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productivity of wheat in indo gangetic plains: An overview
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ABSTRACT

Wheat cultivation is a basis of agricultural systems of India predominantly in the Indo-Gangetic Plains (IGP) or the Great Plains of North
India, which is crucial for food security in South Asia. The primary constraints to wheat grain production include inefficient tillage
operations, bed preparation, production of late-maturing paddy cultivars, scarcity of water, insufficiency of labor, high fertilizer costs,
and suboptimal crop management operations. Tillage is a pivotal agricultural tool for soil manipulation and crop yield enhancement.
Various tillage methods are employed in paddy-wheat cropping systems, viz., intensive, traditional, deep and conservation tillage practices
such as zero and minimum tillage, etc. Zero tillage provides an efficient and manageable planting method that enables well-timed
wheat cultivation, eliminates the requirement for tillage operations, and enhances crop or biomass residue management. This approach
reduces production costs and maintains environmental cleanliness. Specifically, zero tillage reduces operational costs for wheat planting
by 50 to 60% compared to conventional sowing methods. The main factor driving the adoption of zero tillage technology is expense
minimization. Moreover, ensuring an effective nutrient management strategy through the combined use of chemical fertilizers, organic
amendments, and biological resources is critical. However, advancing knowledge about the importance of essential nutrients in crop
physiology and their impact on qualitative and quantitative components of cereal crops, particularly in wheat, is necessary. Balanced
fertilizer application is critical for improving wheat yield, quality, and agronomic traits. Thus, integrating zero tillage with appropriate
fertilizer management is crucial for optimizing wheat production. This study reviews zero tillage and nutrient management practices

in wheat and examines their impacts on growth, quality and yield-related associated indices.

Highlights
«  Zero tillage (ZT) conserves 13-35% of irrigation water.

- Yieldis increased by 27-31% compared to conventional tillage.

- Itimproves soil quality and shifts weed dynamics toward broad-leaved species.

« The integrated use of organic inputs enhances soil health, nutrient uptake, and wheat growth, ensuring sustainable productivity.
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INTRODUCTION

heat is a globally significant cereal crop, serving as

a primary source of flour, pasta, semolina, pastries,
chapatti, cookies, and other processed products. It constitutes
approximately 35% of the global population’s dietary intake
as a staple food (Mohammadi-Joo et al., 2015). In 2019-2020,
global wheat production was estimated at 765.41 million metric
tons (Shabandeh et al., 2020). To address the dietary needs and
demands of the world’s growing population, boosting wheat
production is essential. Historically, the Industrial and Green
Revolutions drove the extensive use of synthetic fertilizers to
enhance crop yields per unit area (Chandini et al., 2019). However,
indiscriminate fertilizer application has resulted in suboptimal
nutrient management.

Studies in the Indo-Gangetic Plains (IGP) revealed a tendency
among farmers to overuse nitrogen (N) and phosphorus (P) but
overlook potassium (K) along with other essential secondary
and micronutrients (Singh et al., 2005). This imbalance not only
reduces the nutrient use efficiency (NUE) and benefit-cost ratio
as well asintensifies environmental dilemmas, including nutrient
losses via leaching or gaseous emissions, thereby increasing
agriculture’s contribution to greenhouse gas (GHG) emissions.
Consequently, refining wheat production systems isimperative
to achieve higheryields with reduced input costs and minimized
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environmental impacts through efficient use of land, labor,
nutrients, water, and agrochemicals.

Zero tillage (ZT) has emerged as a promising strategy
for sustainable wheat production, particularly in intensively
cultivated regions such as northwest India. This system,
characterized by minimal soil disturbance and efficient crop
rotations along with permanent soil cover, addresses critical
challengesin intensified wheat systems (Saharawat et al., 2010).
It enables timely wheat planting after delayed rice harvests
and promotes residue retention, which further contributes to
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soil health improvement (Sharma et al., 2012). Despite these
advancements, optimal nutrient management under ZT with
varying levels of surface residues remains poorly understood.
Addressing these gaps offers a significant opportunity to
enhanceyield potential, profitability, and nutrient use efficiency
within ZT-based wheat systems. Therefore, future exploration
should be focussed on refining nutrient management practices
tailored to ZT conditions to optimize resource use and bolster
the sustainability of wheat production systems.

Zero Tillage in wheat

Rather than plowing, zero tillage keeps crop residues on the soil
surface. Instead of plowing, zero tillage leaves crop leftovers on
the land surface. Erenstein et al., (2008) characterize zero tillage
as “no-till farming, direct seed placement, direct planting, direct
sowing and direct drilling”. Surface seeding is an uncomplicated
method for farmers with constrained resources bypasses the
need for both machinery and land preparation. In the IGP, the
dominant zero-till technique relies on a tractor-mounted zero-till
seed drill to directly plant wheat seeds onto unploughed fields
in one pass of the tractor. Despite its benefits, it is still primarily
limited to low-lying areas, and excessively wet areas unsuitable
for tractors, notably in the Eastern Indo-Gangetic Plains.

In these plains, zero tillage includes three distinctive key
aspects making it unique compared to similar approaches
in other areas (Erenstein, 2003). The first aspect is a double-
cropped system of wheat is generally sown with ZT, whereas the
succeeding rice crop continues to involve heavy tillage. Second,
because paddy fields are mostly free of weeds at harvest, an
increased need for herbicide is not inherently implied by ZT
wheat following rice. Third, the retention of crop remainder is
not always guaranteed with ZT wheat. Indian zero-tillage seed
drills generally demonstrate suboptimal trash handling, but this
was not viewed as a major concern given the minimal residue left
from the wheat crop after the dominant rice crop and common

residue management methods (Erenstein et al., 2007b)\

Effect of zero tillage on water use

Compared to conventional tillage, zero tillage in wheat
farming conserves 20 to 35% more irrigation water, equating
to a reduction of roughly 10 cm ha™, or equivalent to nearly 1
million liters per hectare (Hobbs and Gupta, 2003a). Research
findings showed a lower yet still significant 13% decrease in
tubewell irrigation water usage under the ZT system (Chandra
et al., 2007). Cost savings are reasonable with zero tillage, as
it enables to seed of wheat immediately after rice harvest,
leveraging remaining soil moisture for wheat germination and
potentially saving pre-sowing irrigation. Zero tillage can improve
soil structure and allow the accumulation of crop residues, all
associated with increased water retention, superior infiltration,
and lower water demand/ consumption in surrounding areas
(Erenstein, 2003). Furthermore, zero tillage allows for a faster
turnaround time, allowing for earlier sowing and harvesting of
wheat, which potentially eliminates or cuts down the need for
late-season irrigation in some places. By adopting zero tillage
one irrigation can be conserved for wheat production (Laxmi
etal.,, 2007). Agriculture in the IGP is increasingly constrained by
water shortages, driven by rising competition from domesticand

industrial demands and declining water use efficiency (Hobbs
and Gupta, 2003b).

Utilizing zero tillage in wheat farming optimizes water use,
lowers irrigation needs, and conserves essential water supplies.
The NW Indo-Gangetic Plains face critical water shortages due
to the overuse of groundwater by pumping excessively so this
systemis crucial in these wheat-growing areas (Malik et al., 2002).
It is widely acknowledged that resource-efficient methods,
including zero tillage, have the potential to boost field-level
irrigation efficiency by minimizing water usage (Jehangir et
al., 2007).

Effect of zero tillage on soil quality

Zero tillage significantly boosts soil quality, leading to better
soil structure, increased fertility, and improvements in biological
traits like microbial activity and organic matter levels, thereby
promoting long-term soil health and sustainability (Mohanty et
al., 2007). It can also boost organic carbon concentration in the
upper soil horizons, improving the stability of soil aggregates
(Chauhan et al., 2002). Research shows that the surface layer
of soil under zero tillage was relatively soft, remained soft,
contained greater moisture, and demonstrated no marked
changein bulk density compared to traditional tillage methods
(Malik et al., 2002a). Despite the advantages gained from the
zero-tillage in wheat crop, these are largely offset by the rigorous
and anaerobic tillage practices required for the following rice
crop, which typically involves 5-6 tractor passes, including dry
and wet plowing as well as wet planking, regardless of whether
zero tillage was used for the previous wheat crop (Erenstein et
al., 2007). To boost soil structure, the whole cropping approach
must shift to aerobic conditions, implement zero-tillage
methods, and ensure the proper handling of crop residues.

Effect of zero tillage on weeds, pests, and diseases

It has been observed that weeds are less common in wheat
crops after adopting zero tillage practices in wheat farming
across the IGP, as noted by Franke et al., (2007). P. minor Retz.
is the predominant weed affecting wheat in the Indian Indo-
Gangetic Plain which demonstrated growing resistance to
Isoproturon herbicide in the mid-1990s after decades of
continuous and extensive use (Yadav et al., 2005). Mehta and
Singh (2005) highlighted that Zero tillage is an effective P. minor
control method because it reduces soil mobility. The need to
combat herbicide-resistant P. minor constituted a primary initial
motivator for adopting zero tillage in North West IGP, which
eventually managed to address the problem in combination
with new herbicides. In a survey, farmers agreed that zero
tillage helped lower P. minor infestation (Kumar et al., 2005a).
The early emergence of wheat, combined with limited or no
soil disturbance, led to a significant reduction in weed growth
and lowered weed density P. minor, when zero tillage was
implemented. Studies from extended trials and farmer feedback
highlighted a shiftin weed spectra under zero tillage conditions,
with a notable increase in the prevalence of broad-leaved weed
species. Additionally, survey data indicated that 51% and 85% of
farmersin Haryana and Bihar, respectively reported a reduction
in overall weed infestation following the adoption of zero tillage
practices. Complementary findings from focus group discussions
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highlighted perceived improvements in soil quality, a decline
in Phalaris minor populations, and a concomitant rise in broad-
leaved weeds prevalence as reported by Laxmi et al., (2007).

Research by Jaipal et al., (2005) suggests that zero tillage has
been demonstrated to alter the dynamics of specific pests and
diseases while having no detrimental effects on soil biology
within wheat production systems in the IGP. Scientists found no
evidence of wheat pathogen inoculum build-up or significant
carry-over between wheat and the subsequent crop cultivated,
resulting in additional biotic restrictions. Evidence shows that
zero tillage leads to arise in the earthworm population, as well
as the growth of earthworms and the proliferation of diverse
natural predators. According to Dabur et al., (2002), zero tillage
also led to a decrease in the reduction in nematode numbers
within wheat crops.

Effect of zero tillage on yield

Practicing zero tillage combined with the retention of crop
residues in the wheat field significantly surpasses conventional
tillage without residue retention in enhancing crop productivity
and preserving soil integrity. Wheat production methods are
frequently characterized by late wheat planting (Mehla et al.,
2000). The phenomenon of terminal heat stress, as described by
Hobbs and Gupta (2003a), causes wheat yields to drop by 1 TO
1.5% daily, emphasizing the need for timely sowing practices.
Wheat planting delays primarily result from the preceding
crop’s late harvest and a protracted turn-around period. The
delay in the turnaround process often arises from heavy tillage
activities, unfavorable soil moisture conditions (either overly
wet or excessively dry), limited availability of draft or mechanical
power for plowing, and the additional task of storing the rice
crop before preparing the land for wheat planting. Zero tillage
facilitates quicker wheat establishment by significantly reducing
the turnaround time permits, making it possible to sow wheat in
asingle operation right after harvesting rice, thereby improving
the cropping cycle efficiency. Research consistently shows that
wheat yields under no-till systems were 27 to 31% superior
to those under conventional tillage systems, as reported by
Hemmat and Eskandari (2004). The favorable yield outcomes
of zero tillage wheat are largely due to (i) the ability to achieve
timely sowing and (ii) enhanced efficiency in input utilization
along with improved weed management, leading to superior
crop results.

Chaudhury etal., (2020) observed that zero tillage increases
yield to a much greater extent when compared to conventional
tillage (Fig. 1).

An integration of zero tillage with straw mulch practices, the
soil’s moisture retention was significantly improved, benefiting
plants, particularly during periods of drought, as observed by
Hemmat and Eskandari (2006). Zero tillage makes assessing soil
erosion losses caused by crop residue accumulation (Lépez-
Bellido et al., 2003) easier. The no-till technique best suits places
with low rainfall and soil water availability. One of the major
benefits of zero tillage for plant growth is maintaining lower
temperatures in the upper soil layers, which creates a more
optimal environment for roots to grow. A reduction in soil
temperature contributes to better organic matter retention,
but it also delays seedling emergence and recovery by 1-3

and 4-5 days, respectively, than conventional tillage systems,
as noted by Qin et al., (2008). Wheat production following
rice was higher with lower tillage, crop residues, and nitrogen
incorporation (Gangwar et al., 2006). Retaining crop leftovers
and zero tillage can result in sustainable crop production and
a better soil physical environment. Incorporating crop residues
caused the inorganic nitrogen to become immobilized, which
was initially reduced by using nitrogen as a basal. Despite this,
immobilization had no notable effect on wheat yield. Allowing
rice residues to remain on the soil surface for wheat cultivation
resulted in a 46% increase in nitrate levels, a 29% improvement
in nitrogen absorption, and boosted wheat yield by 37%,
compared to the alternative practice of burning the residues.
37% improvement in wheat yield as opposed to burning the
residues. Zero tillage, when paired with the retention of rice
crop residues on the soil surface led to the accumulation of
organic matter, which in turn enhanced microbial biomass and
increased mineralization processes. Zero tillage, coupled with
the retention of crop residues, contributed to improvements
in crop yields, boosted microbial activity, enhanced nutrient
availability, and minimized soil erosion, as highlighted by
Govaerts et al.,, (2007) and Rafi et al., (2012).

Integrated nutrient management in wheat

Integrated nutrient management (INM) encompasses the
systematic integration of diverse nutrient sources including
organic, inorganic, and biological components to foster
an ecologically sustainable and economically efficient
agroecosystem (Jat et al., 2015). However, exclusive reliance on
organic manures has been shown to inadequately meet the
nutritional requirements of high-demand crops such as wheat,
resulting in suboptimal yields (Sheoran et al., 2017). Empirical
evidence indicates that the integrated use of farmyard manure
(FYM) with the recommended dose of chemical fertilizers
substantially increases wheat productivity compared to the
sole application of chemical fertilizers. The nutrient demands
of crops are contingent upon the nutrient accessibility within
the soil matrix, and INM practices significantly enhance both
nutrient and water use efficiencies (Jat et al., 2015). Furthermore,
incorporating municipal solid waste manure into a cotton-wheat
cropping system demonstrated an increase of about 9% in grain
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Fig. 1: Effect of conventional and zero tillage on yield of wheat
(Chaudhury et al., 2020)
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and straw yield of wheat (Akram et al., 2007). The synergistic
application of chemical and organic fertilizers has thus proven
to be a pivotal strategy for achieving sustainable agricultural
production systems (Yasin et al., 2015).

Effect of nutrient management on soil properties

Managing nutrients is a vital aspect that greatly influences wheat
sequential cropping systems (Usman et al., 2013). According
to Chondie (2015), an application of chemical fertilizers and
organic manures holds promise for restoring soil health and
productivity by mitigating minor deficiencies in secondary and
micronutrients, microbial ecosystems, and soil organisms and
improving soil’s physical and biological attributes. Wheat grain
yields have remained stable over the years because of integrated
nutrient management (Mehdi et al., 2011). Jaga and Upadhyay
(2013), observed that chemical fertilizers, when applied at
recommended levels to maintain crop yields, fail to enhance
soil attributes like soil pH, soil OC, CEC, and available nitrogen
and potassium as effectively as the combined application of
organic and inorganic fertilizers, potentially endangering soil
health. Integration of organic amendments with chemical
fertilizers for wheat production can harmonize the degenerative
and regenerative dynamics of the soil ecosystem (Ram et al.,
2014). Factors such as water infiltration, erosion potential, water
retention, and nutrient cycling processes are strongly shaped
by soil organic matter (Wander and Yang, 2000). To preserve soil
productivity necessitates the upkeep of sufficient soil organic
matter and the appropriate use of chemical fertilizers. For wheat
cultivation, combining 50% nitrogen from organic sources (farm
yard and green manures) with NPK @ 50% via chemical fertilizers,
resulted in better outcomes for soil organic carbon, nutrient
availability (nitrogen, phosphorus and potassium), and soil bulk
density compared to other combinations. Jaga and Upadhyay
(2013) found that applying FYM to wheat crops reduced bulk
density and enhanced soil aeration.

In the context of wheat farming in the North-Western
Himalayas, applying various organic manures, such as farmyard

Yield
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manure (FYM), compost, and green manures, combined with
increasing levels of chemical fertilizers ranging from 50 to 150%
of the recommended NPK dosage, significantly enhanced the
soil’s physical and hydraulic properties in wheat crop production
under this unique agro-climatic conditions. These improvements
included better soil bulk density, higher soil moisture content,
improved soil water retention, increased plant-available water
capacity, and enhanced saturated hydraulic conductivity
(Choudhary et al., 2008). Lal et al., (2014) reported a significant
improvement in the availability of essential nutrients such
as nitrogen, phosphorus, and potassium in wheat when
farmyard manure was applied alongside chemical fertilizers.
This synergistic approach not only enriched the soil nutrient
profile but also integrated the overall fertility and productivity
of the cropping system. Farmyard manure application led to an
increase in soil nitrogen and phosphorus, largely because of the
gradual release of these nutrients through the decomposition
and mineralization of its organic components, which enriched
the soil nutrient pool and boosted its fertility. Incorporating
farmyard manure (FYM) in wheat fields substantially enhanced
soil organic matter content and improved the soil’s capacity to
retain accessible water, while concurrently reducing soil bulk
density, thereby contributing to improved soil structure and
overall soil health. When compared to no application of farmyard
manure, the application of FYM at rates of 7.5 t/ha and 15 t/ha
led to remarkable improvements in soil properties including
3.6 and 10.3% improvement in water holding capacity, a 17.8%
and 46.6% rise in organic carbon levels, and a 23.3 and 15.0%
reduction in bulk density, showcasing FYM's effectiveness in
boosting soil health and long-term sustainability (Shirani et
al., 2002). The use of 100% NPK alongside 10 tons per hectare
of farmyard manure led to notable enhancements in several
biological soil parameters. These included enhanced levels of
soil microbial biomass carbon (SMBC), soil microbial biomass
nitrogen (SMBN), and dehydrogenase activity (DHA), indicating
a positive impact on the soil’s microbial activity as observed by
Katkar et al., (2011).

Al ol

FYM (10 tha) Vermicompost (4 Poultry manure (3 50% RDF 75% RDF 100% RDF
t/ha) t/ha)
Nutrient Management

B Grain yield (t/ha)

B Straw yield (tha)

Fig. 2: Effects of organic manures, fertilizer levels and biofertilizers on wheat yield (Chopra et al., 2016)
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Effect of nutrient management on growth and yield of
wheat

Wheat is significantly influenced by the applications of different
concentrations of nitrogenous, phosphatic and potassium-
based fertilizers. Increased fertilizer rates may improve growth
and yield-related attributes like plant height, dry matter
accumulation, the number of effective tillers, spike length, leaf
area index, test weight and wheat yield (EI-Gizawy, 2009).

Crop development can be boosted using organic materials
such as organic substances or farm yard manures. Ibrahim et
al., (2008) revealed that using organic manure and compost
improved wheat growth and output compared to chemical
fertilizer. Increasing wheat output by combining organic and
inorganic fertilizers is possible. Chopra et al., (2016) study
showed various effects of organic manures and fertilizer levels
onwheatyield (tha™) and found a significant response towards
yield (Fig. 2).

The study by Kowsar and Boswal (2015) indicated that FYM
application is significantly responsible for improving wheat’s
physiological characteristics, notably elevated chlorophyll-a and
b content and the ability to withstand heat stress. An increased
plant height, tiller number, dry matter accumulation and
wheat grain production were reported because of higher NPK
fertilizer application mixed with FYM (Parewa and Yadav, 2014;
Pandey et al., 2024). Majumdar et al., (2008) found a substantial
improvement in the production of grain in wheat with the
application of chemical fertilizers in combination with FYM.

Effect of INM on nutrient uptake

Adding vermicompost and Phosphorus Solubilizing Bacteria
combined with various fertilizer doses increased the crop
NPK uptake much more than fertilizer or vermicompost
applied alone. Improved nutrient absorption was credited to
the abundant availability of nutrients and the development
of a strong root system, facilitating more efficient water and
nutrient uptake (Devi et al., 2011; Datt et al., 2003). The increased
uptake is due to the release of extra native nutrients from the
soil and their transfer to the plant system via the synergy via
the combination of Sulphur + Boron + FYM and 75% NPK. The
application of Sulphur, boron, or FYM individually along with
100% NPK @ 150:60:60, significantly improved total nutrient
uptake especially macronutrients, as reported by Reena et
al., (2017), and corroborated by Rathar and Sharma (2010). An
increase in wheat yield and its related attributes can be credited
with the use of S, B, and FYM either independently with the
ratio of NPK @150:60,60 or combined with 75% NPK. In addition
to this, nutrient concentration in both grain and straw may
also be increased in these formulations added alone or with a
three-fourth percentage of NPK. As nutrient uptake depends
onyield and nutrient concentration, supports this thought, the
result aligns with the observations of Natan and Anurag (2011).

CONCLUSION

To enhance crop productivity and minimize environmental
risks associated with agriculture, adopting sustainable and
ecologically sound management practices is imperative.
Precision agriculture presents a transformative approach by
enabling site-specific input applications to the type, amount,

timing, and spatial distribution of resources. This strategy
addresses within-field variability, a critical determinant of
wheat production efficiency, necessitating its quantification
and management at both spatial and temporal scales. In the
Indo-Gangetic Plain, wheat serves as a pivotal staple crop,
underpinning regional food security. However, conventional
puddled rice cultivation systems often degrade soil structure
and adversely affect the rhizosphere, leading to suboptimal
wheat growth and reduced productivity. The adoption of
zero-tillage systems, integrated with site-specific nutrient
management through the combined application of organic
and inorganic amendments, has demonstrated the potential
to mitigate these challenges. Zero-tillage improves soil physical
properties, enhances nutrient dynamics, and fosters favorable
agroecological conditions for wheat development. From an
economic and environmental perspective, zero tillage reduces
input costs, increases net returns, and contributes to ecological
sustainability through reduced fossil fuel use, lower greenhouse
gas emissions, and water conservation. Concurrently, INM
optimizes soil fertility and nutrient use efficiency, promoting
improved plant physiological traits, enhanced yield parameters,
and superior disease suppression. The synergistic effects of
these practices improve soil organic carbon sequestration
and nutrient bioavailability, thereby enhancing soil health and
productivity. In summary, the integration of zero tillage with INM
represents a scientifically robust, sustainable, and economically
viable paradigm for wheat cultivation. This dual approach not
only enhances yield potential and farm profitability but also
safeguards soil and environmental health, ensuring resilience
and sustainability in agroecosystems.
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