
Art i c l e  h i s t or y : 
Received : December, 2022

Revised : March, 2022

Accepted : March, 2022

A field experiment was conducted during rabi season of 2020-21 and 2021-22 to 
evaluate the effect of different levels of crop residue retention and nutrient levels on 
performance of wheat crop under conservation agriculture (CA). The experiment was 
laid out in factorial randomized block design (FRBD) comprised of 16 combinations of 
4 residue level (0%, 30%, 60% and 90%) and 4 nutrient doses (N -RDF (120:60:40 kg 1

-1 -1N,P O and K O ha ), N -75% N+100% P O and K O ha , N -75% P O +100% N and 2 5 2 2 2 5 2 3 2 5

-1 -1K O ha , N -75% K O+100% N and P O ha ) with 3 replication under ongoing 2 4 2 2 5 

Consortium Research Platform on Conservation Agriculture (CRP-CA) experiment at 
ICAR-Indian Institute of Soil Science, Bhopal (Madhya Pradesh). Among yield 

-1attributes viz., number of ear head m  row length (158.69), length of ear head (17.75 
-1 -1cm), number of grains ear head  (78.5), weight of grains ear head  (4.41 g) and test 

weight (39.88 g) were recorded under higher level of crop residue retention (90%). 
-1 -1Significantly higher grain yield (6474 kg ha ) and straw yield (9650 kg ha ) was also 

recorded under higher residue level retention treatment. The effect of nutrient levels 
was found significant on straw and biological yield Significant improvement in soil 
physical and chemical properties were recorded in all the levels of residue retention 
treatments in comparison to without / no residue retention treatment. The present 
investigation proved that retention of higher levels (90%) of crop residue results in 
significant improvement in crop yield with saving of nutrients to the tune of 25%.

Key words:
Conservation agriculture

Crop residue

Nutrient levels

Wheat

1. INTRODUCTION

Wheat is a crop of global significance, serving as the 
staple food of the world's largest population after rice 
(Mathukia et al., 2014) and it is a high-energy food crop that 
depletes nutrients in huge quantities from soil in rice-wheat 
cropping systems with generation of large quantities of 
residues (Thapa et al., 2021). Agricultural vulnerability to 
climate change is one of the greatest challenges to sustain 
agricultural production (Kumar et al., 2021). Conservation 
agriculture (CA) is already adopted in considerable area 
across the globe as one of the potential resource conserving 
technologies which not only helps in managing crop 
residues, soil health and associated problems but also helps 
in resource conservation, improving crop productivity, 
reduction in soil erosion and carbon sequestration according 
to the FAO (2008). CA is largely promoted as one of the few 
win-win technologies affordable to farmers, in the sense 

that potentially it improves farmers' yields (Shamna et al., 
2023). It is primarily concerned with the management of 
soil, water, and agricultural resources in order to achieve 
economically, environmentally, and socially viable agricul-
tural production (Jat et al., 2012). According to Dutta et al., 
2022 the country produces more than 683 Mt of crop residue 
per year, with a surplus of 178 Mt, of which 87 Mt is burned 
each year, resulting in substantial emission of particulate 
matter, air pollution and smog, including. Rani et al. (2023) 
resulted that 24.5 Mt of crop residue are burned in the 
country recently.  Retention of crop residues on soil surface 
is one of the most important aspects of CA. Tillage practices 
and crop residue retention as mulch have significant impact 
on soil moisture regime, improvement in soil biota, soil 
organic carbon (SOC) and nutrient recycling (Choudhary et 
al., 2019), nutrient availability and nutrient use efficiency 
(Choudhary et al., 2020). Role of SOC in evaluating soil 
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quality, it is essential to utilize all available resources like 
involving use of balanced fertilization, conservation tillage 
practices and crop residue management (Sonune et al., 
2021). Generally, crop residues burning leads to loss of 
more than of different crops contain 80% of N, 25% of P, 
50% of Sulphur (S) and 20% of K contained in residue 
(Kumar et al., 2020). Continuous retention of crop residue 
in CA results in enhanced plant nutrient input in soil, 
resulting in higher macronutrient storage and availability 
(Nandan et al., 2021; Das et al., 2018). In comparison to 
conventional tillage (CT) systems, CA systems have more 
complicated nutrient management due to higher residue 
levels at the soil surface and fewer options for nutrient 
administration method and timing in the field (Ronanki and 
Behera, 2018). Despite several advantages, adoption of CA 
is picking up at a very slow rate in India due to non-
availability of suitable CA technologies, machineries and 
social limitations such as a strong belief in ploughing.

Efforts are being were made under consortia research 
platform on CRP-CA to study effect of different levels of 
residue retention (0, 30, 60, and 90% residue) and nutrient 
doses on wheat productivity and soil properties in vertisols 
of central India.

Experimental Site and Meteorological Conditions

Field experiments were conducted during rabi (Oct to 
March) of 2020-21 and 2021-22 at the research farm of the 
ICAR-Indian Institute of Soil Science, Bhopal, India. 
Geographically, the experimental site is located between 
23°18'28.26''N and 77°24'26.00''E at an altitudes of 500 m 
above mean sea level. Average rainfall in the experimental 
area is 1,146 mm, of which more than 80% occurs from June 
to September. The experimental area has a mean annual air 
temperature of 25°C. The climate of the region is generally 
humid subtropical, with hot and dry summers and warm and 
humid monsoons beginning in late June and ending in late 

2. MATERIAL AND METHODS

September. The summer season begins in the second half of 
March and ends in mid-June. The winter peaks in January 
when the temperature may occasionally drop close to freezing 
on some nights. The experimental soil is categorized as 
vertisols (black soils) and is slightly alkaline, having pro-
nounced swell-shrink properties (Yadav et al., 2021). The 
initial status of soil parameters is presented in Table 1.

Treatments and Management Details 

The experiment was laid out in FRBD comprised of 16 
combinations of 4 residue level (0%, 30%, 60% and 90%) 
and 4 nutrient doses (N -RDF (120:60:40 kg N, P O and 1 2 5 

-1 -1K O ha ), N -75% N+100% P O and K O ha , N -75% 2 2 2 5 2 3

-1P O +100% N and K O ha , N -75% K O+100% N and P O2 5 2 4 2 2 5 

-1ha ) with 3 replications. Wheat variety HDCSW18 was 
sown at a row to row spacing 27.5 cm in mid-October every 
year in residual moisture after harvest of preceding soybean 
crop using a zero-tillage seed drill machine (happy seeder) 
under different residue levels. A recommended dose of 

-1 fertilizer (RDF) is 120 kg N, 60 kg P O5, and 40 kg K O ha2 2

and 25% reduced doses of N, P and K were applied. 
Effective weed control methods were applied for manage-
ment of weeds. The wheat crop was sown in residual 
moisture condition and six irrigations were applied. During 
both the year crop was harvested during last week of March. 
Growth and yield attributes of crop were recorded as per 
standard procedure at different growth stages.

Sampling, Processing, and Analysis

All the relevant growth and yield parameters were 
recorded in wheat crop. For the analysis 3 plants were 
collected randomly from each of the 48 plots and the data 
analysed as par standard. In 2020 at the beginning of present 
study the soil samples were collected from different plots 
representing the soil condition under different residue levels 
before imposing different nutrient treatments. The soil 
samples were then mixed and composite samples were 
prepared for analyzing initial soil physical and chemical 
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Table: 1
Initial status of soil parameters

Properties       Before sowing of wheat crop (2020)             After harvest of wheat (2022)

0% residue 30% residue 60% residue 90% residue 0% residue 30% residue 60% residue 90% residue

Soil physical parameters
  Clay content in soil (%) 47.4 47.4 47.4 47.4 47.4 47.4 47.4 47.4

-3  Bulk density (m gm ) 1.40 1.41 1.41 1.41 1.41 1.41 1.42 1.42
  Porosity (%) 47.2 46.8 46.8 46.8 46.8 46.8 46.4 46.4
Soil chemical properties
  Soil pH (1:2) 7.7 7.82 7.73 7.80 7.80 7.81 7.75 7.8

-1  EC (dS m ) 0.21 0.21 0.22 0.21 0.21 0.21 0.22 0.22
-1  SOC (kg  soil) 8.0 8.7 9.8 11.1 8.1 8.85 10.5 11.6

-1  Available N (kg ha ) 244 276 296 317 245 281 302 325
-1  Available P (kg ha ) 23.5 28 30 32 23.8 28.2 31.3 33.6
-1  Available K (kg ha ) 510 596 697 796 515 612 715 816

Table: 2
Effect of residue levels and nutrient doses on growth parameters of wheat crop

-1Treatment Plant height Leaf area DMA Tillers m  
2 -1(cm) (cm ) (g plant ) row length

A. Residue levels
ZT R 99.63 248.80 40.01 153.870

ZT R 107.68 269.79 42.41 157.3130

ZT R 111.05 321.80 43.73 163.2260

ZT R 113.93 349.70 45.31 165.5190

SE(m)    0.49 3.78 0.12 0.20
CD (P=0.05) 1.429 10.919 0.357 0.583
B. Nutrient levels

N  (100% RDF) 108.82 307.63 43.49 161.081

N (75% N+100% P O  and K O) 107.52 293.86 42.33 159.582 2 5 2

N (75% P O +100% N and K O) 107.80 290.77 42.63 159.383 2 5 2

N (75% K O+100% N and P O ) 108.15 297.83 43.00 159.884 2 2 5

SE(m)    0.49 3.78 0.12 0.20
CD (P=0.05) NS 10.92 0.36 0.58
Interaction
SE(m)    0.99 7.56 0.25 0.40
CD (P=0.05) NS NS 0.71 1.17
Grand mean 108.07 297.52 42.86 159.98

residue mineralization (Kumar et al., 2017). The highest 
-1 number of tillers m row length at harvest (165.51) were 

also obtained under 90% residue level followed by 60%, 
30% and these were significantly superior to without 

-1 residue retention treatment (153.87 m row length). Bastola 
et al., 2021 also reported higher number of tillers with 
residue retention as compare to without residue retention 
during various growth stages of wheat. Residue retention 
practice showed higher tillers number as compared to 
without residue practice during all growth stages similarly 
Arshadullah et al., 2012 observed significantly higher 
number of tillers under residue retention treatments than no 
residue treatments. Among the various nutrient doses, 

2 -1maximum leaf area (307.63 cm ), DMA (43.49 g), tillers m  
row length (161.08) were retain with N  (100% RDF) 1

followed by N  (75% K O+100% N and P O ) and signifi-4 2 2 5

cantly superior to N (75% P O +100% N and K O) and N3 2 5 2 2 

(75% N+100% P O and K O). Similarly, there is non-2 5 2

significant effect of nutrient levels on plant height at 
harvest. These results are in close confirmation with Patel et 
al., 2018; Mohan et al., 2018; Singh et al., 2017, who also 
reported higher dry matter production of the wheat crop as a 
result of greater nutrient availability, particularly nitrogen, 
which allows the wheat crop to translocate maximum 
photosynthesis from source to sink and concentrate in 
specific plant parts. Increased nutrient application may have 
promoted vegetative development, causing plants to 
produce grater biomass (Fazily et al., 2021).

Application of varied doses of nutrients could not attain 
level of significance with respect to leaf area production 
(Table 2). The non-significant effect of nutrient doses may 

properties before start of the experiment. The soil samples 
were then air-dried, gently grounded, well mixed, and 
sieved through 2 mm mesh. The processed samples were 
utilized for the analysis of soil physical and chemical 
properties. The available N, P and K were measured following 
the standard procedures. Standard method of “Analysis of 
variance” was used for analyzing the data (Panse and 
Sukhatme, 1995).

Effect on Crop Growth Parameters

The data presented in the Table 2 revealed that various 
crop growth parameters at harvest stage were markedly 
influenced due to the residue levels and nutrient doses. 
Maximum plant height (113.93 cm) and leaf area (349.70 

2cm ) was recorded with higher level of crop residue (90%) 
retention as compared to no residue retention treatment 
which recorded significantly lower values of plant height 

2(99.63 cm) and leaf area (248.80 cm ), respectively. This 
may be attributed to the fact that higher level of crop residue 
retention resulted in significant improvement in soil health, 
better moisture retention and the improved soil micro-
environment under zero tillage techniques (Kumar et al., 
2017). Similarly, maximum dry matter accumulation 
(DMA) was recorded with 90% residue level (45.31 g) 
which was at par with 60% residue level (43.73 g) and these 
were significantly superior to without residue treatment 
(40.01 g). The maximum DMA under zero tillage with 
higher level of residue retention may be a result of the soil's 
moderated temperature, favourable soil moisture, and better 
soil biota due to the sustained supply of nutrients from 

3.  RESULTS AND DISCUSSION

Bharti Parmar et al. / Indian J. Soil Cons., 51(1): 11-17, 2023 13



quality, it is essential to utilize all available resources like 
involving use of balanced fertilization, conservation tillage 
practices and crop residue management (Sonune et al., 
2021). Generally, crop residues burning leads to loss of 
more than of different crops contain 80% of N, 25% of P, 
50% of Sulphur (S) and 20% of K contained in residue 
(Kumar et al., 2020). Continuous retention of crop residue 
in CA results in enhanced plant nutrient input in soil, 
resulting in higher macronutrient storage and availability 
(Nandan et al., 2021; Das et al., 2018). In comparison to 
conventional tillage (CT) systems, CA systems have more 
complicated nutrient management due to higher residue 
levels at the soil surface and fewer options for nutrient 
administration method and timing in the field (Ronanki and 
Behera, 2018). Despite several advantages, adoption of CA 
is picking up at a very slow rate in India due to non-
availability of suitable CA technologies, machineries and 
social limitations such as a strong belief in ploughing.

Efforts are being were made under consortia research 
platform on CRP-CA to study effect of different levels of 
residue retention (0, 30, 60, and 90% residue) and nutrient 
doses on wheat productivity and soil properties in vertisols 
of central India.

Experimental Site and Meteorological Conditions

Field experiments were conducted during rabi (Oct to 
March) of 2020-21 and 2021-22 at the research farm of the 
ICAR-Indian Institute of Soil Science, Bhopal, India. 
Geographically, the experimental site is located between 
23°18'28.26''N and 77°24'26.00''E at an altitudes of 500 m 
above mean sea level. Average rainfall in the experimental 
area is 1,146 mm, of which more than 80% occurs from June 
to September. The experimental area has a mean annual air 
temperature of 25°C. The climate of the region is generally 
humid subtropical, with hot and dry summers and warm and 
humid monsoons beginning in late June and ending in late 

2. MATERIAL AND METHODS

September. The summer season begins in the second half of 
March and ends in mid-June. The winter peaks in January 
when the temperature may occasionally drop close to freezing 
on some nights. The experimental soil is categorized as 
vertisols (black soils) and is slightly alkaline, having pro-
nounced swell-shrink properties (Yadav et al., 2021). The 
initial status of soil parameters is presented in Table 1.

Treatments and Management Details 

The experiment was laid out in FRBD comprised of 16 
combinations of 4 residue level (0%, 30%, 60% and 90%) 
and 4 nutrient doses (N -RDF (120:60:40 kg N, P O and 1 2 5 

-1 -1K O ha ), N -75% N+100% P O and K O ha , N -75% 2 2 2 5 2 3

-1P O +100% N and K O ha , N -75% K O+100% N and P O2 5 2 4 2 2 5 

-1ha ) with 3 replications. Wheat variety HDCSW18 was 
sown at a row to row spacing 27.5 cm in mid-October every 
year in residual moisture after harvest of preceding soybean 
crop using a zero-tillage seed drill machine (happy seeder) 
under different residue levels. A recommended dose of 

-1 fertilizer (RDF) is 120 kg N, 60 kg P O5, and 40 kg K O ha2 2

and 25% reduced doses of N, P and K were applied. 
Effective weed control methods were applied for manage-
ment of weeds. The wheat crop was sown in residual 
moisture condition and six irrigations were applied. During 
both the year crop was harvested during last week of March. 
Growth and yield attributes of crop were recorded as per 
standard procedure at different growth stages.

Sampling, Processing, and Analysis

All the relevant growth and yield parameters were 
recorded in wheat crop. For the analysis 3 plants were 
collected randomly from each of the 48 plots and the data 
analysed as par standard. In 2020 at the beginning of present 
study the soil samples were collected from different plots 
representing the soil condition under different residue levels 
before imposing different nutrient treatments. The soil 
samples were then mixed and composite samples were 
prepared for analyzing initial soil physical and chemical 

12 Bharti Parmar et al. / Indian J. Soil Cons., 51(1): 11-17, 2023

Table: 1
Initial status of soil parameters

Properties       Before sowing of wheat crop (2020)             After harvest of wheat (2022)

0% residue 30% residue 60% residue 90% residue 0% residue 30% residue 60% residue 90% residue

Soil physical parameters
  Clay content in soil (%) 47.4 47.4 47.4 47.4 47.4 47.4 47.4 47.4
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Table: 3
Effect of residue levels and nutrient doses on yield parameters of wheat crop

Treatment Number of ear head Length of ear Number of grains Weight of grains  Test weight 
-1 -1 -1m  row length head (cm) ear head ear head  (g) (g)

A. Residue levels
ZT R 146.92 15.91 61.92 3.76 35.120

ZT R 150.41 16.64 66.88 3.91 36.2530

ZT R 156.56 16.96 74.38 4.18 38.0260

ZT R 158.69 17.78 78.50 4.41 39.8890

SE(m)    0.22 0.16 0.46 0.02 0.199
CD (P=0.05) 0.64 0.46 1.32 0.06 0.57

B. Nutrient doses
N  (100% RDF) 154.39 17.21 71.92 4.11 37.801

N  (75% N+100% P O  and K O) 152.50 16.71 69.54 4.04 37.162 2 5 2

N  (75% P O  +100% N and K O) 152.65 16.51 70.00 4.04 37.103 2 5 2

N  (75% K O+100% N and P O ) 153.03 16.86 70.21 4.06 37.224 2 2 5

SE(m)    0.22 0.159 0.46 0.02 0.19
CD (P=0.05) 0.64 0.46 1.32 NS NS

Interaction
SE(m)    0.44 0.32 0.91 0.04 0.39
CD (P=0.05) 1.28 NS NS 0.12 NS
Grand mean 153.14 16.82 70.42 4.06 37.32

Table: 5
Crop residues production and its retention in the zero-tillage 
black soil under wheat crop on pooled basis

-1 -1Residue retention Straw yield t ha Residue retention t ha

0% residue 8.10 0
30% residue 8.60 2.58
60%residue 9.20 5.52
90% residue 9.65 8.68
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be attributed to the fact that there is significant improvement 
in soil properties and nutrient recycling as a result. Alam et 
al., 2013 also reported favourable synthesis of components 
that promote growth in the plant system due to greater 
nutrient availability, which led to an increase in the number 
of leaves per unit area and an increase in leaf area. These 
results are in conformity with Patel et al. (2018), who stated 
that the development of leaf area is a result of an increase in 
LAI are caused by the availability of sufficient amounts of 
nutrients, notably nitrogen, during the crop's active growth 
stages. Interactive effect of residue levels and nutrient doses 

-1on DMA and tillers m  row length was found to be signifi-
cant.

Maximum DMA was obtained under higher level of 
residue retention with RDF which was significantly higher 
as compare to lower level of nutrient and residue retention 

-1 treatments. Similar trend was recorded with tillers m row 
length. 

Yield Parameters

Among different yield attributing characters number of 
-1ear head m  row length, length of ear head (cm), number of 

-1 -1grains earhead , weight of grains earhead and test weight 
was found to have significantly influenced by different 
levels of residue retention (90%, 60%, and 30%) as compared 
to without residue retention treatment. Maximum number of 

-1ear head m  row length (158.69) was found in 90% residue 
retention treatment and this was significantly higher as 
compare to other residue retention treatments, 60% (156.56), 
30% (150.41) and without residue (146.92), similarly maxi-
mum length of ear head (17.78 cm) found with 90% which 

Table: 4
Effect of residue levels and nutrient doses on yield of wheat crop

Treatment Grain yield Straw yield Biological yield Harvest index
-1 -1 -1(kg ha ) (kg ha ) (kg ha ) (%)

A. Residue levels
ZT R 5413 8075 13488 40.100

ZT R 5619 8621 14240 39.4130

ZT R 6062 9220 15283 39.6460

ZT R 6474 9650 16125 40.1090

SE(m)    121.66 43.42 145.56 0.47
CD (P=0.05) 351.38 125.39 420.39 NS

B. Nutrient doses
N (100% RDF) 6034 9117 15152 39.731 

N (75% N+100% P O  and K O) 5824 8734 14559 40.002 2 5 2

N (75% P O +100% N and K O) 5821 8801 14623 39.783 2 5 2

N (75% K O+100% N and P O ) 5888 8913 14802 39.734 2 2 5

SE(m)    121.66 43.42 145.56 0.47
CD (P=0.05) NS 125.39 420.39 NS

Interaction
SE(m)    243.32 86.83 291.11 0.94
CD (P=0.05) NS 250.78 NS NS
Grand mean 5892.51 8891.9 14784.5 39.81

was significantly superior over 60% (16.96 cm) and 30% 
(16.64 cm) and without residue (15.51 cm) retention 
treatments. Similar trend was recorded as number of grain 

-1 -1ear head  maximum number of grains ear head  (78.50) 
were recorded with 90% crop residue retention level, which 
was significantly higher as compared to 60% (74.38), 30% 
(66.88) and without residue (61.92). The weight of grain 

-1earhead  was found to be significantly influenced as a result 
of different levels of residue retention. Maximum (4.41 g) 

-1 weight of grain earhead obtains with 90% crop residue 
retention. Test weight of wheat crop was found maximum 
(38.88) with higher level of crop residue (90%) This is 
because proper NPK nutrition is important for improving the 
grain weight through improved photosynthetic activities and 
better assimilates translocation (Barker and Pilbeam, 2007).

Significantly lower yield attributing characters were 
recorded under without residue treatments. Among the 
different doses of nutrient, the maximum number of ear 

-1head m  row length (154.39), length of ear head (17.21 cm) 
-1 and number of grains earhead (71.92) were recorded with 

N  (RDF) followed by N  (75% K O+100% N and P O ). 1 4 2 2 5

Interaction effect of residue levels and nutrient doses on 
-1number of ear head m  row length and weight of grains ear 

-1head  (g) was found to be significant. Maximum number of 
-1 -1ear head m  row length (159.3) and weight of grain earhead  

(4.4 g) was obtain under higher level of residue retention 
with RDF which was significantly higher as compare to 
lower levels of nutrients and residue retention treatments.

Yield of Wheat Crop

Grain yield, straw yield and biological yield were 

significantly influenced as a result of different levels of 
-1residue retention. Grain yield (6474 kg ha ), straw yield 

-1 -1(9650 kg ha ) and biological yield (16125 kg ha ) were 
recorded maximum with 90% crop residue retention (Table 
4). Additionally, implementing ZT + residue retention in 
wheat may increase wheat production, the ZT with surface 
residue retention was more advantageous in terms of 
energy, time, and cost effectiveness reported by Choudhary 
et al. (2019). Sen et al. (2002) also reported significantly 
higher yield of wheat under zero tillage than under CT 
system. Govaerts et al. (2009) also found that residue 
retention is necessary in no-till systems and have improve-
ments in crop yields with partial or with full residue 
retention. Significant effect of different nutrient doses on 
straw and biological yield was observed, but in case of grain 
yield there was no influence of nutrient doses. Maximum 

-1 -1grain (6034 kg ha ), straw (9117 kg ha ) and biological 
-1yield (15152 kg ha ) obtain with 100% RDF followed by N4 

(75% K O + 100% N and P O ). However, Ros et al., 2003 2 2 5

reported non-significant effect of fertilizer application time 
-1on grain yield. Minimum grain (5824 kg ha ), straw (8734 

-1 -1kg ha ) and biological yield (14559 kg ha ) resulted with N2 

(75% N + 100% P O and K O) (Table 4). Ghosh et al., 2007 2 5 2

reported that there was more nitrogen available when 
soybean was the preceding crop, which is also the cause of 
the noticeably greater wheat production in the soybean-
wheat cropping combination. Harvest index (HI) of wheat 
found non-significant with residue level and nutrient doses. 
There was no discernible impact on yield from the interac-
tion between residue levels and nutrient doses except on 
straw yield. Maximum straw yield found under higher 

residue retention with RDF which was significantly higher 
as compare to lower levels of nutrients and residue retention 
treatments.

Crop Residue Retention 

A huge quantity of residues was recycled during both 
the years (Table 5). It is evident from the data that higher 
quantity of residues was retained under 90% residue level 

-1 -1(8.68 t ha ) as compared to 60% (5.52 t ha ) and 30% (2.58 t 
-1ha ) during the period of investigation. The increasing rate 

of residues retention under zero-tillage in black soil has 
resulted in improved nutrient recycling and improved soil 
properties that have substantial effect on organic carbon 
(OC) build up. These findings were in close confirmation 
with (Ghimire et al., 2017; Zhang et al., 2020) who also 
reported plant residues retention as sustainable environ-
mentally sound sources, which when retained after harvest, 
met soil and nutrient needs, and accumulated higher OC in 
the soil to protect against erosion and maintain soil health. 
(Yadav et al., 2021) also reported higher recycling of crop 
residue on surface of the soil which increased the amount of 
carbon and nutrient recycling in soil under CA.
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Table: 3
Effect of residue levels and nutrient doses on yield parameters of wheat crop

Treatment Number of ear head Length of ear Number of grains Weight of grains  Test weight 
-1 -1 -1m  row length head (cm) ear head ear head  (g) (g)

A. Residue levels
ZT R 146.92 15.91 61.92 3.76 35.120

ZT R 150.41 16.64 66.88 3.91 36.2530

ZT R 156.56 16.96 74.38 4.18 38.0260

ZT R 158.69 17.78 78.50 4.41 39.8890

SE(m)    0.22 0.16 0.46 0.02 0.199
CD (P=0.05) 0.64 0.46 1.32 0.06 0.57

B. Nutrient doses
N  (100% RDF) 154.39 17.21 71.92 4.11 37.801

N  (75% N+100% P O  and K O) 152.50 16.71 69.54 4.04 37.162 2 5 2

N  (75% P O  +100% N and K O) 152.65 16.51 70.00 4.04 37.103 2 5 2

N  (75% K O+100% N and P O ) 153.03 16.86 70.21 4.06 37.224 2 2 5

SE(m)    0.22 0.159 0.46 0.02 0.19
CD (P=0.05) 0.64 0.46 1.32 NS NS

Interaction
SE(m)    0.44 0.32 0.91 0.04 0.39
CD (P=0.05) 1.28 NS NS 0.12 NS
Grand mean 153.14 16.82 70.42 4.06 37.32

Table: 5
Crop residues production and its retention in the zero-tillage 
black soil under wheat crop on pooled basis

-1 -1Residue retention Straw yield t ha Residue retention t ha

0% residue 8.10 0
30% residue 8.60 2.58
60%residue 9.20 5.52
90% residue 9.65 8.68
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be attributed to the fact that there is significant improvement 
in soil properties and nutrient recycling as a result. Alam et 
al., 2013 also reported favourable synthesis of components 
that promote growth in the plant system due to greater 
nutrient availability, which led to an increase in the number 
of leaves per unit area and an increase in leaf area. These 
results are in conformity with Patel et al. (2018), who stated 
that the development of leaf area is a result of an increase in 
LAI are caused by the availability of sufficient amounts of 
nutrients, notably nitrogen, during the crop's active growth 
stages. Interactive effect of residue levels and nutrient doses 

-1on DMA and tillers m  row length was found to be signifi-
cant.

Maximum DMA was obtained under higher level of 
residue retention with RDF which was significantly higher 
as compare to lower level of nutrient and residue retention 

-1 treatments. Similar trend was recorded with tillers m row 
length. 

Yield Parameters

Among different yield attributing characters number of 
-1ear head m  row length, length of ear head (cm), number of 

-1 -1grains earhead , weight of grains earhead and test weight 
was found to have significantly influenced by different 
levels of residue retention (90%, 60%, and 30%) as compared 
to without residue retention treatment. Maximum number of 

-1ear head m  row length (158.69) was found in 90% residue 
retention treatment and this was significantly higher as 
compare to other residue retention treatments, 60% (156.56), 
30% (150.41) and without residue (146.92), similarly maxi-
mum length of ear head (17.78 cm) found with 90% which 

Table: 4
Effect of residue levels and nutrient doses on yield of wheat crop

Treatment Grain yield Straw yield Biological yield Harvest index
-1 -1 -1(kg ha ) (kg ha ) (kg ha ) (%)

A. Residue levels
ZT R 5413 8075 13488 40.100

ZT R 5619 8621 14240 39.4130

ZT R 6062 9220 15283 39.6460

ZT R 6474 9650 16125 40.1090

SE(m)    121.66 43.42 145.56 0.47
CD (P=0.05) 351.38 125.39 420.39 NS

B. Nutrient doses
N (100% RDF) 6034 9117 15152 39.731 

N (75% N+100% P O  and K O) 5824 8734 14559 40.002 2 5 2

N (75% P O +100% N and K O) 5821 8801 14623 39.783 2 5 2

N (75% K O+100% N and P O ) 5888 8913 14802 39.734 2 2 5

SE(m)    121.66 43.42 145.56 0.47
CD (P=0.05) NS 125.39 420.39 NS

Interaction
SE(m)    243.32 86.83 291.11 0.94
CD (P=0.05) NS 250.78 NS NS
Grand mean 5892.51 8891.9 14784.5 39.81

was significantly superior over 60% (16.96 cm) and 30% 
(16.64 cm) and without residue (15.51 cm) retention 
treatments. Similar trend was recorded as number of grain 

-1 -1ear head  maximum number of grains ear head  (78.50) 
were recorded with 90% crop residue retention level, which 
was significantly higher as compared to 60% (74.38), 30% 
(66.88) and without residue (61.92). The weight of grain 

-1earhead  was found to be significantly influenced as a result 
of different levels of residue retention. Maximum (4.41 g) 

-1 weight of grain earhead obtains with 90% crop residue 
retention. Test weight of wheat crop was found maximum 
(38.88) with higher level of crop residue (90%) This is 
because proper NPK nutrition is important for improving the 
grain weight through improved photosynthetic activities and 
better assimilates translocation (Barker and Pilbeam, 2007).

Significantly lower yield attributing characters were 
recorded under without residue treatments. Among the 
different doses of nutrient, the maximum number of ear 

-1head m  row length (154.39), length of ear head (17.21 cm) 
-1 and number of grains earhead (71.92) were recorded with 

N  (RDF) followed by N  (75% K O+100% N and P O ). 1 4 2 2 5

Interaction effect of residue levels and nutrient doses on 
-1number of ear head m  row length and weight of grains ear 

-1head  (g) was found to be significant. Maximum number of 
-1 -1ear head m  row length (159.3) and weight of grain earhead  

(4.4 g) was obtain under higher level of residue retention 
with RDF which was significantly higher as compare to 
lower levels of nutrients and residue retention treatments.

Yield of Wheat Crop

Grain yield, straw yield and biological yield were 

significantly influenced as a result of different levels of 
-1residue retention. Grain yield (6474 kg ha ), straw yield 

-1 -1(9650 kg ha ) and biological yield (16125 kg ha ) were 
recorded maximum with 90% crop residue retention (Table 
4). Additionally, implementing ZT + residue retention in 
wheat may increase wheat production, the ZT with surface 
residue retention was more advantageous in terms of 
energy, time, and cost effectiveness reported by Choudhary 
et al. (2019). Sen et al. (2002) also reported significantly 
higher yield of wheat under zero tillage than under CT 
system. Govaerts et al. (2009) also found that residue 
retention is necessary in no-till systems and have improve-
ments in crop yields with partial or with full residue 
retention. Significant effect of different nutrient doses on 
straw and biological yield was observed, but in case of grain 
yield there was no influence of nutrient doses. Maximum 

-1 -1grain (6034 kg ha ), straw (9117 kg ha ) and biological 
-1yield (15152 kg ha ) obtain with 100% RDF followed by N4 

(75% K O + 100% N and P O ). However, Ros et al., 2003 2 2 5

reported non-significant effect of fertilizer application time 
-1on grain yield. Minimum grain (5824 kg ha ), straw (8734 

-1 -1kg ha ) and biological yield (14559 kg ha ) resulted with N2 

(75% N + 100% P O and K O) (Table 4). Ghosh et al., 2007 2 5 2

reported that there was more nitrogen available when 
soybean was the preceding crop, which is also the cause of 
the noticeably greater wheat production in the soybean-
wheat cropping combination. Harvest index (HI) of wheat 
found non-significant with residue level and nutrient doses. 
There was no discernible impact on yield from the interac-
tion between residue levels and nutrient doses except on 
straw yield. Maximum straw yield found under higher 

residue retention with RDF which was significantly higher 
as compare to lower levels of nutrients and residue retention 
treatments.

Crop Residue Retention 

A huge quantity of residues was recycled during both 
the years (Table 5). It is evident from the data that higher 
quantity of residues was retained under 90% residue level 

-1 -1(8.68 t ha ) as compared to 60% (5.52 t ha ) and 30% (2.58 t 
-1ha ) during the period of investigation. The increasing rate 

of residues retention under zero-tillage in black soil has 
resulted in improved nutrient recycling and improved soil 
properties that have substantial effect on organic carbon 
(OC) build up. These findings were in close confirmation 
with (Ghimire et al., 2017; Zhang et al., 2020) who also 
reported plant residues retention as sustainable environ-
mentally sound sources, which when retained after harvest, 
met soil and nutrient needs, and accumulated higher OC in 
the soil to protect against erosion and maintain soil health. 
(Yadav et al., 2021) also reported higher recycling of crop 
residue on surface of the soil which increased the amount of 
carbon and nutrient recycling in soil under CA.
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4. CONCLUSIONS
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CA is an advanced method of crop production which 
can save lot of resources and energy without compromising 
crop productivity besides improvement in soil properties 
and reducing cost of cultivation. The present study con-
cluded that adoption of conservation agricultural practices 
along with higher level of crop residue retention (90%) and 
reduced rate of fertilizer application (-25%) in established 
CA fields can produce crop yield equivalent to crop produc-
tivity as recorded under recommended rates of fertilizer 
application and significantly higher yields can be obtained 
with higher level of crop residue retention as compared to 
without residue retention treatment with same level of 

-1fertilizer application. Significant quantities (2.58-8.69 t ha ) 
of residue can be recycled through residue retention, which 
helps in enhancing the crops growth, yield attributes and 
soil physical, chemical and biological parameters and 
sustained release of nutrients to the crop thus helps in 
economizing the rate of fertilizer application to the crop.
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