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ABSTRACT 

To attain sustainability in exhaustive rice-wheat system in north-west India, adopting conservation agriculture based 
management practices is vital for recuperating soil and environmental quality and to maintain social ecosystem. A 5-
year field study evaluated the effects of four combinations of two wheat straw (no wheat straw; W0 and 25% wheat 
straw; W25) and two Sesbania green manure (no GM and GM) treatments in puddled transplanted rice (PTR) as main plot 
treatments and three combinations of tillage and rice residue management options in subsequent wheat as subplot 
treatments on soil chemical changes in a rice-wheat rotation. The results showed that PTR with residue retention and 
GM and zero tillage wheat with 100% residue retention (ZTWR100) significantly increased oxidisable soil organic 
carbon, available nitrogen, available phosphorus and available potassium in surface (0-7.5 cm) and sub-surface (7.5-
15 cm) soil layer. Averaged across five wheat growth stages, oxidizable organic carbon, available N, P and K 
increased under PTRW25+GM/ZTWR100 by 50.1%, 69.3%, 75.2% and 67.9% in surface soil layer and 52.05%, 78.7%, 
76.5% and 52.9% in sub-surface soil layer, respectively, as compared to PTR without residue and GM followed by 
conventionally tilled wheat. Principal component analysis of assayed variables clearly discriminated PTR with residue 
retention or GM and zero tillage from PTR without residue or GM and conventional tillage in both the soil layer. The 
results of the present study depicted that conservation agriculture based management practices are plausible option 
to increase organic carbon content, nutrient content and improve soil fertility in conventional rice-wheat system. 
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INTRODUCTION  
Rice-wheat system (RWS) is an important cropping sequence for food security, employment, income 
and livelihood for millions of people in Asia [1, 26]. This system occupies about 13.5 million hectares 
(M ha) in the Indo-Gangetic plains (IGP) of South Asia [8]. Intensive tillage, imbalance use of fertilizers, 
depletion of water resources and environment pollution have led to stagnation or declining trends in 
yields of the RWS in many parts of South Asia [28]. This calls for immediate solution by adopting better 
management practices for improving soil and environment quality, and maintain social ecosystem.  
In-situ burning of whole of the rice residue is the normal and easiest method of residue management 
because it interferes with tillage and seeding operations for the next wheat crop and has no alternate use 
[36]. The burning of crop residue in open field has detrimental effect on air quality (particulates, smoke, 
greenhouse gases), which may leads to human respiratory ailments in intensive rice-wheat production 
regions in north-west India. Burning lead to complete loss of organic matter and nitrogen, 25 % loss of 
phosphorus, 20 % potassium loss and 50-60 % sulphur losses [5, 37]. Conservation agriculture (CA) 
practices (zero tillage, residue retention) are gaining momentum as alternate to conventional practices 
for addressing the issues of energy, labour, water scarcity, environment quality and climate change [7, 
14], and improved productivity of RWS  in South Asia [4, 39]. The ecological concern over deteriorating 
soil and environment quality and sub-optimal water management in RWS could be addressed by 
promoting the practice of leaving crop residues on the soil surface as mulch. This required development 
and promotion of a ZT machine that could seed crops into heavy load of crop residues thus avoiding 
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harmful effects of burning. The development of ‘Turbo Happy Seeder’ that enables ZT seeding of wheat in 
rice residue without burning became a significant step towards filling this gap [25]. Retention of crop 
residues on soil surface facilitates conservation of soil moisture, suppression of weeds, enrich soil organic 
matter and improve soil structure [15, 16, 38] resulting in higher wheat yield in numerous on-farm trials.  
Leguminous green manure is a standard management tool in cropping systems, because it highly affects 
soil productivity and N dynamics in the soil–plant system and provides nitrogen to subsequent crops [1, 
26]. The addition of green manure with low C/N ratio to lowland rice brings about many changes in 
chemical properties of soil and various nutrient transformations which can improve the sustainability of 
soil N fertility in lowland rice. Incorporating wheat straw with green manure may be a means for 
reducing fertilizer N needs and improving crop yields.  
Considering the regional, national, and global importance of rice-wheat system, understanding how 
common field management practices influence near-surface and sub-surface soil properties will provide 
insight into the sustainability of these cultural practices. Despite the importance of insuring sustainability 
in modern cropping systems, there are limited researches being conducted on the long-term effects of 
tillage, straw management and crop growth stages on soil chemical properties in rice-wheat system in 
north-west India. Therefore, the objective of this study was to assess the effect of tillage, straw 
management and green manure on soil chemical properties at different wheat growth stages crop after 5 
year of continuous rice-wheat cycle. It was hypothesised that retention of 25% wheat residue and green 
manure in rice as well as zero tillage with residue retention in subsequent wheat would increase soil 
organic carbon and available N, P and K in soil. 
 
MATERIAL AND METHODS 
Site Description 
A 5-year field experiment on irrigated rice-wheat cropping system was established in 2011 starting with 
rice on a Typic Ustochrept sandy loam soil (135 g clay, 160 g silt and 705 g sand kg-1) at the experimental 
farm of the Punjab Agricultural University, Ludhiana, Punjab (30°56′N and 75°52′E) in the Indo-Gangatic 
plains in the north-western India. The experimental field was under conventional rice-wheat cropping 
system for the last more than 10 years. The region has a sub-tropical climate, with hot, wet summers and 
cool dry winters. Annual mean rainfall is 760 mm, about 80% of which received in June to September. 
Mean minimum and maximum temperatures (averaged across 30 years) in wheat (November to April) 
are 6.7 and 22.6 0C and in rice (June to October) are 18 and 35 0C, respectively.  
Experimental Design and Field Treatments 
The experiment was laid out in split plot design with 3 replications. Treatments comprises of four 
combinations of wheat straw and Sesbania green manure (GM) management (PTRW0, puddled 
transplanted rice with no wheat straw retained; PTRW25, puddled transplanted rice with 25% anchored 
wheat straw (12-15 cm high stubbles) retained; PTRW0 + GM, and PTRW25+GM) in main plots and three 
combinations of tillage and rice residue management in sub plots in subsequent wheat (CTWR0, CT wheat 
with rice residue removed; ZTWR0, ZT wheat with rice residue removed and ZTWR100, ZTW with 100% 
rice residue retained as mulch with ‘Turbo Happy Seeder’). The treatment details are summarized in 
Table 1. The sub-plot size was 3.6 m x 19.0 m. Rice received a uniform dose of 13 kg P ha-1 as 
diammonimum phosphate, 25 kg K ha-1 as MOP (muriate of potash) and 10 kg Zn ha-1 as zinc sulphate 
(21% Zn). Rice received only 75 kg N ha-1 in GM treatments (PTRW0+GM and PTRW25+GM) and 150 kg N 
ha-1 in no-GM treatments. Fertilizer N was applied in three equal split doses at transplanting and at 3 and 
6 weeks after transplanting.  
Wheat received a uniform dose of 150 kg N, 26 kg P as diammonium phosphate and 25 kg K as muriate of 
potash ha-1. One-third of total N and entire amount of P and K fertilizers were drilled at wheat sowing. 
The remaining 2/3 of N was applied in two equal split doses immediately before first irrigation applied at 
3 weeks (crown root initiation) and immediately before second irrigation applied at 8 weeks (maximum 
tillering) after sowing. 
Soil sampling and analysis 
Soil samples were collected from surface (0-7.5 cm) and sub-surface (7.5-15 cm) soil layer at five wheat 
growth stages viz. before sowing (BS), crown root initiation (CRI), maximum tillering (MT), flowering(FL) 
and harvesting(H). Collected soil samples were air dried, passed through 2 mm sieve and analysed for pH 
and EC [13], soil organic carbon [33], available P [22], 1M NH4OAC extractable available K [13]. 
Statistical analysis 
All the dataset were analysed using analysis of variance (ANOVA) for split plot design and differences 
among treatment means were separated by least significant difference at p<0.05 level of significance 
using IRRISTAT data analysis package [12]. Principal component analysis (PCA) [35] was performed on 
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the data set to reveal the similarities and differences between samples and to assess the relationships 
between the observed variables. 
 

Table 1. Description of treatments 
Abbreviation Treatment detail Method of crop establishment 

A. Rice (main plot treatments) 

PTRW0 Conventional till 
puddled 
transplanted rice 
(PTR)  

Residue of preceding wheat was removed. Pre- puddling tillage operations 
included two discings and two harrowings followed by plankings. Puddling 
(wet tillage) was done twice in 6-8 cm of standing water using a tractor-
mounted puddler followed by planking. Rice seedlings were manually 
transplanted at 15 x 20 cm spacing 

PTRW25 PTR with anchored 
wheat straw  

Anchored (10-12 cm high) wheat straw (25%) of preceding wheat was 
retained. All the tillage and rice crop establishment operations were same as in 
RT1 

PTRW0+GM 
 

PTR with green 
manure  

Residue of preceding wheat was removed and zero till Sesbania green manure 
after wheat harvest. Green manure was chopped by two discings and then 
incorporated using two harrowings followed by planking. Puddling and rice 
establishment operations were same as in RT1  

PTRW25+GM PTR with anchored 
wheat straw + green 
manure 

Anchored wheat residue of preceding wheat was retained and zero till Sesbania 
green manure was sown in standing stubbles. Green manure incorporation and 
puddling operations were same as in RT3. Rice seedlings were manually 
transplanted at 15 x 20 cm spacing 

B. Wheat (sub-plot treatments) 
CTWR0 Conventional till 

wheat after removal 
of rice residue 

All the residue of previous rice crop was removed.  Tillage operations included 
two passes of harrows and two passes of tyne plough followed by plankings. 
After pre-sowing irrigation, seed bed was prepared by two passes of tyne 
plough followed by planking.  Wheat was sown using seed cum fertilizer drill in 
rows 20 cm apart 

ZTWR0 Zero till wheat 
(ZTW) after removal 
of rice residue 

Residue of previous rice crop was removed.  Wheat was direct seeded in the no 
till plots in rows 20 cm apart using zero till seed cum fertilizer drill. 

ZTWR100 ZTW with 100% rice 
residue as mulch 

Residue of previous rice crop was retained. Wheat was direct seeded in rows 
20 cm apart into rice residues using Turbo Happy Seeder [12].a 

aM/S Kamboj Machinery Manufacturers, Ramdas, Amritsar, Punjab, India 
 
RESULTS AND DISCUSSIONS 
The main effects of different treatments on soil chemical properties were not significant in sub-surface 
(7.5-15 cm) soil layer at all growth stages of wheat. Therefore, main effects of four treatments applied to 
rice and three sub-plot treatments applied to wheat in the surface soil layer (0-7.5 cm) are reported and 
discussed in the following sections.  
Soil pH and EC 
The effect of different wheat straw and green manure practices in rice and tillage and rice straw 
management practices in subsequent wheat and their interaction was not significant on soil pH at all the 
growth stages of wheat in both the soil layer. This is in agreement with Monsefi et al. (2014); they 
reported that soil pH was not affected by different tillage and wheat residue management practices in a 
soybean-wheat cropping system. Similar results were reported by Villamil and Nafziger (2015) in 
continuous corn system.  
Oxidizable soil organic carbon 
Oxidizable soil organic carbon (SOC) content in soil varied across different wheat straw and green 
manure practices in rice and tillage and rice straw management practices in wheat. The SOC content in 
both the soil layer was higher under ZTWR100 as compared with ZTWR0 and CTWR0 at all the growth stages 
(Fig. 1). Similarly, PTR with residue retention and green manure produced significantly higher SOC in soil 
as compared with treatments without residue retention or green manure. SOC was significantly affected 
by wheat growth stages in both the soil layer. Maximum SOC content was recorded at harvesting stage, 
which was 27.6% and 93.9% higher than before sowing of wheat in surface (Table 2) and sub-surface soil 
layer (Table 3), respectively. Significant interaction between wheat growth stages and treatments was 
observed. Averaged across the five growth stages, SOC content in PTRW25+GM/ZTWR100 treatments was 
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increased by 50.1% and 52.05% as compared with PTRW0/CTWR0 at surface and sub-surface soil layer, 
respectively. As hypothesized, in the present investigation SOC increased under zero tillage with 100% 
residue retention in both the soil layer as compared with CTW with no residue. This result was expected 
because the elimination of soil disturbance by tillage enables a greater quantity of above-and below-
ground biomass to be stored in the soil, whereas tillage aerates the soil and promotes a greater rate of 
aerobic SOM decomposition [3]. SOC in the surface soil layer was higher than the sub-surface soil layer. 
Conservation tillage leads to increase of organic carbon in surface soil layer than sub-surface soil layers 
[24]. This increase of SOC in the surface soil layer is possibly due to poor residue-soil contact, less 
decomposition of structural plant constituents because of delay in colonisation by microbes [11]. Tillage 
breakdown the crop residues into smaller particles, incorporate them into greater soil depth and exposes 
a larger surface area for microbial attack [29]. In agreement with our results, significantly higher SOC 
concentration under no tillage as compared to conventional tillage practices was reported in previous 
studies by Martinez et al. [18], Syswerda et al. [30] and Heidari et al. [10]. In a long term rice-wheat 
system, Yadvinder Singh et al. [38] recorded significant increase of SOC after rice residue incorporation 
than its removal or burning. In the present investigation, significant effect of wheat growth stages was 
observed on SOC content in soil. The maximum SOC content in soil was observed at harvesting stage in 
both the soil layers which may be due to accumulation of organic matter with accumulation of crop 
residues over time. Soil organic matter (SOM) content is directly correlated with the nutrient content of 
the soil as it contains 90–95% of the N, 90% of the S, and 40% of the P in the soil [27]. Organic matter 
serves as a source of replenishment to the plant available soil nutrient pool after mineralization. 
Available nitrogen 
In both the soil layer (Table 2 and 3), available N in soil was significantly higher at CRI stage as compared 
to other growth stages. Available N content in soil was significantly affected by wheat straw and green 
manure practices in rice and tillage and rice straw management practices in wheat at all the growth 
stages of wheat (Fig. 2). Averaged across the five growth stages, PTRW25+GM/ZTWR100 increased available 
N content in soil by 69.3% and 78.7% than PTRW0/CTWR0 in surface and sub-surface soil layer, 
respectively. At all the growth stages, available N in soil was significantly higher under ZTWR100 as 
compared with ZTWR0 and CTWR0 in both the soil layer. Interaction between wheat growth stages and 
treatments was not significant. Soil management practices such as tillage, residue management and crop 
rotations greatly influences nutrient availability and cycling [6]. Available nitrogen content in our study 
followed the similar trend as SOC. Zero tillage, residue retention and green manure had positive impact 
on available N content in soil. Conservation tillage practices such as zero tillage or reduced tillage with 
crop residue retention increases nitrogen availability [9]. Previous studies by Nagar et al. [20] and Nivelle 
et al. [21] observed positive impact of legume crop on available N content in soil. Similar findings were 
reported by Das et al. [2]; they observed significant increase of available N in a rice crop after 4 years of 
no tillage as compared with conventional tillage practices. Maximum value of available N content in soil 
was recorded at CRI stage in both the soil layer. This is possibly because of application of one third of 
fertilizer nitrogen at this stage. 
Available phosphorus and potassium 
Available P (AVP) content in soil was significantly affected by wheat growth stages. In the surface soil 
layer, available P content reached maximum value at maximum tillering stage, which was 48.7% higher 
than before sowing of wheat crop (Table 2). In the sub-surface soil layer maximum available P content 
was recorded at flowering stage of wheat crop (Table 3). Interaction effect of wheat growth stages and 
treatments was significant in the sub-surface soil layer (Table 3). Wheat straw and green manure 
practices in rice significantly affected available P content in soil at all the growth stages of wheat in the 
surface soil layer (Fig. 3) Similarly, tillage and rice straw management practices in wheat significantly 
affected available P in soil at crown root initiation and flowering stage in surface soil layer. Averaged 
across five wheat growth stages, available P in soil was maximum under PTRW25+GM/ZTWR100 treatment, 
which was 75.2% and 76.5% higher than PTRW0/CTWR0 in surface and sub-surface soil layer, respectively.  
The concentration of available potassium varied significantly with wheat growth stages, wheat straw and 
green manure practices in rice and tillage and rice straw management practices in subsequent wheat (Fig. 
4). Among wheat growth stages, available K in the surface soil layer was significantly higher (31.6%) at 
harvesting stage as compared with before sowing of wheat (Table 2). But in the sub-surface soil layer the 
difference was not significant (Table 3). Significant interaction was observed between wheat growth 
stages and treatments in both the soil layer. Averaged across five growth stages, PTRW25+GM/ZTWR100 

treatment significantly increased available K content in soil than PTRW0/CTWR0 by 67.9% and 52.9% in 
surface and sub-surface soil layer, respectively. PTR with GM and wheat residue retention and ZTWR100 
increased available phosphorus and potassium content in soil. Previous studies by Roldan et al. [23] and 
Khushwah et al. [17] reported higher available P content under conservation tillage practices under 
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maize based system and soybean-wheat system, respectively. Increase in available P and K under no 
tillage than conventional tillage in rice crop was also reported by Das et al. [2]. Available P content in 
surface soil layer was significantly higher at maximum tillering stage of wheat growth. This may be 
related to higher root exudation and biomass due to vigorous vegetative growth of wheat at this stage. 
This is in agreement with Tamilselvi et al. [31], they observed continuous increase of available P with 
growth of maize up to vegetative stage, and then it decreased gradually up to maturity. The increase in 
available K under CA-based practices may be attributed to higher soil organic matter. The increased SOM 
content allows a greater amount of K+ ions to be adsorbed to exchange sites on the organic material, 
which allows a greater quantity of K to be readily available for plant uptake as opposed to being leached 
below the surface soil layer. Retention of rice residue used to have positive effect on available K content in 
soil because 80-85% of K uptake by rice and wheat plant is retained in its straw [36-38]. Increase in 
available K in 0-40 cm soil layer with wheat straw incorporation was previously reported by Wei et al. 
[34] in a wheat-fallow cropping system. Likewise, Villamil and Nafziger [32] reported significantly higher 
exchangeable K in 0-15 cm soil layer under no tillage and corn (Zea mays L.) residue retention than chisel 
plough and residue removal after 5 years of continuous corn cropping. 
 

 
Fig. 1 Soil organic carbon as affected by (a) Wheat straw and green manure practices in rice (b) Tillage 
and rice straw management practices in wheat  in surface soil layer at different wheat growth stages  
 
Table 2. Treatment means averaged across five wheat growth stages and mean of wheat growth stages at 

surface soil layer. 
Treatments pH EC 

(dSm-1) 
SOC 

(g kg-1) 
AVN 

(kg ha-1) 
AVP 

(kg ha-1) 
AVK 

(kg ha-1) 
PTRwo/CTWRo 7.7 0.13 4.19 77.4 19.7 77.3 
PTRwo/ZTWRo 7.7 0.13 4.24 82.8 20.6 90.1 
PTRwo/ZTW100 7.6 0.13 4.69 100.9 24.1 110.6 
PTRw25/CTWRo 7.6 0.14 4.13 77.4 21.1 86.0 
PTRw25/ZTWRo 7.7 0.15 4.40 94.6 21.7 92.7 

PTRw25/ZTWR100 7.6 0.15 4.71 115.9 24.5 112.0 
PTRwo+GM/CTWRo 7.6 0.17 4.91 83.5 21.8 91.9 
PTRwo+GM/ZTWR0 7.7 0.17 5.16 108.9 22.1 98.8 

PTRwo+GM/ZTWR100 7.6 0.16 5.67 119.7 26.7 118.0 
PTRw25+GM/CTWR0 7.7 0.16 5.48 104.1 26.3 97.4 
PTRw25+GM/ZTWR0 7.7 0.16 5.62 117.1 27.5 109.3 

PTRw25+GM/ZTWR100 7.6 0.15 6.29 131.0 34.0 129.9 
LSD (p<0.05) NS NS 0.35 5.25 3.4 9.6 

Wheat growth stages      
Before sowing 7.7 0.14 4.63 108.0 19.9 90.6 

Crown root  
initiation 

7.7 0.16 4.24 115.9 22.1 110.5 

Maximum Tillering 7.6 0.16 4.43 94.5 29.6 86.9 
Flowering 7.6 0.15 5.59 106.7 24.3 98.6 
Harvesting 7.6 0.14 5.91 80.5 25.0 119.3 

LSD (p<0.05) NS NS 0.22 3.4 2.2 6.2 
LSD Interaction 
(p<0.05) 

NS NS 0.79 11.8 NS 21.4 
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Table 3. Treatment means averaged across five wheat growth stages and mean of wheat growth stages at 
sub-surface soil layer. 

Treatments pH EC 
(dSm-1) 

SOC 
(g kg-1) 

AVN 
(kg ha-1) 

AVP 
(kg ha-1) 

AVK 
(kg ha-1) 

PTRwo/CTWRo 7.8 0.16 3.17 55.5 15.9 75.2 
PTRwo/ZTWRo 7.8 0.16 3.25 61.2 16.8 80.1 
PTRwo/ZTW100 7.8 0.15 3.48 81.0 17.7 92.3 
PTRw25/CTWRo 7.8 0.15 3.25 62.2 18.7 80.6 
PTRw25/ZTWRo 7.6 0.16 3.43 69.4 18.4 88.9 
PTRw25/ZTWR100 7.6 0.16 3.76 86.3 19.9 114.2 

PTRwo+GM/CTWRo 7.7 0.16 3.57 65.7 21.2 75.4 

PTRwo+GM/ZTWR0 7.7 0.16 3.89 77.4 22.0 95.2 
PTRwo+GM/ZTWR100 7.6 0.17 4.35 88.8 25.0 100.6 
PTRw25+GM/CTWR0 7.6 0.17 4.05 76.8 24.1 84.0 
PTRw25+GM/ZTWR0 7.8 0.16 4.28 84.6 25.5 99.3 

PTRw25+GM/ZTWR100 7.7 0.16 4.82 99.9 28.1 114.9 
LSD (p<0.05) NS NS 0.5 5.83 2.21 6.6 
Wheat growth stages       
Before sowing 7.8 0.15 2.81 77.8 19.3 93.9 
Crown root  initiation 7.7 0.16 2.97 84.9 19.2 85.4 
Maximum Tillering 7.7 0.15 3.33 78.1 13.8 95.7 
Flowering 7.7 0.17 4.32 77.8 24.8 88.5 
Harvesting 7.7 0.17 5.45 60.2 19.0 95.0 
LSD (p<0.05) NS NS 0.3 3.8 1.4 4.2 
LSD Interaction (p<0.05) NS NS NS 13.0 4.9 14.7 

 
Fig. 2 Available nitrogen in soil as affected by (a) Wheat straw and green manure practices in rice (b) 
Tillage and rice straw management practices in wheat in surface soil layer at different wheat growth 

stages 
 
Principal component analysis 
The principal component analysis clearly separated the treatments in the factorial space defined by two 
PCs (Fig. 5). In the surface soil layer PC1 explained 64.81% of the variation and separated PTRW25+GM 
and ZTWR100 treatment from rest of the treatments, while PC2 explained 20.18% of the variability in the 
dataset. All the variables except pH significantly contributed (>50%) to the PC1. pH and EC significantly 
contributed to PC2. All the variables except pH and EC were related to PTRW25+GM and ZTWR100 

treatments. Similarly in the sub-surface soil layer, PC1 and PC2 explain 84.43% of the total variability in 
the dataset. All the variables significantly contributed to PC1. Variables (SOC, AVN, AVP and AVK) were 
related to PTR with residue retention or green manure and zero tillage with 100% residue retention. 
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Fig. 3 Available phosphorus in soil as affected by (a) Wheat straw and green manure practices in rice (b) 

Tillage and rice straw management practices in wheat in surface soil layer at different wheat growth 
stages 

 

 
Fig. 4 Available potassium in soil as affected by (a) wheat straw and green manure practices in rice (b) 
tillage and rice straw management practices in wheat in surface soil layer at different wheat growth 
stages  
BS-Before sowing, CRI-Crown root initiation, MT-Maximum tillering, FL-Flowering, H-Harvesting 

 
Fig. 5 Principal component analysis of assayed variables at surface soil layer. 
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Fig. 6 Principal component analysis of assayed variables at sub-surface soil layer 

EC-Electrical conductivity, SOC-Soil organic carbon, AVN-Available nitrogen, AVP-Available phosphorus, 
AVK-Available potassium 

 

 
Fig. 7 Regression analysis of assayed variables at surface soil layer 

SOC-Soil organic carbon, AVN-Available nitrogen, AVP-Available phosphorus, AVK-Available potassium 
 
CONCLUSIONS 
Results from this 5-year study showed that integration of GM and partial retention of wheat straw in 
conventional puddled transplanted rice (PTRW25+GM) followed by zero till wheat seeded into rice residue 
(ZTWR100)  increased organic carbon , N , P  and K content in surface soil layer by 50.1%, 69.3%, 75.2% 
and 67.9%, respectively. Principal component analysis clearly distinguished PTRw25+GM amended 
treatment and ZTW from PTRw0-non GM treatment and CTW. It suggest that soil variables viz. SOC, AVN, 
AVP and AVK can clearly distinguish sustainable management practices from unsustainable practices in 
rice-wheat system. The results of the present study will hopefully support the scientific evidence that, 
rice-wheat system can be more sustainable when using conservation management techniques than the 
conventional practices. Besides above benefits of tillage, residue retention and green manuring on 
gradual improvement in soil chemical properties, it would overcome the ill effects of residue burning on 
soil and environment.  
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