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Abstract

Conservation Agriculture (CA) based rice-wheat system improve
overall productivity and profitability with improved production
efficiencies and better environmental quality. Under CA it is
very crucial to retain the residues, but to what extent? - still it is
unanswered. There is an opportunity to manage nutrients in a more
precise way under varying rice residue retained- wheat cultivation
in sub-Himalayan plains of West Bengal. Keeping these in backdrop,
a field experiment was conducted during the rabiseason of 2021-2022
and 2022-2023 at Conservation Agriculture Block, Instructional Farm,
Uttar Banga Krishi Viswavidyalaya, West Bengal to assess the impact
of varying rice residue retention and nutrient management options on
the growth and yield performances of subsequent zero tillage wheat.
The experiment was laid out in split plot design having four main
plot treatments of various heights of rice residue (rice straw kept at
various heights after harvesting i.c, R - at ground level i., 0 cm,
R, -15 cm, R, - 30 cm and R, - 45 cm) and five nutrient management
options as sub-plot treatments (N, - Control, N, - Recommended dose
of fertilizer (RDF), N, - Nutrient Expert® (NE), N, - RDF + Bio and
N, - NE + Bio), each replicated thrice. The wheat variety used in the
experiment was DBW 187. Results revealed that rice residue retention
did not show any significant effect on overall growth parameters,
yield attributes and yield of wheat crop. However, higher grain yield
(4.48 and 4.16 t ha') was obtained under the treatment R, in which
the rice straw was retained at 30 cm height. Nutrient management
options had a significant impact on all growth parameters, yield
attributes and yield of wheat. Results highlighted that management
of nutrients in a balanced way as guided by NE® and seed inoculation
with bio-fertilizers (N,) significantly improved spike no. m? (277 and
268), filled grains spike™ (43.40 and 46.73), spike length (11.13 and 11.70
cm), 1000-grain weight (40.70 and 40.67 g) vis-a-vis higher grain yield
(5.27 and 4.64 t ha') as compared to other treatments. Lower values
of growth, yield attributes were obtained under the treatments where
no above ground residues were kept (R ) and without any application
of fertilizers (N,). It can be concluded that retention of residues at
30 cm height (R,) and nutrient management as guided by NE® along
with seed inoculation with Azotobacter and PSB could increase the
productivity of zero tillage wheat cultivation under this zone.

Key Words: Bio-fertilizers, conservation agriculture, Nutrient
Expert®, nutrient management, rice residue
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1. Introduction

Wheat (Triticum aestivum L.) is one of the most important
staple food grain crops in the world and stands next to
rice in India. It contributes nearly 30 % to the food basket
of the country (Shiferaw ez al, 2013). India is the second
leading producer of wheat after China in the world. In
India, wheat was grown in about 31.13 M ha with the
production of 109.59 MT and the average productivity of
3421 kg ha' during 2021-2022 (USDA, 2023). In Indo-
Gangetic plains, rice-wheat cropping system is one of the
major agriculture production system which was practiced
in about 14 M ha of area (Alam ¢t al, 2016). It is also a
common cropping sequence in sub-Himalayan plains of
West Bengal where rice is grown mostly under rainfed
puddle condition and wheat is grown after harvesting rice
in tilled land. The sowing of wheat mostly gets delayed
due to presence of high soil residual moisture even after
harvesting of medium-long duration rice varieties (Mitra
and Das, 2015; Mitra and Patra, 2019). Intensive tillage
practices coupled with residue burning are quite common
in the country which adversely affects the soil quality and
in turn results in low levels of soil organic carbon, yield
stagnation, low farm profitability, poor soil biota and low
factor productivity (Lal, 2006). To reverse the situation,
Conservation agriculture (CA) play an important role in
respect of problems associated with intensive agriculture
which could meet the ever-increasing food demand
worldwide with sustainable intensification of crops and
various resources (Lal, 2015). CA is characterized by
three major principles: i) minimum soil disturbances; ii)
maintaining and managing crop residues (at least 30% of
the total crop load) and iii) diversification of crop species
(may be spatial or temporal) including legumes (FAO,
2019). Many researches carried out over the Indo-Gangetic
plains (IGP) in recent years confirmed the claim that CA
can improve overall productivity and profitability of rice-
wheat system with increased yields, reduced production
cost, improved efficiencies of resource use with better
environmental quality (Gathala ez al., 2011; Hossen e? al.,
2018; Jat et al., 2019). Even under sub-Himalayan plains
of West Bengal, it was observed that wheat yields with
CA practices are either equal or even better than those
obtained with conventional practices (Mitra et al., 2014;
Mondal et al., 2018; Mitra et al., 2019).
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Under CA system, many a times the residue load itself is
a determining factor. Still we are searching the answer of
the question that how much residues are to be retained
for getting higher productivity and soil health benefits
in CA based rice-wheat rotation. Along with the CA
practices there is need for precise management of N
fertilizer in wheat for both economic and environmental
prospective. Static fertilizer recommendations based
on average response lead to excessive and inadequate
fertilizer application with high N losses. Inappropriate
nutrient management is one of the major factors causing
such yields gaps in wheat (Majumdar et al., 2013). In
sub-Himalayan plains of West Bengal, decision support
tools like Nutrient Expert® following the principles of 4R
nutrient stewardship (right source, right rate, right time
and right method) (Pampolino ¢t al, 2012) might be used
in a precise way for balanced fertilization. The beneficial
effect of such a user-friendly nutrient decision support tool
has already been proved in wheat nutrient management
under both zero tillage as well as conventional tillage
systems (Mondal ¢t al., 2018; Mitra ¢t al., 2019). Moreover,
under CA system with varying loads of rice residue
retention, nutrient management in wheat will become
a crucial issue. Thus, there is an opportunity to manage
nutrients in a more precise way in varying rice residue
retained- wheat cultivation. Apart from chemical fertilizers
recommended through any decision support system, we
may adopt environment friendly and sustainable nutrient
management package through use of bio-fertilizers also
(Yasin et al., 2012). Keeping this in backdrop a field
experiment was conducted with varying rice residue load
and nutrient management options to assess its impact on

growth and yield performances of zero tillage wheat.
2. Materials and Methods

The field experiment was conducted during the rabi
seasons of 2021-2022 and 2022-2023 at Conservation
Agriculture Block, Instructional Farm, Uttar Banga Krishi
Viswavidyalaya, Pundibari, Coochbehar, West Bengal,
located at 26°24°02.2”N latitude, 89°23’21.7”E longitude
and at an elevation of 43 meters above mean sea level
(msl). The experimental site was situated in sub-tropical
per humid region receiving higher monsoon and pre-

monsoon rainfall with a drier winter months.The soil of
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the experimental site was sandy loam in texture with pH
5.53, Organic C 0.71 %, low available N (134.58 kg ha!),
high available P (39.90 kg ha'') and low available K (129.46
kg ha!) . Before establishment of current experiment, the
site was under continuous rice (unpuddled) - wheat (zero

tillage) cropping system for past 5 years.

The experiment was laid out in split plot design with four
main plot treatments comprising various heights of rice
residue retention (R : No above ground rice residue; R :
harvesting the preceding rice crop at 15 cm height from
the ground level; R : harvesting the preceding rice crop
at 30 cm height from the ground level; R,: harvesting
the preceding rice crop at 45 cm height from the ground
level) and five nutrient management options as sub-plot
treatments (N .: No application of nutrients i.e., control;
N,: Recommended dose of fertilizer (RDF) 150: 60: 40
kg ha'N: P,O,: K,O; N, Nutrient Expert (NE) based
recommendation i.e., 144: 72: 72 kg ha' ¥ ", O_: K,O;
N,: RDF + biofertilizers (Azotobactor and PSB as seed
inoculants); N,: NE + biofertilizers (4zotobactor and PSB
as seed inoculants), each replicated thrice. The size of each
experimental plot was 20 m X 2.2 m. Rice variety included
in the experiment was MTU 1153, a short duration
variety matures in 115-120 days with a yield potential
of 6.5 t ha'’. This rice variety was harvested manually at
different heights during both the years and residue load
was expressed on dry weight basis (Table 1).

Table 1. Rice residue load of various treatments

Residue load (t ha?)

Treatments
2021-2022 2022-2023
R, (15 cm) 1.35 1.83
R, (30 cm) 2.56 3.57
R, (45 cm) 3.63 4.78

The wheat variety used in the experiment was DBW 187,
suitable for early sown irrigated conditions of both NEPZ
and NWPZ, matures in about 115-120 days exhibiting
disease resistance and has the ability to adapt variable
growing conditions. After harvest of preceding rice crop
at varying heights, glyphosate 41% SL @ 3.5 lit ha! was
sprayed 7 days prior to sowing to control the existing
weed flora. Sowing was done with the help of happy
seeder by maintaining the row spacing of about 20 cm
with a seed rate of 120 kg ha™. A post emergence ready
mix herbicides metribuzin 42 % + clodinofop propagyl
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12% @ 0.75 kg ha was applied at 4 weeks after seeding
to control the broad-leaf weeds which emerged later.
Spraying of boron was done twice by using Solubor (20%
B) @ 0.20% at 35-40 DAS and at 55-60 DAS. Zinc was
also applied at 55-60 DAS in foliar form using chelated
zinc (Chelamin) @ 0.10%.

Based on the treatments seeds were treated with bio-
fertilizers (Azotobacter + PSB) @ 5 g kg of seeds before
sowing. Fertilizer application was done based on the
treatments. The basal application of fertilizers was done
through NPK complex fertilizer (IFFCO 10: 26: 26)
placed in the furrow during seeding with happy seeder.
Remaining amount of N as urea was applied through

topdressing in two split doses at first and second irrigation.

The data on growth attributes like number of tillers m?,
leaf area index was recorded periodically at 15 days
interval; while the plant height was recorded at harvest.
Yield attributes like number of spikes m?, number of filled
grains spike’, spike length (cm), 1000-grain weight (g) and
grain yield (kg ha'!') were recorded at the time of harvest.
The grain yield was estimated from a net plot area of 32.4
m? (18 m long and 1.8 m width) excluding the border rows.
After threshing, the grains were sun dried and yield was

expressed in tonnes per hectare at 12% moisture content.
3. Results and Discussion

3.1 Growth Parameters

Most of the growth parameters did not show any significant

effect due to various loads of rice residue during both the
years (Table 2). Varying left over rice residue had no
significant impact on plant height harvest and total number
of tillers m* at periodic intervals. Leaf area index differed
significantly due to various loads of rice residue at 45 and
75 DAS during the first year. At 45 DAS higher leaf area
index (1.91) was recorded under the treatment R, and at
75 DAS higher leaf area index (3.02) was recorded under
treatment R,. During the second-year various rice residue
load did not show any significant effect on leaf area index
at all the growth stages (Table 2). Higher leaf area index
under the respective residue retention treatments might be
due to better soil moisture provided by the higher residues
resulted in better exploration of solar radiation reflected
through taller plants with more tillers. The results were in
conformity with the findings of Brar ez al. (2010), Pooniya
and Shivay (2011) and Arora et al. (2023) who claimed
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that there was a significant influence on leaf area index
due to retention of crop residues as compared to residual

removal treatments.

However, various nutrient management practices had
a significant influence on plant height during both the
years. During first year highest plant height (97.17 cm)
was recorded under the treatment N, (RDF) and during
the second-year plant height was higher (94.18 ¢cm) under
the treatment N, (NE), respectively. The higher values of
plant height with respect to the above treatments might
be due to positive effect of individual and balanced plant
nutrients which may have induced cell division and
expansion, photosynthetic efficiency and meristematic
activity resulting in better plant growth (Sekar, 2003). The
results obtained were in conformity with the findings of
Kumar ez al. (2010), Mauriya ez al. (2013) and Kumar ez
al. (2016) who concluded that nutrient recommendation
through site specific nutrient management resulted in
producing taller plants. During the first year at 45, 60
and 75 DAS treatment N, (NE) recorded the highest
tiller number (317, 348 and 359 at 45, 60 and 75 DAS,
respectively). This might be due to providing optimum
amount of nutrients to the crop and maintaining without
any nutritional stress as like in control treatment. The
obtained results were in conformity with the findings of
Mohanty et al. (2015). They found that recommendation
of nutrients through SSNM significantly increases the
number of tillers as compared to RDF and control plots.
Addition of extra phosphorus and potassium might have
a crucial role towards tiller development. During the
second year at 45 DAS treatment N, recorded higher tiller
number (287 m?) and treatment N, (NE + Bio) resulted
in higher tiller number per square meter at 60 and 75
DAS (322 and 336 m? at 60 and 75 DAS, respectively).
This might be attributed to integrated application of bio-
fertilizer and inorganic sources of fertilizers which resulted
in improved germination percentage, better crop stands
and nutrient availability which resulted in higher tiller
number. The similar results of higher tiller number were
observed with the integrated application of organic and
chemical fertilizers as reported by Kumar e al. (2013)
and Kumar et al. (2021). Singh ez al. (2016) reported that
co-inoculation of Azotobacter and PSB along with chemical
fertilizers significantly increased the tiller number in wheat
over control. At 45 and 60 DAS significantly higher leaf
area index (1.99 and 1.54 and 4.36 and 3.98 at 45 and
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60 DAS during 2021-2022 and 2022-2023, respectively)
was recorded under treatment N, (NE + Bio). At 75 DAS
significantly higher leaf area index (3.68) was obtained
under treatment N, (RDF) during the first year and during
second year leaf area index was higher (4.25) under the
treatment N, (NE + Bio). The significant increase in leaf
area index under various nutrient management options
might be attributed to better integration of bio-fertilizers
and chemical fertilizers which might have provided the
balance amount of nutrients especially at active crop
growth stages through both the sources which helped in
producing maximum leaf area index (Fazily et al., 2021).
The results were also in conformity with the findings of
Prasad ez al. (2010) who reported that providing optimum
amount of nutrients especially nitrogen at active growing
crop period results in maximum leaf area thereby higher
leaf area index. Findings of Mohanty et a/. (2015) and Kaur
et al. (2016) also suggested that the site-specific nutrient
management practices had a significant impact on leaf

area index of wheat.
3.2 Yield Attributes

Various loads of rice residue did not show any significant
impact on yield attributes of wheat during both the
years except the 1000-grain weight during the first year.
Significantly higher test weight (39.91 g) during the first
year was obtained under the treatment R, (where residues
were retained at 45cm height) (Table 3).

Nevertheless, various nutrient management practices
showed significant effect on various yield attributes during
both the years. Significantly higher number of spikes m?
(314 and 288), number of filled grains spike! (47.00 and
49.33) and spike length (11.50 and 11.90 cm) during 2021-
2022 and 2022-2023, respectively was obtained under the
treatment N, (NE + Bio). Improved yield attributes under
the above-mentioned treatments might be due to balanced
fertilization which contributed to better plant growth and
enhanced translocation of photosynthates to sink which
resulted in producing higher values of yield components.
When the application of nutrients was carried out using
SSNM practice, other studies also indicated increased
value of yield components (Mauriya et al. 2013; Mohanty
et al. 2015; Mondal et al. 2018; and Mitra et al., 2019).
Kantwa ¢t al. (2023) reported that application of chemical
fertilizers along with the seed inoculation of Azotobacter

and PSB had a significant impact on yield attributing
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characters of wheat. The highest test weight (40.70 g) was
obtained under the treatment N, (NE+Bio) during the
first year; while, N, (RDF+Bio) resulted in the higher test
weight (40.69) during the second year, being statistically
at par with the treatment N, (NE+Bio) having test weight
40.67 g. Being the genetic character, there was not much
alteration in 1000-grain weight irrespective of treatments;
though there was huge reduction in test weight under non
fertilized plots. Similar findings were reported by Sanadi
et al. (2022) who claimed that application of nutrients
through site specific and balanced nutrient management

produced significantly higher test weight.
3.3 Grain Yield (t ha'")

Varying rice residue load did not show any significant
variation in grain yield of wheat during the first year.
During second year, significantly higher grain yield (4.16
t ha') was obtained under the treatment R, where rice
residues were retained at 30 cm height (Table 4). The
results clearly highlighted that removal as well as excess
amount of residues were not favorable for wheat crop
grown in this region and maintaining rice residue load of
around 3-3.5 t ha! was optimum for providing a better
microclimate for the crop in this region. Maintaining
optimum amount of residues was relatively good as
compared to excess rice residues or no rice residues
as the yield was less under both the treatments. Extra
residues interfered with the smooth running of zero till
drill for which there was reduction in overall stand count
also. The results were in conformity with the findings of
Sirazuddin ez al. (2019) who found that higher residue load
had detrimental effect with respect to growth and yield.

Among the different nutrient management options,
significantly higher grain yield (5.27 and 4.64 t ha'
during 2021-2022 and 2022-2023, respectively) was
recorded in the N, treatment (NE + Bio). Increment in
the grain yield under the mentioned treatment might be
due to balanced fertilization as guided by nutrient expert
and seed inoculation of bio-fertilizers which resulted
in improving the activity of various microorganisms
which helps in the solubilization of insoluble nutrients
thereby improving crop nutrient uptake that results
in better growth, yield attributes and yield of wheat.
According to Rajesh et al. (2018) the increased grain
yield in the mentioned treatment might be attributed

to targeted yield techniques and capacity to manage
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the crop’s nutrient needs more effectively and improve
photosynthates translocation from source to sink. Excess
P and K application resulted from NE treatments might
be bringing more balanced nutrition to the crop. Similarly,
Sunil ez al. (2018) reported that SSNM based nutrient
recommendation significantly improved the yield of
wheat. Results were also in close conformity with findings
of Singh et al. (2016) who claimed that integration of
chemical and bio-fertilizers had statistically significant

impact on grain yield of wheat.
Conclusion

It can be concluded from this 2-years trial that higher
residues retention might not be beneficial for subsequent
zero tillage wheat grown in sub-Himalayan plains of West
Bengal. Retaining the residues at 30 cm height and nutrient
management as guided by Nutrient Expert® along with seed
inoculation of Azotobacter and PSB could improve growth

and yield of wheat in this region.
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