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ABSTRACT 
 

Aims: To investigate the effect of tobacco stalk biochar (TS Biochar) and synthetic zeolite (SZ) on 
light textured sandy loam soil in terms of improving the nutrient use efficiency and productivity of 
FCV tobacco.  

Original Research Article 
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Study Design:  Randomized block design (RBD). 
Place and Duration of Study: ICAR-CTRI RS, Jeelugumilli, Andhra Pradesh, India. 
Methodology: Field experiment was conducted with eight treatments and three replications. The 
treatments included T1: 100 % NPK;  T2: 100% NPK +  1 t ha

-1
 TS Biochar; T3:  100% NPK + 250 

kg ha
-1 

Synthetic Zeolite (SZ) ; T4: 100 % NPK + 1 t ha
-1

 TS Biochar + 250 kg ha
-1

SZ; T5: 100% 
NPK +  0.5 t ha

-1
 TS Biomass; T6: Adjusted N & K + 1 t ha

-1
 TS Biochar; T7: 1 t ha

-1
 TS Biochar + 

250 kg ha
-1

SZ; T8: Control.TS Biochar was characterized for different functional groups using FTIR 
analysis 
Results: Results revealed that the application of 1 t ha

-1
 TS Biochar + 100% NPK and 1 t ha

-1
 TS 

Biochar +250 kg ha
-1 

SZ + 100% NPK resulted in a significant increase in tobacco leaf yield 
compared to the 100% RDF alone . The highest uptake of nitrogen (84.56 kg ha

-1
) and potassium 

(122.73 kg ha
-1

) by tobacco was observed in T2 (100% NPK +1 t ha
-1

 TS Biochar).  Recovery 
efficiency of N and K applied was greater in tobacco stalk biochar soil amendment with 50.78 and 
77.83 per cent as against 100 % NPK alone with 32.83 and 49.64 per cent, respectively. FTIR 
analysis indicated that TS Biochar is having negative hydroxyl, carbonate and carboxyl functional 
groups on the surface. Hence, tobacco stalk biochar (TS Biochar) at the rate of 1t ha

-1
 along with 

100% recommended chemical fertilizers can be recommended for the tobacco growing farming 
community for enhanced yield, nutrient uptake, nutrient use efficiency and soil properties. 
Conclusion: Tobacco stalk biochar (TS Biochar) can serve as soil amendment for enhancing 
nutrient use efficiency in light textured Alfisols. 
 

 
Keywords: Tobacco stalks biochar; tobacco yield; leaf quality; CMI; nutrient use efficiency. 
 

1. INTRODUCTION  
 
“Tobacco, the golden leaf is one among the 
leading commercial crops in India with a 
cultivated area of 0.45 million ha, producing 760 
million kg annually. Tobacco made a significant 
contribution in terms of excise revenue (Rs. 
22,737 crore) and export earnings (Rs. 5969 
crore), and provides livelihood security to 45.7 
million people during the year 2021” [1]. “The 
water soluble fraction of nitrogen and potassium 
are readily available to plants and are also prone 
to leaching losses especially in sandy soils due 
to low cation exchange capacity (CEC). High N 
and K losses through leaching adversely affect 
the groundwater quality. To minimize the nutrient 
leaching losses and to protect environment soil 
amendments like biochar and zeolite are the best 
options available. To curtail the leaching losses 
and improving the soil fertility and nutrient use 
efficiency, application of soil amendments is in 
need of use. Soil amendments like Biochar and 
Zeolite are generally designed to gradually 
release nutrients at rates that can closely match 
nutrient demand by plants, while potentially 
reducing nutrient losses to the environment 
through leaching, volatilization, and/or runoff. 
The present study area belongs sandy loam soil 
and comes under light textured tobacco growing 
northern light soils (NLS) of Andhra Pradesh are 
prone to leaching of nutrients, especially nitrogen 
(N) and potassium (K). These soils are prone to 
leaching of nutrients, especially nitrogen 

movement to a depth of 180 cm was observed in 
these soils” [2].  Efforts should be taken to 
increase nutrient use efficiency and minimize N 
and K losses from terrestrial to water 
ecosystems.  
 
“On a global scale, crop residue biomass is a 
problem as well as scope for new challenges and 
opportunities. The field burning is causing severe 
air pollution. Therefore, recently thermo chemical 
conversion has been foreseen as an interesting 
tool for potential crop residue management 
strategy under changing climate scenario” [3]. 
“Biochar, a byproduct of thermo chemical 
processes, has been evaluated as a potential soil 
ameliorant and C sequestration agent. As soil 
ameliorant, it improves soil basic properties 
directly and improves essential nutrient 
dynamics” [3]. “Use of oat hulls biochar and pine 
bark biochar in volcanic soil is an effective 
strategy to increase wheat biomass, increase 
grain yield production, stimulate the indigenous 
Arbuscular Mycorrhiza fungi activity, enhance 
soil quality properties, and increase the 
sustainability levels of agricultural systems” [4].  
“The grain yield of rice was increased by 37.90% 
in fertilizer based on soil test value 
(STV) + biochar + FYM + ZnSO4 and by 22.87% 
in STV + lime + FYM + ZnSO4 plots than 
RDF + FYM + ZnSO4 plot. Seed and haulm yield 
of cowpea increased by 33.57% and 18.53% in 
STV + biochar + FYM + ZnSO4 treatments as 
compared with RDF + FYM + ZnSO4 treatment” 
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[5]. “The combination of Sewage Sludge Biochar 
(SSB) with mineral NPK fertilizer provided all the 
macronutrients required for corn and increased 
the leaf contents, especially for P, leading to an 
average 16% increase in grain yield in soils that 
received the treatment SSB300 + NPK” [6]. “In 
terms of crop biomass yields, significant 
biochar × fertilization interactions were observed 
in barley (in 2013) and peas (in 2016), three and 
six years after the application of biochar in 
Stagnosol, respectively. In both cases, the 
biochar combined with the normal fertilization 
rate (100% of the recommended value) 
significantly increased crop biomass yield 
compared to corresponding fertilization treatment 
without biochar” [7]. “The enhanced peanut yield 
with biochar-based fertilizer could be attributed to 
increases in main stem height, leaf area, 
chlorophyll content, photosynthetic rate, and total 
N and K uptake” [8]. “The control of soil nutrient 
loss to lighten non-point source pollution to water 
body and improving soil fertility is a global 
problem. Biochar application to soil is widely 
considered as an effective method to improve 
soil fertility and reduce nutrient loss” [9]. “Biochar 
application to soil can improve soil fertility and 
increase crop productivity” [10]. “The application 
of biochar to soil can significantly improve soil 
physical and chemical properties to prevent 
from soil degradation” [11].  “Biochar-based 
fertilizer altered soil microbial community and 
enhanced some plant growth-promoting 
microbes, which were associated with the 
improvements of yield and quality of tea plants. 
Thus, the combination of biochar and chemical 
fertilizer is feasible for the improvements of tea 
growth and low nutrients acidic tea orchard soil” 
[12].  “Over six years the maize-derived organic 
materials use have led to significant 
improvement in soil quality and maize yield, 
where straw derived biochar was more effective 
for soil carbon sequestration in Mollisol of 
Northeast China” [13].  “Biochar significantly 
increased the biomass yield by 61 (2% Biochar) 
and 82 % (3% Biochar), compared to no Biochar. 
Soil pH, cation exchange capacity, and the 
concentration of Mehlich-1 P and exchangeable 
bases (K, Na, and Ca) were significantly 
enhanced, while exchangeable acidity and the 
concentration of exchangeable H+, Al, and Fe 
were significantly decreased following biochar 
addition. The soil quality index was significantly 
better in the biochar-added soil than the non-
biochar soil” [14]. “Rice husk biochar (RHB) 
application improved the short-term soil organic 
carbon (SOC) gain and rice grain and straw 
yield. The brown rice yield increased with higher 

N application rates. RHB supplied significant 
amounts of C to the paddy soil which was 
recalcitrant and this increased the soil carbon 
content after rice cultivation” [15]. “Application of 
corn straw biochar has improved the total 
nitrogen, total organic carbon and available 
phosphorus in the 0–10 cm soil layer increased 
by 41%, 55% and 45%, respectively” [16]. 
“Biochar produced from a 1:1 mixture of sewage 
sludge and sugarcane bagasse (MB) treatments 
increased soil total C (by 27.8%) and pH (by 0.6), 
reduced the concentrations of nutrients, except 
for potassium (K), and chromium (Cr), and did 
not significantly alter lead (Pb) and cadmium 
(Cd) concentrations” [17]. Zeolites are natural 
minerals and also can synthesize artificially. 
Zeolites were first discovered in 1756 by a 
Swedish mineralogist, who named the porous 
minerals from the Greek word meaning ‘boiling 
stone’ [18]. “They are hydrated alumina silicates, 
characterized by three dimensional networks of 
SiO4 and AlO4 tetrahedra, linked by sharing of 
all oxygen atoms. Partial substitution of Si4+ by 
Al3+ leads to an excess of negative charge, 
which is compensated by cations. Within the 
structure of natural zeolite, water and cations can 
be reversibly removed or replaced by other 
cations” [19].  
 
Keeping in view of the importance of Biochar and 
zeolite in improving the crop yield, nutrient 
uptake, nutrient use efficiency and soil 
properties, tobacco stalks are the crop residues 
which are left in the field unutilized were utilized 
for producing biochar. Hence, the present study 
has been carried out to evaluate tobacco stalk 
biochar and synthetic zeolite as well as TS 
Biomass as such as an amendment for light 
textured soil with the objective to evaluate the 
effects of organic and inorganic amendments on 
FCV tobacco yield, nutrient use efficiency and 
soil carbon management index in a light textured 
Alfisol. 
 

2. MATERIALS AND METHODS  
 
The soil amendments used in this study were 
tobacco stalk biochar (TS Biochar) and synthetic 
zeolite (SZ). TS Biochar was produced from TS 
Biomass and SZ was procured from M/S. 
Zeolites and Allied products, Mumbai, India. TS 
Biomass is the crop residue which is left 
unutilized in the field, have been used for 
preparing the TS Biochar.  Synthetic Zeolite is a 
porous mineral (part of a group of hydrated 
alumino silicates). It carries a negative charge 
balanced by freely moving cations with positive 
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charges providing an ideal trap for cations like 
ammonium and potassium which are then 
released when demanded by plants. 
 

2.1 Collection of Feedstock and its 
Characterization 

 

Freshly harvested stalks of tobacco were used to 
produce biochar. TS Biomass was manually cut 
to appropriate size. Fresh samples were stored 
and left to sundry naturally to moisture content 
below 10%. Dry bio residues are prerequisite to 
hasten satisfactory and quicker conversion. 
Representative biomass samples were taken for 
nutrient content analysis. Nutrient composition of 
biochar depends on the nutrient composition of 
original TS Biomass, hence chemical analysis of 
N, P, K, secondary and micronutrients were done 
as per standard procedures used for plant 
chemical analysis. Total major nutrient content in 
tobacco stalks (Nicotiana tabacum) is 0.9 per 
cent of nitrogen, 0.25 per cent of phosphorus, 1.9 
per cent of potassium, 1.02 per cent of calcium 
and 0.43 per cent of magnesium. [20]. 
 

2.2 Biochar preparation 
 

Fresh tobacco (Nicotiana tabacum) stalk 
biomass was collected for biochar production. It 
was air dried first and then in an oven at 105 

0
C. 

Biochar was prepared in a low cost, Annual core 
biochar reactor developed by ICAR-Central 
Institute of Agricultural Engineering, Bhopal, 
under limited supply of air. Optimized production 
parameters earlier for producing tobacco stalks 
biochar were 500 

0
C temperatures over a time 

period of 90 minutes [20].On cooling, the 
prepared biochar was stored in a sealed 
container until further use and subsequent 
analyses. 

 

2.3 Biochar Characterization 
 

2.3.1 Nutrient composition 
 

“The TS biochar yield at optimized pyrolysis 
conditions was around 40% and had 74.9 % 
fixed carbon, 17.5% ash and remaining 7.6% as 
volatile matter. The tobacco stalk biochar 
contained 79% total organic carbon, 1.23% N, 
0.51% P, 3.81% K, 2.1% Ca and 0.9% Mg. TS 
Biochar was alkaline in reaction, with pH of 9.42. 
and CEC of 30 C mol (p+) / kg” [20].  

 

2.3.2 Characterization of TS Biomass and TS 
Biochar for functional group analysis 
(FTIR) [23-25]  

 
Prior to FTIR analysis, tobacco stalk biomass 
was cleaned, dried, powdered, sieved (<0.5mm) 

and stored in sealed jars. Around 1 g for 
powdered sample was weighed and dried at 
105

o
C for 2 h and then kept in a desiccator for 24 

h. Infrared spectroscopy of the powdered 
samples was carried out using Bruker ALPHA, 
FTIR/ATR system (Typically 24 scans, 
Resolution- 4cm

-1
). Samples analysis was done 

at ICAR-NINFET, Kolkata. 
 

2.4 Physico Chemical Properties of 
Synthetic Zeolite 

 
The cation exchange capacity of synthetic zeolite 
was determined using standard method by 1 N 
Sodium acetate (pH 8.2) [89]. The pH of the 
synthetic zeolite was determined. 
 

2.5 Field Experiment 
 

A field experiment was conducted during winter 
(rabi) season of 2015-16 and 2016-17 at the 
research farm of ICAR-Central Tobacco 
Research Institute Research Station, Jeelugumilli 
(17° 11’ 30" N and 81° 07’ 50" E at 150 m above 
mean sea-level), West Godavari district in 
Andhra Pradesh under semi-arid tropical climate. 
The soil was sandy loam (0-15 cm) and deeper 
layers (15-45 cm) were sandy clay classified 
Typic Haplustalfs, with pH 6.30 (1:2.5) and EC 
0.20 dS/m (1:2.5). The 8 treatments in all were 
tested in a RBD with 3 replications. T1: 100 % 
NPK;  T2: 100% NPK +  1 t ha

-1
 TS Biochar; T3:  

100% NPK + 250 kg ha
-1 

Synthetic Zeolite (SZ) ; 
T4: 100 % NPK + 1 t ha

-1
 TS Biochar + 250 kg 

ha
-1

SZ; T5: 100% NPK +  0.5 t ha
-1

 TS Biomass; 
T6: Adjusted N & K + 1 t ha

-1
 TS Biochar; T7: 1 t 

ha
-1

 TS Biochar + 250 kg ha
-1

SZ; T8: Control. 
The tobacco seedlings of 60 days were 
transplanted in the first week of October in two 
years. TS Biochar (1 t ha

-1
), synthetic zeolite 

(250 kg ha
-1

), nitrogen (120 kg ha
-1

) and 
potassium (120 kg K2O ha

-1
) each were applied 

in three splits in 1:2:1 proportion at 10, 30 and 45 
days after planting. Phosphorus was applied @ 
60 kg P2O5/ha. “First split of N in the form of 
ammonium sulphate & K in the form of sulphate 
of potash and full dose of P in the form of single 
super phosphate were applied 10 days after 
planting as basal dose. Second split of N (50%) 
was given through urea along with K (50%) in the 
form of potassium sulphate at 30 days after 
planting. Remaining 25% N & K was top dressed 
at 45 days after planting at a spacing of 10 cm 
away and at a depth of 10 cm on either side of 
the plant. The recommended packages of 
practices were followed to raise FCV tobacco in 
rabi. Tobacco leaves were harvested at maturity 
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by priming 2-3 matured leaves each time at 7-8 
days interval and cured in the flue-curing barn 
and on average 8 priming’s were done to 
complete harvesting of tobacco. Plant samples 
were collected at final harvest. Dry weights of the 
plant parts were taken and N and K content were 
estimated in various plant parts, viz. root, stem, 
leaves. Soil and plant samples were processed 
and analyzed for the nutrient status as per the 
standard procedure [21,22,27] Data were 
subjected to statistical analysis as per the 
standard methods” [26]. The N, P and K contents 
in leaf and stem of all the treatments were 
determined. Nutrient uptake in terms of kg ha

-1
 

(N, P and K) was estimated by multiplying the 
nutrient content with respective dry weights and 
total nutrient uptake was obtained by summing 
the individual uptakes of leaf and stem. The 
following measures/indices of N and K use 
efficiency were defined and estimated as per the 
standard calculations.  
 
Partial factor productivity for (kg kg

-1
): The 

partial factor productivity from applied NPK is the 
ratio of cured leaf yield in amended plot to 
amount NPK applied. 
 

PFP = Y / A NPK 

 
Agronomic Efficiency of K (AEK): It is the 
increase in crop yield per unit of NPK applied 
(i.e. ratio of the increase in yield to the amount of 
NPK applied) and expressed as kg kg

-1
. 

 

AE = (Y - Y0)/ ANPK     = ∆Y/ ANPK 

 

Apparent Recovery Efficiency of N (REN): It 
refers to the increase in N uptake by plant per 
unit of N applied. The recovery efficiency is 
generally expressed in percentage terms (%). 
 

REN = (NU- NU0)/ AN) x 100 =   (∆NU/ AN) x 
100 

 
Apparent Recovery Efficiency of P (REP): It 
refers to the increase in P uptake by plant per 
unit of P applied. The recovery efficiency is 
generally expressed in percentage terms (%). 

 
REP = (PU- PU0)/ AP) x 100 =   (∆KU/ AP) x 
100 

 
Apparent Recovery Efficiency of K (REK): It 
refers to the increase in K uptake by plant per 
unit of K applied. The recovery efficiency is 
generally expressed in percentage terms (%). 
 

REK = ((KU- KU0)/ AK) x 100 =   (∆KU/ AK) x 
100 

 

2.6 Pre-sowing and Post-Harvest Soil 
Analyses 

 
Initial soil samples were collected at randomly 
and pooled together then made to half kg which 
represents the entire tobacco field. Soil samples 
were collected during fallow period and after crop 
period. Depth wise post harvest soil samples 
were also collected at 0-15 cm, 15-30 cm, 30-45 
cm and 45-60 cm depths. “The soil samples thus 
collected were air dried, sieved through 2 mm 
sieve and stored in polythene bags for analysis 
of various chemical analyses” [21-22].  
 

2.7 Carbon Management Index [28] 
 

Treatment and reference soils were analyzed for 
TOC (CT) by TOC analyzer, labile OC (CL = C 
fraction oxidized by 20 mM KMnO4) and total OC 
(CT) and  Non-labile OC (CNL= CT– CL).  
 
The CMI was calculated as: Carbon Pool Index 
(CPI) x Carbon Lability Index (CLI) 

 
Carbon Pool Index (CPI): = CT in treated plot soil 
/ CT in reference soil    
           
Carbon Lability Index (CLI):  = Lability of C in 
treated plot soil / Lability of C in reference soil 

 
Where lability of C represents the ratio of CL to 
CNL  
 
Carbon Management Index (CMI): = CPI x CLI 
 

2.8 Statistical Analyses 
 
The data obtained was statistically analyzed and 
LSD was used to compare the mean differences 
according to the instructions for randomized 
block design [26]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Characteristics of TS Biomass and 
TS Biochar for functional group 
analysis (FTIR) 

 

3.1.1 FTIR of TS biomass  
 
The FTIR analysis shows several peaks, 
indicating presence of various functional groups 
in TS Biomass. The broad characteristic peak 
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around wave number(WN) 3340 cm
-1

 coupled 
with a weak peak at WN 604 cm

-1
 typically 

correspond to the O–H stretching vibration of 
free hydroxyl groups of cellulose and lignin and 
the out-of-plane deformation of O–H, 
respectively. The bands around WN 2918 cm

-1
 

are due to the stretching vibration of C–H bond in 
methylene (–CH2) and methyl (–CH3) groups. 
The peaks at WN 1375, 1328 and 1238 cm

-1
 

indicate the in-plane symmetric deformation 
vibration of –CH3 in lignin, the in-plane bending 
vibrations of O-H or stretching of C-O in 
cellulose, and the asymmetric stretching of =C–
O–C attached with aryl groups in lignin. The peak 
at WN 1616 cm

-1
 corresponds to vibration of 

C=O and C=C. A very weak peak observed at 
WN 895 cm

-1
 could be associated with the in-

plane bending vibrations of C–H or out-of-plane 
deformation mode of C–H and O–H in pyrenoid 
rings involved in cellulose. A strong band at 
around WN 1025 cm

-1
 corresponding to C–O–C 

stretching vibration confirms the cellulose and 
lignin structures of TSB (Fig. 1). 
 
3.1.2 FTIR of TS biochar  
 
Production of biochar as a high temperature 
treatment of tobacco stem biomass resulted in 
disappearance of various functional groups. The 
disappearance of WN 2918 cm

-1
 doublet bands 

in biochar spectra correlates to a loss of 
cellulosic content in comparison with the 
biomass. This also indicated removal loss of 
volatile hemicellulosic materials from the 
biomass. Similarly degradation of broad peak 
around WN 3340 cm

-1
 and resulting degraded 

broad peak around WN 3030 cm
-1
 indicated 

dehydration of biomass structure and cleaved of 
phenolic groups at high temperature (500

0
C). 

Vibration in the frequency range of WN 1100 cm
-1
 

to 1500 cm
-1
 reflect peaks for carbonate and 

carbonate-carboxyl and WN 1660 cm
-1
 to 1670 cm

-

1
 represents the peaks for carboxylic acid. Peaks 

at WN 1555 & 1613 cm
-1

 represent basic groups 
such as quinones. Disappearance of WN 1025 
cm

-1
 corresponding to C–O–C stretching 

vibration confirms degradation of the cellulose 
and lignin structures of the raw biomass (Fig. 2). 
 
“The FTIR analysis shows several peaks, 
indicating presence of various functional groups 
in TS Biomass. The broad characteristic peak 
around wave number(WN) 3340 cm

-1
 coupled 

with a weak peak at WN 604 cm
-1

 typically 
correspond to the O–H stretching vibration of 
free hydroxyl groups of cellulose and lignin and 
the out-of-plane deformation of O–H, 

respectively. The bands around WN 2918 cm
-1

 
are due to the stretching vibration of C–H bond in 
methylene (–CH2) and methyl (–CH3) groups. 
The peaks at WN 1375, 1328 and 1238 cm

-1
 

indicate the in-plane symmetric deformation 
vibration of –CH3 in lignin, the in-plane bending 
vibrations of O-H or stretching of C-O in 
cellulose, and the asymmetric stretching of =C–
O–C attached with aryl groups in lignin. The peak 
at WN 1616 cm

-1
 corresponds to vibration of 

C=O and C=C. A very weak peak observed at 
WN 895 cm

-1
 could be associated with the in-

plane bending vibrations of C–H or out-of-plane 
deformation mode of C–H and O–H in pyrenoid 
rings involved in cellulose, results are in 
agreement with” [29]. “A strong band at around 
WN 1025 cm

-1
 corresponding to C–O–C 

stretching vibration confirms the cellulose and 
lignin structures of TS Biomass, similar results 
were reported by [24,25,30] for tobacco biomass 
and tobacco biomass ash and rice husk ash, 
respectively”. The FTIR spectrum indicates the 
lignocellulosic nature of TS Biomass coupled 
with various polar functional groups which may 
develop negative charges and participate in the 
adsorption of cationic molecules. 
 
Production of biochar as a high temperature 
treatment of tobacco stalk biomass resulted in 
disappearance of various functional groups. The 
disappearance of WN 2918 cm

-1
 doublet bands 

in biochar spectra correlates to a loss of 
cellulosic content in comparison with the 
biomass. This also indicated removal loss of 
volatile hemicellulose materials from the 
biomass. Similarly degradation of broad peak 
around WN 3340 cm

-1
 and resulting degraded 

broad peak around WN 3030 cm
-1
 indicated 

dehydration of biomass structure and cleaved of 
phenolic groups at high temperature (500

0
C). 

Results are in agreement with the [31] reported that 
“charring temperature modifies the functional 
groups aliphatic C groups to decrease and there by 
increases the aromatic C content”. Vibration in the 
frequency range of WN 1100 cm

-1
 to 1500 cm

-1
 

reflect peaks for carbonate and carbonate-carboxyl 
and WN 1660 cm

-1
 to 1670 cm

-1
 represents the 

peaks for carboxylic acid. Peaks at WN 1555 & 
1613 cm

-1
 represent basic groups such as 

quinones. Disappearance of WN 1025 cm
-1

 
corresponding to C–O–C stretching vibration 
confirms degradation of the cellulose and lignin 
structures of the raw biomass. Similar results 
were reported by [32,33] that peaks representing 
O- containing functionality, mostly carboxylic 
groups which were generated in 350-500

0
C 

temperature range. “The presence of functional 
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groups such as the carboxyl and hydroxyl groups 
suggest that tobacco stalk biochar could have 
possibility to be used as a soil amendment for 
improving the cation exchange capacity and as a 
potential absorbent. Oxygen containing 
functional groups present in biochar are 
responsible for overall sorption of nutrients” [34]. 
 

3.2 Physico Chemical Characterization of 
Synthetic Zeolite  

 
The pH of synthetic zeolite was 9.1 which is 
alkaline in nature and the cation exchange 
capacity of zeolite was was 207 C mol (P+) kg

-1 
 

 
 

Fig. 1. FTIR Spectrum of TS biomass 
 

 
 

Fig. 2. FTIR Spectrum of TS Biochar 
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3.3 Effect TS Biomass, TS Biochar and 
Synthetic Zeolite on Yield 

 

Application of soil amendments had significantly 
influenced the growth, yield attributes and yield 
of tobacco. Number of curable leaves and leaf 
area index assume practical significance as they 
are directly related to the productivity. The Plant 
height, of tobacco is an indirect measure of 
tobacco growth. The highest plant height, no. of 
curable leaves, and leaf area index were 
observed higher in T2 (100% NPK + 1 t ha

-1
 TS 

Biochar) and T4 (100% NPK + 1 t ha
-1

 TS 
Biochar+ 250 kg ha

-1
 SZ) and were minimum in 

T7 (1 t ha
-1

 TS Biochar+250 kg ha
-1

 SZ) (Table 
1). The TS Biochar and SZ alone treatment 
showed significantly lower agronomic 
performance as compared to NPK and TS 
Biochar + NPK (Table 1). “The increase in yield 
attributes may be due to the enhanced supply of 
macro and micro elements as the fact that the 
incorporation of biochar into crop growing soils 
might have changed pore size distribution [35] 
which in turn helps in pores to serve as a shield 
by protecting biochar decomposing microbes 
from desiccation, the organic matter adsorbed to 
biochar provides energy and mineral nutrition 
requirements for crop growth” [36-37]. “Biochar 
amended plots had significant higher maize 
height, LAI and grain yield than control [38] 
especially as soil conditioner and organic 
fertilizer, thus increasing carbon sequestration, 
soil fertility, microbial activities, value of pH, 
recycling of plant nutrients, water holding 
capacity, soil contamination etc” [39]. 
 

The agronomic performance of the FC Virginia 
tobacco was studied in field trials under the effect 
of TS biochar, Synthetic Zeolite and fertilizer 
treatments during 2015-17 (Table 2). Two years 
pooled analysis results indicated that the green 
leaf yield (GLY) and cured leaf yield (CLY) was 
maximum in TS Biochar along with fertilizer 
applied treatments. Green leaf yield of tobacco 
ranged from 6354 to 18205 kg ha

-1
 among 

different treatments. Green leaf yield in T2 (100 
% NPK+1 t ha

-1 
TS Biochar) registered the 

highest among different soil amendment 
treatments with 18205 kg ha

-1
. Among different 

soil amendments minimum green leaf yield was 
recorded in T7 (1 t ha

-1 
TS Biochar + 250 kg ha

-1
 

SZ) with 7538 kg ha
-1

. Results showed that cured 
leaf yield was influenced by the different soil 
amendments (Table 2). Cured leaf yield of FCV 
tobacco ranged from 856 kg ha

-1
 to 2451 kg ha

-1
 

among soil amendments. Among different soil 
amendments, cured leaf yield was registered the 
highest in T2 (100% NPK+1 t ha

-1 
TS Biochar) 

and was followed by T4 (100 % NPK +1t ha
-1 

TS 
Biochar + 250 kg ha

-1
 SZ) with 2451kg ha

-1
 and 

2387 kg ha
-1

 respectively (Table 2).  
 
Our study shows a crop productivity 
enhancement through TS Biochar application 
along with recommended NPK. Application of 
biochar along with recommended dose of NPK 
will help in increasing in crop yield. Low biochar 
application rate (~1 t/ha) by banding may provide 
significant positive effects on yield and fertilizer 
requirement [40]. Biochar and N fertilizer can 
synergistically interact to improve soil C storage 
in paddy fields also mitigating the climate change 
[41]. Crop yield is mainly a function of nutrients 
supply from the soil in adequate quantities and 
their utilization in metabolic process resulting in 
building up of dry matter and quality of tobacco. 
Increased yield over 100 % RDF was maximum 
in T2 (100% NPK+1 t ha

-1
) by 13 %. Results are 

in agreement with dual application of biochar and 
KCl fertilizer application, which increased maize 
production by 29% [42]. A possible mechanism 
for yield improvement may be due to increase of 
soil water holding capacity [43]. The significant 
additional yield of tobacco stalk biochar applied 
plots over recommended NPK alone, could be 
due to additional benefit of biochar.  Results are 
in agreement with [44], that additional yield 
increase was observed with the biochar along 
with fertilizers. TS Biochar increased the crop 
yield might be due to its added benefit to the soil 
which has minimized the leaching of nitrogen and 
potassium which is evidenced from the results of 
column experiment, which indicates that per cent 
inhibition of leaching of ammonium and 
potassium were maximum in tobacco stalk 
biochar [45]. The reason for this might be due to 
the high carbon content of TS Biochar which 
would have improved the structure of sandy soil 
which helped in improving the yield of crop. The 
increase in tobacco yield may be due to tobacco 
stalk biochar which contain hydroxyl functional 
groups (Fig. 2) that helped in promoting growth, 
enhanced the number of curable leaves, plant 
height and leaf area index. Similar results were 
observed by [46] that “biochar amendment 
significantly increased rice yield by 10%”. [47] 
reported that “maize yields were significantly 
improved in sandy acid soil by application. of cow 
manure biochar in a greenhouse experiment”. 
[48] reported that “maize yields were significantly 
improved in sandy acid soils by application of 20 
t ha

-1
 cow manure biochar in green house 

experiment”. “Application of Biochar along with 
150 kg N ha

–1
 as poultry manure considerably 

improved wheat grain protein content (14.57%), 
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grain (62.9%), straw (28.7%), and biological 
(38.4%) yield, grain, straw, and total N 
concentration by 14.6, 19.2, and 15.6% and their 
uptake by 84.6, 48.8, and 72.1%, respectively, 
over absolute control when averaged across the 
years” [85]. 
 

Synthetic zeolite has not performed well under 
these light textured soils might be due to its 
minimum quantity as well as its smooth powder 
form which might have not provided sufficient 
surface area to hold the nutrients under these 
soil conditions. [45] reported that the TS Biochar 
has effectively inhibited the leaching of 
ammonium and potassium by 28.10 and 25.28 
per cent, respectively. Whereas the synthetic 
zeolite, inhibited leaching of 5.09 and 4.71 % of 
ammonium and potassium, respectively which 
might have resulted in poor performance of in 
terms of yield, nutrient uptake and nutrient use 
efficiency.  
 

 [49] reported that liming effect of these soil 
amendments has improved soil pH and available 
nutrients might have improved plant growth in pot 
experiment with maize. Among soil amendments, 
the green leaf and cured leaf yield decreased in 
T7 (1 t ha

-1
 TS Biochar +250 kg ha

-1
 SZ) due to 

the low indigenous supply of nutrients especially 
nitrogen which is essential for tobacco crop. This 
is due to the absence of recommended NPK that 
causes decreased plant height, Leaf area index 
and less number of curable leaves. Biochar has 
shown to increase crop production and fertility in 
acidic, and highly weathered crop soils [50-52]. 
“The improved biomass yield could be involved in 
a few mechanisms, including liming effect, co-
addition of nutrients with the added biochar, and 
nutrient use efficiency. In brief, biochar is a 
potential amendment in mitigating the constraints 
of acidic soils, leading to the enhanced biomass 
yield of elephant grass in the soils” [53]. This 
suggests that TS biochar application is a viable 
strategy in light textured Alfisols of Andhra 
Pradesh, India. Also, it can be an effective crop 
residue management strategy by cutting down 
the environmental pollution by open burning of 
crop residues. 
 

3.4 Effect TS Biomass, TS Biochar and 
Synthetic Zeolite on Nutrient Uptake 
and Use Efficiency 

 

Results showed that the total uptake of nitrogen 
by FCV tobacco was significantly influenced with 
soil amendments. Application of soil 
amendments along with recommended dose of 
NPK has improved the nitrogen uptake over T1 

(100% NPK) (Table 3). Among different soil 
amendments, total nitrogen uptake by tobacco 
varied from 28.87 to 84.56 kg ha

-1
. Maximum 

total nitrogen uptake by tobacco was observed in 
T2 (100% NPK+1 t ha

-1
 TS Biochar) which was 

statically on par with T4 (100% NPK+1 t ha
-1

 TS 
Biochar + 250 kg ha

-1
 SZ) by (84.56 and 80.14 

kg ha
-1

, respectively). The least total nitrogen 
uptake by tobacco was noticed in T 7 (1 t ha

-1
 TS 

Biochar + 250 kg ha
-1

 SZ) with 28.87 kg ha
-1

. 
Among different soil amendment treatments, total 
phosphorus uptake by tobacco varied from 5.86 
to 19.54 kg ha

-1
. Maximum total phosphorus 

uptake by tobacco was observed in T2 (100% 
NPK+1 t ha

-1
 TS Biochar) (19.54 kg ha

-1
). The 

least total phosphorus uptake by tobacco was 
noticed in T7 (1 t ha

-1
 TS Biochar + 250 kg ha

-1
 

SZ) with 5.86 kg ha
-1

. Among different soil 
amendments, total potassium uptake by tobacco 
varied from 47.16 to 120.87 kg ha

-1
. Maximum 

potassium total uptake by tobacco was observed 
in T2 (100% NPK+1 t ha

-1
 TS Biochar) which was 

statically on par with T4 (100% NPK+1 t ha
-1
 TS 

Biochar + 250 kg ha
-1

 SZ) (122.73 and 116.97 kg 
ha

-1
, respectively). Minimum total potassium 

uptake by tobacco was noticed in T7 (1 t ha
-1

 TS 
Biochar + 250 kg ha

-1
 SZ) with 47.16 kg ha

-1
.  

 

Agronomic use efficiency of different soil 
amendments along with NPK varied from 3.94 to 
5.29 kg kg

-1
. Application of tobacco stalk biochar 

along with recommended dose of fertilizer (T2) 
had the highest agronomic use efficiency of FCV 
tobacco (5.29 kg cured leaf yield per kg of 
nutrient applied). Partial factor productivity of 
different soil amendments along with NPK was 
varied from 7.14 to 8.49 kg

-1
. Application of TS 

Biochar along with recommended NPK (T2) had 
the highest partial factor productivity of FCV 
tobacco (8.49 kg cured leaf yield per kg of 
nutrient applied) (Table 4). Apparent recovery 
efficiency of nitrogen of different soil 
amendments along with NPK ranged from 32.83 
to 50.78 per cent. Application of soil 
amendments along with recommended dose of 
fertilizer (T2) had the highest apparent recovery 
efficiency of nitrogen (AREN). Apparent recovery 
efficiency of phosphorus of different soil 
amendments along with NPK ranged from 11.25 
to 24.91 per cent. Application of soil 
amendments along with recommended dose of 
fertilizer (T2) had the highest apparent recovery 
efficiency of phosphorus (AREP) (24.91 %). 
Apparent recovery efficiency of potassium of 
different soil amendments along with NPK was 
ranged from 49.64 to 77.83 per cent. Application 
of soil amendments along with recommended 
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NPK (T2) had the highest apparent recovery 
efficiency of potassium AREK (77.83%) (Table 5). 
 
Uptake of nutrients like N, P and K are enhanced 
significantly in TS biochar treated soil (Table 3). 
These results were in harmony with Similar effect 
of biochar on N uptake in which it was observed 
that application of biochar significantly increased 
uptake of plant N [54] . High N uptake of radish 
plants grown in biochar amended soils [44]. 
Increased nutrient uptake due to addition of K 
rich ash content of biochar [55,56]. Nutrient 
uptake of lactuca sativa increased due to 
application of biochar [57]. Recommended the 
use of biochar with inorganic or organic fertilizer 
for crop production. Plant uptake was increased 
due to higher available nutrients present in soil 
[58]. The minimum nutrient uptake by tobacco 
was observed in T7 (100 % NPK+ 1 t ha

-1
 TS 

Biochar+ 250 kg ha
-1

 SZ). The decrease in 
nutrient uptake may be due to minimum 
availability of nutrients in the soil and reduced 
root development by the plant since it was 
applied with nutrients from biochar alone. With 
appropriate recommended doses with extra 
nutrient application will increase robustly the 
growth and development of plant. The similar 
finding where 100% recommended dose of 
fertilizer significantly enhanced N (157.0 kg ha

-1
), 

P (47 kg ha
-1

) and K (247 kg ha
-1

) uptake by 
sorghum but nutrient uptake was decreased at 
50% recommended dose of fertilizer [59]. 
Reductions in foliar N concentrations in a pot trial 
with a relatively nutrient-rich peanut hull biochar, 
but in this case the reduction likely resulted from 
increased N use efficiency since the authors 

reported biomass increases of up to 60%[60]. 
Whereas in the present study biochar application 
has increased the tobacco yield by 13 per cent, 
which might have increased the concentration in 
the plant and thereby uptake and use efficiency 
(Table4). As per [61], biochar can reduce soil N 
losses such as N2O emissions, NH3 volatilization 
and N leaching [62] and increase N input through 
N fixation rates [63] so that net outcome of its 
addition is assumed to be a higher N availability 
for the crop and higher N use efficiency.  The 
liming effect of biochar reduces concentration of 
iron and aluminum in the soil solution, so the 
previously bound P then become better available to 
plants [64] Indirectly biochar can have positive 
effects on abundance of mycorrhizal fungi which 
increases N and P plant nutrition [65]. Biochar 
can increase soil cation exchange capacity 
allowing further retention of nutrients such as K 
while reducing losses of P through leaching due 
its capacity to adsorb thin nutrients on surface 
[66]. Plant productivity is directly influenced by 
nutrient availability, which is a product of nutrient 
transformations in the soil environment [67]. 
Application of biochar has increased the nutrient 
use efficiency of different crops [68,69].  The 
higher recovery efficiency of nutrients in TS 
Biochar (Table 5) could be due to the presence 
of carbonate and hydroxyl functional groups thus 
reducing the leaching losses. Biochar has a 
highly porous structure, large surface area, and 
high cation exchange capacity all of which 
bestows on it a high sorptive capacity that                 
can be exploited during nutrient recovery                                  
[83-84]. 

 
Table 1. Effect of soil amendments on growth parameters at 60 days after planting (before 

topping) of FCV tobacco grown in an Alfisol 
 

Treatment Leaf Area 
Index (LAI) 

Plant height 
(cm) 

No. of 
Leaves 

100% NPK 1.62 76 22 
100% NPK + 1t ha

-1
 tobacco stalk biochar (TS 

Biochar) 
1.89 84 24 

100% NPK + 250 kg ha
-1

synthetic zeolite (SZ)  1.48 78 23 
100% NPK + 1t ha

-1
 TS Biochar + 250 kg ha

-1
SZ  1.76 84 24 

100% NPK + 0.5 t ha
-1

Tobacco stalk biomass (TS 
Biomass)  

1.58 83 23 

 Adjusted RD of N and K + 1t ha
-1

 TS Biochar 1.47 76 22 
1t ha

-1
TS Biochar + 250 kg ha

-1
SZ  0.82 33 15 

Un amended and unfertilized cropped control 0.85 40 17 
SEm± 0.09 4.68 1.46 
CD (p=0.05) 0.18 9.61 3.0 
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Table 2. Effect of soil amendments on leaf yield (kg ha
-1

) of FCV tobacco grown in an Alfisol 
(Pooled) 

 

Treatment Green Leaf Yield 
(GLY) 

Cured Leaf Yield 
(CLY) 

100% NPK 16068 2158 
100% NPK + 1t ha

-1 
tobacco stalk biochar (TS Biochar) 18205 2451 

100% NPK + 250 kg ha
-1

synthetic zeolite (SZ)  16365 2180 
100% NPK + 1t ha

-1
 TS Biochar + 250 kg ha

-1
SZ  17630 2387 

100% NPK + 0.5 t ha
-1

Tobacco stalk biomass (TS 
Biomass)  

16169 2170 

 Adjusted RD of N and K + 1t ha
-1

 TS Biochar 15517 2069 
1t ha

-1
TS Biochar + 250 kg ha

-1
SZ  7538 1001 

Un amended and unfertilized cropped control 6354 856 
SEm± 317 52 
CD (p=0.05) 917 149 
Seasons 
1

st 
Year 10080 2014 

2
nd

 Year 8894 1804 
SEm± 158 26 
CD (p=0.05) 458 75 

 

Table 3. Effect of soil amendments on total nutrient uptake (kg ha
-1

) of FCV tobacco grown in 
an Alfisol 

 

Treatment N P K 

100% NPK 63.02 11.35 89.94 
100% NPK + 1t ha

-1 
tobacco stalk biochar (TS Biochar) 84.56 19.54 122.73 

100% NPK + 250 kg ha
-1

synthetic zeolite (SZ)  71.79 14.19 89.96 
100% NPK + 1t ha

-1
 TS Biochar + 250 kg ha

-1
SZ  80.14 16.72 116.79 

100% NPK + 0.5 t ha
-1

Tobacco stalk biomass (TS Biomass)  72.29 14.12 104.74 

 Adjusted RD of N and K + 1t ha
-1

 TS Biochar 65.91 12.93 93.06 
1t ha

-1
TS Biochar + 250 kg ha

-1
SZ  28.87 5.86 47.16 

Un amended and unfertilized cropped control 23.62 4.60 30.37 
SEm± 2.86 0.46 3.71 
CD (p=0.05) 5.87 0.94 7.61 

 

Table 4. Effect of soil amendments on nutrient use efficiency indices of FCV tobacco grown in 
an Alfisol 

 

Treatment AE PFP 

100% NPK 4.28 7.48 
100% NPK + 1t ha

-1 
tobacco stalk biochar (TS Biochar) 5.29 8.49 

100% NPK + 250 kg ha
-1

synthetic zeolite (SZ)  4.37 7.57 
100% NPK + 1t ha

-1
 TS Biochar + 250 kg ha

-1
SZ  5.01 8.21 

100% NPK + 0.5 t ha
-1

Tobacco stalk biomass (TS Biomass)  4.55 7.75 

 Adjusted RD of N and K + 1t ha
-1

 TS Biochar 3.94 7.14 
 

Table 5. Effect of soil amendments on apparent recovery efficiency of FCV tobacco grown in 
an Alfisol 

 

Treatment AREN AREP AREK 

100% NPK 32.83 11.25 49.64 
100% NPK + 1t ha

-1 
tobacco stalk biochar (TS Biochar) 50.78 24.91 77.83 

100% NPK + 250 kg ha
-1

synthetic zeolite (SZ)  40.14 15.09 49.66 
100% NPK + 1t ha

-1
 TS Biochar + 250 kg ha

-1
SZ  47.10 20.21 72.67 

100% NPK + 0.5 t ha
-1

Tobacco stalk biomass (TS Biomass)  40.56 15.86 59.59 

 Adjusted RD of N and K + 1t ha
-1

 TS Biochar 35.24 13.89 52.24 
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3.5 Effect TS Biochar on Soil Properties 
and Carbon Management Index (CMI) 

 

Soil quality was evaluated in terms of soil pH, 
available K and total organic carbon, KMnO4 
oxidizable carbon and carbon management index 
of an Alfisol amended with different organic and 
inorganic soil amendments after field experiment. 
Depth wise soil samples results were presented 
below. Irrespective of the treatments, the soil pH 
decreased with increase in depth of soil. 
Application of soil amendments had increased 
the pH of the soil.  
 

3.5.1 Soil pH 
 

Application of NPK alone has resulted in 
decrease in pH of soil at all depths over control. 
NPK along with soil amendments had markedly 
increased the soil pH over NPK alone. Among 
different soil amendments with NPK higher 
change in pH was observed in T3 (100 % NPK 
+250 kg ha

-1
 SZ) with 5.46, 5.22, 4.81 and 4.63 

at 00-15cm, 15-30cm, 30-45cm and 45-60cm, 
respectively. The minimum pH was observed in 
T5 (100 % RDF +0.5 t ha

-1
 TSP) with 5.11, 4.69, 

4.38 and 4.32 at 00-15cm, 15-30cm, 30-45cm 
and 45-60cm, respectively. Irrespective of all the 
treatments maximum pH was observed in T7 (1 t 
ha

-1
 TS Biochar+250 kg ha

-1
 SZ) followed by T8 

(un fertilized un amended cropped control). 
Minimum pH was recorded in T1 (100% NPK) 
(Table 6). 
 

3.5.2 Available potassium  
 

Soil available potassium was monitored at 
different depths after harvesting of FCV tobacco. 
Application of soil amendments has improved the 
available potassium content of soil. Application of 
soil amendments improved available potassium 
status in surface soil layer, whereas at lower 

depth lower available potassium was observed 
(Table 7). 
 

3.5.3 Total organic carbon  
 

Total organic carbon content decreased with 
increase in soil depth. Total organic carbon 
content was highly influenced by application of 
different soil amendments (Fig. 3). Among 
different soil amendments, total organic carbon 
varied from 0.69 -1.02 per cent. Higher total 
organic carbon content was observed in T2 

(100% NPK+1 t ha
-1

 TS Biochar) which was on 
par with T4 (100% NPK+1 t ha

-1
 TS Biochar +250 

kg ha
-1

 SZ) by 1.02 and 0.96 per cent 
respectively at 00-15 cm depth of soil. The 
minimum total organic carbon content was 
measured in T3 (100% NPK + 250 kg ha

-1
 SZ) 

with 0.69 per cent. Tobacco stalk biochar 
containing treatments had significantly improved 
the total organic carbon content of the soil. In 
comparison of all treatments, T2 (100% NPK +1 t 
ha

-1
 TS Biochar) showed maximum total organic 

carbon per cent in soil. The minimum total organic 
carbon per cent in soil was recorded in T3 (100% 
NPK + 250 kg ha

-1
 SZ). 

 

3.5.4 KMnO4 oxidizable carbon  
 

1 in T2 (100% NPK+1 t ha
-1

 TS Biochar) with 998 
mg kg

-1
 followed by T4 (100% NPK+1 t ha

-1
 TS 

Biochar + 250 kg ha
-1

 SZ) with 982 mg kg
-1

 in 
surface soil layers. The minimum KMnO4 
oxidizable carbon content was observed in T3 
(100% NPK + 250 kg ha

-1
 SZ) (758 mg kg

-1
). 

Irrespective of all the treatments maximum 
KMnO4 oxidizable carbon content was recorded in 
T2 (100% NPK +1 t ha

-1
 TS Biochar) followed by T4 

(100% NPK +1 t ha
-1
 TS Biochar + 250 kg ha

-1
 

SZ). The minimum KMnO4 oxidizable carbon 
content was observed in T3 (100% NPK + 250 kg 
ha

-1
 SZ) (Fig. 4). 

 
Table 6. Effect of soil amendments on soil pH at different depths 

 

Treatments Soil pH (1:2) 

Soil depth (cm) 

0-15 15-30 30-45 45-60 

100% NPK 4.63 4.93 4.56 4.32 
100% NPK + 1t ha

-1 
tobacco stalk biochar (TS Biochar) 5.41 4.23 4.11 4.05 

100% NPK + 250 kg ha
-1

synthetic zeolite (SZ)  5.46 5.22 4.81 4.63 
100% NPK + 1t ha

-1
 TS Biochar + 250 kg ha

-1
SZ  4.92 4.57 4.32 4.23 

100% NPK + 0.5 t ha
-1

Tobacco stalk biomass (TS Biomass)  5.11 4.69 4.38 4.32 

 Adjusted RD of N and K + 1t ha
-1

 TS Biochar 5.10 4.49 4.15 4.01 
1t ha

-1
TS Biochar + 250 kg ha

-1
SZ  6.65 5.75 5.02 5.34 

Un amended and unfertilized cropped control 5.85 5.71 5.63 5.43 
SEm± 0.15 0.07 0.07 0.09 
CD (p=0.05) 0.23 0.15 0.16 0.20 
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Table 7. Effect of soil amendments on soil available potassium 
 

Treatments Available Potassium (mg kg
-1

) 

Soil depth (cm) 

0-15 15-30 30-45 45-60 

100% NPK 34.6 70.0 124.2 172.6 
100% NPK + 1t ha

-1 
tobacco stalk biochar (TS Biochar) 43.8 90.3 125.0 132.9 

100% NPK + 250 kg ha
-1

synthetic zeolite (SZ)  65.5 115.7 169.9 136.8 
100% NPK + 1t ha

-1
 TS Biochar + 250 kg ha

-1
SZ  47.2 68.6 123.6 142.5 

100% NPK + 0.5 t ha
-1

Tobacco stalk biomass (TS 
Biomass)  

39.9 72.0 104.4 141.3 

 Adjusted RD of N and K + 1t ha
-1

 TS Biochar 35.8 83.6 88.1 123.9 
1t ha

-1
TS Biochar + 250 kg ha

-1
SZ  54.6 75.4 110.7 128.6 

Un amended and unfertilized cropped control 30.8 35.9 93.3 110.2 
SEm± 0.71 1.64 2.06 2.81 
CD (p=0.05) 1.46 3.37 2.94 5.77 

 

 
      

Fig. 3. Depth wise distribution of total organic carbon content of soil 
 

 
 

Fig. 4.  Depth wise distribution of permanganate oxidizable carbon content of soil 
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Fig. 5. Effect of soil amendments on carbon management index (CMI) in surface layer (0-15 cm) 

of FCV tobacco grown Alfisol 
 
3.5.5 Carbon management index 

 
All the soil amendments showed significant 
differences in CMI values as compared to the 
control (100). Among different soil amendments, 
maximum CMI was recorded in T2 (100% NPK 
+1 t ha-1 TS Biochar) with 129.6 followed by T4 

(100% NPK+1 t ha
-1

 TS Biochar + 250 kg ha
-1

 
SZ) with 116.7 at 0-15 cm depth. The minimum 
CMI was observed in T3 (100% NPK+ 250 kg ha

-

1
 SZ) (100.4).Irrespective of all the treatments, 

maximum CMI was recorded in T2 (100% NPK 
+1 t ha

-1
 TS Biochar). The minimum CMI was 

observed in T3 (100% NPK + 250 kg ha
-1

 SZ) 
(Fig. 5). 
 
Application of TS Biochar has improved the soil 
properties significantly. Light textured northern 
light soils (NLS) of Andhra Pradesh are prone to 
leaching of nutrients, especially nitrogen 
movement to a depth of 180 cm was observed in 
these soils [2]. Results indicated that 
improvement in N and K level in surface layers 
especially in TS Biochar and NPK shows the 
significance of biochar application with 
recommended fertilizer. These results are in 
accordance with [70] who reported that “addition 
of biochar to the Norfolk soil increased soil pH, 
soil organic carbon, calcium, potassium, 
manganese and phosphorus”. “Generally 
nutrients are retained in soil and remain available 
to crops mainly by adsorption to clay minerals 
and soil organic matter. The addition of organic 
matter such as compost and manure into soil can 
help retain nutrients. Biochar is considered much 
more effective than other organic matter in 
retaining and making nutrients available to 

plants” [71]. Its surface area and complex pore 
structure are hospitable to bacteria and fungi that 
help plants to absorb nutrients from the soil. TS 
Biochar results are consistent with findings of 
[51] that biochar application reduced leaching of 
applied mineral N fertilizer and promoted better 
use of applied nutrients. This is why the 
agronomic performance of FCV tobacco was 
improved over time and the availability of 
fertilizer improved in the presence of biochar. 
Soil pH has increased in most studies reporting 
effects of biochar additions on soil pH [72,73]. 
Soil pH is an important indicator of biochar. A 
number of studies had reported that the addition 
of biochar increases soil pH [74] who reported 
that application of oak wood biochar with initial 
pH 9.4 and carbon content 90% signficantly 
improved pH by 0.4 units and increased soil 
carbon by 26% but did not changed soil nitrogen 
relative to control. “Soil pH and NH4

+
 content 

were affected by biochar and the C-substrate 
utilization (MSIR) increased in the biochar 
treatments, independently of irrigation and it 
suggested was that direct and indirect effects of 
biochar application on soil properties are the 
cause of those changes” [86]. 
 
Similar results were observed in the present 
study that application of tobacco stalk biochar 
has slightly increased the pH of soil (Table 6). 
Soil organic carbon (SOC) is the most critical 
determinant of soil quality for sustainable crop 
production. SOC affects crop productivity through 
its effects on physical, chemical and biological 
aspects of soil fertility and productivity. The SOC 
storage and its pools may be altered variably by 
soil management practices including fertilizer 
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use, organic amendments, tillage, irrigation etc. 
[81,82] Understanding SOC changes in response 
to varied fertilizer regimes is important to make 
informed decisions on appropriate management 
interventions. [76] reported that biochar 
application significantly increased the soil carbon 
content, the soil cation exchange capacity and 
the availability of NH4

+
, P and K. Biochar addition 

to soil have significant effects on soil 
biogeochemical processes and in minimum 
nutrient losses to influence the yield and quality 
of crops. In the present investigation, the 
availability of macro nutrients in soil were 
increased with the application of 100% NPK+1 t 
ha

-1
 TS Biochar (T2) and 100% NPK + 1 t ha

-1
 TS 

Biochar+ 250 kg ha
-1

SZ (T4). Lesser availability 
of potassium was observed in T3 (100% 
NPK+250 kg ha

-1
 SZ). TS Biochar has improved 

the total organic carbon content of the soil than 
tobacco stalk powder. SOC is one of several key 
indicators of soil quality, [76] addition of rice 
straw and biochar to paddy soils contributed to 
soil organic carbon. TS Biochar application has 
significantly improved the soil available nutrients 
such as potassium which might be due to 
reduction in leaching losses, which is evidenced 
from the reduction in leaching losses of nutrients 
to the lower layers. Biochar amendments had 
significantly improved soil nutrient content [77]. 
“This is partly due to direct addition of such as P 
and K [78] and partly because reduction in runoff 
and leaching” [77].  [87] reported that “relative to 
the control, application of biochar particles of 
sizes <3, 3–6 and 6–9 mm significantly increased 
soil porosity by 10.3%, 4.2% and 3%; saturation 
percentage by 100%, 42% and 27%; pH by 
0.53%, 2.6% and 4%; and organic matter by 
33.6%, 19.7% and 16.8%”. 
 
[79] reported that available P and K contents 
were significantly greater in soils amended with 
biochar especially in rice biochar than in control 
soils. K content of soil increased from 40-374 mg 
kg

-1
 [80]. Biochar could store nutrients and be 

used as a slow-release fertilizer due to specific 
biochar properties e.g.: pore structure and 
functional groups. The CMI compares the 
changes that occur in total and labile C as a 
result of agricultural practices [28].  “The straw 
based biochar treatment significantly improved 
the inert organic carbon pool in the soil, while 
other types of organic materials promoted the 
formation of activated carbon pools. The 
treatments increased the soil carbon pool 
management index by 21.1–111.0% compared to 
the control. Moreover, the straw based biochar 
treatments increased the soil carbon 

sequestration index by 78.3% and 155.8% 
compared to the control” [88]. 
 
The highest CMI value for TS Biochar treated 
soils indicates that biochar application in the field 
have resulted in more content of total organic 
carbon (Fig. 3) and labile organic carbon (Fig. 4) 
so there is an advantage of TS Biochar as an 
carbon sequestration agent. In the present study 
the TS Biochar applied treatments have showed 
higher CMI (Fig. 5), indicating that it has higher 
carbon sequestering potential when compared 
with rest of the amendments. 

 

4. CONCLUSION 
 
Among the three soil amendments i.e. TS 
Biochar, Synthetic Zeolite and TS Biomass as 
such tested to enhance the tobacco productivity, 
nutrient use efficiency in light textured acid soils, 
it resulted in TS Biochar along with 
recommended NPK has significantly improved 
the yield, nutrient uptake, nutrient use efficiency 
of FCV tobacco due to its carbonate and 
hydroxyl functional groups as well as acted as 
liming agent and also as carbon sequestering 
agent as evidenced from its higher Carbon 
management index. Hence, tobacco stalk 
biochar (TS Biochar) at the rate 1t ha

-1
 along with 

100% recommended chemical fertilizers can be 
recommended for the tobacco growing farming 
community for enhanced yield, nutrient uptake, 
nutrient use efficiency and soil properties. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. ICAR-Central Tobacco Research Institute-

Annual Report; 2021. 
2. Prasada Rao JAV, Murty KSN, Sannibabu 

M,  Ramabai Y. Fate of applied nitrogen to 
flue-cured tobacco in northern light soils of 
Andhra Pradesh. Tob. Res. 1992;18:129-
133. 

3. Singh R, Babu JN, Kumar R, Srivastava P, 
Singh, Raghubanshi AS. Multifaceted 
application of crop residue biochar as a 
tool for sustainable agriculture: an 
ecological perspective. Ecol. Eng. 2015;77: 
324-347. 

4. Curaqueo G, Roldan A, Mutis A, Panichini 
M, Pérez-San Martín A, Meier S, Mella R. 
Effects of biochar amendment on wheat 



 
 
 
 

Bindu et al.; Int. J. Plant Soil Sci., vol. 35, no. 2, pp. 88-107, 2023; Article no.IJPSS.96947 
 

 

 
103 

 

production, mycorrhizal status, soil 
microbial community, and properties of an 
Andisol in Southern Chile. Field Crops 
Res.  2021;273:108306. 

5. Meena H M. Prakasha H. C. The impact of 
biochar, lime and fertilizer on soil acidity 
and microbiological properties and their 
relationship with yield of rice and cowpea 
in an acidic soil of Southern India. J. Plant 
Nutr. 2022;45(3):358-368. 

6. Chagas JKM. de Figueiredo CC, Paz-
Ferreiro J. Sewage sludge biochars effects 
on corn response and nutrition and on soil 
properties in a 5-yr field 
experiment. Geoderma. 2021;401:115323. 

7. Kalu S, Simojoki  A, Karhu K,  Tammeorg 
P. Long-term effects of softwood biochar 
on soil physical properties, greenhouse 
gas emissions and crop nutrient uptake in 
two contrasting boreal soils.  Agric. 
Ecosyst. Environ. 2021;316:107454. 

8. Zheng J, Wang S, Wang R, Chen Y, 
Siddique KH, Xia G, Chi D. Ameliorative 
roles of biochar-based fertilizer on morpho-
physiological traits, nutrient uptake and 
yield in peanut (Arachis hypogaea L.) 
under water stress. Agric. Water Manag. 
2021;257:107129. 

9. Zhang C, Huang X, Zhang X, Wan L, 
Wang Z. Effects of biochar application on 
soil nitrogen and phosphorous leaching 
loss and oil peony growth. Agric. Water 
Manag. 2021; 255: 107022. 

10. Igalavithana  AD,  Ok YS, Usman AR, Al-
Wabel MI, Oleszczuk P, Lee SS. The 
effects of biochar amendment on soil 
fertility. Agricultural and environmental 
applications of biochar: Advances and 
barriers. 2016;(sssaspecpub63):123-144.  

11. Weber K, Quicker P. Properties of biochar. 
Fuel. 2018;217:240-261. 

12. Yang W, Li C, Wang S,  Zhou B, Mao Y. 
Rensing C, Xing S. Influence of biochar 
and biochar-based fertilizer on yield, 
quality of tea and microbial community in 
an acid tea orchard soil. Appl. Soil Ecol. 
2021;166:104005. 

13. Liang Y,  Al-Kaisi M, Yuan J, Liu J,  Zhang 
H, Wang L, Cai H, Ren J. Effect of 
chemical fertilizer and straw-derived 
organic amendments on continuous maize 
yield, soil carbon sequestration and soil 
quality in a Chinese 
Mollisol. Agric. Ecosyst. Environ. 2021;314
:107403. 

14. Nguyen BT, Le LB, Pham L P, Nguyen HT, 
Tran TD,  Van Thai N.The effects of 

biochar on the biomass yield of elephant 
grass (Pennisetum Purpureum Schumach) 
and properties of acidic soils. Ind. Crops. 
Prod. 2021;161:113224. 

15. Rajalekshmi K, Bastin B. Effect of rice 
husk biochar application on rice yield, 
methane emission and soil carbon 
sequestration in paddy growing Ultisol. J. 
Soil. Water. Conserv. 2021;20(1):81-87. 

16. Lee J W, Kidder M, Evans BR,  Paik S,  
Buchanan Iii A C, Garten CT,  Brown RC. 
Characterization of biochars produced 
from corn stovers for soil 
amendment. Environ. Sci. Technol. 2010;4
4(20):7970-7974. 

17. Alves BSQ, Zelaya KPS, Colen F, Frazão 
LA, Napoli A, Parikh SJ, Fernandes L A. 
Effect of sewage sludge and sugarcane 
bagasse biochar on soil properties and 
sugar beet production. Pedosphere, 2021; 
31(4):572-582. 

18. Mumpton FA. La roca magica: Uses of 
natural zeolites in agriculture and industry. 
Proc. Natl. Acad. Sci. 1999;96(7):3463-
3470. 

19. Rehakova MS, Cuvanova M, Dzivak J, 
Rimarand, Gavalova Z. Agricultural and 
agrochemical uses of natural Zeolite of the 
clinoptilolite type. Curr. Opin. Solid. State. 
Mater. Sci. 2004;8:397-404. 

20. Bindu JP, Reddy DD, Santhy P, 
Sellamuthu KM, Yassin MM, Naik R. 
Production and characterization of tobacco 
stalk biochar. Tob. Res. 2015;41(2):91-96. 

21. Jackson ML.  Soil Chemical Analysis. 
Prentice-Hall of India Pvt. Ltd., New Delhi, 
India. 1973;111-204. 

22. Rhoades JD. Cation exchange capacity. 
In: Methods of soil analysis (Miller et al., 
Eds) Part 2. Agronomy Monograph. 9, 
American Society of Agronomy, Madison, 
WI. 1982;149-157. 

23. Gómez-Serrano V, Piriz-Almeida F, Durán-
Valle CJ, Pastor-Villegas J. Formation of 
oxygen structures by air activation. A study 
by FTIR spectroscopy. Carbon. 1999;37 
(10):1517-1528. 

24. Reddy DD, Ghosh, RK, Bindu JP, 
Mahadevaswamy M, Murthy TGK. 
Removal of methylene blue from aqueous 
system using tobacco stems biomass: 

Kinetics, mechanism and single‐stage 

adsorber 
design. Environ. Prog. Sustain. Energy, 
2017;36(4):1005-1012. 

25. Ghosh RK, Reddy DD. Tobacco stem ash 
as an adsorbent for removal of methylene 



 
 
 
 

Bindu et al.; Int. J. Plant Soil Sci., vol. 35, no. 2, pp. 88-107, 2023; Article no.IJPSS.96947 
 

 

 
104 

 

blue from aqueous solution: equilibrium, 
kinetics, and mechanism of adsorption. 
Water, Air, & Soil Pollut. 2013;224(6):1-12. 

26. Gomez KA, Gomez AA. Statistical 
procedures for agricultural research. John 
Wiley & Sons; 1984.  

27. Harvey OR, Herbert B E, Kuo LJ,  
Louchouarn P. Generalized two-
dimensional perturbation correlation 
infrared spectroscopy reveals mechanisms 
for the development of surface charge and 
recalcitrance in plant-derived 
biochars. Environ. Sci. Technol. 
2012;46(19):10641-10650. 

28. Blair GJ, Lefroy RD,  Lisle L.Soil carbon 
fractions based on their degree of 
oxidation, and the development of a 
carbon management index for agricultural 
systems. Aust. J. Agric. Res. 
1995;46(7):1459-1466. 

29. Shafizadeh, F. Introduction to pyrolysis of 
biomass. J. Anal. Appl. 
Pyrolysis. 1982;3(4):283-305. 

30. Bhavornthanayod C, Rungrojchaipon P. 
Synthesis of zeolite A membrane from rice 
husk 
ash. J. Met. Mater. Miner. 2009;19(2):79-
83. 

31. Lee JWM, Kidder BR, Evans S, Paik AC 
Buchanan Iii, C. T. Garten, and R. C. 
Brown, Characterization of biochars 
produced from corn stovers for soil 
amendment. Environ. Sci. Techno. 2010; 
44(20):7970-7974. 

32. Stella Mary G, Sugumaran P, Niveditha S, 
Ramalakshmi B, Ravichandran P,  
Seshadri S. Production, characterization 
and evaluation of biochar from pod (Pisum 
sativum), leaf (Brassica oleracea) and peel 
(Citrus sinensis) wastes. Int. J. Recycl. 
Org. Waste Agric. 2016;5(1):43-53. 

33. Harvey OR. Herbert BE, Kuo LJ, 
Louchouarn P. Generalized two-
dimensional perturbation correlation 
infrared spectroscopy reveals mechanism 
for the development of surface charge and 
recalcitrance in plant-derived biochars 
Environ. Sci. Techno. 2012;46:10641-
10650. 

34. Borchard N, Wolf A, Laabs V, Aeckersberg 
R, Scherer HW, Moeller A.  Amelung W. 
Physical activation of biochar and its 
meaning for soil fertility and nutrient 
leaching–a greenhouse experiment. Soil. 
Use. Manag. 2012;28(2):177-184. 

35. Asai H, Samson BK, Stephan HM, 
Songyikhangsuthor K, Homma K, Kiyono 

Y, Inoue Y, Shiraiwa T, Horie T. Biochar 
amendment techniques for upland rice 
production in Northern Laos: 1. Soil 
physical properties, leaf SPAD and grain 
yield. Field Crops Res. 2009;111(1-2):81-
84.  

36. Warnock DD, Lehmann J, Kuyper TW,  
Rillig, M. C. Mycorrhizal responses to 
biochar in soil–concepts and mechanisms. 
Plant soil. 2007;300(1):9-20. 

37. Saito M, Marumoto T. Inoculation with 
Arbuscular Mycorrhizal  Fungi: the Status 
Quo in Japan and the Future Prospects. In: 
Diversity and Integration in Mycorrhizas, 
Springer, Dordrecht. 2002;273-279. 
Available:https://doi.org/10.1007/978-94-
017-1284-2_27 

38. Njoku C, Mbah CN, Igboji PO, Nwite JN, 
Chibuike CC,  Uguru  BN. Effect of biochar 
on selected soil physical properties and 
maize yield in an ultisol in Abakaliki 
southeastern Nigeria. Glob. Adv. Res. J. 
Agric. Sci, 2015;4(12):864-870. 

39. Nguyen BT, Koide RT, Dell C, Drohan P, 
Skinner H, Adler PRA. Nord turnover of 
soil carbon following addition of switch 
grass-derived biochar to four soils. Soil 
Sci. Soc. Am. J. 2014;78:531-537. 

40. Blackwell P, Krull E, Butler G, Herbert A, 
Solaiman Z. Effect of banded biochar on 
dryland wheat production and fertiliser use 
in south-western Australia: an agronomic 
and economic perspective. Soil Res. 
2010;48(7):531-545. 

41. Sui Y, Gao J, Liu C, Zhang W, Lan Y, Li S, 
Meng J, Xu Z, Tang L. Interactive effects of 
straw-derived biochar and N fertilization on 
soil C storage and rice productivity in rice 
paddies of Northeast China. Sci. Total 
Environ. 2016; 544: 203-210. 

42. Widowati W, Asnah A, Utomo WH. The 
use of biochar to reduce nitrogen and 
potassium leaching from soil cultivated 
with maize. J. Degrade. 
Min. Land Manage. 2014; 2(1): 211-218. 

43. Jeffery S, Verheijen FG, van der Velde M, 
Bastos AC. A quantitative review of the 
effects of biochar application to soils on 
crop productivity using meta-analysis. 
Agric. Ecosyst. Environ. 2011;144(1):175-
187. 

44. Chan KYL, Van Zwieten I, Meszaros A, 
Downie, Joseph S. Agronomic values of 
greenwaste biochar as a soil amendment. 
Soil.Res. 2007;45(8):629-634. 

45. Bindu JP, Reddy DD, Santhy P, 
Sellamuthu KM, Mohammed Yassin M, 



 
 
 
 

Bindu et al.; Int. J. Plant Soil Sci., vol. 35, no. 2, pp. 88-107, 2023; Article no.IJPSS.96947 
 

 

 
105 

 

Ravindra Naik. Nutrient leaching behaviour 
of an Alfisol as affected by tobacco stalk 
biochar and synthetic zeolite. Tob. Res. 
2017;43(1):10-14. 

46. Zhang A, Bian R, Pan G, Cui L, Hussain Q, 
Li L, Zheng J, Zhenga J, Zhanga X, Hana 
X, Yu X. Effects of biochar amendment on 
soil quality, crop yield and greenhouse gas 
emission in a Chinese rice paddy: a field 
study of 2 consecutive rice growing cycles. 
Field. Crops. Res. 2012;127:153-160. 

47. Glaser B, Lehmann J, Zech W. 
Ameliorating physical and chemical 
properties of highly weathered soils in the 
tropics with charcoal–a review. Biol. Fertil. 
Soils. 2002;35(4):219-230. 

48. Uzoma KC, Inoue M, Andry H, Fujimaki H, 
Zahoor A,  Nishihara E. Effect of cow 
manure biochar on maize productivity 
under sandy soil condition. Soil. Use. 
Manag. 2011;27(2):205-212. 

49. Qiao-Hong ZHU, Xin-Hua PENG, Huang 
TQ, Zu-Bin XIE, Holden NM. Effect of 
biochar addition on maize growth and 
nitrogen use efficiency in acidic red 
soils. Pedosphere. 2014;24(6):699-708. 

50. Lehmann J, da Silva P, Steiner JC, Nehls 
T, Zech W, Glaser B. Nutrient availability 
and leaching in an archaeological Antrosol 
and Ferralsol of the Central Amazon basin: 
fertilizer, manure and charcoal 
amendments. Plant. Soil. 2003;249:343–
357. 

51. Steiner C, Teixeira WG, Lehmann J, Nehls 
T, de Macedo JLV, Blum WEH, Zech W. 
Long term effects of manure, charcoal and 
mineral fertilization on crop production and 
fertility on a highly weathered Central 
Amazonian upland soil. Plant .Soil, 2007; 
291:275–290. 

52. Van Zwieten L, Singh B, Joseph S, Kimber 
S, Cowie A, Chan KY. Biochar and 
emissions of non-CO2 greenhouse gases 
from soil. In Biochar for environmental 
management. 2012;259-282.  

53. Nguyen BT, Le LB, Pham LP, Nguyen HT, 
Tran TD, Van Thai N. The effects of 
biochar on the biomass yield of elephant 
grass (Pennisetum Purpureum Schumach) 
and properties of acidic soils. Ind. Crops. 
Prod. 2021;161:113224. 

54. Van Zwieten L, Kimber S,  Morris S,  Chan 
YK, Downie A, Rust J, Joseph S, Cowie A. 
Effects of biochar from slow pyrolysis of 
paper mill waste on agronomic 
performance and soil fertility. Plant .Soil. 
2010;327:235–246. 

55. Lehmann J, Rondon M.  Bio-char soil 
management on highly weathered soils in 
the humid tropics. In: N. Uphoff et al. 
editors, Biological approaches to 
sustainable soil systems. CRC Press, 
Boca Raton, 2006;517–530. 

56. Uzoma KC, Inoue M, Andry H, Fujimaki H, 
Zahoor A, Nisihara E. Effect of cow 
manure biochar on maize productivity 
under sandy soil condition. Soil. 
Use. Manag. 2011;27:205-212. 

57. Nigussie A, Kissi E, Misganaw M, Ambaw 
G. Effect of biochar application on soil 
properties and nutrient uptake of lettuce 
(Lactuca sativa) grown in chromium 
polluted soils. Am.-Eurasian J. Agric. 
Environ. Sci. 2012;12(3):369-376. 

58. Steiner C, Teixeira WG, Lehmann J, Nehls 
T, de Macedo JLV, Blum WEH, Zech W.  
Long term effects of manure, charcoal and 
mineral fertilization on crop production and 
fertility on a highly weathered Central 
Amazonian upland soil. Plant.Soil, 
2007;291:275–290. 

59. Patidar M, Mali AL. Integrated nutrient 
management in sorghum (Sorghum 
bicolor) and its residual effect on wheat 
(Triticum aestivum). Indian J. Agric. Sci, 
2001;71(9):587-590. 

60. Kammann C, Linsel S, Gobling J, Hans-
Werner K. Influence of biochar on drought 
tolerance of chenopodium quinoa wild and 
on soil-plant relations. Plant. Soil, 
2011;345:195-210. 

61. Rajkovich S, Enders A, Hanley K, Hyland 
C, Zimmerman AR, Lehmann J. Corn 
growth and nitrogen nutrition after 
additions of biochar with varying properties 
to a temperate soil. Biol. Fertil. Soils. 
2012;48:271–284. 

62. Taghizadeh-Toosi A, Clough TJ, Sherlock 
RR, Condronm LM. A wood based low-
Temperature biochar captures NH3-N 
generated from ruminant urine-N, retaining 
its biovailability. Plant. Soil, 2012;350:57-
59. 

63. Rondon MA, Lehmann J, Ramirez J, 
Hurtado M. Biological nitrogen fixation by 
common beans (Phaseolus vulgaris L.) 
increases with biochar additions. Biol. 
Fertil. Soils. 2007;43:699–708. 

64. Li D, Hockaday WC, Masiello CA, Alvarez 
PJ. Earthworm avoidance of biochar can 
be mitigated by wetting. Soil Biol. Biochem. 
2011;43(8):1732-1737. 

65. Warnock DD, Lehmann J, Kuyper TW, 
Rillig MC. Mycorrhizal responses to 



 
 
 
 

Bindu et al.; Int. J. Plant Soil Sci., vol. 35, no. 2, pp. 88-107, 2023; Article no.IJPSS.96947 
 

 

 
106 

 

biochar in soil – concepts and 
mechanisms. Plant Soil. 2007;300:              
9-20. 

66. Slavich PG, Sinclair K, Morris SH, Kimber 
SWL, Downie A, Van Zwieten L.  
Contrasting effects of manure and 
greenwaste biochars on the properties of 
an acidic ferralsol and productivity of a 
subtropical pasture. Plant Soil. 
2013;366:213-227. 

67. Marschner H. Mineral nutrition of higher 
plants. Academic press, NY; 2006. 

68. Sun H, Shi W, Zhou M, Ma X, Zhang H. 
Effect of biochar on nitrogen use efficiency, 
grain yield and amino acid content of 
wheat cultivated on saline soil. Plant Soil 
Environ. 2019;65:83-89. 

69. Kang SW, Cheong YH, Yun JJ, Park JH, 
Park JH, Seo DC, Cho JS. Effect of 
biochar application on nitrogen use 
efficiency for sustainable and productive 
agriculture under different field crops. J. 
Plant Nutri. 2021;44(19):2849-2862. 

70. Novak JM, Busscher, WJ, Laird DA, 
Ahmedna M, Watts DW, Niandou MAS. 
Impact of biochar amendment on fertility of 
a south eastern coastal plain soil. Soil Sci. 
2009;174:105-112. 

71. Zheng W, Sharma BK, Rajagopalan N. 
Using biochar as a soil amendment for 
sustainable agriculture. Waste utilization 
Biochar. 
DOI:10,https://hdl.handle.net/2142/25503 

72. Laird DA, Fleming PD, Davis DD, Horton 
R, Wang B, Karlen DL. Impact of biochar 
amendments on the quality of a typical 
Midwestern agricultural soil. Geoderma. 
2010;158:443-449. 

73. Brockhoff SR, Christians NE, Killorn RJ, 
Horton R, Davis DD. Physical and mineral-
nutrition properties of sand-based turfgrass 
root zones amended with biochar. Agron. 
J. 2010;102:1627–1631. 

74. Mukherjee A, Zimmerman AR. Organic 
carbon and nutrient release from a range 
of laboratory produced biochars and 
biochar – soil mixtures. Geoderma. 
2013;193:122-130.  

75. Vaccari FP, Maienza A, Miglietta F, Baronti 
S, Di Lonardo S, Giagnoni L, Valboa G. 
Biochar stimulates plant growth but not 
fruit yield of processing tomato in a fertile 
soil. Agric. Ecosyst. Environ. 2015; 
207:163-170. 

76. Andrews SS, Karlen DL, Cambardella CA. 
The soil management assessment frame 
work; a quantitative soil quality evaluation 

method. Soil Sci. Soc. Am. J. 
2004;68:1945-1962. 

77. Laird DA, Fleming PD, Wang B, Horton R, 
Karlen DL. Biochar impact on nutrient 
leaching from a Midwestern agricultural soil. 
Geoderma. 2010;158: 436-442. 

78. Enders A, Hanley K, Whitman T, Joseph S, 
Lehmann J. Characterization of biochars to 
evaluate recalcitrance and agronomic 
performance. Bioresour. Technol. 
2012;114:644–653. 

79. YuXue Liu, Lu H, Yang S, Wang Y, 
Impacts of biochar addition on rice yield 
and soil properties in a cold waterlogged 
paddy for two crop seasons. Field. Crop. 
Res. 2016;161:167. 

80. Wang J, Zhang M, Xiong ZQ,  Liu PR, Pan 
G. Effects of biochar addition on N2O and 
CO2 emissions from two paddy soils. 
Biol.Fertil. Soil. 2011;47:887-896. 

81. Han X, Wang S, Veneman PL, Xing B. 
Change of organic carbon content and its 
fractions in black soil under long term 
application of chemical fertilizers and 
recycled organic manure. Commun.             
Soil Sci. Plant Anal. 2006;37(7-8):             
1127-1137. 

82. De Bona FD, Bayer C, Dieckow J, 
Bergamaschi H. Soil quality assessed by 
carbon management index in a subtropical 
Acrisol subjected to tillage systems                
and irrigation. Soil Res. 2008;46(5):                  
469-475. 

83. Sarkhot DV, Ghezzehei TA, Berhe AA. 
Effectiveness of biochar for sorption of 
ammonium and phosphate from dairy 
effluent. J. Environ. Qual. 2013;42:1545–
1554. 

84. Nguyen TA, Ngo HH, Guo WS, Zhang J, 
Liang S, Lee DJ, Nguyen PD, Bui XT. 
Modification of agricultural waste/by-
products for enhanced phosphate removal 
and recovery: Potential and obstacles. 
Bioresour. Technol. 2014;169:750–762. 

85. Khan MA, Basir A, Fahad S, Adnan M, 
Saleem MH, Iqbal A, et al. Biochar 
optimizes wheat quality, yield and nitrogen 
acquisition in low fertile calcareous soil 
treated with organic and mineral nitrogen 
fertilizers. Frontiers in Plant Sci. 2022;13. 
DOI.org/10.3389/fpls.2022.879788 

86. Bornø ML, Mueller-Stoever DS, Liu F. 
Biochar modifies the content of primary 
metabolites in the rhizosphere of well-
watered and drought-stressed Zea mays L. 
(maize). Biol. Fertil. Soils. 2022;58(6):633-
647. 



 
 
 
 

Bindu et al.; Int. J. Plant Soil Sci., vol. 35, no. 2, pp. 88-107, 2023; Article no.IJPSS.96947 
 

 

 
107 

 

87. Ahmad W, Khan A, Zeeshan M, Ahmad I, 
Adnan M, Fahad S,  Solaiman Z. Relative 
efficiency of biochar particles of different 
sizes for immobilising heavy metals and 
improving soil properties. Crop. Pasture. 
Sci. 2022.  
DOI.org/10.1071/CP20453 

88. Chen Z, Liu F, Cai G, Peng X, Wang X.  
Responses of soil carbon pools and 
carbon management index to nitrogen 
substitution treatments in a sweet maize 
farmland in South China. Plants. 2022; 
11(17):2194. 

_________________________________________________________________________________ 
© 2023 Bindu et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/96947 

http://creativecommons.org/licenses/by/4.0

