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Abstract A field experiment was conducted in rice fields of the mid-tropical plain zone of north-eastern India with an aim
to develop options through integrated management of soil, water, nutrition and plant for sustainable rice production. The
experimental fields were managed in three transects by growing rice under the system of rice intensification (SRI),
integrated crop management (ICM) and conventional rice culture (CRC) with fertiliser treatments of NPK;00_100-100;
NPK00-100-100 + FYM; and NPKsq_s50_s0 + FYM + biofertiliser. The results reveal that the SRI and ICM systems of rice
culture give a good yield with better water use efficiency. The quantity of water required for producing one kilogram of rice
was 1498 L in SRI and 1535 L in ICM compared to 1883 L in CRC. The requirement of fertiliser under SRI and ICM
methods of transplanted rice was less than half of the fertiliser requirement of the CRC method. The soil-water regime,
crop establishment method and integrated nutrient management (INM) practices significantly influenced the sustainability

yield indices (85-99%) of rice in this climate scenario.

Keywords Lowland rice - Water use efficiency - Integrated nutrient management - Crop establishment method -

North-eastern India

Introduction

During the Green Revolution era in India, the rate of
growth in rice production was higher than the population
growth and resulted in a surplus. But in the past decade,
with climate change, production and productivity of rice
have declined [4]. Rice production was affected by climate
conditions, water availability, soil and other biotic and
abiotic factors [26]. The wet season rice crop in North-
eastern India is grown under an increasing rise in temper-
ature and reduced water availability as a result of climate
change [1, 6]. The increase in temperature, especially mean

< A. K. Singh
singhak30@gmail.com

Central Research Institute for Jute and Allied Fibres,
Barrackpore, Kolkata 700120, India

2 KVK, ICAR Research Complex for NEH Region,
South Tripura 799144, India

@ Springer

minimum night temperature, has adverse effects on rice
productivity as it reduces crop duration, increases respira-
tion rate, alters photosynthate partitioning to grains, affects
the survival and distribution of pest populations, hastens
nutrient mineralisation in soils, decreases fertiliser-use
efficiency and increases evapotranspiration [19, 27, 37].
Rice consumes almost 50% of irrigation water used for all
crops and the declining availability of rainwater is a great
threat to the rainfed rice cultivation systems of North-
eastern India.

Rice is a staple food for people of North-eastern India in
daily consumption as well as for household economy. Its
cultivation covers more than 72% of the total grossed
cropped area, and about 90% of the population depends on
rice farming as the main source of livelihood, particularly
in rural areas [9]. The rice production system in this part of
country can be classified into two broad production sys-
tems, i.e. lowland rice and upland (dry land) rice cultiva-
tion. The majority of the production system is a single wet
season cropping, particularly where there is no irrigation
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supply [18]. The cropping calendar starts with the onset of
the rainy season in late May to mid-June, followed by
transplanting in late June to mid-July. However, the timing
of practices depends on the rainfall distribution. Rice is
produced with minimum inputs and a low-level technol-
ogy. Inorganic nitrogen fertiliser is applied after trans-
planting, and the rate of application is rapidly increasing.
Annual rice production remains variable as much of the
rice is produced under rainfed conditions. Climate factors
account for at least about 10% of the annual variability in
rice production [31].

Lowland rice production has been affected by climate
variability leading often to lower production, in particu-
larly when rainfall is low or poorly distributed. Drought
conditions have been observed during 2012-2014 espe-
cially in the early and later periods of the growing season.
Therefore, it is to investigate how rice productivity per-
forms under changing climate conditions and to develop
recommendations based on integrated management of soil,
water, nutrition and plant for sustainable rice production.

Materials and Methods
Study Area

Based on the soil-site characteristics and other relevant
features, the soils of study area were classified into three
transect as Transect-I (Typic Dystrudept in Dudhpuskarini
village), Transect-II (Typic Kandiudalfs in Matai village),
and Transect-IIl (Aeric Fluvaquents in Garjee village),
sited between 22°57'N to 23°45'N and 91°19E to 91°53'E
in South district of Tripura (India). Transects were selected
on the basis of detailed geomorphic analysis [17].
According to National Agriculture Research Project [16]
classification, the study area belongs to Mid-Tropical Plain
Zone (NEH-6) of India. The data pertaining to soil-site
characteristics are given in Table 1. These landforms
reflect the differences in soil characteristics. The Alfisols
(Transect-I) of the study area have very deep soil and
inceptisols (Transect-II and Transect-III) with deep soil.
The texture was sandy loam to sandy clay loam having
6-15 g/kg organic carbon, 186480 kg/ha alkaline per-
manganate oxidisable N, 21 to 54.4 kg/ha available Bray’s
P and 116-340 kg/ha ammonium acetate exchangeable K.
DTPA extractable Zn was in range of 0.06 to 1.10 mg/kg,
and pH of the soil was strongly acidic (4.5 to 5.4). Climate
of the study area is sub-humid with a wet monsoon and a
dry season and rice is grown in the wet season.

The rice cultivar (Gomati) was grown under farmer’s
field condition during wet season (from year 2011 to 2014)
under three crop stand establishment methods; (1) system
of rice intensification (SRI); (2) integrated crop

management (ICM); and (3) conventional rice culture
(CRC) with three fertiliser treatments: 71, NPK;00_100-100;
T2, NPKjpo_100-100 + FYM; and 73, NPKsp 5050-
+ FYM + biofertiliser. Nitrogen (N), phosphorus (P) and
potassium (K) fertiliser were applied as urea, single super
phosphate (SSP) and muriate of potash (MOP). Phosphorus
and potassium fertiliser were applied as basal dose and
nitrogen fertiliser was applied in three split doses (@ 50%
at basal and 25% each at tillering and panicle initiation
stage). Biofertiliser (Azatobactor) was used as seed treat-
ment @ 20 g per kg of seed. Fertiliser treatments were
worked out from initial soil test value and requirement of
crops as per plant population in each stand establishment
methods (Table 2). Weeding in SRI and ICM treatment
was done three times by Cono-weeder to incorporate weeds
into the soil at 15, 30, 45 and 60 days after transplanting
(DAT), while the CRC plots were hand weeded at 20, 40
and 60 DAT. Need-based plant protection measures were
taken in all the treatments. In SRI, 10-day-old seedlings of
the same rice variety were transplanted at 25 cm x 25 cm
spacing keeping one seedling per hill, while in ICM,
20-day-old seedlings were transplanted at 20 cm x 20 cm
spacing keeping two seedlings per hill. In CRC, 25-day-old
seedlings were transplanted at 20 cm X 15 cm spacing
keeping three seedlings per hill. The same practice of crop
establishment was practiced every year. The soil was kept
near saturated moisture condition throughout the vegetative
phase in SRI and ICM system. A thin layer of 1-3 cm
rainwater was maintained during the reproductive phase of
rice. However, in CRC, 5-6 cm rainwater was maintained
from transplanting to grain filling stage. The field experi-
ment was laid out in a randomised block design. Obser-
vations on growth and yield characters were done at critical
stages of crop growth. The water use efficiency (WUE) of
rice crop was computed using CROPWAT 8.0 model [8].
Reference evapotranspiration (ETo) estimation through
CROPWAT 8.0 from limited climatic data was evaluated
with that of a full set of climatic data under local climatic
conditions for study area. The ETo estimated from limited
data has a good agreement with that of estimated ETo from
the full set of climatic data.

Sustainable Yield Index (SYI) for rice was computed
using rice grain yield for soil units in different landforms as
per equation, SYI = (Y — SD)/Y ax.

Where, ‘Y is the average yield, ‘SD’ is the standard
deviation and ‘Y.’ is the maximum observed yield from
the year 2011 to 2014. In order to work out the variation in
SYI due to various constraints under different soil-site
conditions, statistical models were used.
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Table 1 Initial soil-site characteristics of study area (Tripura, India)

Soil and climate parameters Transect classification

Typic Dystrudept (Alfisols) Typic Kandiudalfs (Inceptisols) Aeric Fluvaquents (Inceptisols)

Texture Sandy loam Clay loam Sandy clay loam
pH 5.1-5.3 4.5-5.0 5.1-54

Organic carbon (g/kg) 0.69-0.75 0.75-1.50 0.6-0.96

Avail. N (kg/ha) 196-271 340-480 186-345

Avail. P (kg/ha) 21-24.8 25-45 30-54.4

Avail. K (kg/ha) 119-335 150-340 116-335

Avail. Zn (mg/kg) 0.06-0.90 0.50-1.00 0.45-1.10

Avail. Fe (mg/kg) 42-89 110-121 112-145
Rainfall (mm) 1940-2060 2100-2130 2180-2210
Maximum temperature (°C) 33-36 34-36 32-34

Minimum temperature (°C) 8-9 7-8 7-9
Humidity (%) 60-70 68-72 70-75

Table 2 Fertiliser treatments, seedling age and plant spacing under three stand establishment methods of transplanted rice

Treatment Rate of fertiliser (kg/ha)
System of rice intensification Integrated crop management Conventional rice culture
(SRI) (ICM) (CRC)

Age of seedlings (days) 10 20 30

No. of seedlings per hill 1 2 3

Spacing (cm) 25 x 25 20 x 20 20 x15

Fertiliser treatment

T] NPK]OO—IOO—IOO 20:10:10 40:20:20 80:40:40

T> NPK00-100-100 + FYM
T3 NPK50,50,50 + FYM + biofertiliser

20:10:10 + 5000
10:5:5 + 5000 + 0.2

40:20:20 + 5000
20:10:10 + 5000 + 0.2

80:40:40 + 5000
40:20:20 + 5000 + 0.2

Results
Rice Productivity during the year 2011 to 2014

With the System of Rice Intensification (SRI) technology,
the maximum yield of rice recorded was 50.33, 49.70 and
49.67 g/ha and under Integrated Crop Management (ICM),
maximum yield obtained was 54.10, 52.13 and 51.93 g/ha
in Transect-I, Transect-II and Transect-III, respectively
(Table 3). Whereas under Conventional Rice Culture
(CRC) with flooded water condition, the rice yield varied
between 41.67 to 49.67 g/ha, which was about 16 and
22-26% less than that of SRI under Transect-II and
Transect-III, respectively. Similarly, average yield
increased under ICM was 16-19 and 22-28% as compared
to CRC under same soil Transects. Results have shown
similar comparative advantages as reported by several
researchers arising from SRI practice including higher
yields [14, 18, 29, 35]. Study report from 17 countries

@ Springer

indicated that average rice grain yields were 68 g/ha for
SRI as compared to just 39 g/ha for the recommended
conventional rice management [7].

Grain yield of rice was significantly influenced due to
application of fertiliser in combination with farmyard
manure (FYM) and biofertiliser (Table 3). The maximum
rice yield (54.10 g/ha) was recorded under ICM with
Integrated Nutrient Management (INM) practices
(NPKsg_s50_50 + FYM + biofertiliser). There was signifi-
cant yield difference between the SRI and CRC rice
establishment system under ‘NPK50_50.50
+ FYM + biofertiliser’ in all the treatments of Transect-I.
However, no significant variation in rice grain yield was
observed under  treatment ‘NPK oo o0 and
‘NPK00-100-100 + FYM’. Under Transect-II and Transect-
II1, significant yield difference was observed in all the rice
establishment methods under treatment ‘NPKsq 50_50-
+ FYM + biofertiliser’. Setty et al. [25] also stated that
the application of 50% recommended dose of nitrogen
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Table 3 Grain yield and sustainability indices under various fertiliser treatment and crop establishment methods

Treatment Transect classification
Typic Dystrudept Typic Kandiudalfs Aeric Fluvaquents
Av. grain yield (q/ha) SD SYI Av. grain yield (q/ha) SD SYI Av. grain yield (g/ha) SD SYI
SRI
T, 46.17* 1.04 0.89 44.83% 0.29 0.89 46.03* 0.42 0.92
T, 47.00* 0.50 0.92 45.37* 0.78 0.90 46.53% 0.95 091
T3 50.33° 153 097 4970 0.61 099  49.67° 057  0.99
ICM
T, 48.67° 1.04 0.88 47.33* 0.29 0.90 48.33° 1.44 0.90
T, 49.00° 0.50 0.89 49.17° 0.76 0.92 48.67° 0.29 0.93
T; 54.10° 1.01 0.98 52.13¢ 0.85 0.98 51.93¢ 0.85 0.98
CRC
T, 46.03* 0.42 0.91 38.67¢ 0.58 0.89 39.67¢ 0.58 0.93
T, 46.53% 0.95 0.92 38.97¢ 2.52 0.85 38.00¢ 1.73 0.87
15 49.67° 0.57 0.98 42.67% 1.53 0.96 41.674 1.15 0.97

Mean values in a column followed by a common letter are not significantly different at 5% level

through FYM and remaining 50% through inorganic fer-
tilisers resulted in higher yield due to increased number of
effective tillers per hill and filled grains per panicle but was
statistically at par with NPK;g_190_100 through inorganic
sources of fertilisers.

Under different cultivation methods growth parameters
like productive tillers (320-350 per m?), number of pani-
cles (195-215 per m?), number of grain per panicle
(172—-173) and 1000 grain weight (23 g) were significantly
superior in SRI and ICM over CRC. Nodal root develop-
ment in SRI (60.7 cc) and ICM (52.1 cc) was better than
the CRC method (43.8 cc) at the initial growth stage when
soil nutrients and water were not limiting. Influence of
different crop establishment practices on yield parameters
is given in Table 4. In case of Transect-I (alluvium soil),
flooded soil-favoured root length density in older seedlings
(CRC) and grain yield was near to SRI and ICM system
with  fertiliser treatment of NPK;go_100_100 and
NPK00-100-100 + FYM. In case of Transect-Il and

Transect-III, non-flooded soil improved the root growth in
the subsoil layer, but more in younger seedlings (SRI and
ICM) than older ones (CRC).

Among three rice establishment methods, ICM produced
significantly higher grain yield (52.72 g/ha) followed by
SRI (49.90 g/ha) compared to CRC (44.67 g/ha). In SRI,
water use efficiency was 17.71 kg/ha/mm, whereas in case
of ICM it was 14.66 kg/ha/mm (Table 5). WUE was higher
in SRI and ICM treatment mainly due to larger reductions
in quantity of water used. Water use efficiency was lowest
in CRC system (11.52 kg/ha/mm).

Sustainable Yield Index (SYI) of Rice

The result of sustainability indices (SYI) revealed that
yields of rice under ICM and SRI were higher than of CRC
method. The SYI of rice varied from 0.85 to 0.99, indi-
cating the minimum guaranteed yield that ranges from 85
to 99 per cent of the maximum observed yield (54.10 g/ha)

Table 4 Comparison of yield parameters as influenced by different crop establishment methods in rice

Stand establishment Productive tillers No. of panicles

No. of grain per

Root volume 1000 grain Straw yield  Grain yield

method per m? per m? panicle (cec) weight (g) (g/ha) (g/ha)

SRI 320 195 173 60.7 23 62.4 49.90

ICM 350 215 172 52.1 23 70.9 52.72

CRC 264 173 165 43.8 19 56.7 44.67
Mean + SE 311 £25 194 £ 12 170 £ 2.51 522 +£4.87 21.6+ 1.33 633 £4.12 49.1 £2.35
CV % 14.02 10.81 2.56 16.18 10.67 11.28 8.31

C.D. (P <0.05) 33.20 791 5.18 2.39 3.67 4.00 1.20

Data presented are mean value of best fertiliser treatment (NPKso_s0_s0 + FYM + biofertiliser) only
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Table 5 Water use efficiency of paddy rice with different crop establishment system

Crop Effective Actual water Actual water use by Average grain Water use efficiency Litres of water (per
establishment rainfall (mm) requirement (mm) crop (mm) yield (g/ha) (kg/ha/mm) kg grain)

system

SRI (Saturation) 1029 747.8 281.2 49.90 17.71 1498

ICM (Saturation) 1169 809.4 359.6 52.72 14.66 1535

CRC (Saturation) 1229 841.3 387.7 44.67 11.52 1883

Mean + SE 1142 £ 59 799 + 27 342 £+ 32 49 £+ 2.35 14 £+ 14.6 1638 + 122

CV % 8.98 5.94 16.09 8.31 21.15 12.96

Data presented are mean value of best fertiliser treatment (NPKsq_so_so + FYM + biofertiliser)

under ICM system of crop establishment (Table 3). Fur-
ther, it was observed that INM treatment (NPKsq_s50_50-
+ FYM + biofertiliser) recorded higher SYI compared to
NPK00-100-100 fertiliser treatment under all crop estab-
lishment methods. The minimum values of SYI were seen
in soils of Transect-II (0.85) and Transect-III (0.87) under
CRC system.

Discussion

Sustainability of crop depends on the climate, maintenance
of productivity and quality of soil on a long-term basis
through integrated land, water and crop management
[13, 21]. Climate change makes the temperature and rain-
fall fluctuates, consequently, influencing soil evaporation
and plant transpiration. A significant decreasing trend of
monsoon—season rainfall (June to October) and a trend of
higher temperature were noted in the study area during last
13 years (Fig. 1). Van de Geijn and Goudriaan [36] found
that positive climate effects on crop growth can be adjusted
by effective rooting depth, nutrients and improvement in
water productivity. Increased grain yield (19—29%) under
ICM and SRI over CRC practices was mainly due to the
synergistic effects of modification in the cultivation
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practices such as use of young 1 or 2 seedlings per hill and
frequent loosening of the top soil to stimulate aerobic soil
conditions [33]. Overall younger seedlings produced higher
numbers of tillers than older seedlings, which might be due
to less root damage and minimum transplanting shock, as
younger seedlings can more easily establish themselves
after transplanting in the main field [2, 12, 15, 30]. The
nodal root from the coleoptilar node might have played a
large role in the absorption of water and nutrients just after
transplanting. Initial stage of seedling development favour
more root formation for better establishment and water
uptake [23]. Root elongation did not seem to be a problem
under flooded soil conditions, but root initiation was
restricted under flooding. Wider spacing in ICM and SRI
methods facilitate the operation of cono-weeder resulting
in the incorporation of weeds into the soil and also favour
better aeration for beneficial microbial activity. On the
other hand, lower yield in CRC is due to narrow spacing
intern leads competition between nutrient and space.
Application of INM (NPKj5o_s0_s0 + FYM + biofer-
tiliser) improved the fertiliser use efficiency due to pres-
ence of FYM and biofertiliser in the system. It also favours
the better crop growth [11] and produced the crop yield
equivalent to NPKyo_100_100 resulting in reduced cost of
cultivation. The fixation of applied P is a constraint in
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Fig. 1 Trends of rainfall and temperature during the year 2001-2013 in the study area
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acidic soils and application of FYM enhances the rate of P
mineralisation [28] and reduction in P adsorption [20]. The
increase in rice grain yield even under CRC system with
NPKs0_s0_50 + FYM + biofertiliser application might be
due to the preference of shoot growth over root growth in
older seedlings and the dominance of NH," in the soil
solution in the upper soil layers under reduced environment
[24]. Although SRI and ICM practices of rice culture may
reduce CH, emissions from rice fields, it may result in
increased N,O emissions [3]. The N,O is having 310 times
global warming potential than CO,. The appropriate
combination of organic matter incorporation and N appli-
cation may help in mitigation of N,O emissions. Thus, use
of 50% of N-chemical fertiliser with FYM and biofertiliser
under INM practices may help to maximise the benefit of
positive aspects and minimise the environmentally nega-
tive effects.

Farmers solely rely on rainfall in the study area for rice
production. Management options for more efficient use of
rainwater include crop scheduling and shifting away from
continuously flooded (anaerobic) to partly aerobic rice and
are important to improve the efficiency of water use [10].
The water requirement was about 50.67% less in SRI and
25% in ICM as compared to CRC. Similar observations
were reported where 25 to 50% less water was required in
SRI over conventional method [5, 22, 34]. Further, the
quantity of water required for producing one kilogram of
rice was found to be 1498 L in SRI and 1535 L in ICM,
compared to 1883 L in flooded CRC. Thus, physical water
requirements for the production were about 19-21 per cent
higher in flooded CRC.

Sustainability Yield Index (SYI) is a qualitative measure
to assess sustainability of agricultural practices and helps to
find out the minimum guaranteed yield that can be obtained
in terms of maximum observed yield of an area. The
nearness of SYI to 1 indicates closeness to the ideal con-
dition wherein the soil can sustain the potential yield over
years and the deviation from 1 indicates losses to sustain-
ability [32]. The results indicate that integrated nutrient
management and transplantation of lor 2 younger seed-
lings with wider spacing under saturated water condition
are important management practices in rice cultivation
under changed climatic scenario as these significantly
influence the SYI and sustain the potential yield of rice.

Conclusions

It can be concluded that crop establishment method, soil—-
water regime and INM practices are important as these
significantly influence the sustainability yield indices of
rice. Due to the wider spacing combined with younger aged
seedlings in SRI and ICM, practices created favourable

growth conditions for rice plants to sustain the potential
yield. Transplantation of two 20-days-old seedlings under
ICM method was found more convenient as this system
also have similar positive impact on production and yield
as compared to SRI. The result of the study clearly indi-
cated that amount of fertiliser under SRI and ICM methods
of transplanted rice can be reduced to the half of the rec-
ommended fertiliser requirement of CRC method. Appli-
cation of chemical fertiliser along with FYM and
bifertiliser not only helped in improving the inherent fer-
tility of soil but also reduces the cost of nutrient applica-
tion. Physical water requirements for the rice production
under SRI and ICM were also reduced to about 19-21 per
cent. The fertiliser and water saved for rice can be effec-
tively used for increasing the area under rice or other
irrigated dry crops in the cropping sequence, thereby
enhancing the system productivity.
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