomics is the characterization 

of proteome, including expression, structure, functions, interactions and modifications of proteins at any 

stage.Proteomics is one of the most significant methodologies to comprehend the gene function although; 

it is much more complex compared with genomic. It is super fluous to other “omics” technologies such as 

genomic and transcriptomics to explore protein identification of an organism, and to ascertainthe structure 

and functions of a particular protein. Proteomics-based technologies are applied for different research 

studies such as detection of various diagnostic markers, understanding pathogenicity mechanisms, 

alteration of expression patterns in and interpretation of functional protein pathways in different diseases. 

The proteome of an organism shows alterations with time, cell and in response to external signals. This 

study is highly applicable in stress related studies as there is differential expression of genes noted in 

plants in response to different signals and this expression affects the total protein content of plants. DIGE 

is immensely proficient for proteins which show variations (low or high expression) which can be 

detected on gels. These proteins can be identified and characterized by Mass spectrometry with LC–MS-

MS and MALDI-TOF/TOF.This review practicesto define recent application of various proteomics 

approaches, for identification and characterization of proteins differentially expressed in different plants 

in presence of salinity. As compared to genomic and transcriptomic studies, proteome study is much 

easier and cheaper. Proteome is a direct indicator of regulation and translational control. Thus, the 

proteomics would be considered as the most relevant data set to characterize a biological system. 

Keywords: Proteomics, Transcriptomics, DIGE, LC–MS-MS  
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Salinity is a serious problem of soil degradation, limiting agricultural productivity in many regions of the 

world (Rengasamy, 2006). Salinity affected area is about 7% of world‟s total land area. In India about 

6.73 M ha area and in Gujarat about 2.22 M ha is salt affected. The continuous efforts have been made to 

develop salt tolerant varieties from past several years. The aim of this experiment to screen out the 

salinity tolerance in popular wheat varieties of Gujarat under saline condition. The experiment were 

conducted at Fruit Research Station, Mangrol during year 2015 -16 and 2016-17 with ten wheat varieties 

viz. GW 11, GW 366, GW 45, GJW 463, GW 496, Khamidana, GW 322, Lok-1, KRL 19 (Salt tolerant) 

and RAJ 3077 (Salt tolerant) in randomized block design (RBD) with three replications under irrigation 

with saline water (EC=12.09 dS/m) couples with sub-surface salinity (EC= 5.40 dS/m) prevailing in the 

field. The data reveled that GW 322, GW 11, GW 451 and GW463 were superior from checks KRL 19 

and RAJ 3077 in term of yield and other agronomic traits in both year 2015-16 and 2016-17. Analysis of 

variance reveled that plant height and biomass of plant were statistically significant characters. GW 322 

was found to be the highest yielder followed by GJW 463, GW 11 and GW 451. In superior genotypes 

like GW 322, GW 11 and GW 463 , K/Na ratio, a salt tolerance indicator, was found high (2.7-3.0). 

Chlorophyll content in leaf tissue was also found superior in tolerant genotypes. Chlorophyll content and 

K content in leaf tissue was generally higher in tolerant genotypes. Above findings indicate that better 

ionic situation is helpful for maintaining the better function of physiological status and yield of tolerant 

one. 

Keywords: Salinity, Chlorophyll, Productivity, Khamidana 
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The analysis of cellular responses towards salinity stress in most important staple food crops such as 

Wheat is necessary to gain insight in to salinity tolerance mechanisms in tolerant genotypes. Kharchia 

Local (KL), an Indian landrace of bread wheat (Triticum aestivum L.) isknown for its tolerance to salinity 

stress. Presence of high genetic variability in KL in reference to salinity tolerance exists in wheat gene 

pool. KL can be utilized as an excellent genetic resource for developing salt tolerant cultivars. The present 

study explains various cellular responses (molecular and physiological) towards salinity stress in two 

bread wheat genotypes viz. KL and HD 3086. The plants were treated for 15 days under salinity stress of 
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15 EC (dS m
-1

). Spatial and temporal expression analysis of vacuolar TaNHX1 gene associated with 

vacuolar Na
+
 sequestration has been carried out under salt stress. Higher up regulation of TaNHX1 gene 

indicated earlier molecular response in KL as compared to HD 3086. Physiological parameters such as 

relative water content, membrane stability index, chlorophyll content, Na
+
and K

+
 content in leaf and root 

tissues has been measured under both control and salt stress conditions. The present study was aimed at 

understanding the response to salinity stress in susceptible and tolerant wheat genotypes and will provide 

valuable insight into mechanisms of salinity tolerance in the tolerant genotypes. 

Keywords: Salinity tolerance, TaNHX1, Genotypes, Cellular responses 
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Salinization of arable land is a threat to global food security. Over 800 M ha of land is affected by 

salinity, which equates to more than 6% of the world's total land area and affects more than 20% of 

present‐day agriculture. Wheat (Triticum aestivum L.) is one of the most important crop plants worldwide 

with annual production of about 736 million metric tons. But it suffers significant yield losses due to soil 

salinity. Hexaploid bread wheat (Triticum aestivum L., genome BBAADD) is generally more salt tolerant 

than tetraploid wheat Triticum turgidum L.. However, salt stress can cause upto 40% loss in productivity 

in wheat. Several strategies are available to improve production of wheat in the salt‐affected areas. 

However, most effective way to overcome these limitations is growing tolerant genotypes. This calls for 

identification and characterization of wheat genotypes which are well adapted to saline conditions. Indian 

land race, Kharchia local, is well known for its salt tolerance. It has been used in breeding for salt tolerant 

cultivars globally). But the exact molecular basis of tolerance to salt stress is not fully understood till 

now. There is an urgent need to identify, the basis of this tolerance to broaden the knowledge base which 

can be utilized or exploited to develop improved varieties of wheat in locally adapted genetic 

backgrounds. We are involved in evaluating selected genotypes of bread wheat for the effect of salinity 

on some key physiological traits including the cell membrane stability, RWC and chlorophyll content and 

Na and potassium concentration in leaves and roots. High K
+
/Na

+
 ratio in the cell cytoplasm is essential to 

maintain ionic homeostasis under stress. Comparison of  Na
+
/K

+
 ratio following salinity stress in different 

varieties of bread wheat have indicated that even under long term salinity stress, cultivar Kharchia Local 

possesses an extraordinary ability to maintain Na/K ratio  in leaves also. Details of the exact mechanism 

of this phenomenon are being worked out, as these mechanisms become more critical under long 

exposure to salinity stress. We studied the salt responsive transcriptomics from roots and leaves of a 

tolerant wheat land race Kharchia local in order to understand the molecular mechanisms underlying the 

tolerance. Interestingly several differentially expressed unigenes in Kharchia local could not be annotated.   

These unannotated unigenes might belong to expressed pseudogenes, non coding transcribed sequences, 

pieces of 5′ and 3′ UTRs, general assembly artefacts or novel transcripts. Some of these un-annotated 

unigenes, such as non coding transcribed RNAs, might be involved in regulation of various cellular and 

molecular processes. We are involved in analyzing this less explored territory, as; biologically significant 

unigenes may be present in this portion of transcriptome. These unannotated unigenes can help in 
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improving our present knowledge of regulatory mechanism involved in the pathways and genes 

responsible for providing tolerance to salinity stress. Functional validation of few known genes isolated 

from KL for providing tolerance to salt is also being carried out. In our study nearly sixty five thousand 

SSR motifs were identified from transcriptome data using SSR Locator and work is in progress to map 

QTLs responsible for tolerance to salt stress. Apart from studying the mechanism of salinity tolerance in 

Kharchia local a feasible alternative strategy is to tap the of rhizospheric microbes  that  have coevolved 

with plant roots in harsh environments over years, and harbor adaptive traits to  improve plant fitness 

under biotic and abiotic stresses. The identified resources would prove to be valuable for crop 

improvement programmes and scientific research towards better understanding of plant tolerance to salt 

stress. 

Keywords: Kharchia wheat, Salt tolerance, Pseudogenes, Transcriptome, Unigenes 
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The productivity of food grains mainly of rice and wheat crops in partially reclaimed sodic soil of Uttar 

Pradesh is low due to low fertility and poor adoption of salt tolerant cultivars. To overcome these 

problems, field demonstrations of improved agronomical practices with salt tolerant varieties were 

conducted at farmer fields of 6 village i.e Patwakheda and Lalaikheda in Lucknow districts, Marks Nagar 

and Sirsa kheda of Unnao District and Tajvapur & Almapur Haidergarh, Barabanki district. Twenty 

farmers were selected for field demonstrations having soil pH2 and EC2 (dS/m) from 8.89 to 9.39 and 

0.177 to 0.658, respectively. Available NPK content of selected fields varied from 211 to 371, 16 to 26 

and 228 to 354 kg per ha, respectively. Recommended package of practices for partially reclaimed sodic 

soils were followed and the crop conditions was monitored throughout cropping period. Salt tolerant rice 

(CSR 36) and wheat (KRL 210) varieties and bio formulations i.e. CSR–Bio and Halo-PSB were used in 

field demonstration. Crop yield were recorded and compared with traditional method of rice and wheat 

cultivation and local varieties grown by farmers. The grain yield of rice was recorded from 42.86 to 36.03 

and 38.37 to 33.51 qt per ha in improved and traditional method, respectively. Maximum 12.21% rice 

grain yield increased in the Patwakheda village of Lucknow district and minimum of 6.67% in 

Marksnagar village of Unnao district. The grain yield of wheat crop was observed to be 40.41 to 35.31 

and 37.59 to 33.24 qt per ha in improved and traditional method, respectively. In wheat crop, maximum 

grain yield increased to the extent of 11.01% in the Patwakheda village of Lucknow district and minimum 

of 6.23% in Marksnagar village of Unnao district. 
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Halophytes are good source of salt tolerance genes which can be explored to enhance salt tolerance of 

crops. Urochondra setulosa is a halophytic grass which exhibits extreme adaptation to salt stress. In 

present experiment, the plants were subjected to salt stress to study the differential expressed genes. 

RNA-seq library preparation was performed as per Illumina-compatible NEB NextUltraTM Directional 

RNA Library Prep. Sequencing for 150 bp length paired-end (PE) reads was performed in an 

IlluminaHiSeq sequencer to produce raw sequencing reads. DESeq
6 

was used for differential gene 

expression analysis. In Urochondra, total 120231 transcripts were expressed in both control as well as in 

treatment group. Total 934 transcripts expressed only in control group and total 2547 transcripts 

expressed under saline conditions. Gene ontology analysis revealed that most of the genes are involved in 

biological processes followed by molecular functions and cellular components. Stress tolerance of 

Urochondra may be due to constitutive overexpression of many genes that function in stress 

tolerance.The isolation and characterization of salt tolerance genes encoding signaling components from 

halophytes, which naturally grow in high salinity, will provide tools for the development of transgenic 

crop plants with improved salt tolerance and economically beneficial traits. 
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Sodium potassium antiporters (Na
+
/H

+
antiporter) are located at tonoplasts and reduce concentration of 

cytosolic Na
+
 by pumping in the vacuole and SOS1 gene plays a role in the decrease of excess Na

+
 and 

retention of K
+
 ions in the cytosol, as a result minimising cytotoxicity. In this experiment quantitative 

expression of Na
+
/H

+
 antiporter and SOS1 gene wasstudied.Expression patternof two genes encoding 

Na
+
/H

+ 
antiporters in vacuolar membrane (NHX1 gene) and SOS1 in grass halophyte Leptochloafusca 

under different sodic (pH~ 9.5 and 10) and saline (ECe~30, 40 and 50 dS/m) treatments reported to 

deliberate salt-tolerance.Total RNA was isolated from grass leaves and was reverse-transcribed to cDNA 

with the use of oligo-dT and random hexamer primers. The gene expression levels were studied by qPCR 

with the RT products.Changes in expression levels of genes NHX1 and SOS1 (w.r.t. 18S house-keeping 

gene) at pH ~9.5 and 10, and ECe ~ 30, 40 and 50 dS/m relative to that grown under control conditions 

were given by the 2
-ΔΔCT

 method and plotted graphically as log10 values and analysed. Expression level of 
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both genes was found to be upregulated in saline conditions which was maximum (increase 24.86±1) and 

(increase 10.99±0.9) at ECe ~ 50 forNHX1 and SOS1 respectively. On other hand down-regulation of 

NHX1 expression was found at sodic level (pH~10), which was decrease 1.18±0.1fold as compare to 

control treatments. Results of this study indicated that, in case of saline conditions expression of both the 

genes NHX1and SOS1 was up-regulated whereas in sodic conditions NHX1upregulated up to pH 9.5 but 

as stress was increased up to pH10, expression was decreased.  

Keywords: Kaller grass, NHX1, SOS1, Gene expression 
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In plant functional genomics, simple sequence repeats (SSRs) or microsatellites are multi-purpose and 

one of the most informative genetic markers. Traditional methods for the discovery of SSRs markers are 

time consuming, costly and laborious. Next generation sequencing (NGS) have reduced the cost and time 

for identification of microsatellites. In present experiment, we analysed Dichanthium annulatum, also 

known as marvel grass, for de novo transcriptome using illumina RNA sequencing.  From a total of 

360.10 million (150x2) reads 348.02million high quality adapter free reads were utilized in analysis. A 

total of 267196 transcripts were assembled.An average of 64.47% of transcripts in Dichanthium was 

functionally annotated. Total of 32,245 SSRs in Dichanthium were predicted in 21,255 (17.18%) 

transcripts. The identified SSRs were dominated by mononucleotide and tri-nucleotide repeats 

representing about 26.39% of the total SSRs. Motif type predictionrevealed T/A as the most abundant 

motif followed by CCG/GGC in Dichanthium. SSR markers obtained by NGS are potentially valuable for 

genetic analysis, pedigree construction, verification and marker assisted selection in the plants. Thus, 

halophytes could provide valuable information about the physiological traits that are crucial for handling 

salt stress, and also serve as a source of „tolerance genes‟ to improve salinity tolerance in non-halophytes. 

Keywords: Salt stress, Halophytes, Dichanthium, SSR 
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Stem gall disease caused by Protomyces macrosporus Unger was first reported in Bihar (India). The 

infections of disease take place at an early stage of seed germination but the symptoms appear much later. 

It is the most distractive and versatile disease and reduces crop yield and it is prevalent in all coriander-
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growing areas in India and considered as a limiting factor for successful cultivation. This disease 

completely effects on coriander leaves, petioles, stem, and fruits. The genetics of resistance/ susceptible 

plants and the interaction between the coriander and pathogen remain unclear. In this experiment, we 

have performed RNS seq of resistance (ACr-1) and susceptible (CS-6) coriander cultivar leaf samples 

using Illumina NextSeq500 platform. After trimming low quality reads and adapter sequence, high quality 

reads of 49163108 and 43746120 were obtained and used to carry out De novo assembly with Velvet and 

Oases on optimized Kmer length 25 and assembled into 59933 and 56861 validated transcripts. We have 

predicted 52506 and 48858 CDS and total of 52,506 and 46945 CDS were annotated against NCBI nr 

database using blastx. CDS were categorized in 24 different functional KASS pathway categories. The 

majority of CDs were annotated in signal transduction pathway, transport and catabolism pathway, 

translation and carbohydrate metabolism etc. DEGs analysis was carried out, a total of 13123 CDS were 

commonly expressed, out of which 431 and 401 genes were significantly up and down regulated. The real 

time PCR results reveal that Acr-1 showed up regulation on HSP20 gene expression by 10.89 fold 

increased over CS-5 sample. The results will provide a valuable resource for understanding the interaction 

between stem gall and coriander plants and further this information could be utilize in breeding for biotic 

stress tolerance in plants.This study transcriptome data provided comprehensiveinsight into gene 

expression profiles among genotypes and facilitated the molecular mechanismstudy of stem gall 

resistance in coriander.The information generated from transcriptome study further can be utilized in 

breeding for disease resistance in coriander. 

Keywords: Coriandrum sativum, Protomyces macrosporus, RNA seq and qPCR 
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A total of 40 RILS along with two parents (ICCV-10 and DCP-92-3) and eight checks were evaluated 

under alkaline (pH ~9) and control conditions in the experimental farm of ICAR-CSSRI, Karnal in 

November, 2017. The field for the experiment under alkaline conditions was maintained at pH ~9 before 

sowing. The rate as well as the speed of germination was found to be affected under alkaline conditions. 

The root-shoot length, fresh weight and dry weight were measured at the flowering stage. The shoot 

length and fresh weight was not much affected but a slight reduction in the root length and fresh weight 

under alkaline conditions (pH ~9) as compared to control. The mean root length was measured as 13.4 

and 10.5 under control and alkaline conditions respectively. Total chlorophyll was measured and no 

change was observed in both the conditions under study. A reduction in the yield per plant was recorded 

but the lines L-160, L-63, L-40 and L-44 performed better than the tolerant parent (ICCV-10) under 

alkaline conditions. The sodium and potassium content was measured and more sodium was recorded in 

roots as compared to shoot under alkaline conditions. The higher content of Na
+
 in root may be due to the 

fact that roots restrict the upward flow of toxic Na
+ 

ions and thus entry of Na
+
 into the shoot.  

Keywords: Chickpea, Alkalinity, Ionic Analysis and Yield. 
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Salt stress and poor quality water results in reduced productivity in chickpea. Breeding for salinity 

tolerance is challenging because of limited knowledge of the key traits affecting performance under salt 

stress and the difficulty in phenotyping for large, diverse germplasm collections. This study utilised a 

panel of 151 diverse accessionsto study genetic variation in chickpea under saline (ECiw 6 dS/m) 

conditions at ICAR-CSSRI, Karnal and to find out the potential salt tolerant genotypes. The sowing was 

done in November, 2017 in pots of 10 kg capacity filled with sand.  The saline irrigation of ECiw 6 dS/m 

was given in pots at alternate day to maintain the saline conditions. The physiological, biochemical and 

ionic analysis was done at flowering stage. The root and shoot length as well as fresh and dry weight 

reduced drastically under saline (ECiw 6 dS/m) conditions as compared to control. The total chlorophyll 

content decreased in saline conditions. Number of branches (1.67 to 4.33) as well as number of pods 

(6.67-22.33) reduced drastically under saline condition as compared to control. There was a major 

reduction in 100 seed weight and number of pods as well as yield/plant in saline environment. The 

number of pods and seed weight had a positive correlation with higher yield. The lines IARI-130, 125 and 

35 performed better in saline condition but yield reduction was very high. The mean value for root Na 

content was 0.52 %, and 2.59 % in control and saline environment and in shoot mean value for Na content 

was 0.28% and 0.83% in control and saline environment respectively. The sodium content in the root as 

well as in the shoot in the line IARI-130 and IARI-35 was measured below the mean sodium content. The 

higher content of Na in root may be due to the fact that roots restrict the entry of Na into shoot and thus 

upward flow of toxic Na ions. 

Keywords: Chickpea, Salinity, Sodium content and Yield. 
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Rice (Oryza sativa L.) is a chief source of carbohydrate and important major staple food crop for the 

majority of the human population worldwide. Rice is considered as a saline sensitive crop. Salinity is the 

second major abiotic stress after the drought, which directly affect the surviving ability of crop as well as 

grain yield.  Therefore, development of salt tolerant varieties has been considered as one of the strategies 

to increase rice production under salt affected soils. The present investigation was carried out under 

controlled condition at ICAR-CSSRI, Karnal Haryana. A set of 154 landraces were screened including 2 
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checks (IR 29-Sensitive, FL 478-tolerant) for salt tolerance at seedling stage in hydroponic system. The 

experiment was conducted in normal (EC~1.0 dS/m), moderate (EC~6.0 dS/m) and high saline (EC~10.0 

dS/m) conditions. The modified standard evaluation system (SES) was used in rating the visual symptoms 

of salt injury (IRRI, 1997). Stress was imposed after the15 days of sowing. An intermittent scoring was 

done at 8
th
days after the salinization. The results of intermittent scoring of salt injuries shows  107 

(69.5%) genotypes exhibited tolerant, 42 (27.30%) genotypes moderately tolerant and only 7 (3.2%) 

genotypes susceptible reaction under medium salinity. While, 32 (20.80%), 64 (41.50%), 57 (37.00%) 

and one (0.70%) genotypes exhibited tolerant, moderately tolerant, susceptible and highly susceptible 

reactions respectively under high salt stress condition. A total of 32 genotypes exhibited tolerant reaction 

in both the stress. These genotypes can be used in the breeding programme to develop the salt tolerant 

lines at seedling stage. These lines can also be evaluated for salinity tolerance at reproductive stage. 

Keywords: Rice, Salinity, Hydroponics, Genotypes. 
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The present experiment was carried out to determine whether grafting could improve salinity tolerance in 

tomato and to study the changes induced by the rootstock on growth, physiological and ionic levels in the 

grafted plants. Tomato variety Kashi Aman was grafted on brinjal rootstock IC-354557 and IC-111056 

and transplanted in pots filled with soil and irrigated with saline waters (control, 6 ECiw and 9 ECiw 

dS/m) at regular intervals. In control treatment (best available water), there was no significant difference 

in yield and physiological parameters between grafted and ungrafted plants. Among the two rootstocks, 

the plants grafted onto rootstock IC-111056 perform better and recorded 3.93 % and 9.71 % higher yield 

than rootstock IC-354557 and 31.70% and 53.78% more than ungrafted plants at ECiw 6 and 9 ds/m 

respectively. At ECiw 9 ds/m, plants grafted onto IC-111056 rootstock showed a higher capacity to 

modulate shoot Na
+
 partitioning with respect to ungrafted plants by increasing Na

+
 accumulation in older 

leaves (43%) and reducing Na
+
 content in younger leaves (21%), thus maintaininglower 

Na
+
/K

+
ratioscompared to ungrafted plants. The leaf greenness measured though SPAD was also higher in 

grafted plants (90.7%) on rootstock IC-111056 than non-grafted plants (41.9%) at higher level of salinity 

ECiw9ds/m. The activity of free radical scavenging enzyme, superoxide peroxidase was also higher in 

non-grafted plants (49-67%) under saline stress than the grafted ones (15-35%) along with the H2O2 

produced. The salt tolerant root stock may be providing inbuilt resistance to the grafted plants and hence 

less free radicals are producedthat‟s why damage to plant. 

Keywords: Grafting, Rootstock, Salinity, Tomato 
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Soybean (Glycine max L) is the world‟s primary crop source for protein and oil, providing 68% of world 

protein meal consumption and 28% of world vegetable oil consumption. Soybean is generally regarded as 

a salt sensitive crop compared with other crops such as wheat, rice, and cotton. Soybean cultivation is 

conducted in a wide range of environments and is exposed to many biotic and abiotic stresses that 

influence the sustainability of soybean production. Saline stress reportedly inhibits soybean germination 

and growth, nodule formation, and seed yield. Previous studies have revealed that there was a great 

genetic variation for saline tolerance in soybean, suggesting that genetic improvement of salt tolerance is 

efficient for sustainable soybean production in saline areas. To identify soybean germplasm with higher 

saline tolerance, more than 600 soybean accessions, including wild soybean (Glycine soja Sieb. & Zucc.), 

were evaluated in a greenhouse condition using saltwater flooding method. Several soybean genotypes 

with high salt tolerance, such as the Brazilian soybean cultivar FT-Abyara, the Chinese soybean cultivar 

Jindou 6, and the Japanese wild soybean accession JWS156-1, were identified. Quantitative trait locus 

(QTL) analysis with mapping populations derived from crosses between these tolerance accessions and 

sensitive cultivars revealed a major salt-tolerant QTL on soybean chromosome 3 flanked by SSR markers 

Sat_091, Satt255, and Satt339. The QTL accounted for 31.3–68.7% of the total variance for salt tolerance 

in the mapping populations. Using map-based cloning strategy, we isolated a gene (Ncl) underlying the 

salt tolerance QTL on chromosome 3. Higher expression of the salt tolerance gene Ncl in the root resulted 

in lower accumulations of Na
+
, K

+
, and Cl

−
 in the shoot under salt stress conditions, revealing that Ncl 

could synchronously regulate the transport and accumulation of Na
+
, K

+
, and Cl

−
. Transfer of Ncl full-

length cDNA driven by 35S promoter (35S:Ncl) with the Agrobacterium-mediated transformation method 

into a soybean cultivar Kariyutaka significantly enhanced its salt tolerance. Introgression of Ncl into a salt 

sensitive soybean cultivar Jackson, using DNA marker-assisted selection (MAS) and continues backcross, 

produced an improved salt tolerance BC4F3 line, demonstrating the usefulness of Ncl in a conventional 

soybean breeding program. To determine the effect of Ncl in salt stress field conditions, we evaluated the 

Ncl near isogenic lines in a salt-affected soil over three years. The field experiment showed that Ncl could 

increase soybean grain yield by 3.6–5.5 times in saline field conditions. Our study suggests that using Ncl 

in soybean breeding through MAS or gene transfer would contribute to sustainable soybean production in 

saline-prone areas. 

Keywords: Soybean, Cloning, Ncl, Salinity 
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Soil salinity is one of the major abiotic stresses limiting crop growth and yield. These losses are attributed 

largely to the detrimental effects of salinity on plant photosynthetic machinery and, specifically, 

chloroplast performance. The classical view is that photosynthetic enzymes in both glycophytes and 

halophytes are equally sensitive to salt; hence, there is no difference in chloroplast sensitivity to salt stress 

expected between halophytes and glycophytes. In this respect, assessing the salt sensitivity of halophyte 

and glycophyte chloroplasts are difficult because the cytoplasmic salt concentrations to which 

chloroplasts are exposed in the halophytes and glycophytes can differ markedly because of their different 

capacity for ion exclusion and vacuolar sequestration, which are as-yet unknown quantitatively. To 

overcome this limitation, chloroplasts were isolated from glycophytes (Arabidopsis thaliana, 

Pisumsativum, Phaseolus vulgaris) and halophytes (Eutrema salsugineum, Chenopodium quinoa, 

Carpobrotus glaucescens) and the cytosolic salt concentrations assumed to surround chloroplasts during 

salt stress were applied.A new approach was developed to study ion-transport processes across the 

chloroplast envelope in response to salt stress, using the non-invasive microelectrode ion flux estimation 

(MIFE) technique. The results showed that halophytes are able to maintain higher relative electron 

transport rate (rETR), maximum quantum yield (Fv/Fm) steady-state fluorescence (Ft) and oxygen 

evolution in comparison with glycophytes at the same cytosolic salt concentrationsby regulating sodium 

and potassium concentrations inside chloroplasts. However, the molecular identity of ion transport 

systems involved in sodium and potassium homeostasis in chloroplasts during salt stress are not fully 

understood.A pyruvate (BASS2- bile acid: sodium symporter2) transporter and a sodium-proton 

exchanger (NHD1) have been suggested to move sodium in and out of chloroplasts.Using MIFE, sodium, 

potassium and proton transport across isolated chloroplasts of Arabidopsis thaliana BASS2 and NHD1 

knockout mutants were examined under salt stress. Chloroplastsfrom the bass2 mutant had reduced 

sodium entry and potassium loss. The opposite was the case for the ndh1 mutant. The implications of 

altered sodium and potassium transport in chloroplasts of these mutants on photosynthetic performance 

and growth under salinity will be presented and discussed. 

Keywords: Halophytes, Chloroplast, Ion regulation, Salt tolerance 
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High sodicity in surface and subsoil, high salinity and phytotoxic concentration of chloride (Cl) in 

subsoil, and alkaline surface soils with acidic subsoil are common soil constraintsin semi-arid regions 

worldwide and in particular Australia, resulting in reduced ability of crop roots to extract water 

andnutrients from soil. The variable distribution and complex interaction of these constraints in surface 

and subsoils limit agronomic and management options. Selection of genotypes tolerant to soil constraints 

and traits for pre-selection may provide a long-lasting tangible solution to improve wheat yields on these 

soils. A series of experiments were conducted during 2007-09, and 2015-17 to evaluate 17-44 wheat 

genotypes on two sites (0.5-5 km apart), one with a range of soil constraints predicted to reduce wheat 

yields. Compared to relatively unconstraint site, the constraint site had significantly higher Cl 

concentration (>800 mg/kg) and soil pH (<5.5) in subsoil (0.9-1.3 m soil depth), and exchangeable 

sodium >6% in surface soil. Wheat grain yield between sites varied greatly between seasons; significantly 

low wheat yields (8-37%) in 2007 and 2008 and (50-83%) in 2017in constraints sites, no differences in 

2015 and 2016 due to higher than normal in-crop rainfall (ICR) thereby reducing reliance on stored water 

while low ICR in 2009 severely impacting yields at both sites. The yield ranking for genotypes at the 

unconstraint site was not well correlated with that at constraint site.  Thus, selection for yield potential at 

unconstraint sites is not a good predictor of performance at constraint sites. However, yield rankings of 

genotypes continued to differ between unconstraint and constraint sites. Overall, certain genotypes 

including Gregory, Mace and Hartog were relatively more susceptible to soil constraints while genotypes 

including Baxter, Hume and experimental line HSF1-255 were relatively more tolerant. Plant available 

water capacity was significantly reduced between 3-37% for different genotypes at constraint site as 

compared to unconstraint site. Most of wheat genotypes grown at the constraint site in 2008 showed the 

calcium (Ca) deficiency symptoms on younger leaves (YML). Wheat genotypes grown having Ca 

concentration <0.22% in YML exhibited Ca deficiency symptoms. Wheat grain yield increased 

significantly with increasing Ca and decreased significantly with increasing Cl and Na concentrations in 

YML in 2008 and 2017. There was a more than 10-fold increase in sodium (Na) concentrations in YML 

of wheat genotypes grown onconstraint site as compared to unconstraint site.Hyperspectral bands in red 

and near infra-red were able to discriminate between wheat genotypes grown on constraint versus 

unconstraint site. We successfully identified and quantified useful genetic variation in tolerance to soil 

constraints suggesting potential to breed new cultivars with superior tolerance. 

Keywords: Wheat, Soil constraints, Ca, Cl 
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In this work, we developed a technology to prepare high surface area activated carbons from Asphalt. The 

preparation method of the nanoporous carbons is a cost-effective as the starting material, asphalt, is very 

inexpensive and widely accessible. The study was carried out in two steps: [1] activation of asphalt with 

KOH, [2] Characterization of porous activated carbons regarding composition, porosity, and stability 

using various techniques. The performance of adsorption properties of the nanoporous carbon materials 

for selected PAHs (naphthalene, biphenylene, 2-methyl-naphthalene, acenaphthene, fluorene, anthracene, 

phenanthrene, fluoranthene, pyrene, triphenylene and benz[a]anthracene) compounds were evaluated at 

several parameters such as time, pH, dosage, concentration and temperature. More than 90% adsorption 

of PAHs were observed by carbon nanoporous materials due to their high porosity. For all PAHs, the 

adsorption range was 99.96-99.98%. The adsorbent is low cost, easily available which has BET surface 

area: 2316.53 m
2
/g; pore size: 20.71Å and pore volume of 1.199 cm

3
/g. The most efficient adsorption 

obtained at the following optimal conditions: Temperature: 50-70 C, Time: 110 minutes, pH: 13, 

Adsorbent dosage: 80 mg, Volume of solution: 50-mL and Concentration of PAHs solution: 20 ppm. The 

newly developed cost-effective, nanoporous carbon adsorbent found to be very efficient for water 

purification. Abundance (au) of PAHs after adsorption in solutions of various pH levels afforded 

significant results. The maximum adsorption of PAHs was obtained at pH 13. However, 2-methyl 

naphthalene, biphenylene and acenaphthene showed a little less than 99% adsorption by nanoporous 

carbon materials at pH level of 13. 

Keywords: Asphalt, carbon nanoporous, PAHs, Adsorption, Water pollution 
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Screening and selection for alkalinity tolerance in bread wheat are depend on the field trials which are 

conducted on lands that are variable in terms of alkalinity gradients, soil fertility and soil structure. Spatial 

variability in field trials conducted under salt affected ecosystems is a reality. A proportion of this is 

accounted for as inter-block variability can be reduced by using block designs although a large amount of 

spatial variability due to salt and fertility still remains unaccounted for, this may lead to erroneous 
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conclusions. The classic method for statistical analysis of field experiments is analysis of variance 

(ANOVA). Alternatively, analysis of covariance (ANCOVA) may be used when measurements of the 

covariate (soil pH or EC) are available. With both ANOVA and ANCOVA techniques, the researcher 

may fail to remove the effects of spatial variability due to salt content, completely because of one of two 

problems. The first problem may be due to failure of randomization, insufficient replications, failure to 

use blocks, or improper size and shape of plots or blocks. Second one is violation of one or more of the 

theoretical assumptions required for using ANOVA or ANCOVA. In separable autoregressive model 

(SARM), spatial variation partitioned into smooth spatial trend and extraneous variation associated with 

trial management. Therefore to seen the effect of spatial analysis a varietal trial with 10 bread wheat 

genotypes conducted during 2015-16 was analysed using various statistical methods. A comparison of the 

genotype rankings shows that 6 of the genotypes rankings are identical through ANOVA and ANCOVA 

procedures, whereas only 4 genotypes were found identical through ANOVA and SARM procedures, and 

3 genotypes were found identical through ANCOVA and SARM procedures. The highest yields of the 

genotype KRL 210 and DBW 216 are obtained using the SARM, ANOVA and ANCOVA rankings, 

respectively. If a plant breeder is used ANOVA rankings, the highest yielding genotype would be to 

DBW 216.Howeverif a plant breeder choose SARM or ANCOVA rankings, the highest yielding variety 

would be KRL 210 or DBW 216 respectively. Obviously, significant errors can change the result, when 

genotypic selections in alkaline soils are based on the highest yield unless corrections are not made for the 

effects of spatial variability due to alkalinity. Because of the violation of several assumptions required for 

both the ANOVA and ANCOVA procedures, the results of the SARM procedure are probably more 

accurate than the results from the ANOVA or ANCOVA procedures. Thus spatial analysis can be led to a 

different ranking of the genetic materials, in comparison with the nonspatial analysis; such differences 

may have important consequences for the final outcome of plant breeding programs. It is recommended 

that genotypes be selected after the use of spatial analysis models which improve the selection probability 

of the most desirable genotypes and, therefore, improve the efficiency of wheat breeding programme for 

alkalinity tolerance. 

Keywords: Spatial analysis, Bread wheat, Alkalinity 
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Curcuma caesia (commonly known as black turmeric) is an endangered medicinal plant which belongs to 

the family Zingiberaceae. It has much economic importance, and it is also used to cure different health 

disorder, due to its potential pharmaceutical and industrial application conservation of this species is 

required. In this present study, the morphological diversity, correlation and association study for ten 

agronomical traits among 78 germplasm were analyzed. It was observed that phenotypic co-efficient of 
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variation value was higher than the genotypic co-efficient of variation value. Genotypic and phenotypic 

correlation coefficient revealed that plant height is significant and positively correlated with number of 

tillers per plant, leaf length, leaf width, days to maturity. It also showed that leaf length is significantly 

correlated with leaf width, days to maturity and number of mother rhizome is significant and positively 

correlated with number of primary rhizome. Path coefficient analysis matrix revealed that number of 

secondary rhizome exhibited maximum direct effect followed by number of mother rhizome on rhizome 

yield per plant. Number of secondary rhizome exhibited strong positive correlation with rhizome yield per 

plant which was mainly due to its direct effect and indirect effect via number of primary rhizome, leaf 

width, leaf length and plant height. Mahalnobis Euclidean Distance (MED) grouped all the genotypes into 

nine clusters, based on their morphological traits. It was observed that the inter cluster distance is higher 

than intra cluster distance which indicates that there is high genetic diversity in the genotypes. The 

dendrogram were prepared using Tocher method also corresponded to MED and grouped the germplasms 

into nine clusters.  
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Curcuma caesia (commonly known as black turmeric) is an endangered medicinal plant which belongs to 

the family Zingiberaceae. It has much economic importance, and it is also used to cure different health 

disorder, due to its potential pharmaceutical and industrial application conservation of this species is 

required. In this study 78 germplasm were collected from different parts of NE India and molecular 

diversity analysis conducted   using 45 microsatellites which showed 56.52% polymorphism amongst all 

genotypes. The Unweighted Pair Group Method with Arithmetic Mean (UPGMA) clustering revealed 

five different clusters, based on the SSR marker analysis, with a cut-off value of 0.76. The principle 

component analysis (PIC) corresponded to the dendrogram analysis. To the best of knowledge, till date 

genetic diversity, correlation, association study and molecular diversity analysis in C. caesia has not been 

reported, and this is the first report on this important medicinal plant. This study would help in 

identification of selection criteria of C. caesia for crop improvement through various breeding 

programme.  

Keywords: Curcuma caesia, Genetic diversity, SSR, Molecular markers  
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An experiment was conducted during rabi 2017-18 to evaluate the effect of various seed priming 

treatments on speed of emergence under different salinity levels in wheat variety WH 1105. The salinity 

treatments were comprised of seven salinity levels (2, 4, 6, 8, 10 and 12 dSm
-1

) dominated by Cl¯ salts 

(Cl
-
꞉SO4

-2
 = 7꞉3) including control. Seeds were primed for 12 hours duration with six different chemicals 

i.e. NaCl, CaCl2, KCl, Salicylic acid, GA3 and Ascorbic acid with 50 ppm concentration of each and 

unprimed (dry) seed was considered as control. Ten seeds from each treatment were planted in plastic 

pots containing 10 kg of sandy loam soil. Every day, emerged seedlings were counted upto 21 days after 

sowing to observe the speed of emergence. The results revealed that both the factors i.e. salinity and seed 

priming significantly affected the emergence index.  The speed of emergence continuously decreased with 

the rise in salinity and all the salinity levels showed significant effect on emergence except 4 dS m
-1

 and 6 

dS m
-1

 which were found at par with each other. The mean values of emergence index upto 10 dS m
-1 

were found more than 1.0, but it reduced drastically 0.891 at 12 dS m
-1

. All the priming treatments 

enhanced the speed of emergence and recorded with higher values compared to the control (unprimed 

seed). The highest speed of emergence was observed in CaCl2 primed seeds in most of the salinity levels 

followed by salicylic acid and then GA3. However, the priming with KCl did not show any significant 

effect on germination and this treatment was found statistically at par with control but with a numerically 

higher value. From the present study, it can be concluded that speed of emergence of wheat seed was 

adversely affected by salinity and it drastically reduced at a level of 12 dS m
-1

. Moreover, seed priming 

showed its potential role in mitigating the salt stress as priming with CaCl2, salicylic acid and GA3 

significantly improved the seedling establishment of wheat under salinity stress conditions. 

Keywords: Salinity, Wheat, Seed priming, Germination, Emergence index, CaCl2 
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Increasing efforts have been given so far to the microbial-mitigation of salinity stress in plants. However, 

much remains unknown about the functional effect of microbial metabolites on plant growth and 

tolerance to saline conditions.The purpose of this study is to investigate the response of seed priming in 

wheat with halotolerant, plant growth promoting (PGP), facultative methylotrophic bacterium 

(Nocardioides sp. NIMMe6; LC140963), and pooled–metabolites secreted by the same bacteriumunder 

varying levels of simulated salinity stress (0, 5 and 10 dS m
-1

). The results clearly show (i) seed priming 

in wheat withpooled metabolites at higher levels of salinity stress were superior to improve the growth, 

development, and biochemical status of the seedlings; similarly, (ii) the phenotypic, biochemical and 

antioxidant enzymes activity in the root and shoots was found significantly higher with the application of 

metabolites. The current findings suggest that pooled metabolites of the PGP microbial strains could be 

more effective and viable options for sustainable growth and productivity of wheat under saline 

environment. This study also opens new gate ways for exploitation of PGP potential of agriculturally 

important microbial inoculae in abiotically stressed habitat which ceases microbial activity progressively 

over the time. The results also endorse the concept of applying microbial metabolites as next generation 

bio-inoculant for sustainable crop production in salt affected soils.  

Keywords: Methylotrophic bacteria, XAD16, Bacterial metabolites, Wheat, Indole acetic acid 
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An experiment was conducted in 2017-18 at Chaudhary Charan Singh Haryana Agricultural University, 

Hisar research farm in micro plots to evaluate the twelve mustard genotypes under  different salinity of 

irrigation waters i.e. Canal water, 5.0, 7.5 and 10.0 dS m
-1

. The data showed that the seed yield of 

different genotypes of mustard decreased with an increase in electrical conductivity of the irrigation 

water. In advance variety trial (AVT), the mustard genotypes CS 58 gave the highest seed yield (221.90 g 

m
-2

) followed by CS15000-1-1-1-4-2 (218.38 g m
-2

) at ECiw of 10.0 dS m
-1

 and the lowest seed yield 
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(181.70 g m
-2

) was obtained in Kranti. Relative water content (RWC %) of mustard genotypes under AVT 

decreased from 76.78 to 63.02 with increasing salinity levels i.e. control to 10.0 dS m
-1

. Maximum RWC 

was observed in CS 508-I P 2 (68.35) followed by CS15000-1-1-1-4-2 (67.27) and minimum in CS 700-

2-1-4 (56.16) at 10.0 dS m
-1

 of salinity. Salinity susceptibility index (SSI) increased with increasing 

salinity levels and the mean values of less than one was recorded in some of the mustard genotype even at 

10.0 dS m
-1

 of salinity. The mean salinity in the soil profile at the time of mustard harvest varied from 

1.62 dS m
-1

 in canal water irrigated plot to 10.29 dS m
-1

 in plots receiving saline water irrigation of ECiw 

10.0 dS m
-1

. 

Keywords: Mustard genotypes, Saline water, Electrical conductivity, AVT 
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Alfalfa (Medicago sativa L.) is the forage of choice for California‟s large dairy industry and the most 

widely-grown, leguminous forage crop in North America, being valued for high productivity, quality and 

economic value. Alfalfa has historically been classified as moderately sensitive to salinity with yield 

declines predicted at >2 dS/m ECe (electrical conductivity of the saturated soil paste extract). However, 

greenhouse and field studies over the past 5 years have confirmed that alfalfa can be grown with limited 

negative effects at much greater salinity levels. A broad collection of alfalfa varieties have shown a range 

of resistance at irrigation water salinities >5 dS/m ECw in greenhouse trials, with significant variation due 

to variety. A three-year field study on clay loam soil with applications of 5-7 dS/m ECw irrigation water 

indicated normal yields and excellent stand survivability. A second field study in the same soil type with 

irrigation water salinities of 8-10 dS/m, and resulting soil salinities of 10-16 dS/m ECe (0-90 cm depth), 

had yield reductions of 9-13% when averaged across varieties, and only two of the 21 varieties lost more 

than 20% yield under these highly saline (and sodic) soil conditions. Soil boron concentrations under high 

saline (HS) irrigation reached 10 mg/kg total boron, suggesting a very high level of boron tolerance in the 

varieties tested. Field evaluation of variety performance was subject to greater variation due to secondary 

sodicity effects (poor water infiltration and crusting) than to salinity, per-se. Providing adequate irrigation 

water availability to the crop may be as important as salinity in impacting yields under these field 

conditions. Utilization of saline waters for alfalfa irrigation will likely increase in California due to 

drought and water scarcity; however, long term impacts on soil quality and the volume of water required 

for leaching must be taken into consideration. The impact of saline irrigation on soil quality should be 

considered, however, including the volume of irrigation water that would be required to return the soil 

salinity to levels suitable for most other crops which would ideally be down to salinities less than 5.0 

dS/m ECe. The deep-rooted characteristics of alfalfa can enable utilization of deeper subsurface moisture, 

even at moderate to high salinity levels, but long termas documented by USDA lysimeter studies.  

Significant advantages to salt-tolerant varieties have been observed.  It will be important to consider 

specific management factors which may enable the successful production of irrigated alfalfa using 
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moderately saline (4-8 dS/m ECw) irrigation water, including careful water management during stand 

establishment, prevention of crusting, and agronomic practices  to promote water infiltration and 

leaching.  Irrigated regions looking for economically-viable crop to grow under saline conditions may 

consider alfalfa if grown utilizing appropriate methodologies, including salt-tolerant varieties and 

agronomic practices to mitigate the secondary soil effects of soil salinity and sodicity. 

Keyword:  Alfalfa, Salinity Tolerant, Guidelines, Field and Greenhouse Studies 
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In India, the total salt affected soil is 6.73 M ha, out of which 2.96 M ha is saline and 3.77 M ha is sodic 

in nature. In Uttar Pradesh alone, area under sodic soil is about 1.37 M ha. So far technologies available 

for the reclamation of sodic soils is calcium based amendment and sulphur containing compounds. The 

mineral gypsum (CaSO4.2H2O) has been widely used in the reclamation processes. Being a natural 

mineral resource, it is vanishing day by day due to its extensive use in cement, plaster of paris and 

gypsum board industries. As a result, its availability to the farmers is diminishing for reclamation of sodic 

soils. To tackle this issue, phosphogypsum, a by-product from phosphatic fertilizer industries and various 

organic amendments were used earlier but the presence of fluoride and radioactive materials in 

phosphogypsum and sparse availability of organics thwarted this avenue for application in the 

reclamation process. Thus, looking into its dwindling scenario and high cost, it is now imperative to find 

either some other reclamation technology or to find some alternative to mineral gypsum. The marine 

gypsum is a by-product from the manufacturing process of common salt (NaCl), whose general chemical 

composition is CaSO4.2H2O (89.72-92.62%); NaCl (0.48 to 2.08%); MgCl2 (0.57%); MgSO4 (3.42%) and 

insolubles (3.48 to 7.65%). For each ton of salt production, 30-50 kg of marine gypsum is produced but 

only small amount of it is being used in cement industries so far. India is the third largest salt producing 

country in the world after China and USA. The total production of marine gypsum as per Salt 

Commissioner, Jaipur, was 146,028 tonnes in 2008-09 and 233,163 tonnes in 2009-10 reported from 

Gujarat and Tamil Nadu. The solar salt production is likely to exceed 15 million tons and may have 

potential for about 0.6 million tons of precipitated gypsum/year. It was therefore, hypothesized that 

marine gypsum may be an effective ameliorant to sodic soil reclamation. Hence, a field experiment in 

sodic soil (pH-10.2) with 6 treatments were laid out in plots of 40 m
2
 using a randomized block design 

having 3 replications during kharif season taking rice (var CSR-36) as a first crop. The treatments were: 

T1– Control; T2 – 50 GR gypsum; T3 – 50 GR (Eq.) Marine gypsum; T4 – 25 GR Gypsum; T5 - 25 GR 

(Eq.) Marine Gypsum; T6 – 25 GR gypsum+25 GR (Eq.) Marine Gypsum. The rice yield (3.73 t ha
-1

) 

recorded in the treatment (50 GR (Eq.) MG), was significantly highest followed by 50 GR gypsum. The 

soil analysis after rice harvest revealed maximum reduction in pH (0.99 unit) with respect to control in the 

treatment where 50 GR (Eq.) Marine gypsum was applied followed by the combined application of 

gypsum and Marine gypsum (25 GR gypsum+25 GR Marine gypsum). In pot experiment, the rice yields 
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were statistically on par for 50 GR marine gypsum, 50 GR gypsum and 25 GR gypsum+25 GR Marine 

gypsum. In conclusion, marine gypsum may act as substitute of gypsum for sodic soil reclamation. 

However, the study needs further evaluation. 

Key words: Sodic soil, Gypsum, Marine gypsum, Reclamation 
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Piriformospora indica is an endophytic fungus that colonizes the roots of dicots as well as monocots and 

promotes growth and helps the plant to develop resistance against abiotic and biotic stresses. We have 

recently shown the P. indica phosphate transporter (PiPT) to be a high-affinity phosphate transporter 

involved in improving phosphate nutrition levels in the host plant particularly under phosphate deprived 

condition. For the first time, we have also reported the crystal structure of the eukaryotic phosphate 

transporter. Additionally, we analyzed the beneficial effect of P. indica association on rice plants during 

high salt stress conditions (300 mM NaCl). We found, salt-stressed seedlings performed much better in 

terms of biomass in the presence of the fungus compared with non-colonized (control) seedlings. Further, 

PiHOG1 gene of P. indica was functionally characterized and its role in conferring high salinity tolerance 

to colonized rice plant was investigated. Our data suggested that PiHOG1 is not only involved in the 

salinity response of P. indica, but also helping host plant to overcome salinity stress. We concluded that 

P. indica rescues growth diminution of rice seedlings under salt stress. We will discuss the role of P. 

indica in enhancement of tolerance towards biotic an abiotic stress of the host plants. As P. indica can be 

grown axenically therefore, we suggest this fungus can be used as bio-fertilizer in sustainable agriculture 

development for crop improvement. 

Keywords: Root entophyte, Plant probiotic, Salt stress, Saline environment, Rice 
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Banana is one of the important commercial crops of the Asian economy. It is being affected by many 

diseases and pests. The Fusarium wilt (Panama disease) of banana caused by Fusarium oxysporum f. sp. 

Cubense Tropical Race 4 Foc (TR4) is a devastating disease particularly affecting the Grand Naine (G-9) 

banana variety which is widely being cultivated in India. The disease causes huge loss to the growers and 

spreads rapidly in soil and water. Recently, a sudden epidemic of the disease in the Sohawal block of 

Faizabad districtof Uttar Pradesh was identified and the first report on the disease was made by ICAR-

Central Soil Salinity Research Institute and ICAR-Central Institute of Sub-tropical Horticulture. Also 

experiments were carried out to identify antagonistic fungi and design a media for the control of the 

disease. In-vitro dual plate experiment and pot culture experiments resulted in identification of the isolate 

CSR-T-3 and CSR-A-11 showing antagonistic behavior in the suppression of the radial growth of the Foc 

(TR4). A bio-formulation (CSR-FUSICONT) was developed using microbial consortia Trichoderma 

resei; (CSR-T-3) and Lysnibacillus fusiformis; (CSR-A-11). It was found to explicit antagonistic property 

against the Foc (TR-4) in both pot and field experiment. The validation of the experiment was carried out 

from 2017-2018 in 72 fields that were affected with Foc TR-4. The initial disease incidence in the 

affected fields ranged from 20 to 60%. Results showed that there was complete control of the disease 

ranging from 80-90% in the intervened fields. Complete characterization of the disease tolerance 

attributed by the formulation and its impact was assessed using Liquid chromatography Mass 

Spectroscopy studies. Also the effectiveness of the formulation was found positive in the control of other 

wilt diseases like wilt of tomato. Based on the experimental results impact studies were also conducted to 

assess for the viability of the technology. The study and intervention resulted in the control of the disease 

over a large area and rejuvenated the affected farmer‟s economy with an average gross income of Rs. 2.5 

lakhs/acre. Thus the technology has proved a boon for the banana growers not only for the control of the 

disease but also for the increase in growth and yield to about 15 percent due to the presence of plant 

growth promoting properties in the isolates used in the study. 

Keywords: Banana, Fusarium wilt, CSR-FUSICONT, Sodic soils 
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Inadequate supply of nutrients to plants is one of the biggest barriers in realizing potential yields of crops. 

Micro-nutrition has gained special importance since plants transfer micronutrients to humans and animals 

upon consumption by them. Under alkaline conditions (as in case of salt affected soils) precipitation of 

fertilizer micronutrients takes place and thus they become unavailable to plants. Nano-particles are 

assumed to be readily available if added to soil as fertilizers and their uptake has been reported to be 

higher compared to conventional fertilizers. Yet the interactions of nano-fertilizers with soil fauna and 

flora are unknown. The natural microflora maintains soil fertility through recycling of organic matter and 

release of available forms of plant essential elements. Thus effects of nano-fertilizers on them are of 

immense importance. We tested effects of nano-Zn formulations on soil micro-flora in comparison to 

conventional Zn fertilization. Several levels of fertilizations were tested. We observed that, about 44.5% 

of soil‟s bacterial isolates from total isolated species showed growth resistance up to 1562 kg ha
-1

 of 

ZnSO4 nano-fertilizers, while none of fungal isolates was inhibited up to 1562 kg ha
-1 

of nano-fertilizers. 

However, only 19.3% of bacterial isolates were able to grow up to kg ha
-1 

of conventional ZnSO4. The 

growth of these bacteria was also confirmed by observing their optical density at 600 nm and almost 

similar effect on their growth was found. Along with this, phyllospheric microbial growth was also 

checked using liquid/solid nano-ZnSO4 and ZnO formulations and compared with conventional sources. 

Their growth was maximum with combined application of solid nano-ZnSO4 formulation (500 g ha
-1

) and 

0.5% liquid formulation of nano-ZnSO4 followed by solid nano-ZnSO4 (100 g ha
-1

) but comparatively less 

growth in 1% conventional ZnO. In addition to this, invitro seed germination experiments were also 

performed using ZnSO4 nano-fertilizers (100 g ha
-1 
– 20 kg ha

-1
). It was found that nano-ZnSO4 at 10-20 

kg ha
-1

, showed 100% seed germination and higher root/shoot length and seedling growth in comparison 

to single bacterial treated seedlings as well as untreated control. Our studies revealed that ZnSO4 nano-

fertilizers can positively interact with the soil as well as plant‟s natural microbes and may also helps in 

improvement of plant Zn uptake in comparison to conventional fertilizers. 

Keywords: Conventional fertilizers, Nano-zinc fertilizers, Zn uptake, Salt affected conditions 
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Soil salinity and sodicity are serious land degradation issues in arid and semiarid regions of the world. 

Maintenance of adequate levels of soil organic matter is considered necessary for sustaining the biological 

productivity and ecosystem sustainability of salty lands. The soil microbial activity includes measures of 

the respiratory activity of soil organisms, microbial respiration and microbial biomass. The aim of this 

investigation was to analyze soil carbon, soil aggregate composition, soil microbial biomass and soil 

microbial respiration in tree plantations on a reclaimed alkali soil to find out indicators for biological 

management of soil fertility. The study was carried out with Grevillea robusta, Tectona grandis and 

Prosopis juliflora plantations at ICAR-Central Soil Salinity Research Institute, Karnal experimental farm 

(29
0
59' N, 76

0
51' E; 250 amsl). The climate of the area is semiarid and monsoonal, and is characterized by 

hot dry summers and cold winters. The soils of the study area are Haplic-Salonetz having sandy loam 

texture in the surface and clay loam texture at the lower depths. Total organic carbon (TOC) storage in 

plant biomass ranged from 15.27 to 157.2 Mg C ha
-1 

and the greatest values of TOC were recorded under 

Grevillea robusta plantation.  The carbon input in net primary productivity was 5.65 to 11.37 Mg C ha
-1

 

yr
-1

. In the three tree plantations, the soil organic carbon stock up to 30 cm soil depth (Mg C ha
-1

) was 

25.83 in Grevillea robusta, 19.44 in Tectona grandis and 8.89 in Prosopis juliflora; the soil carbon 

accretion being  greatest in soils under 24-y old Grevillea robusta plantation. Soil microbial biomass and 

its activity increased due to the ameliorative effects of trees and organic matter inputs. The soil microbial 

respiration rates varied from 8.7-151 mg CO2 –C kg
-1 

soil for 3 days (Cmin0-3d) and from 34.04 –265.5 mg 

CO2 –C kg
-1

soil for 21 days (Cmin0-21d) across soil depths and the tree plantations. The microaggregates (< 

53µm) associated with silt and clay fractions formed a large fraction (70.70 to 79.07%) of the soil 

aggregates. The total carbon concentration and microbial biomass was higher in small soil 

macroaggregates as compared to soil microaggregates. The microaggregates (250 µm, 53 µm and <53 

µm) formed a large fraction of the soil aggregates in soils and accounted most of carbon storage.  Total 

soil organic carbon was significantly related to microbial respiration and soil microbial activity (R
2
=0.94-

0.96). Microbial respiration and soil microbial biomass were found to be good indicators of improved soil 

conditions of reclaimed alkali soils. Results suggested that in addition to exerting a strong ameliorative 

effect on soil biological properties, tree plantations could also play an important role in carbon 

sequestration in reclaimed alkali soils.   

Keywords: Alkali soil, Carbon sequestration, Tree plantation 

  



Golden Jubilee International Salinity Conference (GJISC) 2019 

 

 
 

157 

 
  

 

Agroforestry Systems as Alternate Land-Use Systems for Calcareous Soils 

under Saline Water Irrigation in North-Western India 

 

Chanchal Kumari
1
, Mukesh Kumar

3
, SR Gupta

1*
 and JC Dagar

2 

1
Department of Botany, Kurukshetra University, Kurukshetra – 136 119 Haryana, India 

2
ICAR-Central Soil Salinity Research Institute, Karnal – 132 001, Haryana, India 

*
E-mail: sgupta2002158@gmail.com 

 

Soil salinity is a major environmental stress affecting extensive area of land in arid and semi-arid regions 

across the world. Agroforestry systems have a high potential to revitalize the productivity of degraded 

saline lands irrigated with saline waters. Carbon sequestration can occur either in plant biomass or as 

organic carbon in surface and sub-surface soils.  This study intended to analyze the arbuscular 

mycorrhizal fungi (AMF) diversity and soil organic carbon (SOC) sequestration in silvopastoral and 

agrihorticulture systems on a highly calcareous sandy loam soil at Bir Reserved Forest, Hisar (29º11' N 

and 75º44' E, 220 m amsl). Soil of the study site is sandy loam in texture and highly calcareous (Typic 

Haplustalf) and irrigated with saline water. While silvopastoral agroforestry systems included tree species 

(Acacia nilotica and Salvodora persica) and native grasses (Cenchrus ciliaris and Panicum miliare), 

agrihorticulture system consisted of fruit bearing karonda (Carissa congesta) and barley (Hordeum 

vulgare). In A. nilotica and S. persica based silvopastoral systems, AMF root colonization in grass species 

varied from 47.8% to 71.2%. In the agrihorticulture system, some 23 species of AMF belonging to 

Glomus, Acaulospora and Gigaspora were recorded. In silvopastoral and agrihorticulture systems, the 

spore density in the rhizosphere of predominant plant species varied from 57.6 to 203.2 spores 10 g
-1

 soil; 

the value being greatest in the case of H. vulgare. In A. nilotica - C. ciliaris and S. persica - C. ciliaris 

systems, organic carbon up to 0-30 cm soil depth was 20.50 to 19.48 Mg C ha
-1

, showing an increase of 

about 65% over that of grassland systems under similar conditions. In C. congesta - H. vulgare system, 

the organic carbon stock at 0-15 cm (10.741 Mg C ha
-1

) and 15-30 cm (10.721 Mg C ha
-1

) depths showed 

nominal difference. In microaggregates (250-53 µm), the aggregate carbon across soil depths was 0.34 to 

0.56%.  In clay and silt associated microaggregates (<53 μm), the aggregate carbon was 0.13 to 0.24% in 

A. nilotica, 0.11 to 0.25% in S. persica and 0.09 to 0.12% in the grassland soil. The macroaggregates in 

agrihorticulture system ranged from 0.60 to 5.76% and the clay and silt associated microaggregates 

ranged from 35.66 to 69.55%. The microaggregates (250-53 µm) and clay and silt associated 

microaggregates (<53 μm) formed a large fraction of soil aggregates and protected most of the soil 

organic carbon. These findings evinced that agroforestry systems have tremendous potential for 

enhancing the regulatory and provisioning services from degraded calcareous lands underlain with saline 

waters.  

Key words: Agroforestry systems, Arbuscular mycorrhizal fungi, Salt affected soils, Soil organic carbon 
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One of the major concerns in agriculture sector is scarcity of good quality water resources for irrigation. 

Irrigating with saline water adversely affects crop growth as well as deteriorates soil properties. It causes 

salt accumulation in the root zone which restricts the water and nutrients uptake by plants, thus reducing 

growth and yield. Ever increasing global population, industrialization & urbanization also emphasizes the 

need of using poor quality water for irrigation purposes. Drip irrigation is typically more efficient than 

flood and furrow irrigation methods when using poor quality water. Keeping in view of the above, an 

experiment was conducted to investigate the effect of different quality of irrigation water and fertigation 

on bell pepper (Capsicum annum L.) under drip system which was in progress at Jodhpur Farm, PAU 

Regional Station, Bathinda. The effect of four different qualities of irrigation water namely canal (WQ1), 

desalinated (WQ2), saline (WQ3) and mixed CW: SW (WQ4) water and three fertigation levels [100% 

(F1), 80% (F2) and 60% (F3) of recommended NPK dose] on bell pepper was evaluated under no mulch 

(M0) and polyethylene mulch (M1) conditions. The irrigation to the experiment was applied through 

automated micro irrigation system by using four sources of irrigation, fresh water source as canal water 

(CW), sub surface water source as ground water (tubewell water or saline water; SW), purified saline 

water source as desalinated water and mixed water source (CW and SW in equal proportion). The 

experiment was conducted in factorial split plot design on permanent beds with three replications. 

Increasing salinity of irrigation water decreased plant height as well as green capsicum yield barring 

mulch and fertigation treatments. The decrease in plant height with increasing salinity of irrigation water 

was more at 90 DAT as compared to 60 DAT. Highest mean fruit yield was recorded under CW (WQ1) 

and further increase in saline concentration in irrigation water gradually decreased yield. There was about 

54.9% decrease in fruit yield when saline water (WQ3) was applied as compared to canal water irrigation 

(WQ1). Under WQ4, 52.3% higher yield was obtained over WQ3. Lowest fruit yield was recorded in 

saline irrigation water (WQ3) in comparison to other water qualities. Root shoot ratio under saline water 

irrigation (WQ3& WQ4) was higher as compared to canal (WQ1) and desalinated (WQ2) irrigation water 

treatments. Plant height and green capsicum yield under silver black polyethylene mulch (M1) was 

significantly higher as compared to no mulch (M0) conditions irrespective of irrigation water quality. 

Fertigation with 100% of recommended NPK dose (F1) caused highest plant height at all growth stages as 

well as green capsicum yield followed by fertigation with 80% of recommended NPK dose (F2) and 

lowest in fertigation with 60% of recommended NPK dose (F3). Root shoot ratio was lowest in F1 

followed by F2 and highest under F3. Based on these findings, it can be concluded that desalinated water 

or mixing canal and saline water in equal proportion with an acceptable yield loss can be used for 

irrigation to bell pepper under drip system in case of scarcity of good quality irrigation water. 

Keywords: Saline water, Drip irrigation, Fertigation, Bell pepper 
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Different plant species have different abilities to withstand under saline conditions which are depended on 

various factors considering environmental fluctuations, salts integration, growth stages and exposure 

times. Some medicinal plants have been recorded to tolerate salinity stress e.g. Isabgol (Plantago ovate 

Forsk), kalmegh (Andrographis paniculata) liquorice (Glycyrrhiza glabra), Senna (Cassia angustifolia 

Vahl), etc. Salinity is known to retard plant growth through its influence on several vital facets of plant 

metabolism including osmotic adjustment, ion uptake, protein and nucleic acid synthesis, hormonal 

balance, organic solute accumulation, and reduced water availability to the plant. The present study 

investigates under field conditions the effect of salinity stress on growth and metabolic changes of senna, 

a leguminous plant with established medicinal utility. Field experiment was conducted at Experimental 

farm, Samni of ICAR-CSSRI, RRS, Bharuch to study the effect of salinity on yield of Senna under saline 

condition. The electrical conductivity of saturation extract of soil at the experimental site was up to 10 dS 

m
-1

 and that of irrigation water was up to 9 dS m
-1

. Similarly, senna was grown in normal field condition 

at Experimental Farm, Boriavi of ICAR-DMAPR for comparison. The dry weight of leaf and pods were 

614 and 460 kg ha
-1

, respectively recorded under saline condition which is higher than average herbage 

yield under rain fed condition. The main bioactive principle of senna is senoside which is significantly 

influenced under sanity stress. So, commercially important medicinal plant like senna could be good 

candidate for saline soil with a view to improve the livelihood security of the resource poor farmers 

having marginal and degraded land. 

Keywords: Salinity stress, Senna, Growth, Yield, Bioactive principle 
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Land degradation caused by waterlogging is a serious hurdle to the sustainable management of about 6 M 

ha land area in India, where ~3.4 M ha area is affected by surface ponding and ~2.6 M ha by subsurface 

waterlogging. Besides direct harmful effects on the survival and productivity of agricultural crops, 
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waterlogging caused by both natural and anthropogenic factors (e.g., irrigation mismanagement) is also a 

major driver of secondary salinity in many areas. Although engineering interventions like surface and 

sub-surface drainage often provide relief from the twin menaces of waterlogging and salinity, they could 

be cost prohibitive and difficult to implement in land locked regions. It is in this context that biodrainage- 

vertical pumping of ground water by deep-rooted plants using bioenergy- is increasingly being seen as a 

viable technique for the ecological restoration of waterlogged saline lands. Although a few species of 

Eucalyptus have slowly emerged as the species of choice for such situations, little is known about various 

environmental and economic benefits Eucalyptus plantations in the saline areas of Indo-Gangetic Plains. 

This study was conducted to understand the effects of Eucalyptus plantations previously done by Haryana 

State Forest Department on improvements in soil quality and farmers‟ income in the Haryana state of 

India. Different soil and water properties including watertable fluctuation were measured in lands having 

1-5 y old Eucalyptus tereticornis (clone) plantations. The average plantation height was found to range 

from 8 to 12 m while DBH varied from 18 to 30 cm among selected plantations on waterlogged saline 

sites across the Haryana state. Preliminary results indicated that Eucalyptus plantations significantly 

improved the soil hydrology by lowering the watertable. The drawdown of watertable was higher in block 

plantation compared with twin plantations along the boundary of waterlogged fields. There were 

significant improvements in soil quality as evidenced by higher values of soil organic carbon coupled 

with lower soil pH and electrical conductivity of lands under Eucalyptus plantation compared with bare 

waterlogged areas. Studied farmers and representatives of the Haryana Forest Department opined that 

Eucalyptus improves microclimate and farm incomes and is seen as one-time fixed deposit. These 

observations suggest that Eucalyptus plantation need to be promoted for the ecofriendly remediation of 

waterlogged saline lands.  

Key words: Biodrainage, Eucalyptus, Socio-economic impact, Waterlogged saline soils 
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The present investigation entitled “Line × Tester analysis in Populus deltoides Bartr” was carried out in 

the Department of Tree Improvement and Genetic Resources, Dr Y. S. Parmar University of Horticulture 

& Forestry Nauni, Solan (HP) during 2013-2015. In this study, female and male clones/strains/species of 

Populus deltoides were procured from State Forest Department, Haldwani and Shyampur, Haridwar 

Forest Division and maintained in the germplasm block of Naganji nursery from which 11 male and 13 

female clones were included in the reproductive study and the selected plant material of 4 females (G-48, 

S1, S7
C

8
 and L-62/84) and 4 males (S

7
C

11
, L-17/92, L-124/86 and S

7
C

1
) clones were crossed using Line × 

Tester (4 × 4) mating design. Controlled crossing was done and seedlings were raised in the nursery at 

stage-1 and were evaluated for morphological characters. In stage-2 clonal cuttings of selected individuals 

were raised in RBD and were evaluated for morphological, physiological and wood characters. Line x 
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tester analysis for combining ability revealed that line S1 and tester L-17/92 were found to be good 

general combiners. On the basis of heterosis over better control, mean performance and significant 

desirable SCA effects were recorded for morphological, physiological and wood characters and the cross 

combinations L-62/84 × S7C1 and L-62/84 × L-17/92 were found to be the most promising families. The 

estimates of SCA variance (σ
2
 SCA) were more than the GCA variance (σ

2
 GCA for all the characters 

studied. The gene action study revealed that dominance variance was observed more than the additive 

variance for all the parameters studied. The proportional contribution of lines was higher than individual 

contribution of testers or line × tester interaction except for plant height, collar diameter, internodal 

length, leaf area, maximum width of leaf, angle between the mid rib and 2
nd

 lower lateral mid rib, shoot 

bark thickness, root bark thickness, fresh shoot weight, dry shoot weight, dry root weight, dry root shoot 

ratio, root length, total fresh weight, total dry weight, stomatal conductance and fibre length. Among 18 

SSR markers, fifteen markers showed monomorphic allelic pattern, the remaining three markers (PMGC-

2060, PMGC-2020 and PMGC-451) showed polymorphic pattern.  

Keywords: line, tester, Populus deltoides, Control crossing, Molecular marker 
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A suit of risks spanning production, marketing and institutional segments continue to take a heavy toll on 

farm profits in India. Evidence is mounting that climate change impacts can further aggravate such 

production losses in the coming decades, rendering agriculture a non-remunerative business. Declining or 

stagnant farm incomes ascribed to the increasing input costs on one hand, and decreasing productivity and 

low produce prices on the other have necessitated the development of „high profit‟ solutions for making 

agriculture an appealing proposition for the farmers. Available evidence suggests that commercial 

cultivation of sandalwood (Santalum album L.) in great demand in international markets where it is sold 

at lucrative prices ($ 30-90 kg
-1

) could be one such solution. Sandalwood tree, grown widely in southern 

India, produces fragrant wood and scented oil. Its high demand on global markets has resulted in the 

illegal felling and smuggling of sandalwood groves. Existing demand-supply gaps for sandalwood 

provide a great scope for using it either as pure plantation or as a component of the agro-forestry systems. 

Although it has been introduced in certain parts of northern India (e.g., Himachal Pradesh, Haryana and 

Punjab states), commercial production has not yet picked up due to lack of awareness among the farmers 

and policy support, non-availability of elite planting material, inadequate knowledge on establishment 

resulting from its root parasitic nature and host–parasite relationships, the absence of region-specific 

silvicultural technology and the lack of knowledge on its performance on alluvial soils in general and salt 

affected soils in particular. The Australia Sandalwood, owing to its very high salt tolerance, is classified 

as a salt-tolerant non-halophyte. Although salt tolerance of Indian sandalwood remains obscure, its 

drought tolerant nature suggests that it could be a potential species for dry saline areas. A better 

understanding of the nature of host-parasite relationship, availability of elite planting stock and 
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development of silviculture practices can pave the way for its commercial cultivation in salt-affected 

soils. Sandalwood is a semi-root parasite which relies on the host plant to extracts nutrients and water for 

survival and growth. Therefore, it can be hypothesized that sandalwood in combination with a salt 

tolerant host could be an option for improving the economic value of salt-affected lands. Accordingly, 

studies are needed to understand the possibility of commercial sandalwood production in the saline areas 

of north-western India.  

Keywords: Agroforestry, Farmers‟ income, Salt affected soil, Sandalwood, Semi-root parasite 
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Olive (Olea europaea L.), a tree-borne oilseed (TBOs) crop found naturally in the Mediterranean basin, 

Asia and Africa, is considered to be a moderately salt-tolerant plant. It is cultivated mainly for fruits and 

oil production, especially under Mediterranean climatic conditions. Olive can be one of the most 

important TBOs for marginal lands including salt affected soils due to its wider adaptability in 

subtropical, semi-arid to temperate regions, resistance to drought, lime and salinity. It can be grown on a 

wide range of soils: heavy and clayey to light and sandy soils. Olive cultivation is currently expanding to 

non-traditional producing territories. Olive is gaining economic importance because its oil has numerous 

health benefits and unlike palm oil is devoid of any harmful effects. Despite some efforts to popularize 

olive cultivation in Jammu & Kashmir, Himachal Pradesh, Uttarakhand, Odisha and Rajasthan states 

during previous two decades, olive cultivation is still in infancy stage in India. Of some olive species 

(e.g., Olea ferruginea Royle, Olea cuspidate and Elaeocarpus floribundus) indigenous to India, Indian 

olive (Elaeocarpus floribundus Blume, Elaeocarpaceae family) locally called “Jalpai” is an underutilized 

fruit crop in the northern parts of West Bengal. Indian olive fruits are commonly used for making pickles, 

chutney and other culinary purposes. Although olive has high potential for commercial cultivation on salt 

affected lands, no study has been conducted to identify salt tolerant olive cultivars suitable for India. 

Therefore, an investigation for evaluating potential olive germplasm for alkalinity and salinity tolerance 

has recently been initiated at ICAR-CSSRI, Karnal. A total of 8 olive cultivars are being evaluated under 

saline (5 to 10 dS m
-1

) and sodic (pH 8.2 to 9.4) stresses in quasi-controlled nursery conditions. Of these 

eight cultivars, four (Coratina, Frantoio, Leccino, Picholine) were collected from Horticulture department, 

Jammu & Kashmir and other four (Arbequina, Barnea, Koroneiki, Picual) from Rajasthan Olive 

Cultivation Limited, Rajasthan. These cultivars are being evaluated for salt tolerance based on growth and 

physiological traits. Initial results showed that Arbequina cultivar performed better in term of survival and 

growth than other cultivars. While the maximum survival (94%) was recorded with Arbequina, it was 

minimum (67%) with Frantoio. The plant survival decreased in the following order: Arbequina > 

Koroneiki ≥ Picual > Barnea > Coratina > Picholine > Leccino > Frantoio. Flowering and fruiting were 

also noted in some Arbequina plants. The initial trend of the investigation undoubtedly gave an indication 

that this species will certainly survive in salt affected lands to increase the production function of such 

landscapes.  

Keywords: Olive, Salt tolerance, Survival, TBOs. 
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Acid saline Pokkali soils found in the wetland areas of Kerala state of India, often below the sea level, are 

known for traditional Pokkali rice cultivation and shrimp farming. A need has long been felt for 

sustainable increasing the productivity of ecologically fragile Pokkali agro-ecosystems by integrating 

different components on the same piece of land. In this experiment conducted for three consecutive years 

(2014-15, 2015-16 and 2016-17) in typical Pokkali fields at Kumbalangi, Ernakulam district; an effort 

was made for the sustainable integration of rice and prawn components for maximizing the productivity. 

After prawn harvest in April, the fields were drained, dried and prepared for rice cultivation by taking 

ridges and furrows. After a few monsoon showers, sprouted seeds of Pokkali rice were sown on ridges. 

After 30 days, the crop was transplanted by dismantling the ridges. As Pokkali soils are highly fertile, no 

external inputs were used and the crop was grown as naturally organic. Rice crop was harvested in 

October. The field was again drained out and prepared for prawn cultivation. Mahua cake was applied @ 

50 kg acre
-1

 into the field to deter pests and pathogens. After two weeks, fresh water was entered into the 

field through a sluice. The sluice was made up of wire mesh with brush to stop the entry of weeds and 

foreign materials. The tiger prawn seedlings were released into Pokkali fields @ 15,000 seedlings acre
-1
 

during January. Data recorded for the past three years showed high B:C ratio of 2.02, 2.73 and 3.22 

during 2014-15, 2015-16 and 2016-17, respectively, suggesting the economic viability of this system. 

During 2016-17, rice grain yield was 2.38 t ha
-1 

and total of 375 kg prawn were harvested. The total 

expenditure incurred for rice and prawn cultivation was Rs. 41,400/- and Rs. 31,500/- respectively. The 

income generated from rice cultivation was Rs. 95,200/- and that from prawn cultivation Rs. 1,31,250/- 

Hence, the B:C ratio obtained for the rice-prawn integration was 3.22. This is mainly because of the fact 

that the left over‟s of prawn cultivation become manure for rice cultivation and left over stubbles of rice 

cultivation serve as feed for the prawn, thereby reducing the need for external inputs and fertilizers. In 

addition, integrated farming was found to enhance the soil nutrient status. This system is completely 

organic and environment friendly as no external inorganic elements are used for the rice-prawn 

cultivation.  

Keywords: Acid saline soils, Integrated rice-prawn culture, Pokkali 
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Field experiment was conducted at A.D. Agricultural College & Research Institute, Tamil Nadu 

Agricultural University, Tiruchirappalli, Tamil Nadu state to evaluate the performance of Integrated 

Farming System suitable for salt affected sodic soil. The field No A4A was irrigated and 15 kg of 

Daincha seeds were broadcasted in the experimental field on 02-06-2016 for an crop area measuring 0.3 

ha. The green manure crop reached 50 percent flowering on 22-07-2016 which is around 51 days from 

sowing. The yield of green bio mass was about 7050 kg for 0.3 ha. The moisture content of green biomass 

was 76%. The green manure was ploughed in-situ using tractor drawn rotavator. Under crop component 

during Rabi 2016, the rice variety TRY 3 was sown in nursery on 20-09-2016 and transplanted on 18-10-

2016. Regular crop management practices recommended for the rice crop was followed. The crop was 

harvested on 07-02-2017 with a grain yield of 5280 kg ha
-1

. Under fisheries component, fingerlings were 

released on 08-09-2016 under polyculture system five fish species viz., 1) Catla-250 nos, 2) Rohu-100 

nos, 3) Mrigal-250 nos, 4) Silvercarp-250 nos and 5) Grass carp-250 numbers were released. The total 

numbers of fishes released are 1100 nos. The harvesting of fish was done in a staggered manner on 2
nd

, 3
rd

 

and 4
th
 week (31-05-2017). A total quantity of 285 kg of fish was harvested. Under poultry components 

40 number of eight week old (600 gram per bird) desi poultry birds meant on 08-09-2016 for meat 

purpose were released in the poultry shed erected over the corner of the fish pond. The poultry droppings 

were allowed to fall directly into the fish pond to enrich the productivity of fish pond. During the growth 

assessment for meat purpose on 28-12-2016, the individual birds reached the marketing age with an 

average individual weight of 1.9 kg, totaling 76 kg for 40 birds.  Subsequently birds were retained for egg 

purpose study. The birds did not show productivity in terms of egg production and the individual body 

weight started declining. The birds were maintained to ensure its droppings for fish ponds. The birds were 

marketed in a staggered manner with an average weight of 1.49 kg per bird, from the first week of 

February 2017 to first week of May 2017. The space available around the bunds of fish pond was used for 

cultivation of vegetables and greens. Permanent crops viz., coconut and moringa were maintained with an 

objective of long term yield perspective. The economic value of all bund crop components is Rs. 2500/- 

year
-1

, for an investment of Rs. 800/- with a net income of Rs. 1700/-. From the experiment, it is 

concluded that single cropping of rice under sodic soil condition during Rabi season alone has recorded 

with grain yield of 5280 kg ha
-1

 and provided a net income of Rs. 20232/- per acre with a benefit cost 

ratio of 2.16. Rice based Integrated Farming system (Green Manure - Rice -Fish-Poultry-Vegetable) 

provided aannual net income of Rs. 56154/- which is Rs. 35922/- higher than the net income obtained 

from single crop rice alone per acre. IFS has ensured higher BC ratio of 2.54 than conventional rice 

cropping alone with a BC ratio of 2.16. 
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In India, guava is the fifth largest fruit crop after mango, citrus, banana and apple, occupying an area of 

about 2.6 lakh ha with total annual production of 38.26 lakh tonnes. Guava is a hardy and prolific bearer 

even in marginal lands. In contrast to current global trends towards high density orcharding with the aid 

of size controlling rootstock and scion cultivars and canopy management, most of the existing guava 

plantations in India have a low tree density, resulting in poor yields and low resource use efficiency. It 

may be a coincidence that many guava growing areas of India also suffer from the problems of soil and 

groundwater salinity. In this experiment, we studied the effects of different irrigation water qualities and 

fertigation levels on the performance of a high density orchard (3 m x 2m) of guava cv. Allahabad Safeda. 

In this study, started in February 2013 at Bathinda, Punjab; a newly planted guava orchard was fertigated 

using canal water (280-300 µmhos cm
-1

), poor quality tube well water (4000 µmhos cm
-1

), canal + tube 

well water (2000 µmhos cm
-1

) and desalinated water (280-320 µmhos cm
-1

). Three fertigation levels (100, 

80 and 60%) were imposed though an automated drip irrigation system. Desalination plant installed at the 

experimental site yields around 10,000 litre desalinated water per hour.  The experiment was laid in a split 

plot design with fertigation level as main factor and water quality as sub factor having three replications 

and 21 trees in each replication. The highest fruit yields of 11.34 and 5.5 tons acre
-1

 in winter and rainy 

season crops respectively were recorded with canal water. The fruit yield with canal irrigation did not 

differ significantly from that recorded in desalinated water treatment. In comparison, the lowest fruit 

yields of 6.79 and 7.1 tons acre
-1

 in winter and rainy season crops, respectively were obtained in guava 

trees irrigated with tube well which did not differ significantly with the fruit yield in the conjunctive use 

treatment. Regardless of other factors, the highest fruit yield in winter season (10.18 tons acre
-1

) was 

recorded at 80% fertigation level which did not differ significantly from fruit yield at 100% fertigation 

level. Higher fruit weight, size, and core diameter were noted in trees receiving canal water at 100% 

fertigation. The water quality and fertigation levels also had a significant influence on soil pH, electrical 

conductivity, organic carbon and nutrient levels.  
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About 6.73 million hectare of land is salt affected in India. Salt affected soils may be either saline or sodic 

soils. The saline soils have excessive of NaCl and Na2SO4 resulting in an increase of electrical 

conductivity of the soil (>4.0 dS m
-1

) and are easy to reclaim by leaching the neutral salts. The sodic soils 

contain excessive NaHCO3 and Na2CO3 resulting an increase in soil pH (>8.5) and require amendments 

like gypsum for its reclamation. Uttar Pradesh State once had more than 1.2 million hectare of sodic land 

and tried hard for reclamation of such lands using gypsum based technology. About 10 to 15% canal 

irrigated sodic lands suffer with problem of shallow water table conditions. Sodic land reclamation using 

gypsum is sustainable under deep water table conditions. Under shallow water table conditions reversion 

of reclaimed land back to its original conditions is being noticed for which technologies need to be 

threshed out or devised. Subsurface drainage is globally accepted technology for reclamation of 

waterlogged salt affected soils. Availability of gravity outlet is a major limitation for adoption of 

subsurface drainage. Adoption of subsurface drainage over a small field by individual farmers may not be 

effective. Involvement of state government agencies in adopting subsurface drainage technology at large 

scale is essential. Design and installation of subsurface drainage requires high skill manpower and 

professionals. It is also expensive proposition to the resource poor farmers with long payback period. 

Pond Based Integrated Farming System (PBIFS) Model has ability to combat waterlogged sodic 

conditions assuring high returns with minimum payback period. Design of elevated field beds is of prime 

importance to check the secondary salinization to sustain high agricultural productivity. An experiment 

was conducted over PBIFS for sustainable reclamation of waterlogged sodic soils in Sharada Sahayak 

Canal Command, Lucknow. Average width of elevated field bed was calculated using steady state and 

transient equations as 20.0 m. Total field area, pond area and bed area were 4692, 2356 and 2336 m
2
, 

respectively. The elevated field bed area available for upland crops is about 1200 m
2
. Construction cost of 

the PBIFS Model was worked out as Rs. 42.85/m
2
. Initial cost of construction of the model was Rs. 

201052/-. Rice, wheat, green gram, black gram, pigeon pea, okra and sponge gourd were the main crops 

grown over the elevated field beds. Gross returns obtained by the farmers for crop cycles of 2015-16 and 

2016-17 were Rs. 132900/- and Rs. 630045/- against input cost of Rs. 32373/- and Rs. 392199/- resulting 

to the overall benefit cost ratio of 4.11 and 1.61. The intensive fish farming gave the highest gross return 

of Rs. 587700/- with input cost of Rs. 378020/- within a period seven months. The intensive aquaculture 

had been found most lucrative. Tomato grown over an elevated area of 1125 m
2
 during year 2017-18 

yielded 4525 kg of tomato with gross return of Rs. 67875/-. Nearly 252 eucalyptus saplings were planted 

over the embankment of the pond. Expected gross return of eucalyptus plantation was calculated as 

Rs.107610/- with an investment of Rs. 9250/- over a period of four years. 
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Keywords: Sodic soil, Integrated farming system model, Fish pond, Secondary salinization, Subsurface 
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An experiment was conducted to study the effect of different land use systems on the lability of organic 

carbon (OC) in coastal saline soils of West Bengal, India. Soil samples were collected in triplicate from 0-

15 cm and 15-30 cm depths from land shaping plots (high, mid and low land), zero tillage (ZT), 

conventional tillage (CT) and reduced tillage (RT) with rice-rice (R-R) and rice–cotton (R-C) rotations, 

guava orchard, agroforestry systems and mangrove cultivation. The rice mono-cropping with 

conventional tillage (R-R CT-Residue) system showed 13.26 Mg h
-1 

of C pool I (very labile pool, VL) 

with crop residue retention whereas without residue addition, it recorded 12.07 Mg ha
-1

. The pool I was 

found to be higher in the residue added plots as compared to residue devoid plots in both the cropping 

systems. In the land shaping plots, higher value of pool I carbon was found in high land (13.97 Mg ha
-1

) 

followed by low (5.2 Mg ha
-1

) and mid land (2.4 Mg ha
-1

). Among the land use systems studied, both 

active and very labile pools were the highest (83.94 and 4.62 kg ha
-1

, respectively) in guava orchard. In R-

R ZT-Residue system, the pool II C (labile, L) was significantly higher (10.64 Mg ha
-1

) compared to 

conventional tillage without residue (1.72 Mg ha
-1

). In R-R RT-R system, the C pool III (less labile, LL) 

was significantly higher (23.13 Mg ha
-1

) compared to R-R RT-WR system (12.91 Mg ha
-1

). The C pool 

IV, (non-labile, NL) was found to be higher in rice-cotton cropping system compared to rice mono 

cropping under all the tillage practices. This might be due to more resistant organic matter content in the 

crop residue of cotton than rice. The lability index (LI) of SOC in the land use systems was recorded 

higher in rice mono cropping with conventional tillage system (1.41) as compared to rice-cotton rotation 

(1.14) suggesting faster decomposition of organic matter in the former. The indices thus obtained were 

used to compare the relative performance of different land use systems in maintaining organic C in 

coastal saline soils. LI was higher in conventional tillage compared to zero tillage irrespective of the 

cropping systems due to higher decomposition rate which contributed greatly towards the active (VL and 

L) pool of soil organic carbon.  

Key words: Coastal saline soils, Lability, Land use systems, Organic carbon 
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Shorelines are most rapidly changing places on the earth. Kachchh is largest district in India and also has 

approximately 350 km long coastal belt. There are different types of habitats observed on Kachchh coast 

viz. sandy, muddy and rocky. Halophytes adopt themselves in saline environment. These plants have the 

ability to not only survive but also have normal growth on saline environmental conditions. The present 

investigation establishes that the current halophytic plant status of the coastal area was belonged to 19 

angiosperm taxa. They fall under 15 genera and 11 families. The dominant families were Poaceae and 

Chenopodiaceae with 5 and 3 taxa, respectively. Commiphora wightii falls under threatened species as per 

the IUCN red list and Prosopis juliflora found to be invasive exotic species in nature. 

Keyword: Halophyte, Coastal area, Habitat, Threatened species, Prosopis juliflora 
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A study was conducted in a 8 year old guava cv. Allahabad Safeda orchard planted at 5 m x 5 m for three 

consecutive years at ICAR-CSSRI RRS, Bharuch, Gujarat, India to understand the maximum salt 

tolerance level of this variety without adverse effects on fruit yield and quality, and the optimal nitrogen 

dose and pruning intensity required for sustaining the fruit yield. There were three pruning intensities [no 

pruning (P1), 25% pruning of current seasons growth (P2) and 50% pruning of current seasons growth 

(P3)], three irrigation treatments [Best Available Water (I1), saline water of ECiw 4 dS m
-1

 (I2) and of 

ECiw 8 dS m
-1

 (I3)] and three nitrogen levels [500 g tree
-1

 year
-1

 (N1), 750 g tree
-1

 year
-1

 (N2) and 1000 g 

tree
-1

 year
-1

 (N3)] in two split doses applied in June and October months. Pruning was done in the last 

week of May to induce higher fruiting, better fruit quality and shelf life of winter season crop compared 

to rainy season crop. Experimental results revealed that 25% pruning of current seasons growth gave good 

yield compared to unpruned and 50% pruned trees. Trees with 25% pruning produced the maximum 

number of fruits while those with 50% pruning produced the maximum fruit weight. Trees receiving 

saline water (8 dS m
-1

) displayed greater reductions in fruit yield compared to those irrigated with less 

saline water (4 dS m
-1

). Effect of 4 dS m
-1 

irrigation water on fruit yield was less pronounced and 

comparable with that of good quality water. Increase in nitrogen levels increased the fruit yield but the 
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difference in yield between 750 kg N tree
-1

 year
-1

 and 1000 kg N tree
-1

 year
-1

 was less visible. The 

maximum fruit yields of 49.14, 48.75, 48.74 and 45.71 q ha
-1

 were recorded in I1P2N3, I1P2N2, I2P2N3 

and I2P2N2 treatments, respectively. Increasing pruning intensity had a positive effect on total soluble 

solids (TSS) and acidity of guava fruits. In comparison, increase in salinity of irrigation water and 

nitrogen levels had a positive effect on TSS and negative effect on acidity. Even though I1P2N3 treatment 

gave a fruit yield of 49.14 q ha
-1

, it is recommended to go for 25% pruning of current seasons growth (P2) 

along with saline water irrigation of 4 dS m
-1

 (I2) and 750g N tree
-1

 year
-1

 (N2) which gives a fruit yield 

of 45.71 q ha
-1

 considering the shortage of good quality water in saline Vertisol regions. This practice will 

also help in reducing nitrogen input and save the best available water for arable crop production in saline 

Vertisols. 

Keywords: Fruit Yield, Guava, Pruning, Saline irrigation 
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In general, patchouli (Pogostemon cablin) is a shed loving plant. Essential oil is conventionally extracted 

from the shade dried patchouli leaves. Improper drying results in poor yield and quality of the essential 

oil. The aim of this study was to find out the effect of different drying methods with controlled 

temperature on the yield of patchouli essential oil and its constituents. The fresh patchouli herbage, 

harvested from a plantation raised in an acidic soil, was dried under different controlled temperature 

conditions while the shed dried leaves served as the control. The essential oil was extracted by steam 

distillation from each treatment. Statistical analysis revealed significant differences in the essential oil 

content of leaves dried by different methods. The volatile oil content of sample dried at 40°C was found 

to be the best.  

Keywords: Drying methods, Essential oil yield, Patchouli 
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Coastal salt-affected soils covering nearly 2.52 M ha area constitute about 30% of the total salt-affected 

area in India. Low organic matter and high salinity create several soil related problems including poor 

physical and biological properties of the soil, osmotic stress and nutrient imbalances, leading to very poor 

crop yields and thus low incomes to the farmers. Attention is being paid world over to develop non-

traditional crops for salt affected soils. Cultivations of medicinal plants as an alternative crop in coastal 

salt affected soils can help meet the growing demand of plant derived medicines while simultaneously 

generating income and employment opportunities.  Proper nutrient management is key to improving the 

economic yield of medicinal plants. However, suitable region-specific integrated nutrient management 

(INM) packages for various medicinal plants are not available in India. Hence, this field experiments 

were carried out in the farmers‟ fields to develop suitable INM packages for two medicinal plants namely 

Catharantus roseous and Ashwagandha having potential for commercial cultivation in coastal salt 

affected soils. The soil was sandy and saline with low organic carbon and available N, P and K.  The 

treatments imposed were 100, 75 and 50% recommended NPK along with organic manures like FYM, 

Lignite humic acid and biofertilizers. Results indicated that application of 75 % NPK + FYM @ 12.5 t ha
-

1
 + Lignite humic acid @ 20 kg ha

-1
 significantly increased the growth and yield related parameters of 

Catharanthus roseous. Under this treatment, leaf (2.54 t ha
-1

), shoot (1.74 t ha
-1

) and root (756 kg ha
-1

) 

yields were significantly higher than other treatments. INM treatment also significantly increased the 

organic carbon and available nutrients viz. Alkaline KMNO4-N (142.46 kg ha
-1

), Olsen-P (12.24 kg ha
-1

) 

and NH4OAc- K (192.62 kg ha
-1

 ) content in soil. Similarly, application of 75 % NPK + Lignite humic 

acid @ 20 kg ha
-1

 along with biofertilizer was also superior over other treatments in improving plant 

height, DMP, no. of branches and leaves and yield of Ashwagandha. This treatment recorded a shoot 

yield of 1310 kg ha
-1

 and root yield of 777 kg ha
-1

. Various INM treatments including FYM and humic 

acid also proved efficient in increasing the availability of major nutrients and organic carbon content of 

soil besides favourable effect in reducing pH and salinity of soil. 

Keywords: Alternate land use, Coastal salt-affected soils, Integrated nutrient management, Medicinal 

plants 
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Pomegranate (Punica granatum L., family: Lytheraceae) is a widely grown fruit crop in arid and semi-

arid areas across the globe. Although several studies suggest moderate salt tolerance in pomegranate, 

there is scarce information on the response of high yielding pomegranate cultivars under saline field 

conditions. This experiment was conducted to analyze the variability in fruit quality characters in fifteen 

diverse genotypes of pomegranate during 2016-17 and 2017-18. The fruits were obtained from 2-year old 

pomegranate trees planted in a saline field at ICAR-CSSRI Nain Experimental Farm, Panipat. The 

experiment was laid out in Randomized Block Design with four replications. Analysis of variance 

revealed highly significant differences among the genotypes with regards to the parameters studied. Fruit 

length (cm),  width (cm), weight (g), volume (ml
3
), density (g cm

-3
), juice percentage (%), number of 
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arils, weight of arils, weight of 100 arils, rind thickness and TSS (°B) varied significantly among 

pomegranate genotypes. In addition, fruit colour, aril colour and seed mellowness were also recorded. 

Based on seed mellowness genotypes „Jaipur 1‟, „Ajmer 1‟, „Ajmer 3‟, „Udaipur 2‟, „Rajasmand 3‟, 

„Rajasmand 4‟, „Udaipur 3‟, „Jodhpur 1‟, „Ganesh‟ and „Bhagwa‟ were categorized as soft seeded, while 

„Jaipur 2‟, „Jaipur 3‟, „Rajasmand 1‟, „Pali 1‟ and „Nagour 1‟ as hard seeded genotypes. Based on overall 

performance with regard to growth, fruit yield and quality; genotypes „Udaipur 2‟, „Udaipur 3‟, 

„Rajasmand 4‟ and „Jaipur 1‟ were found promising for cultivation in saline soils. Further investigations 

are underway to record various observations for identifying the most promising genotype(s) for salt 

affected soils.   

Key Words: Fruit quality, Pomegranate, Salinity, Variability 
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Traditional agro-ecosystems were developed over the years through natural or manmade selection of 

different crops/tree species based on their profits. While several such traditional agro-ecosystems 

continue to provide the provisioning and regulatory services they were originally meant for, there is an 

urgent need for reviving the productivity and other services of such traditional land use systems in saline 

areas. Inclusion of diverse tree, shrub and grass species with the aid of innovative agronomic techniques 

in the existing land use systems can be of considerable help in fulfilling the diverse needs of food, fodder, 

fuel-wood, timber, fruits, etc. and can also enhance quality of resource base through higher biomass 

production and continuous ground cover. Some potential plant species identified for sustainable land 

management in salt-affected areas include Tamarix aphylla, Prosopis juliflora, Acacia nilotica, Acacia 

tortilis, Melia azadirach (trees), and Salvadora and Sueda (herbs). Some grasses like Eragrostis, 

Aleuropus lagopoides, Panicum laevifolium, Panicum maximum, Distichlis, viny and Batis have immense 

potential to supply fodder during the lean periods. Among the horticultural plants, Indian gooseberry 

(Emblica officinalis), karonda (Carissa congesta), ber (Ziziphus mauritiana), date palm, guava, jamun 

and bael (Aegle marmelos) can produce fruits under saline conditions. Medicinal plants such as tulsi 

(Ocimum sanctum), ashwagandha (Withania somnifera), isabgol (Plantago ovata), lepidium sp., Egyptian 

henbane and Indian senna (Cassia angustifolia) and some of the aromatic plants such as vetiver, 

palmarosa and lemon grass can be grown with saline irrigation water. Some of the ornamental flower 

plants like calendula (Calendula officinalis), chrysanthemum (Chrysanthemum indicum), German 

chamomile (Matricaria chamomilla) and periwinkle (Catharanthus roseus) can be grown with saline 

water to increase the aesthetic value of land. Inclusion of these grasses, trees, medicinal plants which have 

ability to grow and evelop in saline agro-ecosystems may help in improving the yield, income and quality 

of the soils.  

Keywords: Alternate land use, Saline agro-ecosystems, Saline irrigation 
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The Pacific white shrimp (Penaeus vannamei), naturally occurring on the Pacific coast of the Americas 

from northern Mexico to northern Peru, has become one of the primary species being cultured in the East 

Asia, such as China  and Thailand. The culture of shrimp and marine fish in low salinity water (LSW) is a 

common practice in many countries throughout the World including China, Thailand, Vietnam, Ecuador, 

Brazil, Mexico, and the United States, Israel, Australia and many other countries. Salt-affected soils in 

India account for around 6.74 M ha in 16 states affected more or less by salinity. The inland culture of 

marine shrimp using saline groundwater is becoming more widespread throughout the world. In India, the 

frozen shrimp has maintained its position as the top item of marine export, accounting for 75.68% of 

foreign earnings in terms of USD value. The study was conducted to evaluate the effect of salinity on the 

performance of P. vannamei at four salinities of 1, 7, 15 and 25 ppt (0.64, 4.48, 9.6 and 16 dS m
-1

) over a 

culture period of three weeks. The average weight and length of the animals chosen for study was 

5.6±0.24 g and 8.4±0.16 cm, respectively. They were cultured in the 100 L volume tanks with a stocking 

density of 12 animals per tank. The sampling was done on 8
th
 and 21

st
 day of the culture period. The 

physico-chemical parameters, pH, HCO3
─
, alkalinity (mg CaCO3 L

-1
), total hardness (mg L

-1
), total 

ammonia nitrogen (TAN), phosphorus, nitrite and nitrate were found to be under suitable limits over the 

culture period.  No significant difference was found in the percentage survival, weight gain (g), specific 

growth rate (%) and feed conversation ratio (FCR) in different treatments of salinities over culture period. 

The water osmolality varied from 41 (1ppt) to 832 (25 ppt) mOsmol kg
-1

 whereas the animal serum 

osmolality varied from 624 (1 ppt/0.64 dS m
-1

) to 733 (15 ppt/9.6 dS m
-1

) mOsmol kg
-1

. There was a 

significant difference (p<0.05) in water osmolality between different treatments but no significant 

difference (p<0.05) was observed between the serum osmolality of the shrimp. Serum osmolality was 

regulated within a narrow range for wide variations in salinity. There is not much variation in osmolality 

between 8 and 21 days of culture period indicating that the species can adjust its physiological pathway to 

suit the ambient medium of different salinities within a short period. Culturing P. vannamei at different 

salinities, the species has excellent potential in inland saline areas because the species can maintain its 

homeostasis at different salinities without having any effect on growth and survival. 

Keywords: Saline water, Pacific white shrimp, Growth, Homeostasis 
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Salinization of groundwater in inland states has created major economic, social and environmental 

consequences, affecting around 8.62 million ha of land, worst affected states being Haryana, Punjab, 

Rajasthan and Western UP.  However, aquaculture had been identified as one of the viable and profitable 

options for the utilization of these degraded and fragile saline affected resources, where in large portion of 

the saline water could be evapo-transpirated from aquaculture ponds along with production of high 

income generating fish, prawn and shrimp.  ICAR-Central Institute of Fisheries Education (ICAR-CIFE), 

Mumbai, has taken this challenge as one of the flagship programs, and undertaken several national and 

international research programs, which ultimately led to the development of technologies for the 

sustainable utilization of the inland saline resources.  Among all these, the technology for the commercial 

farming of Pacific white shrimp, Litopenaeus vannamei have been widely accepted. Since inland saline 

water differs from seawater in major ionic composition, shrimp will not survive in inland saline water 

owing to the deficiency of critical nutrients. Rohtak centre of ICAR-CIFE has standardized the shrimp 

culture technique through fortification of deficient ions in inland saline water. Initial trials on the 

technology demonstration were initiated in the year 2014, in around 20 acres in the Rohtak and Hissar 

districts of Haryana, which has created a greater impact by attracting the attention of Fisheries 

Departments from the states of Punjab, Haryana and Rajasthan for the adoption of this technology. So far, 

the technology has been adopted by 212 farmers in Haryana, 80 farmers in Punjab, 7 farmers in Rajasthan 

and 2 in New Delhi, spreading over almost 1000 acres with an average productivity of around 2.2 tonnes 

acre
-1

, which has created huge production of L. vannamei over the years, generating the cumulative 

revenue of around 200 crores. Even though the technology is widely adopted by the farmers of different 

states; inland saline shrimp farming raises concerns regarding its environmental impact.  It is, therefore, 

imperative to refine the technology further in order to make it economically viable and environment-

friendly by selecting alternative candidate species suitable for inland saline aquaculture. In order to 

address these issues, CIFE has undertaken several research programmes, and recently a World Bank-

ICAR funded mega project entitled “Development of Energy Efficient and Environment Protective 

Aquaculture Technologies for Degraded Soils” has been initiated under National Agricultural Higher 

Education Project (NAHEP). It is expected that in future the technology developed from this project will 

have huge impact in the development of rural economy and livelihood generation for the end users in 

these inland saline affected areas.   

Keywords: Inland saline soils, Shrimp farming 
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Besides slashing the crop yields to varying extents, soil and irrigation water salinization also hasten 

desertification in arid and semi-arid regions of the world. Of the various strategies for rehabilitating the 

salt-affected lands, perennial plant-based systems are considered to be economically and ecologically 

viable. In this backdrop, an attempt was made to develop Eucalyptus tereticornis and Melia composita 

based agroforestry systems for saline agro-ecosystems. The treatments included three land uses (LU1- 

tree+crop, LU2- sole tree and LU3- sole crop) and five irrigation regimes (I1-good quality available water 

ECiw< 1 dS m
-1

, I2- ECiw 4 dS m
-1

, I3- ECiw 8 dS m
-1

, I4- ECiw 12 dS m
-1 

and I5- no irrigation-control) in 

plantations and four irrigation regimes except I5 in crops (pearl millet in rabi and mustard in kharif 

seasons). The field was saline (soil ECe 4 to >30 dS m
-1

; pH 7.21 to 9.25) and underlain with salty water. 

The experiment was laid out in Strip Plot Design with three replications. Eucalyptus and Melia trees were 

planted at 4m × 3m and 6m × 3m spacing, respectively in N-S direction. Regardless of irrigation and land 

use treatments, both Eucalyptus and Melia saplings established successfully showing 98.2% and 92.8% 

survival, respectively. However, the survival percentage decreased with the increase in the level of 

salinity in irrigation treatment from ECiw <1 to 12 dS m
-1

. Three year old Eucalyptus and Melia trees had 

plant height of 7.44 and 4.24 m, DBH of 22.01 and 24.85 cm, and crown spread of 6.74 and 7.82 m
2
, 

respectively irrespective of irrigation regimes. The lowest values of all the parameters were recorded in 

control (no irrigation) followed by high saline water irrigation (ECiw 12 dS m
-1

). Growth values declined 

progressively with increase in ECiw. Intercrops also showed similar trend. Highest mustard yield (8.13 q 

ha
-1

) was recorded with the best available water and lowest 5.27 q ha
-1

 with high saline irrigation having 

ECiw 12 dS m
-1

. Mustard yield reduced by 25 per cent in Eucalyptus and 11 per cent in Melia plantations 

compared to sole/open crop landuse. Similarly, the yield of pearl millet was highest (7.24 q ha
-1

) with best 

available water and lowest (6.92 q ha
-1

) with high saline irrigation (ECiw 12 dS m
-1

). There were 8.62 and 

3.25% yield reductions under Eucalyptus and Melia plantations than sole mustard crop. Soil EC and pH 

increased with increasing salinity in irrigation waters. Salinity build-up in different land uses was 6.0% in 

LU1, 11.0% in LU3 and 13.0% in LU2 over the initial salinity in 0-15 cm soil depth. Soil EC values were 

higher in sub-surface (15-30 cm depth) than surface soils in both the systems. Overall, LU1 displayed 

lower values of EC and pH followed by LU3 and LU2, irrespective of soil depth. Soil reclamation under 

the influence of trees and intercrops could be the viable option to increase the production function of 

existing land uses. The establishment of both the tree species, especially Melia composita on such lands, 

is important for infusing climatic resilience into farm based production systems. 

Keywords: Agroforestry, Climate resilience, Intercrops, Saline irrigation, Reclamation 
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Prosopis cineraria hold an important place in the desert ecosystems. The trees of Prosopis spp. are found 

predominantly in poor soils and require relatively low moisture for survival. It also grows commonly on 

moderately saline soils. Prosopis species have great potential for afforestation in arid and semi-arid 

regions. P. cineraria seeds remain dormant due to presence of hard seed coat, a limiting factor in its 

propagation. So, to obtain rapid, uniform and high germination, hard seed coat should be broken through 

pre-treatments prior to sowing. This study was conducted at CCS Haryana Agricultural University to 

standardize the pre–germination treatment for breaking the dormancy in khejri [Prosopis cineraria (L.) 

Druce]. The seeds were collected from four sources, two from Haryana (Hisar and Bhiwani) and two from 

Rajasthan (Churu and Hanumangarh). Seeds were subjected to four pre-germination treatments which 

included mechanical scarification with scarifier (1, 1.5, 2.0, 2.5 and 3.0 minutes), hot water (20, 25, 30, 

35, 40 and 45 minutes) and chemical scarification with two concentrated acids i.e. sulphuric acid and 

hydrochloric acid (5, 10, 15, 20, 25 and 30 minutes). It was found that mechanical scarification with 

scarifier for 1.5 minutes led to the maximum germination (88.5%) followed by sulphuric acid for 15 

minutes (78.8%). Likewise, other tested germination parameters namely vigour index- I (2155.4) and 

vigour index- II (4120.9), seed viability (95.7%), days to germination, germination speed (8.3) and 

seedling establishment (98%) were tested and found maximum in mechanical scarification at 1.5 minute 

treatment. The seed vigour parameters namely seed length (5.8-6.7 mm), seed width (4.4-4.7 mm), seed 

thickness (2.2-2.4 mm) and test weight (56-65 g) were also recorded. The seeds collected from Bhiwani 

were more vigorous than those from other sources. However, Bhiwani and Churu seeds were at par with 

respect to seed vigorousness and germination parameters. It was observed that the seed vigorousness is 

directly correlated with germination and seedling percentage. Based on these findings, it is recommended 

that seeds can be collected from Bhiwani for obtaining better seed seedling ratio of Prosopis cineraria. 

Keywords: Pre-sowing treatments, Prosopis cineraria, Scarification, Seed dormancy, Vigour index 
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We studied eleven land-uses namely Frass (Tamarix articulata), Desi Kikkar (Acacia nilotica), Kainth 

(Feronia limonia), Karonda-mustard (Carrisa carandas- Brassica), Aloevera-Prosopis alba, Prosopis 

alba-mustard, Eucalyptus, Aonla (Emblica officinalis)-mustard, Bael  (Aegle sp)-Mustard, Grassland-

Pasture and Jowar-wheat situated at Bir forest, Hisar, India to evaluate changes in soil physico-chemical 

and biological properties up to a depth of 200 cm. Results showed that Prosopis-Aloevera and Prosopis-

mustard system recorded highest pHs (8.5) and ECe (8.5 dS m
-1

) at 0-20 cm depth whereas lowest pHs 

(7.8) and ECe (1.1 dS m
-1

) were associated with Acacia nilotica and Feronia limonia plantation, 

respectively. With increase in depth, ECe of the soil increased significantly except a few exception viz., 

Prosopis alba-Aloevera. Irrespective of soil layer and land-uses, soils had ECe > 4.0 dS m
-1

. The 

increment in salinity further compounded beyond 1.0 m of soil depth for all land-uses except Prosopis-

Aloevera. Soils in Prosopis-mustard and Tamarix articulata plantations showed greater quantity of Ca
2+

 

and Mg
2+

 and soils in Aloevera-prosopis showed greater quantity of Na
+
 (1717 me L

-1 
at 0-20 cm) and 

Karonda (1370 me L
-1 

at 0-20 cm)  throughout the profile. Kainth and Prosopis based system had highest 

and lowest amount of calcium carbonate content throughout the soil layers. Frass (0.84%) reported 

highest organic C followed by Kainth (0.44%) > Prosopis-Aloevera (0.42%) > Prosopis-Mustard (0.39%). 

Further, surface layer of Bael (Aegle sp)-Mustard (1.72 Mg m
-3

) and Frass (Tamarix articulata) (1.25 Mg 

m
-3

) showed a highest and lowest value of bulk density. The C mineralization rate (Cmin) declined in sub-

surface than upper layer irrespective of land uses and its rate declined gradually with the progress of the 

incubation periods. The higher values of C- mineralization was observed in soil under field crop 

compared to agro-forestry and grass land. Like, Cmin the activity of dehydrogenase (DHA) declined in 20-

40cm than top layer. The surface soils of Prosopis-Mustard claimed the greater values of DHA (49.9 µg 

TPF g
-1 

soil 24h
-1

) followed by Jowar-Wheat (37.2 µg TPF g
-1 

soil 24h
-1

) and Bael (34.3 µg TPF g
-1 

soil 

24h
-1

). 

Keywords: Land use, Deep soil, Saline-sodic, C mineralization, Dehydrogenase activity 
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Salinity is a major abiotic stress which limits the seed germination, growth and development of plant and 

tree species. The deleterious effects of salinity on biodiversity and agricultural productivity make it 

essential to develop strategies that would reduce its impact and expansion. Such areas can be utilized by 

using salt tolerant species or through phytoremediation. Many tree species like Eucalyptus spp., Acacia 

spp., Prosopis cineraria, P. juliflora, Casuarina equisetifolia and Punica granatum have good 

adaptability in saline areas. Among these, Eucalyptus camaldulensis and E.teretricornis are the fast 

growing species with deep root system for water absorption to prevent the capillary rise of salt. Many 

studies have revealed a wide range of variation among the provenances and families of many species of 

Eucalyptus. A study has found that reductions in height due to increased salinity were about 30% greater 

for sensitive seed sources than tolerant ones. On basis of screening, many clones (4590, C-413 and C-

2015) have shown exceptional potential for use in saline areas in different regions. Such high levels of 

genetic variation can be exploited by selecting promising trees having the desired traits like salt tolerance, 

high growth rate, and mass multiplication through vegetative means for field planting and maintenance as 

clonal lines. Screening must be based on growth traits and other biochemical parameters like chlorophyll 

a, b, and total chlorophyll content, soluble sugars, proline and glycine betaine. Various biotechnological 

tools may also be helpful. The transgenic approach demonstrates the possibilities of gene transfer across 

organisms and engineering salt tolerance by manipulating a single gene or a few genes. Genetic 

engineering of ion transporters has been shown to significantly enhance salt tolerance. 

Keywords: Eucalyptus clones, Provenance, Salinity tolerance. 
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Seepage from canals, rivers and water channels often causes waterlogging in the adjoining areas. 

Waterlogging and secondary salinization are slowly posing serious problems to the health and 

productivity of farm lands, especially in the irrigated areas. Worldwide, as much as 10% of all irrigated 

land suffers from waterlogging. Biodrainage is a simple, permanent and efficient method to reclaim such 

areas by planting the forest tree species that can tolerate waterlogging and possess high transpiration 

capacity. Eucalyptus sp. has emerged as the most suitable tree species for such waterlogged lands. Two 
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experiments were conducted at PAU, Ludhiana for evaluating the performance of this species under 

simulated waterlogging conditions created in the big plastic drums of 220 l capacity. In the first 

experiment, two clones viz., PE-1 and C-413 were grown under two watertable depths (30 cm and 60 cm). 

The differences between the clones as well as between the watertable depths were found to be significant 

for growth traits. At 60 cm watertable depth, the height and collar diameter were significantly higher. The 

performance of clone C-413 was found to be significantly superior than PE-1 in terms of mean height. 

With respect to collar diameter, non-significant differences were found between the clones. In the second 

experiment, six clones were studied under two watertable depths (30 cm and 60 cm). The differences 

between the clones as well as between the watertable depths were again found to be significant. At 60 cm 

watertable depth, the height and collar diameter were significantly higher. The performance of PE-11 

showed superiority to other clones at both 60 and 30 cm water depths. The relative ranking of Eucalyptus 

clones for height was PE-11 > C-2135 >PE-48> P-21 > P-14 > C-2169. The relative ranking for collar 

diameter was PE-11 > PE-48 > C-2135 > P-21 > C-2169> P-14. The trees were uprooted after completion 

of the study and biomass was partitioned in three categories i.e. leaves & branches, stem and root. Huge 

variation was noticed among the Eucalyptus clones and between watertable depths for all the categories 

of dry biomass. It was concluded that clone PE-1 and C-413 need to be studied under waterlogged field 

conditions. 

Keywords: Biomass, Growth traits, Variation, Waterlogging 
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Livestock plays an important role in Indian economy and about 20.5 million people depend upon 

livestock for their livelihood. India has vast livestock resources and contributes 4.1 per cent national GDP 

and 25.6 per cent of total agricultural GDP (GoI, 2017). At present, India is having only 5.4 per cent of 

the cultivated area under fodder crops and there is a severe deficit of green fodder (36%), dry crop 

residues (11%) and concentrate feed ingredients (44%). Due to shortage of feed and fodder, animals are 

not getting sufficient amount of quality feed and fodder resulting in adverse effects on animal‟s 

productivity. Napier hybrid Bajra (NBH) and guinea grass are important forage grass of the tropics known 

for good biomass potential, palatability, persistence and quality fodder. The intercropping of legumes 

(cowpea) with guinea/napier grass also ensures availability of quality fodder in the existing cropping 

pattern. Hence, the present study was conducted to evaluate different forage crops for higher productivity 

and profit maximization in dairying. The field experiment was conducted during 2017-18 at NDRI, 

Karnal in randomized complete block design (RCBD) with two perennial fodder crops NBH (variety 

NBH-37), guinea grass (variety Bundel guinea-1) intercropping combination with cowpea (variety C-152) 

and four annual crops viz. cowpea, sorghum, baby corn, maize and moong (varieties C-152, Sudan chari, 

HM-4, J-1006 and Pusa Vishal, respectively) in kharif and berseem, oat, rye grass and Chinese cabbage 

(varieties BL-42, Kent, Makkhan grass and GSL-1, respectively) in rabi season with 8 treatments and 3 

replications. All standard agronomic package and practices of forage production were followed. The 
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economic parameter (cost of cultivation, gross return, net return and B: C ratio) were recorded on the 

basis of prevailing market prices of inputs and outputs, and data were analyzed using analysis of variance 

(ANOVA) techniques. Among the different forage crops, significantly higher green biomass yield and dry 

fodder yield were recorded in NBH + cowpea/-berseem (2 cuts) 167.2 and 29.1 t/ha, respectively. 

However, all other combinations were recorded non-significant. This result could be due to high green 

biomass production potentials of NBH and berseem crops compared to others crops. Percent dry matter 

content was also recorded higher in comparison to other forage crops. The parameters of cost analysis viz. 

gross returns, net returns and benefit cost ratios were significantly influenced by different plant type, total 

biomass yield and cost of required inputs during its production. Among the different crop sequences, 

lower cost of cultivation was observed in multicut sorghum-beseem (2 cuts then seed) 63,730 ₹/ha, while 

highest was observed in summer moong-multicut sorghum-rye grass (84,054 ₹/ha). This might be due to 

higher cost incurred in seed materials of moong and rye grass in comparison to other crops. The higher 

net returns was ascribed from baby corn-cowpea-chinese cabbage (Seed) 2, 29,443 ₹/ha followed by NBH 

+ cowpea/-berseem (2 cut then seed) 2,02,861 ₹/ha. The B:C ratio was found higher (3.16) under NBH + 

cowpea/ berseem (2 cut then seed) followed by baby corn-cowpea-Chinese cabbage (Seed). Based on the 

experimental findings, it can be concluded that among different crop sequences, NBH + cowpea/-berseem 

(2 cut then seed) can be advocated for achieving higher biomass yield, dry matter yield, net returns and 

benefit-cost ratio.   

Keywords:  Forage crops, Biomass production, Profit maximization, Indo-Gangetic plain 
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In order to ensure the adequate availability of protein sources in human diet, efforts have been made for 

gradually replacing the traditional agricultural practices with modern intensive production systems. 

Although productive soil and water resources are a major impediment to agriculture and aquaculture 

development in desert areas, there are technologies for exploiting these resources for protein production. 

Application of modern technologies for the productive use of surface and subsurface water resources has 

enhanced the prospects of commercial aquaculture in the central regions of Iran. Most of the 

commercially important Tilapia species belong to the genus Oreochromis; O. niloticus alone accounts for 

over 70% of the total commercially grown tilapia. Other commercially produced tilapia (O. hornorum, O. 

spilurus, O. aureus and O. mossambicus) are resistant to salinity. Optimum levels of salinity for different 

Tilapia species are: Nile tilapia 5-15 ppt, Mozambique tilapia 17 ppt, Aureus species 1-10 ppt, Spilurus 

species 3-8 ppt, Galileusspecies 19 ppt, red hybrid (Nile*Mozambique) 15 ppt and red Florida 17.8 ppt. If 

adaptation is gradually performed, Nile Tilapia can tolerate salinity up to 36 ppt, Mozambique up to 120 

ppt, Aureus up to 54 ppt and of hybrids up to 35-36 ppt. Mozambique Tilapia and some of hybrids 

derived from it (Al-Sayed, 2006, Reza, 2008, Kamal, 2005) are preferable for culture in saline water. 

Development of new Tilapia breeds coupled with the growing scarcity of freshwater, have fuelled its 
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production from semi-intensive to intensive systems in pools, tanks, raceways, cage, return and aquaponic 

systems, as well as high technology RAS systems. Water quality and nutrition management are the most 

important factors for the success of intensive tilapia culture. As Tilapia is a filter feeder fish, fertility of 

pond water has an important role in the culture. Biofloc method is one of the effective responses to the 

environmental and nutritional issues in aquaculture industry. In biofloc technology, microbial 

communities are used to produce a high-protein supplementary microbial source used by the filter feeder 

species. Aeration and proper mixing lead to water quality control. Microbial community, mainly 

heterotrophic bacteria in water, act as a biofilter. The function of these bacteria accelerates the absorption 

of nitrogen and reduces ammonia levels and is more efficient than the nitrification process. Increasing 

hydrocarbons leads to fixing N and non-organic C producing proteins. In the biofloc systems water 

change is very low, the amount of feed consumed in these systems is minimized, the nutrient excreted 

from the breeding system is significantly reduced and nutrients are recycled regularly. Besides, using 

brackish water in the system leads to intensive tilapia culture. Our implanted system consists of a liner 

ponds enclosed with greenhouse space to prevent evaporation and maintain water temperature and 

prevent temperature shocks with the central drainage. Aeration causes the flow of water and the discharge 

of the sewage from the center. Intensive Tilapia production in brackish water greenhouse systems 

involves preserving water and reducing feed costs. Tilapia production in biofloc system is used in some 

parts of the world. In Iran, it has been activated in the desert central region of Iran by using brackish water 

(10 ppt) and has led to the intensive tilapia production in greenhouses. 

Keywords: Tilapia, Salt water, Greenhouse production 
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Iran, the second largest country in the Middle East, has an area of 165 M ha. Approximately 90% of the 

country, classified as arid and semi-arid, suffers from low rainfall, high evapotranspiration, salinization, 

fresh water scarcity, erosion, climate change, excessive heat and desertification. Land salinization and 

climate change are major limiting factors to crop production. Some halophyte species having high 

economic value can be grown for the productive utilization of saline lands waters provided soil-plant-

water interrelationships are monitored carefully. This three year field study was conducted in a complete 

randomized block with three replications design in the form of split plot: irrigation methods (drip, 

bubbler, furrow) as main plot treatments and halophyte species (A. canescens, A. halimus, A. lentiformis, 
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A. nummularia and K. indica) as sub main plots. All plots were irrigated with saline water (14 dS/m). 

During the growing season, all plants were cut every 3-4 months for measuring the yield and yield 

components. Water use efficiency index (WUEI) for the studied halophytes and effects of saline irrigation 

on soil salinity changes were also evaluated. Irrigation systems affected biomass production differently. 

Although furrow system had the most positive effect on forage production, its effect was not markedly 

different from bubbler system. Unexpectedly, drip irrigation did not increase biomass production due to 

some technical problems with dripper clogging. Comparison of halo forages showed that A. canescens 

was the most productive species followed by A. halimus. No significant differences were observed 

between other salt bushes for forage yield. All the species were significantly different in WUEI, yield and 

yield components.The highest water productivity (2.26 kg/m
3
) was obtained in A. canesence under 

bubbler method and the lowest (0.77 kg/m
3
) in K. indica under furrow irrigation. Although A. canescens 

gave the highest forage yield, it produced the lowest amount of ash and highest amount of fiber. Since the 

high salt content of foliage is a serious constraint for animal consumption, A. canescens is still the best 

one but as mentioned above, other important factors such as feeding value of this species, digestibility and 

so on must be evaluated. Therefore, based on the criteria used for introducing the best irrigation system, 

bubbler could be chosen as the best one, however, other factors especially the initial investment cost, 

maintenance and the availability of water resources should be considered, as well.  

Keywords: biosaline agriculture, pressurized irrigation, salinity, halophyte, climate change, water use 

efficiency 
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Ox tongue flower (Echium amoenum) is used in Iranian traditional medicine as a tonic and tranquillizer. 

The aqueous extract of E. amoenum is considered an effective and safe treatment for major depressive 

disorders. Salinity is one of the most important environmental factors suppressing the germination, 

establishment and growth of this plant, resulting in reduced economic yields. This study aims to provide 

an overview on Echium amoenum production in Iran, its salinity tolerance and yield in different parts of 

the country. Based on the existing literatures, this crop can tolerate 8 dS m
-1

 of irrigation water salinity. 

Due to high content of mucilage in borage tissue and stability of the yield under different salinity levels, 

E. amoenum is categorized as a salt tolerant plant. Moreover, high contents of Na and Cl in the tissues as 

well as total ash and mucilage are in related to accumulation of solutes for osmoregulation that can be 

used as an index for salinity tolerance. The comparative results of field experiments on Iranian and 

European borages varieties showed that with the increase in salt concentration, the germination 

percentage, germination rates and germination indices of the Iranian borage were less reduced than the 

European variety. However, with increasing salinity, average germination time, semintal root length, 

shoot length, number of lateral roots and allometric indices of the European borage recorded lesser 
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reduction than Iranian borage. Based on the existing literature, it seems that borage can be introduced in 

the cropping patterns of arid, saline and water scarce regions. 

Keywords: Cropping Pattern, Economical Water Productivity, Resilient Agriculture, Salinity.  
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In India, approximately 120 M ha of land suffers from various kinds of degradation of which 6.7 M ha is 

salt-affected. Restoring the productivity of such lands through proper interventions is crucial to 

conserving natural resources and improving food security. Agroforestry/forestry is identified as an 

effective approach for enhancing the economic value of salt-affected lands. However, growth and 

productivity of trees is generally significantly reduced in salt-affected soils due to salt-induced water and 

ionic stresses. Hence, it is important to identify tree species having high salt tolerance for sustainable 

agroforestry on such soils. Melia dubia is one such species having potential to endure the salt stress. In 

this study, M. dubia seedlings were grown in pots containing sodic soils (pH 7.7, 8.5, 9.0, 9.5 and 10.0) 

during August-November, 2018 at ICAR-CSSRI, Karnal, India. Results showed that sodicity stress 

significantly (P<0.05) affected increment (per month) in height and collar diameter growth of seedlings 

during the three months study period. Increment (per month) in height growth was the highest at pH 7.7 

(8.7 cm) followed by pH 8.5 (6.1 cm), 9.0 (4.6 cm), 9.5 (4.3 cm) and 10.0 (4.2 cm). Likewise, increment 

(per month) in diameter growth was also the highest at pH 7.7 (1.14 mm) followed by pH 8.5 (0.93 mm), 

9.0 (0.73 mm), 9.5 (0.64 mm) and 10.0 (0.35 mm). The sodic stress at pH 8.5, 9.0, 9.5 and 10.0 decreased 

height growth by 31, 46, 50, 51%, and diameter by 18, 36, 44, 69%, respectively, compared to control 

(soil pH 7.7). Further, number of branches per plant and number of leaves per branch also decreased in 

the same order: pH 7.7> pH 8.5> pH 9.0> pH 9.5>pH 10.0. Branches (no.) and leaves (no.) at pH 8.5, 9.0, 

9.5 and 10.0 decreased by 13, 23, 26, 32% and 11, 17, 21, 45%, respectively, compared to pH 7.7. 

Furthermore, the maximum inter-nodal length was observed  at pH 7.7 (13.41 cm) which decreased to 

13.10 cm, 12.70 cm, 12.40 cm and 8 cm at pH 8.5, 9.0, 9.5, 10.0, respectively. Likewise, the petiole 

length was also observed to be maximum at pH 7.7 compared to rest of the treatments. Results suggested 

that increased soil sodicity levels affected growth increments by affecting all morphological parameters. 

Early seedling performance is the key indicator of tolerance to abiotic stresses under field conditions. In 

general, long term species/varietal testing trials under field conditions need be initiated to precisely relate 

the salt stresses to growth stages of M. dubia.  

Keywords: Growth, Melia dubia, Morphology, Salt stress, Sodicity 
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Saline soils offer tremendous scope for raising tree plantations to combat the ever increasing demand of 

wood in the backdrop of climate change. However, such soils are unsuitable for traditional agriculture. 

Therefore, the tree plantation is the viable option to initiate the farm practices. With this scenario, a field 

study was carried out to understand the establishment behaviour, component wise biometric gains and 

carbon partionning in Eucalyptus tereticornis, Terminalia arjuna, Melia composita, Azadirachta indica 

and Dalbergia sissoo. The plantation was done in line geometry with 4x2 m spacing under Randomized 

Block Design (RBD). The soil of the experimental site was saline in nature, ranging electrical 

conductivity (ECe) from 4 to >30 dS/m with poor quality ground water. The plantations were irrigated 

with the best available water for initial six months followed by need based saline irrigation of ECiw 3 to 

4.5 dS m
-1

. Eucalyptus gave highest survival (99%) followed by Azadirachta indica (98.6%), Dalbergia 

sissoo (98.5%), Terminalia arjuna (96.7%) and Melia composita (94.3%), respectively at the completion 

of two years after plantation.  Similarly, the height increment was maximum (363.5%) in Eucalyptus 

tereticornis followed by Azadirachta indica (176%), Melia composita (60.17%), Terminalia arjuna 

(53%) and Dalbergia sissoo (51%). However, increment in collar diameter Azadirachta indica gave 

highest (372%) incremental gain than the other tree species. Eucalyptus outperformed in terms of current 

annual increment gains. It registered highest (209.6%) CAI compared to other four tree species. Similarly, 

Eucalyptus maintained its superiority in terms of biomass by producing total biomass of 2.55 kg/tree with 

1.15 kg in stem, 0.17 kg in branches, 0.65 kg in leaves and 0.58 kg in roots. The biomass partionning was 

observed to the tune of 45.04 % in stem, 6.95 % in branch, 25.30 % in leaves and 22.71 % in roots. 

Similar trend was observed in other planted trees. The two year old plants of Eucalyptus, Azadirachta 

indica, Melia composita, Dalbergia sissoo and Terminalia arjuna sequestered 1.21, 0.57, 0.50, 0.36 and 

0.13 kg of carbon per tree, respectively. The maximum chunk of the sequestered carbon was in stem 

portion followed by branches, roots and leaves in all the trees. There is reduction in the soil EC while 

compared with the initial level during the out-planting. This is reported to be low at surface soil and found 

to increase with increase in profile depth up to 120 cm. The soil pH did not show any specific trend of 

increase and/or decrease with the varying soil depths but showed the decreasing trend among all the tree 

species when compared with the initial level. All the trees found to contribute in reclamation of saline 

soils by bringing down the soil EC and pH values. The results showed that the Eucalyptus tereticornis 

emerged as most potential trees to afforest saline soils. However, the tree species Azadirachta indica, 

Melia composita and Dalbergia sissoo are also equally good.  

Keywords: Biometric, Sequestration, Agroforestry, Trees, Eucalyptus, Plantation  
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Around 32-84% of the well water surveyed in different Indian states is poor-quality irrigation water. The 

anticipated shortage in the availability of fresh water for agricultural use is likely to enhance utilization of 

poor quality water for irrigation. Micro-irrigation with saline water; mixed irrigation with freshwater and 

saline water; and irrigation with freshwater and saline water in rotation (conjunctive use) can be used for 

utilization of poor quality water. Desalinated water can also be crucial in emergency situations where 

water sources have been polluted by saline incursions. Further, fertigation allows accurate and uniform 

application of nutrients near active roots leading to high nutrient use efficiency. The present studies were 

undertaken to know the effect of different water qualities and fertigation levels on fruit yield and quality 

of Kinnow mandarin. Four water qualities viz. canal water (280-300 µmhos/cm), poor quality tube well 

water (4000 µmhos/cm), canal + tube well water (2000 µmhos/cm) and desalinated water (280-320 

µmhos/cm) and three fertigation levels (100, 80 and 60%) were applied to a high density plantation (6m × 

3m) of Kinnow mandarin through an automated drip irrigation system. The desalinated water was used 

from a desalination plant at the experimental site yielding around 10,000 liters desalinated water per hour.  

The experiment was laid in a split plot design with fertigation level as main factor and water quality as 

sub factor having three replications and 15 trees in each replication.The application of canal water and 

desalinated water did not differ significantly for the fruit yield of Kinnow mandarin (13.44 t ha
-1

). Lower 

fruit yield was recorded in fruit trees irrigated with tube well and conjunctive use treatments but, they 

were at par with each other. The highest yield (16.17 t ha
-1

) of Kinnow mandarin was recorded with canal 

water at 100% fertigation level. However, it did not differ significantly from the fruit yield recorded in the 

trees irrigated with canal water receiving 80% fertigation. At 60 and 80 per cent fertigation levels, the 

canal and desalinated irrigation treatments did not differ for fruit yield. The water quality had no 

significant effect on the fruit weight, size, juice content, TSS and acidity. However, the lowest peel 

thickness (3.47 mm) was recorded with canal water. The water quality and fertigation treatments had 

significant effect on soil chemical (pH, electrical conductivity and organic carbon) and nutrient properties 

(N, P, K, Zn, Fe, Mn and Cu).  

Keywords: Desalination, Brackish water, Conjunctive use, Citrus 
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Salinity is a severe impediment to crop production in several parts of the world. Recently, emphasis on 

plant-based solutions for managing the salt-affected soils has increased considerably. Jamun (Syzygium 

cumini L. Skeels) is an underutilized fruit crop of Indian origin valued for its nutritional traits. Rising 

demand of jamun fruits and the release of high yielding cultivars have given a fillip to commercial jamun 

cultivation with most of the new plantations likely to come up on marginal lands afflicted by problems 

like waterlogging, excess salts and high soil pH. Although many studies have reported appreciable salt 

tolerance in jamun, physiological and molecular traits underpinning salt stress regulation remain obscure. 

Similarly, little is known about polyembryony and its potential commercial applications in the genetic 

improvement and propagation of jamun. In this backdrop, this study aims to unravel salt tolerance 

threshold and the major traits influencing plant adaptation to salinity in diverse jamun genotypes collected 

from different parts of India. Initial observations revealed considerable variation with regard to fruit and 

seed traits, seed germination, degree of polyembryony and plant morphology. The correlations among 

plant morphological and physiological traits, polyembryony and salt tolerance are being investigated with 

a view to identify easily propagable, polyembryonic salt tolerant rootstocks for commercial use in the 

foreseeable future.  

Keywords: Salt tolerance, Rootstocks, Jamun, Polyembryony 
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Thespesia populnea is a medium sized evergreen tree which grows up to 20 m tall with a dense crown. 

The wood is considered excellent for carving and is widely used for making bowls and plates, cups, 

paddles, agricultural implements, musical instruments, gunstocks, carts, wheels, boats, tool handles, 

furniture, cabinet work, utensils, jewellery and turnery. It is also considered suitable for light 

construction, flooring, wall panelling, interior trim, precision equipment, toys and novelties and pattern 

making. These trees have been planted widely as ornamental, shade, and street trees and as windbreaks 
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and living fence posts. In this study, twelve-month-old 20 phenotypically superior half-sibs of T. 

populnea were planted in progeny evaluation trial at Perugavalthan, Thiruvarur District, Tamil Nadu 

during the year 2014-15. The initial soil characteristics of the study area was found to be with a pH of 8.1, 

electrical conductivity of 5.9 dS m
-1 

(saline), low available nitrogen (240 kg ha
-1

), low available 

phosphorus (10.5 kg ha
-1

) and low available potassium (175 kg ha
-1

). The half-sib progenies of T. 

populnea were evaluated for seedling growth, physiological and biochemical parameters at 9 months after 

planting. Among the half-sibs, progenies collected from Aathikadu followed by Periyampatti and T. 

Nagar registered highest value on physiological characters such as photosynthetic rate (18.26, 17.56 & 

14.43  mol. m
-2

 s
-1

), transpiration rate (8.16, 7.91 & 7.30 m mol. m
-2

 s
-1

), stomatal conductance (0.21, 

0.18 & 0.15 m mol. m
-2

 s
-1

) and inter cellular CO2 concentration (270.09, 265.05 & 264.04 ppm). The 

half-sib progenies from Aathikadu recorded maximum values followed by Periyampatti and T. Nagar for 

biochemical attributes such as chlorophyll „a‟ (0.803. 0.811 & 0.791 mg g
-1
), chlorophyll „b‟ (1.795, 

1.879 & 1.991 mg g
-1

) and chlorophyll a/b ratio (0.446, 0.431 & 0.396 mg g
-1

), total chlorophyll (2.959, 

2.836 & 2.516 mg g
-1

) and proline content (39.290, 37.696 & 34.616 µ mol
-1

g
-1

). The influence on 

physiological characters and biochemical traits of the progenies under coastal saline soil helps to identify 

the genotypes tolerant to salinity. Those progenies are also consistently expressed superiority in saline 

field conditions for the biometric traits viz., plant height (167.78, 150.96 & 147.15 cm), basal diameter 

(2.71, 2.61 & 2.48 cm) and volume index (1229.96, 1030.87 & 907.38 cm
3
) after 9 months of planting. 

The half-sib progenies collected from Aathikadu, Periyampatti and T. Nagar were found to be the best 

with respect to physiological characters, biochemical traits and mean growth characters in coastal saline 

soil. These progenies can be exploited in future tree improvement programmes. 

Keywords: Physiological, biochemical and biometric traits, Thespesia populnea, saline soil 

 

Distribution, Adaptation and Utilization of Local Underutilized Grewia and 

Cordia Species in the Salt-affected Kachchh Region for Better  

Livelihood and Fodder Security 

 

Rahul Dev
*
, M Suresh kumar, Traloki Singh and Devi Dayal 

ICAR- CAZRI, Regional Research Stationm Kukma, Bhuj – 370 105, Gujarat, India 
*
E-mail: rahul2iari@gmail.com 

 

Highlighting the role of new crops for productivity enhancement of poor quality water and salt-affected 

soil resources, the locally adapted Grewia (Grewiatenax, G. villosa and G. flavescens) and Cordia species 

(C. myxa and C. gharaf) are the highly promising new crop for the saline ecosystem in Kachchh region of 

Gujarat. These species are utilized by the local peoples for various purposes. The leaves and tender twigs 

are very useful source of fodder during dry season and unripe mature fruits of Cordiamyxa widely utilized 

for making vegetable and pickles, while iron-rich fresh and dry fruit of Grewia species consumed by the 

local people and plant parts of Grewia and Cordia like fruit pulp, leaves and root bark are used to cure 

various ailments i.e.Grewia species (cure swelling, cardiovascular disorders, stomachs upset, cough, 

fever, diarrhea, dysentery, jaundice and rheumatism), Cordiaspecies (antioxidant, anti-glycation, anti-

malarial, anti-inflammatory, anti-microbial, urinary infections and cardioprotective action). In the year 

2015 - 2016, sixteen field surveys were conducted in the 55 different sites of six talukas of Gujarat (Bhuj, 

Mandvi, Nakhatarana, Rapar, Bhachau and Abdasa). The surveyed sites had electrical conductivity from 
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0.10 to 2.71 dSm
-1

 and soil pH from 7.1 to 9.2. Generally, soil pH was higher at upper soil layer (0 - 15 

cm) than lower layer (16 - 30 cm). The soil organic carbon was very low (0.01 – 0.48) while available ion 

content like Na
+ 

 varied from 65 to 437.14 ppm, Ca
+
  from 13.33 to 123.33 ppm and K

+  
from 40 to 470.40 

ppm. Among the 55 surveyed sites maximum plant occurrence was recorded for Grewiatenax (40 sites) 

followed by G. villosa (27), Cordiagharaf (16) and C. myxa (12) and minimum for G. flavescens (02). 

The occurrence of G. tenax was reported at the site having as high as 9.2 soil pH followed by G. villosa 

up to 8.5 soil pH level. Compare to the wide distribution of Grewia species, Cordia species had limited 

distribution at the higher pH level in the surveyed sites. Cordiagharaf was observed up to soil pH of 8.5 

followed by C. myxa up to 8.2 pH. Among the  Grewia and Cordia species higher absorption of K
+ 

 and 

SO4
2- 

 ions were noted in Grewia species i.e higher K
+ 

 ion in G. tenax (1300 - 1440 ppm) and while, SO4
2- 

 in G. villosa (1900 - 6140 ppm) while, higher leaves Na
+
 ion accumulated in Cordiaspecies, particularly 

in C. gharaf  (230 - 920 ppm) followed by C. myxa (200 - 830 ppm). Based on the results, it is concluded 

that Grewiatenax and G. villosafound to be better adapted and distributed on the salt-affected Kachchh 

regionand can be utilized for better livelihood and fodder security 

Keywords: Adaptation, Cordia, Distribution, Grewia, Salt tolerance 
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Field experiment was conducted at Research Farm of ICAR-Central Soil Salinity Research Karnal, 

Haryana during 2011-2014. Salt tolerant rice variety Basmati CSR 30 was tested under  three irrigation 

schedules [continuous submergence/farmers practice (CS/FP), 3 days after disappearance of ponded water 

(DAD) and 5 DAD] and four dates of transplanting (21 June, 1 July, 11 July and 21 July) in strip plot 

design with three replications. In case of wheat, treatments consisted of 3 irrigation schedules 

(IW/CPE=1.0, 0.8 and 0.6), 4 dates of sowing (10, 20, 30 November and 10 December) and 2 salt tolerant 

varieties KRL-210 and KRL-213, were laid out in a strip-split plot design with three replications. Pooled 

analysis of three years data indicated that yield traits (effective tillers/m
2
, panicle length and 

grains/panicle) and grain yield of salt tolerant rice variety Basmati CSR 30 did not differ significantly in 

response to different irrigation schedules. However, the 1000 grain weight was significantly higher in 

CS/FP treatment than 5 DAD. Across date of transplanting the highest irrigation water productivity (IWP) 

was recorded with irrigation schedule 5 DAD (0.522 kg/m
3
) followed by 3 DAD (0.483 kg/m

3
) and 

lowest in CS (0.438 kg/m
3
). This resulted in saving of irrigation water by 32.5 and 19.8% by scheduling 

irrigation at 5 DAD and 3 DAD, respectively compared to continuous submergence/farmer‟s practice. 

Over irrigation schedules the highest grain yield of Basmati CSR 30 was recorded when transplanting was 

done on 1
 
July (3.60 t/ha) which was significantly higher than 11 July (3.17 t/ha) and 21 July (3.13 t/ha) 

transplanting, but statistically similar with 21 June (3.47 t/ha) transplanting. Besides higher yield at 1
st
 

July transplanting there was ~30% saving of irrigation water than 21 June transplanting which is 

generally practiced by the farmers in north-western region. 

Both the salt tolerant wheat varieties (KRL-210 and KRL-213) responded similarly to different 

irrigation schedules and dates of sowing. Pooled data of 3 crop seasons indicated that yield attributing 

characters (effective tillers/m
2
, spike length and grains/spike) and grain and straw yield did not differ in 

response to different irrigation schedules, however 1000-grain weight was significantly higher when 

irrigation was scheduled at IW/CPE=1.0 than rest of the treatments. Across irrigation schedules and 

varieties the grain yield was highest when sowing was done on 10 November (6.48 t/ha) which was 

statistically at par with 20 November sowing (6.10 t/ha), however markedly higher than sowing on 30 

November (6.60 t/ha) and 10 December (4.95 t/ha). Over irrigation schedules and date of sowing both the 

wheat varieties KRL 210 (5.74 t/ha) and KRL 213 (5.82 t/ha) had statistically similar grain yield. Present 

study concludes that rice may be transplanted ~1
st
 July to realize higher yield (3.63 t/ha) and IWP (0.591 

kg/m
3
) by following 5 DAD after 1 month of transplanting, whereas, wheat can be sown on 20 November 

with irrigation schedule of IW/CPE=1.0 (6.82 t/ha) to realize maximum grain yield.  

Keywords: Reclaimed sodic soils, Salt tolerate varieties, Irrigation scheduling, Crop productivity  
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Foliar fertilization is application of nutrient solutions to the foliage of plants as an alternative means to 

fertilize crops. The rationales for the use of foliar fertilizers include: 1) when soil conditions limit 

availability of soil applied nutrients; 2) in conditions when high loss rates of soil applied nutrients may 

occur; 3) when the stage of plant growth, the internal plant demand and the environment conditions 

interact to limit delivery of nutrients to critical plant organs. As boron is relatively immobile in the plant, 

soil application alone is less effective in boron supply to the plant. The experiment was conducted in a 

Typic Ustochrept soil having pH 7.8, containing 125 kg/ha available N, 10.3 kg/ha available P, 12.5 kg/ha 

available S and hot water soluble boron 0.25 ppm at DRMR, farm. The soil was low in organic carbon 

(0.25%) status. Numbers of treatment combinations (row placement, broadcasting and foliar spray) were 

laid in CRD. Boron application method has strong influence on the yield attributes of Indian mustard. 

Application of boron as band placement @ 10 kg Borax/ha along with foliar spray @ 0.2% boric acid in 

two splits at flowering and pod formation stage resulted in maximum seed yield of 1950 kg/ha followed 

by basal application of 10 kg Borax/ha and two foliar sprays @ 0.2% as boric acid at flowering and pod 

formation stage. It was observed that foliar spray significantly enhanced the number of siliqua per plant 

(396.1 and 376.1) as well as seeds per siliqua (15 and 14.6) which resulted in highest seed yield. Foliar 

spray of boron significantly increased the 1000 seed weight as well as oil and protein yield of Indian 

mustard. From the two year experimental results it can be concluded that soil application @ 10 kg 

Borax/ha as band placement along with foliar spray @ 0.2% as boric acid is the optimum boron 

application method for enhanced yield of Indian mustard under Typic Ustochrept. Foliar spray resulted in 

synchronization of supply and demand of boron to the plant with enhanced utilization efficiency. Splitting 

fertilizer B to basal as band placement (10 kg Borax/ha) and 0.2% Boric acid/ha foliar spray is superior to 

either to soil application or foliar spray. Foliar fertilization is theoretically more environmentally friendly, 

immediate and target-oriented than soil fertilization since nutrients can be directly delivered to plant 

tissues during critical stages of plant growth. This practice recommended to areas where soil conditions 

aggravate boron deficiency such as calcareous, sandy soils with high organic matter content for enhanced 

boron availability, boron use efficiency and Indian mustard productivity. 

Keywords: Indian mustard, Boron, Foliar application, Yield 
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The sodicity in soil results in low soil infiltration rate and crop failure due to water submergence during 

heavy rain. Such extreme rainfall events are likely to occur more frequently in future due to climate change 

effects. Accumulated runoff volume in low lying area has to be disposed off safely for protecting standing 

crop otherwise crop will be damaged very badly. A localized drainage system could be a viable option for 

protecting crop in sodic environment. A cavity type structure consisting integrated filtering unit on the top 

has been designed and developed for this purpose. Six such types of structures were installed at farmers‟ 

field and their performance in terms of saving crop and improving groundwater quality was studied. The 

cavity was formed at 50 m depth from the ground surface. Integrated filtering unit consists of graded sand, 

gravel and boulder at the bottom and above that radial filter, was constructed in masonry chamber. 

Integrated filtering unit was adopted because more floating particles/sediments were expected in sodic 

environment. The total cost of the structure at the selected sites was about 2.5 lacs @ Rs 1200/ft 

approximately, depending upon lithology of the area. The results of the study indicated that installed 

structures are effective in augmenting groundwater resources, improving its quality and saving crops 

during heavy rain. The rise in groundwater table depth and quality (RSC) beneath the structures was 

recorded up to 1 m and 1.5-2.5 meq/l, respectively in different structures in 2017. However, monsoon 

season of 2018 was relatively deficient and only a single recharge event took place, which did not show 

any significant difference in water table. Though, improvement in quality in nearby area of the structure 

was evident. Considering the re-transplantation cost for rice in 5 ha area and 15-25% potential yield 

reduction under delayed transplanting, the tangible benefit through direct crop saving was estimated to be 

Rs. 30000-35000/- in lieu of transplanting (nursery + labour cost) and income loss of approximately Rs. 

80,000-90000/- in absence of recharge structure. The payback period for the selected intervention was 

estimated to be 2-3 years with the net present value (NPV) of approximately Rs. 1.34 lacs. Benefit-cost 

ratio of 1.25 and internal rate of return (IRR) of 19% indicated desired economic feasibility of investment 

on drainage-cum-recharge structure. The overall results of the study suggest that drainage-cum-recharge 

structure is an effective and economically viable option for crop production in sodic environment under 

climate change scenario. 

Keywords: Climate change, Heavy rainfall, Sodic environment, Crop submergence, Drainage-cum 

recharge 
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Rice-wheat (RW) is the dominant cropping system in Indo-Gangetic plains (IGP) of India since „Green 

Revolution’ and it contributes major share (~30%) in India‟s food grain basket. In the current scenario, the 

sustainability of this system is on the cost of over exploitation of natural resources (ground water, energy, 

soil). Continuous intensive tillage and input management practices over the years resulted in declining 

factor productivity, farm profitability and social stability. Therefore, climate smart agriculture (CSA) 

practices based on principles of conservation agriculture (CA) are considered as alternative of 

conventional practices for the systems sustainability and resources stability. Environmental conditions 

and soil quality decides the potential of crop and cropping system in any agro-ecological conditions. 

These agriculture management practices alter soil biological properties and can reflected by differences in 

microbial biomasses and enzyme activities in soils. A study was conducted to evaluate the effects of CSA 

practices in comparison to conventional management on microbial biomass carbon (MBC), nitrogen 

(MBN), dehydrogenase activity (DHA), alkaline phosphatase activity (APA) and β-Glucosidase at 

different growth stages of wheat. Samples were collected from already established CSA based cereal 

management scenarios (Sc) in year 2009 at CSSRI-CIMMYT strategic experimental platform during 

2014-16. In this four scenarios viz., conventional RW (Sc.I); partial CSA based rice-wheat-mungbean 

(Sc.II); full CSA based rice-wheat-mungbean (Sc.III), and full CSA based maize-wheat-mungbean 

(Sc.IV) were studied. 

Result showed that MBC was increased from sowing to harvest stage of wheat in all scenarios at 

surface (0-15cm) but did not change significantly in sub-surface soil depth (15-30 cm). Higher 

concentration of MBC had registered with Sc4 (188.8 μg g
-1

dry soil) and lowest with Sc1 (82.6 μg g
-1 

dry 

soil) at harvest of wheat. Similar to MBC, MBN was also significantly highest in surface layer with Sc4 

(23.3 μg g
-1

dry soil) followed by Sc2 (19.1 μg g
-1 

dry soil), Sc3 (17.1 μg g
-1 

dry soil) and Sc1 (11.1 μg g
-1 

dry soil) at harvest stage of wheat. In upper surface, MBC was 42% and MBN was 79% higher in CSA 

based scenarios than conventional scenario at harvesting stage. Interaction effect of growth stage × 

scenario, scenario × year and growth stage × growth stage on MBC and MBN were found significant. In 

the surface soil, highest APA (148.28 µg p-NP g
-1

 soil h
-1

) was recorded with Sc3 at sowing of wheat 

however, it decreases towards maturity of crop in all scenarios. In sub-surface soil, in all SCs maximum 

APA was reported at sowing stage compared to other stages of wheat except tillering in Sc3. At harvest, 

24% higher APA was recordedin Sc4 than Sc1. DHA had significantly higher with Sc2 in all stages 

compared to other scenarios except in surface soil depth at sowing stage. At tillering DHA was 

remarkably increased in all scenarios and at harvest, it was drastically declined in all scenarios. However, 

highest amount of DHA was observed at tillering stage of Sc2 (117.87 μg TFT g soil
-1

 24 h
-1

) and Sc4 

(116.33 μg TFT g soil
-1

 24 h
-1

). Similar to surface soil, in sub- surface depths higher DHA was reported 

with tillering than other crop stages. In all growth stages DHA was observed higher in Sc2 than other 

scenarios. CSA based scenarios (Sc2, Sc3 and 4) resulted significant change in β-Glucosidase at different 
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growth stages compared to Sc1. β-Glucosidase was gradually increased from sowing to panicle initiation 

(PI) in all scenarios. However, at PI stage maximum value of β-Glucosidase was reported with Sc4 (79.05 

μg PNP g
-1

 soil h
-1

) at surface depth which is statistically significant over the other scenarios. Sub-surface 

soil β-Glucosidase was slightly lower than surface soil depth in all scenarios. At PI, Sc4 had 29.2% and 

21.6% higher β-Glucosidase activity respectively at surface and sub-surface depths over Sc1. 

Extracellular enzyme activities were found to be higher in partial CSA and full CSA based scenarios 

compared to conventional scenario at both the depths.Results shows that CSA based management 

systemsimproved the soil biological activitiesat different growth stage compared to farmer‟s practice. 

CSA based practices should be promoted in IGP for improving the soil health and quality for system 

sustainability. 

Key words: Climate smart agriculture, Crop growth stages, Microbial biomasses, Enzyme activities 
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Beans (Phaseolus vulgaris L.) are principally grown in areas where plants are regularly exposed to 

drought and high temperature stress. These stresses are interlinked and cause an array of morphological, 

physiological and biochemical changes in plants, which affect plant growth and development and may 

lead to a drastic reduction in economic yield. The adverse effect of drought and high temperature can be 

mitigated by developing plants with improved stress tolerance using various genetic approaches. 

However, breeding for difficult and complex traits such as drought and high temperature could be 

simplified by identifying agronomic traits and morphological or physiological characters that are closely 

linked to yield in stressful environments. The present study were conducted to determine genotypic 

variations and changes in plant water status, growth, assimilate partitioning and yield and association 

among these traits in response to drought and high temperature stress to elucidate the mechanisms of 

stress tolerance.   

In one set of experiments were carried out in phytotron of the Okinawa Subtropical Station, Japan 

International Center for Agricultural Sciences, Okinawa, Ishigaki, Japan. Plants were sown in glass-

covered growth rooms under different day and night temperatures, each controlled within ±1.5 °C of the 

designated values. Phytotrons were filled with 4000 g soil, a mixture of 3200 g clay soil and 800 g 

compost containing 0.8 g lime and 1.2 g of 15N-12.5P-6.5K slow release fertilizer. In another set of 

experiments, plants were grown in field beds (plot size 2.5 m
2
) in a net house (5×20 m, covered with 

white cheese cloth) under natural field conditions. The soil was red-yellow podzolic highly acidic (pH 

4.6) with medium texture. Two irrigation treatments, irrigated (drip irrigated regularly) and unirrigated 

(no irrigation after flowering) were imposed. Data were taken from three plants, which were considered 

as three replications, in each temperature regime as well as in each irrigation treatment.  

Leaf water status (leaf water potential and relative water content), photosynthetic parameters, 

shoot growth, dry matter partitioning, pod setting, yield attributes and yield were influenced significantly 
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by temperature and irrigation. The drought tolerant cultivars displayed smaller reduction in leaf relative 

water content with larger decreases in leaf water potential and shoot growth and they produced higher 

number of pods per plant and seed yield than drought sensitive cultivars with large reduction in leaf 

relative water content and smaller reduction in leaf water potential and shoot growth. Similarly, high 

temperature tolerant cultivars showed greater decline in leaf water potential with increasing air 

temperature to enhance the ability of plants to absorb water at a faster rate. This reduced the development 

of severe internal water deficit in the reproductive organs and increased their survival and growth. 

Tolerant cultivars displayed an association of photosynthetic parameters with leaf water status while it 

was absent in sensitive cultivars indicating better control over CO2 and H2O exchange in leaves in 

response to stress. A higher allocation of photo-assimilates to pods and pod setting was observed in 

tolerant than sensitive cultivars, which was associated with maintenance of higher plant water status and 

lower assimilate allocation to roots. The leaf water content was involved in drought and high temperature 

tolerance in common bean, supported by decrease in shoot growth, decline in leaf water potential for high 

water absorbing capacity and leaf water content linked photosynthetic activity. Evaluation of association 

of number of pods/plant, pod setting and seed yield with leaf water content provided clear evidence that it 

was responsible for the genotypic variations in drought and heat tolerance and it can be used for screening 

and development of new plant types tolerant to these stresses. 

Keywords: Common bean, Drought tolerance, High temperature tolerance, Phytotron 
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The growing demand for food and fibers puts more pressure on renewable water resources in future, 

while the allocation of water to agriculture sector is expected to decrease due to the competition from 

industrial, hygiene and domestic sectors. Salinization of soil and water resources is already a threat for 

sustainability and expansion of agriculture in many arid regions of world. Khuzestan Province on 

southwest Iran enjoys about one third of River water resources of the country. The flood plains of 

downstream parts on this Province have heavy textured soils with shallow water table. Irrigation of this 

area has to be simultaneous with drainage to avoid waterlogging, while due to the inefficient irrigation 

methods, huge volumes of drain water produces continuously. Irrigation and drainage networks are now 

developing in the area and the estimated drain water is more than 1 km
3
. The outlets of all basins in the 

area are the Persian Gulf and local swamps (locally called Hoor) such as Hoor-ul-Azim and Hoor-e-

Shadegan. The area is almost flat and the slope to the outlet is very low, therefore the flow of drain water 

to the outlet is very stagnant and it may return back to the collectors and drain laterals, which raises the 

water table and accelerates soil salinization due to capillary rise. The discharge of collected saline drain 

water requires heavy expenses due to secondary pumping. The other environmental problem which 

threatens vast areas in southwest of Iran is dust storm. The origin of dust is mainly related to the 

neighboring countries, but some events are believed to have domestic origin. Cultivation on this area 
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could fix the dust storm hotspots and could be profitable for poor local communities; simultaneously it 

could be a measure for discharge of drainage water, if it could be used as irrigation water. But as the 

drainage water is very saline, it could not be used for irrigation of normal crops. The objective of this 

research is to introduce a package for integrated production using saline drainage water in dust storm 

canons; to reduce the drainage volume and to create sustainable job and development in saline agro-

ecosystems by „Haloculture‟. Drainage water is sequentially used to produce fish and shrimp, halophyte 

forage, quinoa, wood and Arthemia in an area of about 50 ha. The salinity of drainage water, which is 

used as input water, varies between 10 to 35 dS m
-1

. The water is pumped and filtered for fish/ shrimp 

pools. The out-flux of pools is used as irrigation water. Halophyte species and salinity tolerant crops 

which are cultivated in the project include: Salicornia spp., Panicum antidotale, Kochia Scoparia, 

Atriplex spp., Sueda spp., Chenopodium quinoa and some other local halophyte species. This part of field 

is equipped with tile drain laterals and the collected water is used in Arthemia production pools. Wood 

production part which is planted with Tamarix aphylla, is designed to act as bio-drainage. The effects of 

the pilot plan on soil and groundwater is monitoring for the possible development plans.  

Keywords: Halophytes, Drainage, Salinity, Dust storm, Iran 
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Seed spices are wide variety of plants that produce volatile and nonvolatile food additives. They are used 

to impart flavor and taste to the food and also for their health promoting benefits. The crops covered as 

major seed spices are coriander, cumin, fennel and fenugreek, whereas ajowan, dill (sowa), celery, nigella 

(kalonji), caraway (siahjeera) and anise constitute minor group of seed spices. Salt stress is one of the 

most serious limiting factors for crop growth and production in arid and semi-arid regions. In India nearly 

6.74 million ha area is occupied by salt-affected soils out of which 2.95 million ha are saline soils 

(including coastal) and 3.78 million ha alkali soils. Use of salt tolerant varieties is an easy and cost 

effective alternative solution to improve production and productivity of seed spices cultivated in saline 

environments. In seed spices, enhanced adaptation to salt stress can be achieved by developing the high 

yielding and salt tolerant genotypes. Use of salt tolerant cultivars is an economically viable and 

environment-friendly approach to obtain stable yields in saline soils. Screening programs over the years 

have led to the identification of suitable salt tolerant cultivars in different seed spice crops. Salinity up to 

5 d Sm
-1

 has no effect on germination of cumin and cumin crop can tolerate salinity upto 8 dS m
-1

 without 

much reduction in growth and seed yield under pot culture. Coriander found resistant to salinity up to 

3000 ppm NaCl concentration. Fenugreek genotype RMt-303 was found to be most desirable up to 80 

nMNaCl during germination and early seedling establishment. T. ammi is a moderately salt tolerant crop 

whose response to salinity is associated with maintenance of high K
+
/Na

+
 and Ca

2+
/Na

+
 ratios in both 

shoots and roots. With an increase in the salinity level from 0.3 to 9 dS m
-1

, the average seed yield and 

biological yield were decreased from 105.5 to 40.2 g m
-2

 and from 550.2 to 268.6 g m
-2

 respectively. 

Selection and further improvement of salt tolerant crops and cultivars may serve as one of the major 
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intervention to improve production and productivity of seed spices under saline environments under 

climate changing scenario. 

Keywords: Seed spices, Salinity, Coriander, Cumin, Fennel, Fenugreek 
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Increased carbon (C) sequestration in cultivated soils has been recognized as one of the strategies to 

counter increased levels of CO2 in atmosphere and resulting global warming. Being very energy intensive, 

the rice-wheat cropping systems have low buildup (and depletion) of soil organic C, which ultimately 

leads to low productivity. In this study, in a ten year old experiment, major organic management options 

for rice-wheat cropping systems were compared for their potential to sequester organic C in soil in form 

of different stable fractions. Effects of seven treatments namely no fertilizer (control, O), recommended 

inorganic fertilizers only (F), legumes (Vigna radiata) in rotation (LE), green manure (Sesbania 

esculeata) in rotation (GM), farmyard manure (FYM), wheat straw retention (WS) and paddy straw 

retention (PS) were studied. In the treatments with organic inputs, inorganic fertilizers doses were reduced 

to   55%, compared to fertilizer only treatments. Organic carbon (OC) and different fractions of organic C 

comprising very labile, labile, less labile and non-labile were determined by modified Walkley and 

Black‟s method. Management indices indicative of C sequestration (Lability Index, Carbon Management 

Index, Carbon Sequestration Potential) were calculated to interpret management effects. Plant assimilated 

C, and C input to soil were quantified by taking into account the in-situ and ex-situ organic matter 

contributions. Evidently, with increased C return to soil, the most significant contributions went to very 

labile carbon (C) fractions. C stocks showed decreasing trend with increase in depth and was found 

maximum in case of GM (1724.14 g m
2
) at 0-15 cm depth. Plant assimilated C, and C return to the soil 

were maximum in case of GM i.e. 20.8 ± 1.3 and 7 ± 0.3 t ha
-1

, respectively. LE and GM management 

showed no responses to increased soil C inputs in different years, perhaps indicating nutrient richness 

shadowing the beneficial effects of soil C (beyond a certain level). Sesbania in cropping cycle (GM) and 

FYM indicate better managements for surface soil (0-15 cm). GM, FYM, PS and WS resulted in 

increased benefits in terms of soil carbon sequestration at all depths. 

Keywords:  Sequestration, Carbon fractions, Organic, Rice, Wheat, Crop residue 
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The adaptation strategies in rice production to abiotic stresses will aggravate under climate change, heat 

(high temperature and humidity), drought, salinity, and submergence. Each stress is discussed regarding 

the current state of knowledge on damage mechanism for rice plants as well as possible developments in 

germplasm and crop management technologies to overcome production losses. Higher temperaturecan 

adversely affect rice yield by two principal pathways, namely (i) High temperature in combination with 

high humidity leads to spikelet sterility and adversely affect grain quality and (ii) Increased night time 

temperature that may reduce assimilate accumulation. On the other hand, some rice cultivars are grown in 

extremely hot environments, so that the development of rice germplasm with improved heat resistance 

can capture an enormous genetic pool for this trait. Likewise, drought is a common phenomena in many 

rice growing environments, and agriculture research has achieved considerable progress in terms of 

germplasm improvement and crop management (water saving techniques) to cope with the complexity of 

the drought syndrome, Rice is highly sensitive to salinity. Salinity often coincides with other stresses in 

rice production, namely drought in inland areas or submergence in coastal areas. Finally, the review 

comprises a comparative assessment of the rice versus other crops related to climate change. The rice 

crop has many unique features in terms of susceptibility and adaptation to climate change impact due to 

its semi aquatic phylogenetic origin. The bulk of global rice supply originates from irrigated systems 

which are to some extent shielded from immediate drought effects. The buffer effect of irrigation against 

climate change impacts, however, will depend on nature and state of the respective irrigation system. 

Key words:  Climate, Rice, Drought, Salinity, Adaptation 
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Groundwater recharge is becoming unavoidable in the pumped irrigated areas with steep decline in 

groundwater table. A new concept of Underground Taming of Floods for Irrigation (UTFI) was evolved 

to combat multifaceted problems of drought, declining water table, urban and rural floods. Managed 

Aquifer Recharge (MAR) using flood water would address all such problems at a time. Identification of 

suitable UTFI site for maximizing benefits from the MAR is of immense importance. There are two major 

steps involved in the selection of UTFI site. The first step is to check technical pre-requisite and second 
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step is to check social and institutional pre-requisites. The basic prerequisites for site selection need to be 

listed prior to the selection of the site. For UTFI technical pre-requisites are water stress conditions, 

availability of seasonal floods/surface runoff; land available to enable recharge, geological suitability, 

connectivity between the water sources and recharge site. Data on the topography, drainage density, flood 

frequency, rainfall pattern, existing and expected land use would be further required for suitability study. 

Probable UTFI sites are now screened out on the basis of technical pre-requisites and technical criteria. 

Once the technical pre-requisites and technical criteria are met, the site should check for social and 

institutional pre-requisites for final selection of the site. This is essentially required for successful 

execution and long term sustainability of the UTFI project. Willingness of the local people, gram 

panchayat, presence of NGO, state and federal agencies and administrative supports of government 

officials at district and block levels. Rampur district located at the outer fringe of Tarai belt is a part of 

Indo-Gangetic Plain facing major problems of continuous depletion of ground water level coupled with 

frequent floods. Out of six blocks four blocks namely Chamrauwa, Shadnagar, Sahabad and Swar had 

already been declared as dark block by the Govt. of India. Water table in other two blocks are observing 

declining trend and would sooner or later become dark block. An ambitious UTFI recharge project was 

undertaken in the Milak block of Rampur district for addressing multifaceted problems of water of the 

region. Based on the four years of field experience, the criteria for site selection of UTFI site was 

formulated. Suitable pre-requisites were assigned weight factor as unity and unfavorablepre-requisites 

were assigned as zero weightage. Finally weightage for all pre-requisites were summed up. The sites with 

highest weightage were selected as possible UTFI sites. A comprehensive analysis of 84 possible sites in 

38 villages was done and 40 sites were selected for further detailed analyses of social and institutional 

pre-requisites. After detailed investigations for social and institutional perquisites 20 sites were finally 

selected as suitable UTFI sites on the both sides of river Koshi. District officials showed great interest for 

up-scaling of the UTFI projects in affected blocks. Several meetings and training programs were 

organized for district officials as awareness program and inviting their attentions for adaption of UTFI in 

dark blocks of Rampur. The UTFI has been enlisted in district irrigation plan under flagging scheme of 

PradhanMantriKrishiSinchaiYojna. 

Keywords: Flood, Drought, Groundwater depletion, MAR, UTFI and Site sele 
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Rising input costs, Increasing cost of production, diminishing farm profits and uncertain whether events 

are major challenges faced by the farmers under intensive tillage based conventional rice–wheat (RW) 

production system of Indo-Gangetic Plains (IGP) in South Asia. Various crop establishment and residue 

management techniques have been developed, evaluated and validated for their agronomic productivity, 

economic profitability and environmental sustainability under R-W cropping system. However, most 
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efforts revolved around a single technology hence the potential benefits of layering of technologies have 

not been realized in the IGP. Therefore, a multi-location farmer‟s participatory strategic research was 

conducted to evaluate the effects of layering key technologies, practices and services in varied 

combinations and compared with business as usual (farmer‟s practice) for productivity (crop, water and 

energy), profitability and global warming potential (GWP) in a RW system. The six scenarios were 

compared that includes; Farmer‟s practice (FP); Improved FP (IFP) with low intensity of adaptive 

measures; IFP with high intensity of adaptive measures (IFP-AM); Climate smart agriculture (CSA) with 

low intensity of adaptive measures (CSA-L); CSA with medium intensity of adaptive measures (CSA-M); 

CSA with high intensity of adaptive measures (CSA-H). Results revealed that climate smart agricultural 

practice with high intensity of adaptive measures (CSA-H) recorded 13 and 34% higher system 

productivity and profitability, respectively compared to farmers‟ practice in all the three years. CSAPs 

(mean of CSA-L, CSA-M and CSA-H) improved the system productivity and profitability by 7 and 25% 

(3 yrs‟ mean) whereas, IFPs (mean of IFP and IFP-AM) by 5 and 16%, respectively compared to farmer‟s 

practice. CSAPs (CSA-H, CSA-M and CSA-L) saved 27% of irrigation water and improved irrigation 

and total water productivity (WPI and WPI+R) by 59 and 25%, respectively compared to FP in the study 

years. Across the years, CSA-H improved the energy-use-efficiency (EUE) and energy productivity (EP) 

by 32 and 34% respectively, compared to farmers‟ practice. On 3 years mean basis, CSA-H lowered 

global warming potential (GWP), total CO2, energy and greenhouse gas intensity by 43, 56 and 59% 

respectively, compared to FP. (3652.7 kg CO2eq ha
−1

 yr
−1

, 722.2 kg kg CO2eq ha
−1

 yr
−1 

and 718.7 Mg kg
−1

 

CO2eq ha
−1

 yr
−1

). On 3 years mean basis, our study revealed that CSA with high intensity of adaptive 

measures (CSA-H) increased 13% in system productivity, 34% in profitability, 25% in total water 

productivity and 53% in energy productivity with 29% less water while reducing the GWP by 56%. The 

improvement in yield, income as well as use efficiency of water and energy and reduction in GHGs was 

increasing with layering of portfolio of practices on farmers‟ practice. This study helps in prioritizing the 

technological practices from the portfolio of CSAPs for maximizing crop productivity, profitability and 

input use efficiency while improving the adaptive capacity and reducing the environmental footprints. 

Key words: Climate smart agriculture practices, Productivity, Profitability, Environmental foot prints 
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The field experiment was conducted during 2015-2016 to study the effect of water soluble fertilizers 

through drip on yield and quality of tomato, nutrient availability, uptake and nutrient use efficiency 

(NUE) in Inceptisol. The experiment consists of eight treatments with three fertigation levels, two 

fertilizer sources (conventional fertilizers applied through soil and water soluble fertilizer applied through 

fertigation). The results indicated that the application of water soluble fertilizers significantly enhanced 

the yield and growth contributing characters oftomato. The drip irrigation (DI) with 100% fertigation 
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(79.29 t ha
-1

) showed 48.50 per cent increase in yield over conventional irrigation and fertilization 

method.  However, it was on par with 100% RD of CF (T5), 75% fertigation + foliar sprays (T3) and 75 

per cent fertigation treatments (T2). It indicated that fertigation using water soluble fertilizer can save 

fertilizer dose up to 25% with increased yield. Highest availability and uptake of nutrients were registered 

in DI with 100% fertigation of water soluble fertilizers (WSF) as compared to surface irrigation (SI) with 

100% RD of conventional fertilizer (CF). The maximum nutrient use efficiency under drip fertigation 

(204.1 kg yield kg
-1

) was observed in 75% RD of fertigtion + 3 foliar sprays followed by 75% RD of 

fertigation (199.2 kg yield kg
-1

). On the basis of the results obtained, it can be concluded that drip 

irrigation with 75% RD of fertigation in 18 splits at weekly interval as given in schedule is necessary for 

achieving higher yield and nutrient use of tomato (var. Abhinav) under silty clay loam soils of western 

Maharashtra. 

Keywords: Drip fertigation, Water soluble Fertilizer, Nutrient use, Yield, Quality, Tomato 
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Soil salinity is a major problem and extent of salt affected soils in India has been estimated to a tune of 

6.73 million hectare. Excess salts in the soil reduce plant growth and vigor by altering water uptake and 

causing ion-specific toxicities or imbalances, which reflected in poor crop production in these soils. Crop 

residues are defined as the non economic plant parts that are left in the field after harvest or that are 

generated from seed packing or that are discarded during crop processing. Crop residue, traditionally 

considered as “trash” or agricultural waste, is increasingly being viewed as a valuable resource. Almost 4 

× 10
9
 Mg crop residues are produced in the world every year and more than 75% of the residues are 

derived from cereals crops. Sustainable agriculture concept has given special emphasis on retaining crop 

residue in the field for nutrient recycling and maintaining soil health. Crop residues are easily available on 

site, and are relatively economical, especially if the crop residues used are of previously harvested crop. 

Crop residue at the soil surface reduces evaporative loss of water, thereby limiting the upward movement 

of salt into the root zone, increase infiltration rate and regulate soil water movement. Therefore use of 

crop residue in salt affected soils can be an efficient solution to manage or prevent the salinity problems. 

The positive effect of addition of wheat residue and other organic manures was found for minimizing the 

ill-effects of soil pH which can be attributed to production of CO2 and further organic acids. Higher yield 

of wheat, water saving and decreased soil salinity can be achieved by using 100% previous crop residue 

retained in zero till land under saline soils. In another study, it was found that soil salinity was sharply 

decline when soil amended with rice straw, rye straw and maize stalk when compared with control. In 

permanent bed system accumulation of salts on top of the beds can also be reduced by retaining crop 

residues on the soil. Incorporation of crop residue either sugarcane trash @ 5 t ha
-1

 or green manuring 

with dhaincha significantly increased the productivity of crops, reduced soil salinity and improve physical 

properties and the organic matter content of the salt-affected Vertisols. Therefore, crop residue 

management in saline soils can lead to higher production and improved soil health 
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The rice-wheat system extends to more than 10 million ha in Indo-Gangetic plains of India. During 1960 

to 1990, genetic improvements in rice and wheat and improved management strategies resulted in a rapid 

increase in area under this system. After a dramatic rise in productivity and production during the 1980's, 

the system is showing signs of exhaustion and is no longer exhibiting increased production with the 

increase in input use. Less availability of organic manures and burning of crop residues are responsible 

for rice-wheat production system unsustainable. In the coming decades, a major issue for sustainable 

agricultural systems will be the management of soil organic matter such as green manure and crop 

residues. For the study laboratory and field experiments were conducted in KVK farm of Pratapgarh, UP. 

From the experiments, we find out the long-term effects of green manure and crop residues on crop yields 

and soil productivity in rice-wheat cropping system in the farm. The result shows from laboratory 

incubation studies was the huge amount of N was immobilized with the application of rice and wheat 

straw in the soil. Nitrogen immobilization was slower from rice straw than wheat straw. Under optimum 

temperature and moisture conditions remineralization of immobilized N started 1.5 months after 

incubation. During study, we found that the effect of green manure along with crop residues not only 

reduced the adverse effects of crop residues but also improved soil health. More application of crop 

residues significantly enhanced the organic carbon at the rate of 0.23% to 0.35% from 2015 to 2017. It 

was also found that thesignificantly enhancement of total nitrogen, phosphorus and potassium contents in 

the soil. Addition of green manure and crop residues in the soil resulted the aggregation, reduced soil bulk 

density and increased infiltration rate of the soil. 

Keywords: Residue management, Soil, Productivity, Green manure 
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Soil organic carbon (SOC) is one of the main indicators of soil health and system‟s sustainability.      

Zero-tillage has been widely recommended as an alternative for improving carbon sequestration in soil 

under different ecologies. This study was performed in western Indo-Gangetic plains (IGP) of India 
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where rice-wheat system contributed 40% to the total country‟s food grain basket and its sustainability is 

a core issue because of declining SOC coupled with open field crop residue burning.Therefore, we 

evaluated the effects of different management scenarios (Sc) namely Sc1 (conventional till rice-wheat 

cropping system; business as usual), Sc2 (partial CA based rice–wheat-mungbean system), Sc3 (CA 

based rice-wheat-mungbean system), and Sc4 (CA based maize-wheat-mungbean system) on soil organic 

carbon (SOC) pools and biological properties after 4 crop cycles (year 2009-2013). Soil samples were 

collected from surface and sub surface layers (0-15 and 15-30 cm soil depth) after rice harvesting in 2013. 

Results show that SOC stock at surface layer was higher by 70% with Sc4 than Sc1 (16.2 Mg C ha
-1

) 

(P<0.05). All the forms of carbon in different pools were higher (P<0.05) with Sc4 and Sc2 at 0-15 and 

15-30 cm soil depths, respectively. At surface soils SOC pools were found in order of Sc4>Sc3>Sc2>Sc1 

(P<0.05). Higher lability index (LI) (2.1) and stratification ratio (SR) (2.5) of organic carbon were 

observed in CA based systems (Sc2and Sc4). At surface layer the CA based scenarios (mean of Sc3, Sc2 

and Sc4) showed higher (P<0.05) enzyme activities viz. dehydrogenase (641 µg TPF g
-1

 24h
-1

) and 

alkaline phosphatase (158 µg p-nitrophenol g
-1

), and microbial biomass carbon (787 µg g
-1

) and microbial 

biomass N (98 µg g
-1

) compared with Sc1. Higher value of basal soil respiration (34%) was also observed 

with CA-based scenarios (Sc3, Sc2, Sc4). Surface layer showed maximum counts of fungi, bacteria and 

actinomycetes in Sc4. MBC, fungal population and SOC were the most sensitive biological soil 

parameters identified through principal component analysis (PCA) and can be used for soil quality 

assessment. Therefore, medium term adoption of climate smart agricultural practices involving zero-

tillage, residue management and crop diversification in rice-wheat system can significantly improve the 

systems productivity by improving SOC and soil biological quality. 

Keywords: Total organic carbon (TOC), Variable pools of TOC; Microbial parameters; Enzyme 

activities; Stratification ratio, System productivity 
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Climate change and weather extremes tend to have profound influence on productivity and profitability of 

all farming systems and livestock farming is no exception. Dairy farmers experience reduction in milk 

yield and growth rate of dairy animals depending upon their genotype, intensity and duration of exposure 

to weather extreme and variability. Capacity building of famers against the extreme weather impacts of 

climate change was felt to be an important strategy planners and policy makers. ICAR-National Dairy 

Research Institute (NDRI), Karnal implemented technology demonstration component (TDC) as an 

integral component NICRA project for demonstrating the site specific technology packages on farmers‟ 

field so that farmers can be facilitated to adapt to the current weather/ climate risks. The phase –I of 

NICRA was completed during 2011 to 2017. Based on the climate variability and extreme weather 

conditions, three villages namely Manglora in 2012 and later, two more villages namely Dilawara and 

Sohanain Karnal district of Haryana were adopted during 2012-13 and 2015-16 respectively with an 
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objective of building the capacity of farmers to manage the climate risk in dairy farming. Various 

parameters such as cropping pattern, crop production system, types of breeds, livestock production, 

animal health and sources of knowledge in the village were collected and analyzed during the benchmark 

survey. The interventions thus planned related to addressing the identified climatic stresses such as: i) 

heat stress management ii) augmentation of fodder production iii) animal health supporting system. 

Around 200 dairy farmers from all three villages were covered to adapt the climate change risks. Various 

interventions like area specific mineral mixture with recommended dose of 50-60 g per day, supply of 

vitamin E (5 gm/day/animal) and mustard oil (50 ml/day/animal) for heat stress management carried out 

during the project period. Demonstration of multi-cut fodder crop varieties like berseem (BL-42), napier 

grass, multicutsorghum (SX17) and Oats (Kent) were executed for fodder augmentation and supply of 

fodder round the year to dairy farmers and thereby reducing the fodder scarcity in the lean period. 

Moreover, these crops could able to withstand droughts and possibly water logging conditions 

also. Besides all these interventions, animal health support system being very significant aspect in 

livestock farming, animal health camps and deworming camps were organized regularly in the adopted 

villages. To strengthen the capacity of the farmers, various trainings (one day) on different aspects of 

project was organized. Exposure visits to dairy melas, dairy calendars with climate and animal production 

related advisories and leaflets in Hindi language were also developed and distributed to enhance dairy 

farmer‟s knowledge and understanding on management of dairy animals during extreme weather events 

and variability. Veterinary health camp, digging of pits for safe disposal of dung, plant saplings for 

providing shade in summer for animals, use and benefits of hay and silage making and making silage 

using bags and brainstorming on climate smart village wasorganized. The interventions helped the 

farmers to sustain the milk yield during extreme climate conditions and upscaling of these interventions 

was done through several national level training programmes for extension functionaries throughout the 

country. 

Keywords: Extreme climate, Saline environment, Dairy farmers 

 

Standardization of Sub-surface Drip Irrigation for Conservation Agriculture 

Based Rice-Wheat System of South Asia 

 

LK Singh
1*

, Naveen Gupta
1
, KM Choudhary

1
, HS Sidhu

1
, ML Jat

2
, Yadvinder-Singh

2
,  

HS Jat
2
, Ravneet Kaur Sidhu

3
, Parvinder-Singh

2
, Pankaj Singh

1
 and Bruno Gerard

4 

1
Borlaug Institute for South Asia (BISA), CIMMYT, Ladhowal – 141 004, Punjab, India 

2
International Maize and Wheat Improvement Centre (CIMMYT), New Delhi – 110012, India 

3
Thapar University, Patiala – 147003, Punjab, India 

4
International Maize and Wheat Improvement Centre (CIMMYT), El-Batan, Texcoco, Mexico 

*E-mail:l.singh@cgiar.org 

 

The future of the South Asia‟s rice-wheat (RW) production system is at stake due to continuously 

depleting aquifers and increasing pressure on underground water under projected climate change scenario. 

Conventional management factors such as flood irrigation, intensive tillage and residue burning are 

threatening sustainability of RW system. With increasing of adoption of conservation agriculture (CA), 

sub-surface drip irrigation (SSDI) provides an exceptional opportunity for complementing water saving 

benefits. Presently, there is no research evidence on optimum spacing and depth for drip laterals in a CA 
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(direct drilling and residue mulch) based RW system around the globe. This study was therefore, planned 

to evaluate effects of residue mulch, different spacing and depths of laterals for SSDI on  crop  yield, 

irrigation water productivity (WPi), nitrogen use efficiency (NUE) and net returns for CA based RW 

system in a silt loam soil in northwestern India. Drip laterals were spaced either at 33.75 cm or 67.5 cm, 

and installation depths were 0, 15 or 20 cm beneath the soil surface along with flood-irrigated RW 

systems. Grain yield and irrigation water input in rice and wheat were generally similar under different 

SSDI treatments. Irrigation water savings were 48-53% in rice and 42-53% in wheat under combination 

of SSDI and CA compared to flood irrigation system. A similar trend in WPi was recorded in both the 

crops. Residue mulch contributed to higher irrigation water savings, wheat yield and WPi compared to no 

mulch. Both rice and wheat needed 20% less N fertilizer under SSDI system to obtain grain yields similar 

to that under flood irrigated crops. Net returns from SSDI system with 67.5 cm lateral spacing were 

significantly higher compared to flood irrigation system. In conclusion, SSDI system having laterals 

spaced at 67.5 cm and installed at 15 cm depth provides novel information to the farmers for substantial 

water savings and increasing NUE with no yield penalty for CA based RW system in South Asia. 

Keywords: Sub-surface Drip, Conservation Agriculture, Rice-Wheat System 
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Maize, an important crop for food and nutritional security in India, is grown in diverse ecologies and 

seasons. To meet the rising demand, a quantum jump in maize production is the need of the hour. 

Traditionally, maize genotypes are tailored under conventional tillage (CT) management system. 

However, performance of genotypes bred under CT may differ in their performance to that under 

upcoming conservation agriculture (CA) system. Recently, drip irrigation system is being promoted to 

improve water and nutrient use efficiency under CA. Therefore, it is imperative to evaluate the 

performance of advanced breeding lines/genotypes under different agronomic management systems to 

realize the maximum yield potential. A field experiment was conducted for two years to evaluate 15 

Maize genotypes (pre-release and recently released hybrids) from diverse genetic background under three 

management scenarios: (i) conventional tillage with flood irrigation (CT-Flood), (ii) zero tillage with 

flood irrigation (ZT-Flood) and zero tillage with subsurface drip irrigation (ZT-SSD) at Borlaug Institute 

for South Asia (BISA), Ladhowal (Punjab), India. Grain yield of maize was significantly affected by 

management scenarios, genotypes and their interactions in both years. The increase in maize yield in ZT-

SSD management scenario ranged from 6.3–21.7% compared with the other management scenarios. 

While maize genotypes CAH 153 and CAH 1414 in CT, VH 13079, VH 141733, PMH 3, CAH 1511 and 

CAH 162 in ZT-SSD out yielded other genotypes in 2016. Mean grain weight was significantly higher in 

ZT-SSD compared with ZT-flood, irrespective of genotypes. Total amount of irrigation applied under ZT-

SSD was about 50% lower compared with conventional and ZT-flood irrigated maize. Results from this 
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study revealed that the hybrids performed differently under varying management systems showing G x M 

interaction. 

Keywords: Conventional tillage, Conservation agriculture, Agronomic management, Drip irrigation 
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Water management is critical problem in present days. Groundwater level is decreasing due to over 

exploitation and water demand is increasing due to population growth. The rainfall is the main source of 

fulfilling water demand for drinking, agriculture and other purpose. The present study is carried out to 

design rain water harvesting system in RK University, Rajkot. The average annual rainfall of Rajkot is 

621 mm. The proper utilization of rainfall can eliminate the many problems regarding water. This study 

composed of the survey of roof top area of building, collection of rainfall data, calculation of water 

demand and rooftop rain water harvesting potential, tank design and cost of the system. Rooftop rainwater 

harvesting system can play a vital role in future water management in the urban area. 

Keywords: Rooftop rain water harvesting system, Groundwater management, Water scarcity  
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Climate change threaten food security and in addition to that urbanization, land degradation and reducing 

water quality is a main threats to agricultural production. Research in Gene transfer and improving salt 

tolerance crops are progressing slowly, which mean that alternative crop and forage for farming in future 

and saline condition, could be considered. Recent experiment showed that halophytes such as 

Chenopodium quinoa, Panicum antidotale, Kochia scoparia and Salicornia spp., Cistanche, Caroxylon 

imbericatum, Halocenmum strobilaceum and Sueada fruticosa could be considered as food, forage and oil 

seed. Results of experiment and demonstration farm showed that halophytes could be used as commercial 
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alternative crops for improving food security with water salinity above 10 dS m
-1

 and reduce pressure on 

fresh water resources. Quinoa production is commercial with water salinity from 10-14 dS m
-1

 (2-3 t ha
-1

 

seed yield). Panicum and Kochia could also be considered for producing forage with saline water (14-20 

dS m
-1

). Salicornia spp. Showed high potential for producing 0.5-3 t ha
-1

 seed yield and 60-160 t DM ha
-1

 

then it could be considered for forage and oil seed production in the coastal area. Caroxylon imbericatum, 

Halocenmum strobilaceum and Sueada fruticose are distributed in different climate condition of Iran. 

These halophytes could be considered for high mineral content, natural nutrients and medicinal value and 

could be used for process food supplements in human diet. Cistanche spp. is distributed in different soil 

type of tropical and subtropical areas of Iran in central up to south of the country as a haloparisite and 

perennial herbs. In arid and semi-arid areas of Iran seven Cistanche species identified as C. ambigue, C. 

fissa, C. flava, C. laxiflora, C. ridgewayana, C. salsa and C. tubulosa. Among these species C. tublosa is 

very important and widely distributed as haloparasite on different species of genus Zygophyllum, 

Haloxylon, Calligonum, Prosopis, Pteropyrum, Tamarix, Seidlitzia and Alhaji. In Iran there is not a report 

for using Cistanche as medicinal crop but in the northwest China and Mongolia grow Cistanche for 

commercial use where the rainfall is lower than 250 mm. Among the tonic, Chinese medicine Cistanche is 

widely accepted as superior one and has given the name of Gineseng of the desert. The most popular 

Cistanche species are C. tubulosa, C. salsa and C. deserticola. Cistanche is rich of mineral, echinacoside, 

acteoside, phenylethanoid glycoside. This haloparasite is anti-aging medicinal crop and improve immune 

system, kidney and skeletal structure, and have positive effect on male hormone and improve 

reproductive function in women. Furthermore Citanche improves brain function and increase fat 

metabolism. Cistanche species were reported as endangered species because of decreasing host plant. In 

south of Iran for combating dust storm start growing halophytes plants and trees such as Tamarix with 

drainage water. C. tubulosa which is collected from central plateau of Iran had high amount of K, Mg, S, 

Ca and P and antioxidant capacity and six important phenylethanoid glycosides substrates. Cistanche 

could be recommended for increasing economic value to this area, employment and encourage the local 

people to plant more trees and protect them. Based on the result of halophytes farming, halophytes have 

potential to improve food security in changing climate with saline water resources, the main key for using 

them as food and feed is seed and biomass processing and selecting the best method to use them in human 

diet. Keywords: Forage, Halophytes, Climate change, Food security 
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This study has been conducted in arid region of Bafq, located in Yazd province, central part of Iran to 

analyze the potential impacts of rainfall changes, as a character of climate change, on groundwater 

mailto:mhrahimian@gmail.com


Golden Jubilee International Salinity Conference (GJISC) 2019 

 

 
 

207 

 
  

 

salinity of Bafq region and consequently, on the soil salinization and yield declination. In case of 

extracting a significant relationship between historical data of rainfall and salinity, this equation will be 

used for projection of groundwater salinity in the future. For this purpose, the down-scaled data of two 

general circulation models of HadCM3 (A2 and B2 emission scenarios) and HadGEM2 (RCP2.6, 

RCP4.5, RCP6.0 and RCP8.5 emission scenarios) were employed for projection of monthly and annual 

rainfalls in the upcoming decades. Finally, the anticipated reduction of pistachio yield due to increased 

irrigation water salinity was estimated through a proper yield reduction function. Results showed that the 

groundwater electrical conductivity is significantly correlated with the annual rainfall, but with a year 

time lag. Also deterioration of groundwater quality due to decline in the annual rainfall, as the 

consequence of global climate change, will be probable. In other words, the salinity of irrigation water 

used in the agricultural sector will be increased due to the decreased annual rainfalls. According to the 

results of A2 and B2 emission scenarios, projected average electrical conductivity of groundwater for 

2020-2099 time period will be around 9.7 and 9.9 dS m
-1

, respectively. In comparison with the average 

groundwater electrical conductivity of the historical period (1993-2016), it will increase by 6.6% and 

8.8%, respectively. Also, except for RCP6.0 emission scenario, other HadGEM2 scenarios have predicted 

different amounts of salinity increases in 2050 projection year. Without proper adaptation strategies, this 

demonstrates the possibility of gradual soil salinization and yield reduction of agricultural crops. For 

instance, due to the above mentioned increased salinity of irrigation water, an averaged decline of 9.0% 

(7.7% to 11.0%) is predictable for current performance of commercial pistachio trees in the studied 

region. In addition to implementation of climate change adaptation strategies, leaching of excess salts 

from the root zone soil will be a requisite for the sustainability of such irrigated agricultural system. 

Reduction of soil evaporation contribution by employment of soil surface mulching methods, subsurface 

drip irrigation systems, soil surface scratching a few days after irrigation and reduction of irrigated 

wetting area are other alternatives to overcome to climate change induced salinization of agricultural soil 

resources. 

Keywords: Salinity, Groundwater, Pistachio, Surface Irrigation, HadCM3, HadGEM2 
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Sundarbans in West Bengal, India by virtue of its strategic location in the Eastern coast of the Bay of 

Bengal falls in the most vulnerable zones of abrupt climate change. Analysis of the long period rainfall 

data (1966-2015) indicates that the region receives very high annual rainfall of 1821 mm which are 

concentrated only over a few monsoon months; most of the rain water goes waste as runoff and creates 

widespread water logging of the low-lying agricultural fields. Based on long term tide gauge data 

collected from PSMSL (Permanent Service for Mean Sea Level) the rate of sea level changes in the 

region varied from 2.06 to 7.48 mm yr
-1

. Multi-temporal landsat imagery was used for studying land-

use/land cover dynamics and shoreline changes. Out of total 7300 sq. KM study area of Indian 
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Sundarbans total erosion and accretion was 163 sq, KM and 149 sq. KM during 1975 to 2015. Net change 

was erosion of 14 sq. KM.  

 There was 2.7 times surplus rainfall than crop evapo-transpiration during monsoon months 

indicating very high scope of water harvesting to tackle water logging during the monsoon season and 

unavailability of fresh water for irrigation during lean season.We assessed the effects of different land 

shaping models i.e., farm pond (FP), deep furrow and high ridge (RF) and paddy cum fish (PCF) system 

for rain water harvesting in restoring the productivity of degraded coastal soils in Sundarbans. A water 

balance was run to estimate the soil moisture, crop evapotranspiration, runoff and water depth in the OFR 

(on farm reservoir).The harvested total rainwater per year (harvested runoff + rainfall at OFR) was 

calculated as 4069, 3970 and 2006 m
3
 in FP, RF and PCF land shaping systems respectively. On an 

average annually 1717, 1042 and 791 m
3
 of harvested water was used for irrigation during lean period in 

FP, RF and PCF system. We estimated all the three components of water footprints (WF) i.e., blue WF 

(WFblue), green WF (WFgreen) and gray WF (WFgray) for washing excess salt accumulation as an 

aggregative indicator to evaluate environmental impact of each land shaping system along with dominant 

rice-fallow and rice-rice system. In FP system out of total WF of 808.5 m
3 

t
-1

, WFgreen was 608.1, 

WFblue 103.1 and WFgray was 97.3 m
3 

t
-1

, respectively, whereas in case of RF system total WF was 

976.2 m
3 

t
-1 

out of that WFgreen, WFblue and WFgray was 783.7, 75.3 and 117.2 m
3 

t
-1

, respectively and 

in PCF system total WF, WFgreen, WFblue and WFgray was 1029.2, 836.2, 63.3, and 129.7 m
3 

t
-1 

respectively. In monocrop rice fallow and rice-rice system the total WF, WFgreen, WFblue and WFgray 

was 3644.8, 3113.6, nil and 531.2; and 1883.5, 974.2, 702.4 and 206.9, respectively indicating copious 

use of ground water in rice-rice system.The direct greenhouse gas emissions flux were collected and 

analyzed in gas chromatography and it was 5283, 9253 and 6529  under rice monocrop, rice-rice and land 

shaping systems whereas GHG emission recorded were 6184 kg CO2-eq. ha
-1 

yr
-1

 in mangrove ecosystem.  

Keywords: Climate change, Sundarbans, Land shaping models 

 

Effect of Irrigation Water Quality, Plastic Mulching and Fertigation Levels on 

Growth, Yield and Quality of Autumn-Winter Crop of Tomato in Loamy 

Sand Soil of Semi-Arid Regions 

 

Naveen Garg
1*

, OP Choudhary
2
, Rakesh Sharda

3
, Harvinder Singh

1
, KS Sekhon

1
, Sudhir 

Thaman
1
, MS Dhaliwal

4
, Monika Vashistha

1
, Vikas Sharma

1
 and Harmanjeet Singh

1 

1
Centre of Excellence for Utilization of Brackish Water for Fruit and Vegetable Production in 

South Western Punjab, Regional Research Station, PAU, Bathinda – 151001, Punjab, India 
2
Department of Soil Science, PAU, Ludhiana – 141004, Punjab, India 

3
Department of Soil and Water Engineering, PAU, Ludhiana – 141004, Punjab, India

 

4
Department of Vegetable Science, PAU, Ludhiana – 141004, Punjab, India 

*E-mail: naveengargpau@gmail.com 

 

Shortage of good quality canal water and brackish nature of underground tubewell water has been a major 

constraint for irrigated agriculture in South-Western Punjab and in many other arid and semi-arid regions 

of the world. Therefore, it is necessary to standardize the technologies so as to bring brackish water in to 

use for irrigating agricultural crops and particularly vegetables so as to diversify agriculture in this part of 
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the world. Drip irrigation, desalination of brackish water using reverse osmosis, plastic mulching and 

blending of brackish water with good qualitycanal water have been reported to be some of the promising 

technologies for management of brackish water. The present study was, therefore, conducted at Punjab 

Agricultural University, Regional Research Station, Bathinda, India, during 2016-17 and 2017-18 to 

study the performance of desalinated and blended wateralong with plastic mulching in autumn-winter 

crop of tomato under variable fertigation levels. There were 24 treatments which comprised four types of 

water quality [canal water (CW), desalinated water (DSW), tubewell water (TW) and mixed water (MW) 

(CW + TW)], two levels of mulching (bare soil and with silver-black plastic mulching of 30 µm 

thickness) and three fertigation levels (100%, 80% and 60% of recommended dose of NPK). The 

experimental design was factorial randomized block in split-plot keeping water quality as the main-plot 

treatment and six treatment combinations of mulching and fertigation levelsas the sub-plot treatments. 

The electrical conductivity (EC) of CW, DSW, TW and MW ranged from 0.300-0.400 dS m
-1

, 0.250-

0.300 dS m
-1

, 3.600-4.200 dS m
-1 

and 2.000-2.200 dS m
-1

, respectively. Each plot of 40.5 m
2 

area 

comprised three raised beds each of 10 m length and 0.70 m top width. The seedlings of tomato hybrid 

„Abhilash‟were transplanted in mid-September in paired rows spaced 50 cmapart and an intra-row 

spacing of 30 cm. A single drip lateral having 1.3 lph discharge and emitters spaced at 30 cm were used in 

the centre of each bed to irrigate two rows. The data pooled over years revealed that DSWirrigation 

produced fruit weight (79.3 g), fruit yield (38.1 t ha
-1

) and TSS (3.4
o
brix) which was at par with that 

produced by CW. The DSW produced 64.5% higher fruit yield than TW (23.2 t ha
-1

). The blending of 

TW with CWin equal proportion gave 31.2 t ha
-1

fruit yields which was 34.8% higher than that with TW 

but was 18.1% and 22.1% lower than that with DSW and CW, respectively. The results in respect of plant 

height and fruit weight followed the same trend. However, the utilization of TW alone or as blended with 

CW increased the TSS of tomato fruits by 31.9to 33.2% over that with CW and DSW. The silver-black 

plastic mulching increased the fruit weight and fruit yield by 14.7% and 54.4%, respectively, and reduced 

the incidence of tomato leaf curl virus by 40.9% over the bare soil. The three fertigation levels were at par 

with respect to fruit weight and TSS. However, the maximum fruit yield was recorded with 100% NPK 

followed by 80% NPK and 60% NPK. 

Key words: Brackish water, Drip irrigation, Fertigation, Plastic mulching, Tomato 
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An investigation conceded to identify the “Influence of land configuration techniques and amendments on 

soil health, productivity and profitability of soybean in degraded Vertisols of Purna valley in Vidarbha 

region”.The experiment was executed based on farmers participatory approach. The study has focused the 

significance of broad bed furrow and soil amendments in reclaiming sodic vertisols and also in enhancing 
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soil fertility and yield of soybean. The experiment consisting of BBF, BBF + FYM @ 5 t ha
-1

, BBF + 

gypsum @ 2.5 t ha 
-1

 and BBF + FYM @ 2.5 t ha
-1

 + gypsum @ 1.25 t ha 
-1 

was executed on six selected 

farmers fields in Purna valley during 2013-18 using  soybean as a test crop. Practicing BBF + 

amendments was found beneficial for improvement in various soil properties and yield of soybean. The 

organic carbon was remarkably enhanced; while inorganic carbon was reduced to some extent. The land 

configuration technique and use of soil amendments have shown significant influence on availability 

nitrogen, phosphorus and potassium in soil. The highest nitrogen, phosphorus and potassium were 

recorded under integration of farm yard manure and gypsum followed by gypsum alone. The highest 

(16.77 q ha
-1

) pooled yield of soybean was found more with application of gypsum @ 2.5 t ha
-1

, which 

was at par with integrated use of Gypsum (1.25 tha
-1

) + FYM @ 2.5 t ha
-1

. The economics of experiment 

conducted on farmers field has also been calculated. The highest (Rs. 55545) pooled mean of gross 

monetary returns was recorded where gypsum was applied alone which was at par to the GMR of 

combine use of FYM and gypsum. The similar trend was also observed in respect of net monetary returns. 

Accordingly the BC ratio was calculated. The highest (2.16) BC ratio was registered in treatment T4, 

where farm yard manure and gypsum was applied in combination. The experiment has greatly helps in 

opening new dimensions of collaborative farming. Considering the constraints of soil compaction, water 

stagnation and higher oxidation of carbon in problematic soils of purna valley, the integrated approach of 

BBF and organic and inorganic amendments has great significance under adverse climatic conditions of 

rainfed agriculture. 

Keywords: Land configuration, Soil amendments, Purna valley 
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The rice-wheat cropping system (RWCS) is dominating system in the Indo-Gangetic Plains (IGP) of 

India and plays a major role in methane (CH4) and nitrous oxide (N2O) emissions. The maize-wheat 

cropping system (MWCS) could be better alternative to RWCS in the region, due to low water 

requirement and methane (CH4) emission. However, the MWCS could also be an important source of 

N2O emissions. A two year field experiment during 2012-13 and 2013-14 was conducted at the ICAR-

Indian Agricultural Research Institute, New Delhi to assess the N2O-N emission factors (EFs) from 

MWCS under alternative nitrogen management. The experiment consisted five treatments of various 

nitrogen sources namely Urea, Urea+FYM (Farm Yard Manure), FYM, Urea+NI (nitrification inhibitor) 

and NOCU (neem oil coated urea). The Dicyandiamide (DCD) was used as NI and one control treatment 

based on the without N fertilizer application (N0) was used for the estimation of N2O-N EFs. The two-

year average N2O-N EFs from Urea, Urea+FYM, FYM, Urea+NI and NOCU treatments were 

0.80±0.02, 0.77±0.01, 0.74±0.05, 0.49±0.05 and 0.57±0.02 in wheat crop; and 0.79±0.02, 0.76±0.04, 

0.69±0.03, 0.54±0.02 and 0.64±0.03 in maize crop, respectively. The N2O-N EFs from MWCS were 
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lowered by 4–6%, 8–13%, 32–39% and 19–32% in Urea+FYM, FYM, Urea+NI and NOCU treatments, 

respectively. Thus, the application of NI with urea and NOCU is capable for mitigating N2O-N emission 

from MWCS of IGP of India.  

Keyword: N2O-N emission factors, Urea, Farm yard manure, Neem oil coated urea, Nitrification 

inhibitor 
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In order to ameliorate the adverse effect of heat stress and for sustained productivity, 24 lactating 

buffaloes (1.5 - 2.5 months of lactation) with 2
nd

 to 4
th
 parity were selected from Kathwad village of 

Kaithal district. These animals were further divided equally into 4 groups i.e. group-I (control), group-II 

(supplemented astaxanthin @ 0.25 mg/kg BW/day), group-III (prill fat @ 100 g/day) and  group-IV 

(combination of astaxanthin @ 0.25 mg/kg BW/day and prill fat @) 100 g/day). Prilled fat is a non 

hydrogenated vegetable oil consisting of more than 85 per cent palmitic acid, which bypasses rumen 

without affecting the rumen fermentation. Astaxanthin (AX) is an antioxidant having 10 times more 

activity than other carotenoids and 100 times more activity that of α-tocopherol. Thus, AX has been 

dubbed as a “supervitamin E”. The physiological parameters viz. rectal temperature (RT), skin 

temperature (ST) and thermal imaging ware recorded at fortnightly interval. Milk yield was also recorded 

at fortnightly interval and analyzed for composition. Environmental parameters viz. minimum and 

maximum temperature, dry and wet bulb temperature and relative humidity were recorded and 

temperature humidity index (THI) was calculated. The THI varied from 81.37 to 82.72 during 

experimental period. The physiological parameters were lower in group-II followed by group-IV, group-

III and group-I. Supplementation of astaxanthin, prill fat and their combination to group-II, group-III and 

group-IV enhanced the milk yield by 5.39 per cent, 13.8 per cent and 15.6 per cent, respectively over 

control group. Milk Fat % was higher in group-IV followed by group-III, II and I. SNF content in all 

groups of buffaloes remained almost similar. Thermal imaging of different groups of buffaloes showed, 

higher udder temperature in supplemented groups of buffaloes than control. The benefit-cost ratio showed 

better return in group-III (1:6.75) followed by group-IV (1:1.54) and group-II (1:1.34). Based on the 

results of the study, it can be stated the prill fat supplementation is more beneficial in terms of return 

under field conditions compared to astaxanthin, and combination of prill fat and astaxanthin. 

Keywords: Lactating buffaloes, Heat stress, Thermal imaging, Astaxanthin, Prill fat 
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Soil organic carbon is a major source of system stability in agro ecosystems besides its role in 

biochemical cycles of nutrient elements essential for crop production. Carbon storage in soils has an 

impact on the global carbon budget and is profoundly influenced by the land use system imposed on it 

and tends to reach equilibrium when practiced long enough. The present paper reports on soil organic 

carbon (SOC) sequestration in the paddy growing acid saline pokkali soils of Kerala. Soil profile study 

was conducted in the acid saline pokkali field of Rice research station, Vyttila and horizon wise soil 

samples were collected during April 2017. The samples were analysed for soil reaction, electrical 

conductivity, particle size distribution, cation exchange properties and total organic carbon following 

standard procedures. SOC sequestration was quantified from the soil organic carbon and the bulk density 

data. The total organic carbon was determined using the wet digestion method as described by Walkely 

and Black. The soil bulk density data necessary for SOC stock estimation was estimated using the horizon 

wise core samples collected for this purpose. By calculations using per cent organic carbon content of 

each horizon and bulk density values, SOC stocks per ha in the acid saline pokkali soil was arrived and 

was partitioned to horizon wise SOC stock values per ha. The soils were highly acidic (soil reaction 3.09 

to 4.95) and highly saline (3.7 to 21 dS/m). The texture ranged from sandy clay loam in the surface to 

sandy and sandy loam in the sub soils. The low CEC/clay ratio of the soils points to kaolinite mineralogy 

of the soils. The total SOC stock was found to be 32438 Mg ha
-1

. The higher clay content in surface soils 

favoured higher rate of carbon sequestration. The coarse textured sub surface soils favoured the vertical 

movement of organic carbon and its accumulation in the lower horizons indicated by the higher SOC 

sequestration in the lowermost horizon. The irregular pattern of C storage in the lower horizons may be 

due to the fluvial nature of the parent material.  The sub soil horizons showed significant potential for 

SOC sequestration. The study therefore demonstrate that sampling to shallow depth fails to include large 

proportion of total carbon content in these soils and such studies appear not to be relevant for studying the 

role of soils in carbon storage. Better management strategies like retention of stubbles after harvest, 

reduced tillage operations etc. may be adopted for higher carbon sequestration in the surface soils of 

pokkali lands thereby enhancing the productivity and sustainability. 

Keywords: Carbon sequestration, Acid saline soils, Pokkali fields 
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Intensive tillage based management practices are threatening soil quality and systems sustainability in 

rice-wheat belt of Northwest India. Furthermore, it is accentuated with puddling of soil, which disrupts 

soil aggregates. Conservation agriculture (CA) practices involving zero tillage, crop residue management 

and suitable crop rotation can serve as better alternative to conventional agriculture for maintaining soil 

quality. To understand the turnover of soil carbon in different forms (Total organic carbon-TOC; 

aggregate associated carbon-AAC; particulate organic carbon- POC), soil aggregation and crop 

productivity with different management practices, one conventional agriculture based scenario and three 

CA based crop management scenarios namely conventional rice-wheat system (TPR-CTW) (Sc1), partial 

CA based rice-wheat-mungbean system (TPR-ZTW-ZTMb) (Sc2), full CA-based rice-wheat-mungbean 

system (ZTDSR-ZTW-ZTMb) (Sc3) and maize-wheat-mungbean system (ZTM-ZTW-ZTMb) (Sc4) were 

evaluated. TOC was increased by 71, 68 and 25% after 4 years of the experiment and 75, 80 and 38% 

after 6 years of the experiment in Sc4, Sc3 and Sc2, respectively, over Sc1 at 0-15 cm soil depth. After 4 

years of the experiment, 38.5 and 5.0% and after 6 years 50.8 and 24.4% improvement in total water 

stable aggregates at 0-15 and 15-30 cm soil depth, respectively was observed in CA-based scenarios over 

Sc1. Higher aggregate indices were associated with Sc3 at 0-15 cm soil depth than others. Among the size 

classes of aggregates, highest aggregate associated C (8.94 g kg
-1

) was retained by 1-0.5 mm size class 

under CA-based scenarios. After 6 years, higher POC was associated with Sc4 (116%). CA-based 

rice/maize system (Sc3 and Sc4) showed higher productivity than Sc1. Therefore, CA could be a potential 

management practice in rice-wheat cropping system of Northwest India to improve the soil carbon pools 

through maintaining soil aggregation and productivity. 

Keywords: Soil organic carbon, Aggregate associated carbon, Particulate organic carbon, Crop 

productivity, Crop management 
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Direct seeding of rice (DSR) refers to the process of establishing a rice crop from seeds sown in the field 

rather than by transplanting seedlings from the nursery. DSR provides an opportunity for advancing crop 

establishment time to make better use of early season rainfall and enable earlier harvest and timelier 

sowing of wheat after rice; in other regions it facilitates an increase in crop intensification in rice based 

systems. Multi location and multiyear trials were conducted at farmer field in Yamunanagar district of 

Haryana to assess the feasibility and adoptability of DSR over farmers‟ practice (puddled manual 

transplanting of rice). The trials were conducted in kharif season from 2012 onwards upto 2015 at farmer 

field with technical interventions from KVK Yamunanagar. Short duration paddy varieties like PB 1509 

and SAVA -127 (hybrid) were tested to evaluate the performance of different planting system. In both 

transplanting and direct sowing of rice, nutrients were applied as per recommendations. Pretilachlor 50 

EC in transplanted rice while pendimethalin 30 EC at 1.2 litres/acre (product basis) in DSR were applied 

as pre emergence herbicide followed by Bisypyribac Sodium as post emergence herbicide to control 

complex weed flora.  Among weather variables, rainfall was highly variable over the years. Crop failed 

due to heavy rainfall in June, 2013 (426.6 mm in 10 days). Shifting from conventional (puddled 

transplanting) to aerobic (DSR) cultivation led to -14.6% yield penalty during first year (2012) and -1.3% 

during third year (2014), while during 2015 yield under DSR was 7.3% higher over transplanting of rice. 

Higher weed pressure was observed under DSR as compared to transplanting during first two years. 

Except first year (loss of Rs. 13327), net returns increase to the tune of Rs. 6274 (2014), Rs. 11396 (2015) 

under DSR over farmers‟ practice. On an average there was saving of 35% in irrigation water, early 

maturity of 7-10 days, saving of 27% of diesel energy in DSR over transplanting.  

Keywords: Climate Resiliency, Direct seeding of rice, Irrigation water, Net returns  
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Agriculture is a backbone of the Indian economy and the rice (Oryza sativa L.) - wheat (Triticum 

aestivum L.) (RW) system is the ribs of this backbone, but indiscriminate use of ground water and other 

available natural resources has resulted increasing scarcity of resources (water, labour and energy), 

higher cost of production, diminishing factor productivity, deteriorating soil health, shrinking land with 

emerging concerns of climate change will be a much more challenging task than ever before. These new 

emerging issues have put a big question mark on the sustainability of RW system. Therefore, A 

participatory strategic research was conducted during, 2014-2017 at farmers‟ fields in three different 

climates smart villages of Karnal, Haryana, India under CIMMYT- CCAFS program with the objective of 

developing and validating portfolios of climate–smart agriculture practices (CSAPs) in a RW system to 

provide options and strategies for sustaining productivity and ensure food security in the face of climate 

change. Six scenarios (S) were established with the various layering of CSAPs including water smart, 

energy smart, weather smart, carbon smart, nutrient smart, and knowledge smart and farmer practices 

scenario (S1) was used as the base line to compare different sets of CSAPs as the five scenarios. Three 

years‟ results showed that CSAPs helps in maximizing crop productivity and profitability while 

minimizing the adverse effects of associated climatic risks by improving adaptive capacity and reducing 

mitigation potential and crop losses. In RW systems, among different management portfolios of CSAPs, 

scenario 6 (CSA with high intensity) with various layering of interventions increased the system 

productivity by ~8% and profitability by ~23% with ~24% less irrigation water while less contribution to 

greenhouse gas emission by almost 40% compared to farmer practice. CSAPs found suitable for soil 

health, environment and higher yield under the RW system. 

Keywords: Climate change, Rice-wheat cropping system, Greenhouse gas emission, Reclaimed sodic soil 
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An experiment was conducted for two consecutive years to study the effect of elevated temperature on 

speed of germination of wheat under laboratory conditions. This study comprised of 12 bread wheat 

genotypes and one genotype of durum wheat. All these genotypes were from diverse genetic 

backgrounds. 100 seeds of each genotype were sown in plastic trays containing sand, cocopeat and vermi-

compost in the ratio of 2:1:1, respectively. These trays were kept in the germinators under four different 

temperatures i.e. 20°C, 25°C, 30°C and 35°C. The seedling emerged were counted every day upto 15 

days after sowing. The speed of germination was calculated using standard formula. The results revealed 

that both the factors i.e. genotype and temperature affected the speed of germination significantly. The 

highest speed in most of the genotypes was recorded at a temperature level of 25°C which was found at 

par with 20°C, then followed by 30°C and 35°C, during both the years. However, some genotypes viz. IC 

443661, EC 445427, EC 277134 and WH 1123 showed higher values of speed of germination at 20°C 

with continuous decrease with rise in temperature. Among bread wheat genotypes, HD 2967 showed 

highest value whereas genotype EC 277134 showed lowest value for speed of germination during both 

the years. The only durum wheat genotype (EC 445427) present in the study showed lower value of 

germination speed as compared to all other genotypes during both the years. From the present study, it 

can be concluded that wheat seed show higher speed of germination at 25°C and then there was a 

reducing trend observed at higher temperatures. The response of different genotypes to heat stress given 

during germination period shows variation and it differs from genotype to genotype.         

Keywords: Elevated Temperature, Wheat germination  
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The soil salinity and water logging problems are witnessing in major and medium irrigation projects in 

Maharashtra with having 6.07 lakh ha of area under salt affected soils. This area occurs mainly under 

canal and lift irrigation commands and low lying areas at the downstream end of the watershed in 

Western Maharashtra. The main factors which are responsible for increased soil salinity are excess and 

faulty irrigation methods, cropping system, poor drainage, high level salt in water and semi-arid climate. 

For overcoming the problems of salinity and water logging, subsurface drainage (SSD) technology has 

been suggested by the experts as a one of the effective measures of reclamation, which lowers the water 

table along with reduction of soil salinity. In Maharashtra, the SSD technology was installed in total 7145 

ha area particularly in Sangli, Kolhapur, Satara and Pune districts. Keeping these in mind, a study was 

undertaken on impact evaluation of subsurface drainage technology for reclamation of waterlogged saline 

soils in Maharashtra. This study was conducted with the objectives to evaluate the technological impact of 

SSD on crop productivity, farm income and livelihood security of farmers and to find out constraints 

faced by farmers before and after adopting SSD technology. The present study was carried out in Kasbe 

Digraj village in Miraj Tehsil of Sangli district in Maharashtra. The Kasbe Digraj village is having 1065 

ha area under waterlogged & saline soils out of which, SSD was installed in 523 ha (49.10%) area. A total 

of 30 SSD adopted farmer respondents were selected randomly. The study revealed that about 50 per cent 

farmers belonged to medium & large land holding followed by 30 per cent farmers belonging to marginal 

category who got benefited from SSD project. It was found that the cropping pattern became more 

diversified after the SSD project than earlier. Sugarcane was the major crop which occupied about 78% 

area followed by cereals and pulses (12%), fruits and vegetables (7%), and oilseeds (3%). The average 

agricultural income of farmers increased from 1.25 lakh to 2.65 lakh (212% increase) per annum after the 

installation of SSD system. The average yield of sugarcane increased from 48.9
 
to 106.0 t ha

-1
, wheat 

from 10.8 to 29.5 q ha
-1

, soybean from 9.6 to 27.4 q ha
-1

 and groundnut from 7.8 to 23.0 q ha
-1

 during the 

post-installation of subsurface drainage
 
 Majority of the farmers agreed that non availability of loan 

facility (> 70%), unavailability of machine on time, use of low quality materials (> 45%), high cost of 

PVC drainage pipes (>80%), delay in fund for SSD and lack of knowledge about SSD and expertise in 

SSD installation were serious constraints in adoption of SSD technology. Therefore, the adoption of 

subsurface drainage (SSD) technology had definitely an impact on crop yield and farmers‟ income in the 

study area. Cooperation among the farmers led to active participation right from planning, 

implementation and maintenance of the system which was the key for the success of the SSD project. 

Keywords: Sub-surface drainage technology, Reclamation, Water logged saline soils 
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Salinization of irrigated lands is one of the major issues of irrigation projects in India and results in 

serious implications on crop productivity, sustainability of irrigated agriculture and national food security. 

Inland waterlogged saline lands characterized by high concentration of soluble salts (ECe >4 dS m
-1

, pHs 

<8.2 and ESP <15) and water table depth less than 2 m below the ground surface are often associated with 

irrigation commands underlain by saline groundwater. Irrigation induced waterlogged saline lands have 

been assessed and found to be around 1.37 million hectares (M ha) out of 2.96 M ha of total saline lands 

spread across 14 states of the country. Horizontal sub-surface drainage (HSSD) technology has been 

developed and successfully implemented for reclamation of waterlogged saline lands for ensuring 

enhanced crop productivity. The technology has proven to increase crop intensity by 40-50%, crop yield 

by 50-110% and farm income by 200-300% leading to B:C ratio of 1.5-3.2 and internal rate of return of 

20-58 per cent. By June 2018, the technology has been instrumental in reclamation of an area of 70,384 

ha in 9 states of the country (Punjab, Haryana, Rajasthan, MP, Gujarat, Maharashtra, Karnataka, Andhra 

Pradesh and Telangana) through developmental schemes. The technology needs the wings of appropriate 

policies, institutions and long term funding for out-scaling at national scale at faster speed. The manual 

installation of HSSD technology developed and standardized in 1980s has paved the way for drainage 

mechanization from semi-mechanized to fully mechanized mode in 1990s. Implementation of HSSD 

technology package is a highly skilful and fully mechanized drainage work which needs greater skills and 

experience of institutions and farmers organizations for successful implementation and post-project 

operation. In the last 20 years, the technology has reclaimed only 5% area of the total waterlogged saline 

lands in the country with the current policies and exiting institutions. This tardy progress in out-scaling 

reflects the impediments encountered with the current national policies, institutions and funding for large-

scale implementation through developmental programmes. On the contrary, Gypsum technology 

reclaimed 55 per cent (2.07 M ha) of total sodic lands in the country in about 45 years with the existing 

policies through land development and reclamation corporations. Thus, the current policy initiatives and 

existing institutions for faster implementation of HSSD technology need to be revisited and strengthened 

to address the issue of slow progress. This paper aims to deal with the current status of HSSD technology, 

impediments/gaps and improvements of current national policy initiatives, institution restructuring and 

timely funding for out-scaling of drainage technology in order to address the sustainability of irrigated 

agriculture and food security of the country. 
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The ways and means were articulated for improving salt affected and degraded lands of farmers and 

community through raising trees in order to enhance land productivity and socioeconomic conditions. This 

study was conducted in 12 villages of Karnal, Panipat, Hisar and Yamuna Nagar districts (Haryana) to 

appraise socioeconomic and institutional aspects of tree plantations on farmers and community lands. Data 

were collected using personal interview, focused group discussions and participatory rural appraisal 

techniques. Results indicated that plantations on individual and community lands affected by salinity, sodicity 

and under normal soils had considerable impact on livelihood security of farmers and community. Eucalyptus 

based agroforestry on bunds followed by Poplar based system was prevalent. The preference of species and 

types of plantations (on bunds and in entire field) varied according to type and size of land ownership. 

Panchayat community members preferred basically Eucalyptus, while individual farmers preferred both 

Eucalyptus and Poplar. Looking to time and market competition, Eucalyptus and Poplar were found most 

compatible for farmers for income and revenue to village Panchayat. Farmers perceived that plantation of 

Poplar, naturally grown Acacia species and Prosopis juliflora helped in improving soil conditions. Farmers 

under saline and sodic agro-ecosystems (Panipat and Hisar), with small and medium size of land holdings, 

had high risk perception followed by large-scale farmers who had less risk perception with high economic 

motivation. Large-scale farmers earned higher income than small and medium farmers from the Eucalyptus 

based agro-forestry. Large-scale farmers invest earned money back to agriculture and purchase of agricultural 

implements, while medium and small farmers invested earned money in food, health followed by agriculture. 

Agroforestry system ensured food (crops intercropped), timber, firewood and fodder (intercropping of Jowar 

and Barseem). This was recognized as the cash crop in degraded lands, while on boundaries in normal lands, 

cooperative management of agroforestry with commercial scale was in normal soil, and State Forest 

Department, central institution, private companies, some cooperative societies and village Panchayat were 

major institutions who developed their network around agroforestry and community forestry. This network 

could help in adapting ecological stressors (e.g. salinity and sodicity) and also in mitigating risks in mid-term 

to strengthen livelihood. There is a need of intensive and integrated planning with the real stakeholders on 

agroforestry to push this as an adaptive and mitigation strategy for the sustainable land use systems in saline 

agro-ecosystems.  

Keywords: Agroforestry, Community forestry, Socio-economic impact, Salt affected and reclaimed soils, 

Perception, Institutional network, Livelihood, Haryana 
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Food security, employment, income generation, resource conservation and environment protection have 

emerged as major world concern. Indian agriculture has achieved significant advances during last six 

decades. Sustained growth in agriculture sector is essentially required from crop diversification, agro-

processing and secondary agriculture to provide ancillary income to the farmers. Predominance of small 

and marginal land holdings poses a serious challenge to enhancing productivity and profitability in the 

face of increasing input costs and changing climate. Integrated Farming System (IFS) is one approach 

towards transforming the idea of sustainable development from concept to reality. The combination of 

crop production, livestock, horticulture, agroforestry, fisheries, etc. provides round the year income to the 

farmers and utilises the waste of one component for other components with or without treatments. 

Integrated Farming System has the potential to decrease the cost of production of marginal farmers and 

protects them from huge losses in case of weather vagaries. Vertical expansion in small farm is possible 

by integrating appropriate farming system components requiring less space and time, thereby ensuring 

periodic income to the farmer. The present investigation was conducted to study the integrated farming 

system models on the farmers‟ field at two locations i.e. Koproli Uran and Vashi Pen in coastal saline 

soils of Raigad district of Maharashtra. Both the models consist of cultivation of seasonal crops (Rice and 

Bhendi in kharif and Field Bean in rabi season), perennial crops (Coconut, Spices and Chiku on bunds of 

the farm pond). The livestock component includes rearing of Giriraj birds and fresh water aquaculture. 

The complementary enterprises comprised vermicompost and kitchen garden. The two years pooled data 

revealed that the net returns obtained from Koproli and Vashi were Rs. 1,27,555 and Rs. 2,02,393, 

respectively. The model located at Vashi exhibited higher B:C ratio than Koproli due to large pond size. 

Therefore, it is advocated to adopt IFS programme to enhance farm income, reduce poverty and improve 

livelihood of the farmers in the north Konkan coastal region of Raigad district of Maharashtra.   

Keywords: Integrated farming system, Net returns, Benefit cost ratio, Coastal saline soil 
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South Asia has a fairly good economic growth rate and has less than 2 per cent of the world‟s total land 

area and 14 per cent of the global agricultural land. However, the region is suffering from vagaries of 

climate change and deterioration of natural resources which pose a serious threat to sustaining agricultural 

productivity. Further, conventional agricultural system, though beneficial in terms of higher crop yield, 

often leads to degradation of soil fertility coupled with excessive use of nutrients. Conservation 

Agriculture (CA) practices provide the scope for curbing the consequences of climate change by its 

resource saving, lower emission of greenhouse gases and cost reducing potential. In recent years several 

studies have been carried out to compare the practices of CA to conventional tillage (CT)-based practices 

in South Asia. These studies have been conducted under diverse conditions like climate, soil, input 

management, cropping system etc. which create problems in arriving at some generalized conclusions 

regarding the suitability of CA based practices. Present study was conducted to draw general conclusions 

about the impacts of conservation agriculture in South Asia and to identify the role of crop, soil and 

climate-specific factors influencing its magnitude. A literature search was conducted to collect data on 

effect of CA practices in South Asian region using Google Scholar, Scopus and Science Direct till the end 

of May 2018. After removing the outliers using inter quartile range (IQR), a total of 1195 observations 

from 161 studies were obtained for final analysis. Taking the natural logarithm of the response ratio as 

dependent variable, a multilevel mixed effect model was performed in STATA 14.2 to examine the role 

of crop-specific, soil and environmental factors in influencing the impact of conservation agriculture over 

conventional system in crop yield in South Asia. The meta-analysis results indicate that the impact of 

conservation tillage vary over the crops, soils and climate type. There is yield disadvantage in 

conservation agriculture in relation to conventional tillage in short period (less than 3 years), but it dilutes 

as the study duration increases. Results also shows that conservation agriculture provides better yield in 

wheat, maize, pulses and oilseeds as compared to rice. The relative crop yields under conservation tillage 

are higher in silty loam, silty clay loam, clay loam and sandy clay loam than the sandy loam soil. There 

was a significant positive impact of irrigation, soil cover and nitrogen application on the performance of 

conservation tillage in the region. However, impact of crop rotation and rainfall on relative crop yield was 

not found to be statistically significant under conservation tillage. 

Keywords: Conservation agriculture, Climate change, Impact, South Asia  
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Global assessments of agrarian countries with respect to soil and land degradation began more than 35 

years ago. Land degradation occurs in the form of depletion or total loss of vegetative cover, and loss of 

its biophysical and economic productivity through exposure of the soil surface to wind erosion, water 

erosion, through salinization and water logging, leading to deterioration of the physical, chemical and 

biological properties of soil. Across the world, over 20 percent of cultivated areas, 30 percent of forests 

and 10 percent of grasslands are suffering from degradation, thereby affecting about 1.5 billion people. 

This degradation may be the result of numerous factors or combination thereof including anthropogenic 

activities such as unsustainable land management practices and climatic variations. It is officially 

estimated that about 44 percent of India‟s land area is degraded. The negative socio-economic 

externalities of land degradation on farming community are innumerable, such as decrease in 

productivity, plummeting net income, migrating to non-farm jobs etc. According to the Ministry of 

Environment, Forest and Climate Change, 29.32 percent (96.4 Mha) of India‟s total geographic area is 

under degradation. The developmental programmes which have a bearing on land resource started during 

VIII
th
 Five Year Plan with commencement of Desert Area Development Programme. Since then a 

plethora of agricultural development programmes have been implemented. Out of the total 3 major and 20 

minor schemes and more than 60 sub schemes, a few schemes have incorporated parameters vis-à-vis 

land degradation. Soil Health Card, Integrated Nutrient Management, National Rainfed Area 

Development, Bringing Green Revolution to Northern India, National Mission on Sustainable Agriculture 

are the few agriculture development programmes which have land degradation mitigation measures, soil 

health and fertility restoration, sustainability etc. in its agenda.  The social and economic dimensions of 

salt-induced land degradation have, however, received little attention in comparison to its biophysical 

aspects. Considering the current extent of global irrigated area as 310 million ha, 20 percent of this area is 

salt affected (62 million ha) and the inflation-adjusted cost of salt-induced land degradation in 2013 was 

US$ 441 ha
−1

, a simple benefit transfer suggests the current annual economic losses could be US$ 27.3 

billion. This review has been done with the objectives to identify agriculture development programmes of 

India which focuses on land degradation and mitigation measures with a specific emphasis on agricultural 

development programmes focusing mainly on soil salinity and water logging under land degradation. A 

thorough review of the agriculture development programmes on five fronts has been taken up. The five 

fronts are Climate Change, Land Degradation, Agriculture Policy, Sustainability and Demography. 

Various sub parameters such as changing weather pattern, erosion and salinity, agriculture input and 

output policy, socio-economic changes, migration pattern, pollution etc. were studied under five different 

heads: the pentagon conceptual framework of Agriculture Development Programme. This review paper 

throws light on one of the major pillars of the pentagon conceptual framework i.e. land degradation.  The 

parameters incorporated under land degradation include (i) land cover change (ii) erosion frequency (iii) 

salinity and water logging (iv) anthropogenic factors and (v) carbon stock. State level analysis using Total 
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Economic value concept suggest that „input subsidies‟ and „decreasing land-man ratio‟ are two major 

determining factors that increase land degradation. The analysis of the costs of action vs. inaction against 

land degradation shows that costs of inaction are higher than the costs of action, indicating that the 

benefits will accrue if sufficient conservation practices are undertaken. Hence the need of the hour is to 

incorporate more soil and land degradation management practices in agricultural development 

programmes rather than devising solely crop based programmes.  

Keywords:  Agriculture development programme, Land degradation, Pentagon conceptual framework 
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The farmers of village Ugar Budruk in Athani taluk of Belgaum district in Karnataka faced a major 

challenge of soil salinity and waterlogging for more than 25 years. About 70 per cent of cultivable area of 

the village was affected by soil salinity and it was either partially cultivated or left barren for many years. 

With the effort of progressive farmers of the village about 925 ha saline land has been reclaimed through 

installation of subsurface drainage technology. The per hectare cost of land reclamation was estimated to 

be Rs. 52000/-. To study the economic impact due to technological intervention in the project area, 

benefit-cost ratio was estimated to obtain returns from the investment on subsurface drainage technology 

(SSD). The average values of input and output were compared with the situation before (2008-09) and 

after drainage installation (2014-15). The post reclamation study implied that approximately 77 per cent 

of the land was non-saline showing significant reduction in soil salinity. The improved land productivity 

contributed to a remarkable increase in crop yield. The study reveals that the per hectare gross returns 

from sugarcane production were increased to Rs. 220077 after drainage as compared to Rs. 74718 before 

drainage, thereby indicating an increase of about 195 percent. On the other hand, the net income of the 

farmers increased by 368 per cent over cost A1 and 162 per cent over cost C2. The per tonne cost of 

sugarcane production after drainage was reduced by 63 per cent and 56 per cent, respectively over cost A1 

and cost C2. The benefit-cost ratio of sugarcane production increased from meager 0.54 before drainage to 

1.21 after drainage, indicating 126 per cent increase after drainage. The higher benefit-cost ratio indicates 

the economic viability of subsurface drainage technology. The effectiveness of the subsurface drainage 

technology in saline soil reclamation attracted large number of farmers in Karnataka to install the system 

with their own investment, though the cost of installation at the individual level is very high.  

Keywords: Impact, Karnataka, Saline soil, Sub-surface drainage 
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Land degradation due to sodicity is a major threat to agriculture in Indo-Gangetic plains. The sodic soils are 

widely distributed across the globe and occupy nearly 357.2 million hectares. India has 6.73 Mha of salt-

affected soils, of which 3.72 Mha is sodic soils predominantly found in Indo-Gangetic plains. The Sodic Land 

Reclamation Projects funded by World Bank and implemented by Uttar Pradesh Bhumi Sudhar Nigam 

(UPBSN) was evaluated in terms of socio-economical aspect and soil productivity improvement. The 

main aim of the project was to utilize the appropriate soil reclamation technology (Gypsum, flooding, 

leaching and drainage) developed by Central Soil Salinity Research Institute, Karnal, and ground water 

monitoring to assess movement of salts through the soil profile and its downward movement into 

groundwater system. The sodic soil reclamation projects were run into three phases viz. I
st
 phase (1994-

2001), II
nd

 phase (1999-2007) and III
rd

 phase (2009-2017).  During I
st
, II

nd
 and III

rd
 phases, the project 

covers 10, 18 and 29 districts of Uttar Pradesh  and reclaimed area of about 68,000 ha, 189,000 ha and 

130,000 ha, respectively.  In total, 93 per cent of small and marginal farmers were benefited during each 

of the three phases of the reclamation project and the numbers of beneficiary farmers were about 156,000, 

367,000 and 240,000, respectively in the three phases. The detailed groundwater monitoring was initiated 

in Aligarh district (Barthar khas village), Allahabad district (Kanti village) and Mainpuri district (Kharra 

Nagla village). The study indicated that water level decreased from October-November to June and due to 

recharge through rainfall, the water level rose up to the month of September and stabilized during 

September-October. In Hardoi district, it was reported that water level was 2.10 m below ground level 

(bgl) during Oct-Nov 1997, while in the same month of 1998, water reached up to 1.00 m bgl. After the 

year 1998, water level showed declining trend. It was further observed that in the month of Oct-Nov, 

water level fluctuated up to 2.50 m bgl. Similar trend were also observed in district Pratapgarh during 

Sept-Oct where water level fluctuated up to 1.5m bgl. So, it can be concluded that more groundwater 

withdrawal from shallow aquifers is required to keep water level at safe depth.The total gain in 

production of rice-wheat cropping system from barren sodic land after reclamation were about 0 to 2.99 

Mgha
-1 

of rice and 0 to 2.60 Mgha
-1

 of wheat during I
st
 phase, 0 to 3.22 Mgha

-1
 of rice and 0 to 2.69 Mgha

-

1
 of wheat in II

nd
 phase, while in III

rd
 phase the productivity increased up to 0 to 35.00 Mgha

-1 
of rice and 

0 to 3.00 Mgha
-1

 of wheat. The increasing trend of productivity simplifies that the income of farmers 

during I
st
, II

nd 
and III

rd 
phase by production of rice increased up to Rs.103 crores, Rs.377 crores and 

Rs.668 crores, respectively. Similarly, the increase in economy of the farmers has also been recorded by 

the production of wheat to about Rs.108 crores, Rs.356 crores and Rs.594 crores (based on respective 

year‟s MSP) in I
st
, II

nd 
and III

rd 
phase, respectively. The increasing trend of productivity and the 

enhancement in farmer‟s income implies the impact of reclamation project undertaken by Uttar Pradesh 

Bhumi Sudhar Nigam with the technology developed by Central Soil Salinity Research Institute, Karnal.  
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India is the largest producer and exporter of basmati rice in the world. During the year 2017-18, the total 

basmati production was 5.65 million ton and the country had exported 4.05 million tons (about 70 per 

cent of its production) which accounts to Rs.26870.17 crores of export earnings. The major basmati rice 

producing states of Haryana, Punjab and Uttar Pradesh are either affected by soil salinity or sodicity. 

Almost all basmati rice varieties are sensitive to salt stresses and hence, farmers are unable to harvest the 

potential yield. Even though they opt for basmati rice as it is the best profitable crop in their agro-

ecosystem. To mitigate the major hurdles of basmati rice production in saline-sodic land, research efforts 

at ICAR-CSSRI were tailored to develop basmati rice variety with better tolerance to sodicity and poor 

quality waters. Consequently, the institute released the first ever salt tolerant basmati type rice variety 

CSR 30 in 2001. This variety gained wide popularity in due course of time owing to its true-to-the-type 

basmati characteristics and it was notified as Basmati CSR 30 in 2012. The present study has made an 

attempt to estimate the economic benefits due to adoption of CSR 30 at the National level. Both primary 

and secondary data were used for the study. The economic surplus model was used to estimate the 

aggregate economic benefits and the risk benefits were analyzed by using the Newbery-Stiglitz approach.  

The study revealed that the area under Basmati CSR 30 increased from 0.53 lakh ha to 0.93 lakh 

ha during 2002 to 2017. Similarly, the production of Basmati CSR 30 increased from 1.08 lakh ton to 

2.79 lakh ton during the same period. The contribution of Basmati CSR 30 in the total basmati area and 

production (in India) remains at 6 per cent and 5 per cent, respectively. In the salt-affected environment, 

the variety Basmati CSR 30 has 6 per cent yield advantage as compared to the ruling variety i.e., Pusa 

1121. The economic surplus model revealed that total aggregate economic benefits generated through 

adoption of Basmati CSR 30 for the period 2002 to 2017 was about Rs.51693 crore and Rs.38294 crore at 

5 per cent and 8 per cent discount rates, respectively. The share of risk benefits of Basmati CSR 30 in the 

total benefits was estimated to be 36 per cent. To minimize the yield and income risk from basmati 

cultivation in salt stressed regions, there is a need to focus on creating awareness on risk management 

strategies by growing Basmati CSR 30. Further, breeding efforts are required to develop a basmati variety 

of higher yield potential than the existing basmati varieties for normal soils. This will help not only to 

enhance the farmers‟ income in salt-affected regions but also to meet the growing international demand of 

basmati rice of India.  

Keywords: Salt tolerant rice, Basmati CSR 30, Yield benefits, Risk benefit, Economic surplus 
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Farmers‟ distress is being witnessed across the country on account of low market profit margins which is 

further accentuated by extreme climatic conditions which affect the productivity of many crops and farm 

enterprises. Krishi Vigyan Kendras (KVK), known as farm science centres in India serve the farmers by 

building their capacity in terms of knowledge, skill and facilitation. A study was undertaken during 2017-

18 to ascertain the effectiveness of entrepreneurial ventures established by NDRI KVK trainees in Karnal 

district of Haryana. This study was conducted by obtaining the list of KVK trainees who started the 

commercial ventures. Later six major enterprises were identified viz. seed production, dairy processing, 

beekeeping, vermicomposting, fish farming and home science on the basis of which, a total of 20 

entrepreneurs were identified through snowball sampling to accomplish the objectives of study. Later, 

they were personally met and data were gathered which were later analysed using descriptive statistics. 

The findings revealed that the major motivational factor to start the new enterprise was due to their own 

ideas (28.95%). Further, 40.48 per cent of the trainees were seeking motivational advice from successful 

entrepreneurs to start the enterprise. It was interesting to note that 41.46 per cent of the trainees explored 

nearby market to start the enterprise. More than half (55.0%) of the trainees felt interaction with 

successful entrepreneurs as highly impressive. Further, 40.0 per cent of the trainees gained previous 

experience through friends/ relatives already involved in the enterprise. Most of the trainees (44.83%) 

used their own capital as their major source of financial support to the enterprise. Majority (62.50%) 

perceived the tough competition for selling of product as major challenge which required considerable 

skill for risk handling among the trainees. In case of judging the effectiveness of the ventures established 

by trainees, majority of the respondents got high index value (> 0.53), followed by 35.0 per cent with low 

index value (< 0.27) and remaining 25.0 per cent were falling under medium index value (0.27-0.53), 

indicating the need for enormous scope for improvement in the farm business ventures. Among the major 

constraints in establishment of farm enterprises, it was found that „not getting a new idea instantly  for 

starting the new entrepreneurial ventures‟ followed by „credits /loan facility  for starting the enterprise‟ 

and „hindrance  from competitors‟ were the major constraints based on priority ranking of the trainees. 

Among the production related constraints „input related problem like high cost of input, non availability 

of input‟ followed by  „seasonal availability of agricultural row material‟ were major constraints. In the 

case of market related constraints „not well organised agricultural market‟ and „high marketing cost/ less 

marketing margin‟ were the major constraints perceived by the trainees. Farmers can be motivated by 

reorientation of trainings at KVK, promoting inter-sectoral coordination to give fillip to aspirations of 

entrepreneurial ventures and hand-holding support especially for market expansion and credit agencies.  

Keywords: Extension interventions, Agripreneurship, Village youth 
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Salt-affected soils inhibit the growth of most crop plants due to presence of excess exchangeable sodium 

and easily soluble salts. Unless preventive/ameliorative attempts are being taken the areas under salt 

affected soils are estimated to increase from currently estimated 6.74 to 16.2 million ha by 2050, an 

increase from 5 per cent to 11 per cent of the total net sown area of the country (141 million ha). At 

present, coastal saline soil accounts for around 19 per cent of the total salt-affected soils in India. Very 

often the impact, in terms of loss of production, is not realised at the macro level, the problem is of very 

serious concern at the micro level or at regional level. Yield losses are particularly detrimental at a local 

scale because salt-affected soils are not uniformly distributed and threaten the continued existence of 

agriculture across coastal region of the country. Quantification of farm level agricultural risks and their 

ways of mitigation is important for making the production system profitable. Research efforts of ICAR-

CSSRI has been quite successful in terms of beginning of basic research for understanding problems of 

salt and water dynamics & balance, causes of salt accumulation and plants‟ behaviour under stresses. The 

technology options emerged broadly comprised management of soil and water resources, crop varieties 

development, and cropping system intensification through better crop planning. Alternative land use 

options through better land and water management through integrated farming systems can provide fairly 

better income and livelihoods to the farmers in the region. The paper has analyzed effectiveness of some 

of these land management options coupled with better soil fertility management, particularly in the 

disadvantaged island ecosystem in coastal West Bengal. Case studies under such land management 

interventions have increased cropping intensity from 128 to 288 per cent and per hectare return from Rs. 

73623 to Rs. 158730 as compared to the prevailing practices. Besides, soil quality in terms of pH, ECe 

(salinity) and organic carbon content has improved significantly after the interventions. Investment on the 

alternative land use options have been encouraging with positive internal rate of return (34 %), net present 

value (Rs.100343), benefit-cost ratio (1.17) and pay-back period (1.26 years). However, often 

technologies are not spreading to the target community due to different socio-economic factors like farm 

size, farm level agricultural risks, crop losses and incentives to farming under the salt-affected soils 

determines adoption behaviours of these evolved technologies. While making policies for promotion of 

the technologies pertaining to the salt-affected soils in India, all these micro-economic issues needs to be 

considered for turning the science into social benefits and making the research investment gainful. 

Finally, key constraints for large-scale out-scaling of these interventions in other areas have also been 

highlighted. 
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Buffaloes are very sensitive to heat stress due to less number of sweat glands per unit of surface area 

compared to indigenous cattle and their black coat color. Their productive and reproductive performance 

is affected adversely during heat stress. Further, due to non-availability of good quality semen under 

village conditions, the conception rate remains relatively low leading to poor genetic makeup of 

progenies.  Keeping these in view, a campaign for breed improvement was initiated to make aware the 

participating farmers of Farmer FIRST adopted villages. Two hundred thirty two breedable bovine [cattle 

(37) and buffalo (195)] were inseminated at the proper time of estrus (heat) using the proven bull semen 

from NDRI, Karnal. These animals were supplemented with mineral mixture @ 50-60 g/day/animal 

continuously. Inseminated cows and buffaloes were checked through rectal palpation after three months 

of insemination. The conception rate was significantly higher during cooler months of the year 

(December to March) than summer months (April to July) and the corresponding temperature humidity 

index (THI) varied from 63.05 to 75.16 and 81.37 to 82.72, respectively. The overall conception rate of 

the whole year was around 50 per cent. The THI of more than 74 is stressful for buffaloes and reason 

being the conception rate was reduced during summer months. In another experiment, eighteen repeat 

breeding (repeated around 4 times) buffaloes were selected under farmer‟s field in the salt affected 

adopted villages. These animals were supplemented with mineral mixture @ 50-60 grams daily for three 

months. The number of animals inseminated and conceived after one, two and three months were 22.35 

per cent, 42.8 per cent and 25 per cent, respectively. The overall conception rate of these repeat breeding 

buffaloes was around 66 per cent. Therefore, feeding of area specific mineral mixture and using proven 

bull semen is paramount for enhancing reproductive performance of bovines.  
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The distinguishing characteristic of saline soils from the agricultural standpoint is that they contain 

sufficient neutral soluble salts to adversely affect the growth of most of crop plants. In field conditions, 

saline soils can be identified by the spotty growth of crops and the presence of white salt crusts on the soil 

surface. These symptoms majorly found in low land areas of Pratapgarh of Uttar Pradesh. The availability 

of salt in the soil is the consequence of the excessive use of irrigation water with improper drainage, 
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coupled with the use of salty irrigation water or sodic soils developed from salt-bearing rocks and fallow 

land. Paddy crop is the most suitable crop for convertingthe salinity to fertile soil because of its ability to 

grow under flooding and its high potential for genetic improvement. Paddy productivity in salt-affected 

areas is high (1.5 t ha
-1

) as compared to other crops. If farmers are actively involved in a scientific way, 

definitely it can be increased at least 3 t ha
-1

. Salt-tolerant Paddy varieties also put forward of great 

potential to grow in marginal lands, which are usually left fallow particularly during the dry season 

because of high salinity. An experiment was conducted at farmers field with farmers participation based 

on their needs have helped to identify salt tolerant varieties for their lands. Five salt tolerant improved rice 

varieties were grown in trials of participatory variety selection (PVS) in five replications. From the 

observation, the data reveals that, out of five selected salt-tolerant varieties, two varieties (CSR-36 and 

NDR-359) have shown significantly higher grain yield as compared to other three varieties. It was also 

observed that the adoption level of these two varieties was very high because the varieties have salt 

tolerant ability and more productivity.  Therefore, these two varieties may be recommended for further 

extension to improve the production of rice under salt stress condition of district Pratapgarh, UP. 

Keywords: Participatory Variety Selection, PVS, Salt stress, Paddy, Farmer 
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Paddy (Oriza sativa L.) is one of the important cereal crops in India. Uttar Pradesh is one of the major 

rice producing state having about 61.03 lakh ha area under rice cultivation with a production of about 

144.26 lakh tons. Kaushambi district of Uttar Pradesh has nearly 18500.0 ha area under salt affected 

soils, mainly sodic soils. To evaluate the performance of salt tolerant variety, Front Line 

Demonstrations were conducted on 55 farmers‟ fields on 12.75 ha sodic lands during kharif of 2016 

and 2017 in Umarcha village of Kaushambi district. The pH of the study plots ranged from 8.8 to 

9.2. The average productivity of rice in the selected village with traditional variety NDR-359 was 

29.3q/ha. The productivity potential of salt tolerant variety CSR-36 was compared with traditional 

variety NDR-359. Two years data revealed that the salt tolerant variety CSR-36 produced significantly 

higher grain yield (46.50 q/ha) than NDR-359 (38.30 q/ha). The cost economics calculated for paddy 

cultivation in both varieties revealed that the net return and B-C ratio with CSR- 36 was better than the 

NDR-359 in both the years viz. 2016 and 2017. With the introduction of CSR- 36 in the village, the area 

under salt tolerant variety has increased significantly. The farmers were producing seed of salt tolerant 

variety and disseminating through farmers to farmers seed exchange process. The adoption rate of salt 

tolerant variety CSR-36 was also increasing in the district. 

Keywords: Paddy, Sodic soils, Tolerant variety  
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To find out the high yielding sodicity tolerant beetroot variety, front line demonstrations with two 

beetroot varieties viz. Ruby queen and Rashi ( hybrid variety) during 2016 and 2017 on 45 farmers fields 

covering 6.0 ha sodic soil in Umarcha village in Kaushambi district. The pH of the demonstration plots 

ranged from 8.8 to 9.2. The results showed that the beetroot variety Ruby queen produced 13.80 q/ha 

which was significantly superior over the hybrid variety Rashi (12.20q/ha). The cost economics 

calculated for beetroot cultivation of both the varieties revealed that the net return and B:C ratio of  Ruby 

queen is better in comparison to Rashi in both the years 2016 and 2017. The growth rate reduction at 

higher salinity was linked with reduced leaf area at the whole plant level. The leaf weight was not 

affected by increased salinity. With the introduction of beet root in sodic soils in place of wheat in Rabi 

season, the income of the farmers increased over the traditional rice-wheat cropping system.  

Keywords: Beetroot, Sodic soils, Varieties  
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Two cultivable species of cotton viz. G. herbaceum and G. Arboretum are old world cultivated cotton and 

called as desi cotton. During 1950s, 97 per cent area under cotton was covered by desi cotton in the 

country, but with the introduction of hybrids in 1960s and Bt hybrid in 2002, the area under desi cotton 

was reduced to three per cent in 2013. However, this pattern of change could not be observed in rainfed 

areas of Rajasthan, Gujarat and Karnataka. In Gujarat, the areas where salinity is high and canal irrigation 

is limited, farmers are left with no choice but to go for desi cotton cultivation. Study was conducted with 

70 farmers growing desi cotton in Bara tract area of Gujarat covering three blocks of Bharuch district. 

Data were collected from desi cotton growers on their perception about desi cotton, economic viability 

and constraints faced while cultivating desi cotton using personal interview of the farmers. Results about 

perception revealed that all farmers perceived that cost of cultivation for desi cotton is less and input cost 

for desi cotton is less (92%). As regards environmental benefits, all farmers perceived that desi cotton is 

more suitable to rainfed conditions. It is more tolerant to moderate saline groundwater (90%) and water 

logging conditions (92%). As far as agronomic benefits are concerned, all farmers agreed that desi cotton 

requires less irrigation. In case of marketing benefits, farmers agreed that fibre quality of desi cotton was 
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excellent (76%). Some aspects of desi cotton were also negatively perceived by the farmers, like its long 

duration (82%), availability of quality seeds (80%) and about boll size and number. Economic analysis 

revealed that gross profit of desi cotton under rainfed conditions was Rs. 34,947 per ha with B:C ratio1.9, 

while it was Rs. 75250 per ha with B:C ratio of 1.7 in irrigated condition. Lack of irrigation facilities 

(54%), late sowing because of dependence on monsoon (36%) and damage because of high rainfall and 

flooding (36%) were the constraints reported as very severe by the farmers. The study also evinced some 

negative aspects of desi cotton like longer duration which was associated with late harvesting of cotton, 

less weight and high labour cost. It can be concluded that improved varieties of desi cotton with short life 

span need to be developed and made available to the farmers for better livelihood and sustainability of the 

cotton agro-ecosystem. 

Keywords: Farmers perception, G. herbaceum, G. Arboretum, Economic viability 
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Chronic food insecurity is a long-term problem, caused by lack of income or assets at the household level 

to produce or buy sufficient and adequate food for the entire household. Fast degrading and declining 

land, water availability, biodiversity, environment and other natural resources, together with shrinking 

farm returns and reduced crop productivity caused by continuous and intensive cultivation of rice-wheat 

systems, necessitate diversification of farming in Indo-Gangetic Plains. In view of the decline in per 

capita availability of land, it is imperative to develop strategies and agricultural technologies that enable 

adequate employment and income generation, especially for small-holders (farmers with < 2.0 ha of land) 

who constitute the vast majority of the farming community in the developing world. No single farm 

enterprise, such as a typical mono-cropping system, is likely to be able to sustain the small-holder 

farmer. Multi-enterprise farming systems are less risky if managed efficiently, as they benefit from 

synergisms among enterprises, diversity in produce, and environmental soundness. The concept of multi-

enterprise farming system may prove better than specialized or single commodity based farming system. 

In reclaimed sodic soils of Indo-Gangetic plains, multi-enterprise farming system may be an efficient 

alternative to rice-wheat cropping system for small land holders in terms of revenue generation, energy, 

soil health and resource use. This study is a part of the multi-enterprise agriculture model developed at the 

ICAR-Central Soil Salinity Research Institute (ICAR-CSSRI), Karnal to improve water, nutrient and 

energy use efficiency in reclaimed/salt stressed environment. In this crops are integrated with vegetables, 

horticulture, dairy, fisheries, poultry, bee-keeping and mushroom cultivation. Total gross income of Rs. 

1000-1200/day and net income of Rs. 700-800/day is being generated from about 2.0 hectare land area 

and by-products of these enterprises are recycled within the system. Besides a source of regular income, 

the model acts as the most vital technology in conserving resources and energy at farm level. Recycling of 

farm wastes and other byproducts of the components ensures environmental quality. The potential of 
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integration of multiple components is exploited to make judicious use of farm inputs, resource 

management, regular income and year round employment generation. It is an efficient way of using the 

same land resource to produce both carbohydrate and animal protein concurrently or serially as well as 

meeting vitamin and mineral requirements through cultivation of vegetables and fruits on dykes and 

bunds, thus providing a balanced diet for the farm family, reducing hunger and malnutrition. Integrating 

aquaculture with livestock and crop farming results in efficient nutrient use through by-product recycling, 

eradicating weeds and some insect pests; an important side effect is a cleaner and healthier rural 

environment. 

Keywords: Multi-enterprise farming system, Livelihood security, Small farmers, Sodic soils 
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ICAR-CSSRI, Karnal focuses on the interdisciplinary research on reclamation and sustainable 

management of salt affected soils and use of poor quality irrigation water in different agro- ecological 

zones of the country. The objective of IPR is to address the important activities of ICAR-CSSRI as an 

economic incentive in providing information on innovations and technologies developed for the 

management of salt affected soils and poor quality water. Technologies developed by ICAR-CSSRI have 

been put in public domains which are extensively being used by the farmers, NGOs and Govt. Institutions 

for improving socio-economic profile and ensuring food security and better livelihood of the farmers. The 

achievements of ICAR-CSSRI are demonstrated through widespread field tested effective technologies 

like- Gypsum for reclamation of sodic soils, Gypsum bed technology for poor quality water management, 

Sub-surface drainage (SSD) technology, Auger hole technology for alternate land use system, Bio-

drainage technology, Farmer based recharge structure, Multi-enterprise agriculture model for reclaimed 

alkali soils, Technology with reduced gypsum by adopting salt tolerant varieties, Pond based farming 

system technology in waterlogged sodic/coastal saline soils etc. A patent has been filed for consortia of 

microbes/growth enhancer (CSR-BIO) which increases yield of agri-horti crops in normal and sodic soils. 

Microbial products HALO-PSB and HALO-AZO developed at CSSRI RRS Lucknow, are under process 

of commercialization which contains highly efficient salt tolerant strains of P solubilizing bacteria that 

can be used in normal as well as salt affected soils and supplements N requirement of crops and promotes 

plant growth under salt stress which helps in increasing crop yield by 10-15 per cent, respectively. A field 

kit known as GypKit has also been developed by CSSRI for rapid assessment of soil sodicity and 

estimating gypsum requirement to reclaim sodic soil in addition to GypCal Mobile App- a decision 

support system for assessment of soil sodicity and gypsum requirement on smart phones. A Salinity 

Expert Mobile App which includes management practices for rice, wheat and mustard crops under salty 

environments right from sowing to harvesting has recently been developed in Hindi version compatible to 

Android phone. An array of 21 high yielding salt tolerant varieties of rice (CSR 10, CSR 13, CSR 27, 

CSR 23, Basmati CSR 30, CSR 36, CSR 43, CSR 46, CSR 56 and CSR 60), wheat (KRL 1-4, KRL 19, 
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KRL 210, KRL 213 and KRL 283), mustard (CS 52, CS 54, CS 56, CS 58 and CS 60) and chickpea 

(Karnal Chana-1) have been released and registered in Protection of Plant Varieties and Farmers Rights 

(PPV&FR). Impact study of Basmati CSR 30 revealed that the share of Basmati CSR 30 among the total 

Basmati area and production of India is about 7 and 5 per cent, respectively with overall earning of Rs. 

21000 crore since its release in 2001. It is estimated that by using the gypsum and SSD technology, 

around 2.14 million hectares of salt affected land have been reclaimed which is contributing about 16.6 

million tonnes/year of paddy and wheat and generates an annual employment of 280 million man days. 

The revenue generated from commercialization of IP protected technologies of ICAR-CSSRI during the 

year 2017-18 was Rs. 135 lakh. 

Keywords: Intellectual property management, Commercialization, Technologies, Salt affected soils 
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Paddy (Oriza sativa L.) is one of the important cereal crops in India. Uttar Pradesh is one of the major 

rice producer state having area about 59.66 lakhs ha and producing about 143.96 lakh tons with an 

average productivity of 24.13 q/ha. Of the total rice cultivated area Auraiya district in Western Uttar 

Pradesh having about 61000 ha cultivated area under rice and the average productivity is 29.69 q/ha. Of 

the total rice cultivated area in Auraiya district, about 29.2% area is affected with sodicity having average 

soil pH 8.4. The ground water quality in the district is also poor having pH up to 9.1. Due to this twin 

stress problem, the productivity of rice is very low (2 t/ha). A two years Front Line Demonstration 

conducted at 50 farmers field in 04 village on 50 acre sodic land in kharif season during 2016 and 2017 

with two paddy varieties viz. Kranti and CSR-36 the result shows that the paddy variety CSR-36 was 

found significantly superior in terms of average grain yield (58.18 q/ha) than the local variety Kranti (53.8 

q/ha). The cost of economics calculated for paddy cultivation in both varieties revealed that the net return 

of Rs. 31410 obtained from CSR-36 was 17.70% higher than the net return of Rs. 26685 from local 

variety kranti the B/C ratio with salt tolerant variety CSR-36 was also higher (2.0) than that of traditional 

variety of CSR-36. Based on crop yield cost economic and B:C ratio, CSR-36 is giving better results in 

compression to local variety Kranti in the year 2016. In the year 2017 CSR-36 yielded 58.8q/ha whereas, 

the local variety gives yield 53.4 q/ha and the net return of CSR-36 kranti was Rs. 45486 and Rs. 38420, 

respectively. BC ratio CSR-36 (2.47) was also higher than the local variety (2.24). Based on two years 

study, it is concluded that the salt tolerant variety CSR-26 is giving better result in compression to paddy 

variety Kranti with the introduction of CSR-36 the productivity of twin stress sodic environment can be 

enhanced to 8-10%. 

Key words: Paddy, Sodic Soils, Varietal  
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Soil degradation in India is one of the agricultural problems which is highly varied in nature in terms of 

localization and manifestation. Degraded soils comprise eroded soils, barren lands, and those belonging to 

the category of problem soils like sodic, saline and acidic soils. For additional production of foodgrains, 

the country needs to bring such fragile lands into cultivation in sustainable manner. In this direction FAO 

(2003) formulated global safety standards of good agricultural practices (GAP). The GAP aims at 

ensuring food safety, capturing new market, judicious use of natural resources, maintaining worker health 

and welfare, income generation, enhancing international trade, risk assessment and building consumer 

confidence. GAP stands on four pillars namely, economic viability, environmental sustainability, social 

acceptability, and food safety and quality. The ICAR-Central Soil Salinity Research Institute, Karnal is 

working on developing technologies for reclamation of 6.73 m ha of sodic and saline soils as well as the 

management of poor quality water for irrigation purposes. In this regard the institute had developed a 

number of soil reclamation technologies, cultural practices, salt tolerant varieties and agroforestry models 

which strictly meet the requirement of GAPs. Since the establishment of CSSRI in 1969, the adoption of 

institute technologies by the farmers has resulted in reclamation of about 2.07 million ha of sodic soils 

and about 70000 ha of saline soils across different states of the country. The adoption of these 

technologies has promoted the soil in becoming suitable to provide yield of arable crops at par with 

normal soils without making any adverse impact on the agro-ecology. Similarly, the development of 21 

crop varieties of rice, wheat, mustard and chickpea has also enabled to obtain higher crop yield from the 

salt affected soils without posing any additional problems of disease and insect-pest infestation. A 

basmati rice variety CSR 30 developed by the institute in 2001 has gained significant popularity in the 

sodic soils of Haryana, Punjab and other states of the country and generated export revenue to the tune of 

Rs.1148 crores (2017-18). The export earnings from this variety, which is still popular among the 

farmers, signify that it meets the standard of GAPs. Apart from the above, CSSRI has identified and 

validated a number of salt tolerant medicinal and aromatic plants and so also agroforestry trees which 

could be planted on salt affected soils to obtain economic yield as well as to ameliorate waterlogging 

conditions in the salt affected soils. The institute is also working on management of sodic and saline soils 

through adoption of conservation agriculture practices which entail in-situ retention and incorporation of 

crop residues on the soil surface thereby improving the soil structure through increased organic matter 

content. The institute has also developed some products of microbial consortia like CSR-Bio, Halo-Azo 

and Halo-PSB etc. which have improved the crop yield in salt affected soils besides reducing the 

infestation of insect-pest and diseases to a significant extent. 
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The study was conducted in Andaman & Nicobar Islands. The ban on clearing of forests by the Supreme 

Court of India in 2002 put an end of converting forest into farm lands. The agriculture area that peaked in 

the early part of this century (50,000 ha, 6% of geographical area of Islands) has lost some farm lands due 

to Tsunami on 26 December, 2004 and at present stands at 42,839 ha area. The number of farmers is 

21,339 including marginal, small and large. The significant number of farmers leased out their land on 

annual rent basis. In general, the Island‟s soils varied in organic carbon from 0.20 to 0.95% with mild to 

moderately acidic reaction. We have conducted the survey from leased in and leased out famers. The 

average family size was about five people in the family and on an average >1.0 hectare land was taken on 

lease.  It was observed that on an average Rs. 30500/ha/annum was paid in Wandoor area followed by 

Ferrargunj (Rs.25650) and Rs.20000 and Rs.19500 in Bombooflat and Harpettabad, respectively. 

Further, degradation status was severe (d4) to moderate. The perception of farmers indicate that leased in 

farms apply the chemical and fertilizers at higher rates to get maximum yield as the score value was 

higher for leased in farmers. This was not uniform for all the farmers since, standard deviation (SD) was 

more than one. However, own lands, the application of chemicals was less but the SD has got higher 

values indicating high variation in application of chemicals. The leased in farmers mostly practice the 

vegetable cultivation which degrade the lands at faster rate. The soil and water conservation practices 

mostly followed by the farmers to conserve the soil as they have informed us that top soil is our assets. 

The crops are protected by both types of farmers from adverse effect of climate since score was high. The 

SD was less than one indicating less variation in the both the cases. Thus, study clearly highlights that 

there should be cleacut policy for leased land to protect the limited and fragile agri-ecosystem of A & N 

Islands.  

Keywords: Leased farming, Island ecosystem, Soil health, Soil degradation 
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