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Introduction 

Wheat (Triticum aestivum L.) is a crucial and economically 

beneficial rabi crop in northern India. It is the second most vital 

cereal crop after rice and is cultivated under diverse agroclimatic 

conditions. In India, wheat spans approximately 31.13 million 

hectares, achieving a production of 109.59 million tonnes with an 

average yield of 3421 kg ha-1 during the 2021–2022 period (1). 

Wheat accounts for 20 % of the daily protein and calorie intake for 

4.5 billion people. It is the foremost cereal worldwide and acts as a 

staple food for approximately one-third of the global population (2

–3). Wheat productivity depends on financial and nonfinancial 

inputs, tillage methods, irrigation practices and agronomic 

management techniques. This crop is vital to the livelihoods of 

millions of Indian farmers and is cultivated primarily through 

intensive agricultural tillage practices. Conventional tillage alters 

soil structure and affects soil temperature, mechanical properties, 

macropore continuity and the capacity of the soil to retain water, 

as well as the growth and distribution of roots (4–6). 

 Wheat productivity in India, including in the state of Bihar, 

is often hindered by low moisture levels and traditional tillage 

methods. Plant growth relies heavily on the availability of water 

and nutrients, as crops with adequate water can effectively absorb 

nutrients from both the soil and fertilisers. Even minor water stress 

can disrupt plant growth, as any water shortage can interfere with 

plant functions and life processes. These challenges in 

conventional farming practices ultimately lead to reduced crop 

yields. In several wheat-growing regions, the overuse and 

mismanagement of groundwater have resulted in a declining 

water table and environmental degradation (7). These challenges 

underscore the importance of adopting conservative agricultural 

practices to ensure sustained productivity, profitability and soil 

health (8). Conservation tillage, a method that involves leaving 

about 30 % of the previous crop's residue on the field before and 

after planting the next crop, shows potential in conserving 

moisture for future crops. This approach enhances water 

infiltration and retention in the soil, minimises evaporation and 

improves nutrient balance and availability, thereby boosting water

-use efficiency (WUE). There is a significant gap in research 

concerning the integration and systematic assessment of irrigation 

methods, especially within conservation tillage systems for wheat 

cultivation in northern India, including Bihar. Productivity in this 

area is often limited by moisture stress and traditional tillage 

practices. Although conservation tillage is recognised for its 

advantages in improving soil moisture retention, water-use 

efficiency and nutrient availability, there is a lack of empirical 

evidence on how to optimise irrigation schedules and water 

management in these systems to enhance both productivity and 

profitability. This study is unique in its thorough investigation of 

irrigation practices combined with conservation tillage techniques, 

PLANT SCIENCE TODAY 

Vol 13(sp2): 1-15 

https://doi.org/10.14719/pst.10768 

eISSN 2348-1900  

RESEARCH ARTICLE 

Optimising irrigation and conservation tillage for enhanced 
wheat yield and profitability in Eastern India   

 

Shruti Priya1, M K Singh1*, Birendra Kumar1, Sneha Singh1, Awadhesh Kumar Pal2, Rajkishore Kumar3* &                           

J N Srivastava4     

 
1Department of Agronomy, Bihar Agricultural University (BAU), Sabour, Bhagalpur 813 210, Bihar, India 

2Department of Plant Physiology & Biochemistry, Bihar Agricultural University (BAU), Sabour, Bhagalpur 813 210, Bihar, India 
3Department of Soil Sciences and Agricultural chemistry, Regional Research Station, Agwanpur, Saharsa 852 202, Bihar, India 

4Department of Plant Pathology, Bihar Agricultural University (BAU), Sabour, Bhagalpur 813 210, Bihar, India  

 

*Correspondence email -  kishoreraj1333@gmail.com; mahesh.agro@gmail.com  

  

Received: 20 July 2025; Accepted: 12 March 2026; Available online: Version 1.0: 27 April 2026 

 

Cite this article: Shruti P, Singh MK, Birendra K, Sneha S, Awadhesh KP, Rajkishore K, Srivastava JN. Optimising irrigation and conservation tillage for 
enhanced wheat yield and profitability in Eastern India. Plant Science Today. 2026; 13(sp2): 1-15. https://doi.org/10.14719/pst.10768 

 

Abstract  

Wheat a vital cereal crop globally, but conventional practices like chemical fertiliser reduction and intensive tillage can damage the environment. 

Conservation tillage offers a sustainable alternative to enhance wheat production. This study evaluated the effects of different tillage methods 

and irrigation schedules on wheat growth, yield and economic returns over 2 years. The M3 tillage recorded superior yield traits, while M2 produced 
the highest grain yield (4056.12 kg ha-1) and M1 the highest straw yield (5982.33 kg ha-1). Irrigation at 25 % depletion of available soil moisture 

(DASM) (I1) consistently improved yield characteristics and economic returns. The highest grain yield (4184.47 kg ha-1) was observed under the 

combined M1I1 treatment in 2023–24. Over 2 years, M1I1 and M2I1 treatments yielded the highest gross and net returns, with M2I2 showing the best 

benefit-cost ratio (2.57). These results concluded that integrating conservation tillage with optimised irrigation schedules can significantly 
improve wheat productivity and profitability while supporting sustainable agriculture. 

Keywords:  benefit-cost ratio; economic returns; irrigation schedules; sustainable production; tillage methods    

http://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://crossmark.crossref.org/dialog/?doi=10.14719/pst.10768&domain=horizonepublishing.com
https://doi.org/10.14719/pst.10768
mailto:kishoreraj1333@gmail.com
mailto:mahesh.agro@gmail.com
https://doi.org/10.14719/pst.10768


SHRUTI  ET AL  2     

https://plantsciencetoday.online 

aiming to develop innovative strategies for moisture conservation 

that address water scarcity and soil health challenges, with the 

objective of sustainably increasing wheat yield and economic 

returns under the region's agroclimatic conditions. It supports 

nutrient uptake and enhances water productivity owing to a 

favourable soil water balance. Numerous studies conducted in 

India and globally have highlighted the role of conservation tillage 

in wheat farming in preserving soil moisture and reducing soil 

erosion and runoff. Sustainable soil management can be achieved 

through conservation tillage, high crop residue returns and crop 

rotation (9). Conservation tillage systems are effective in enhancing 

soil moisture conditions (10). By improving infiltration and soil 

water retention, reducing evaporation and enhancing nutrient 

balance and availability, conservation tillage can increase water-

use efficiency (11). As a rabi crop, wheat experiences limited rainfall 

and requires 4–6 irrigations but cannot withstand prolonged soil 

moisture stress. Moisture stress affects photosynthesis and 

reduces the WUE and harvest index of plants (12–14). Therefore, 

there is an urgent need to develop innovative strategies to 

conserve soil moisture. To some extent, conservation tillage and 

irrigation practices have been implemented to assess their 

effectiveness in addressing these challenges. 

 

Materials and Methods 

An experiment was conducted at the research farm of Bihar 

Agricultural University in Sabour, Bhagalpur, Bihar, during the rabi 

seasons of 2023–2024 and 2024–2025. The soil at this location was 

classified as a sandy loam. The study employed a split-plot design 

(SPD), incorporating three main plot treatments and four sub-plot 

treatments, each replicated 3 times. The main plot treatments 

focused on different tillage methods: M1- conventional tillage, M2-

zero tillage and M3- raised bed method. The subplot treatments 

explored various irrigation strategies: (I0) rainfed (no irrigation), (I1) 

irrigation at 25 % depletion of available soil moisture (DASM) , (I2) 

irrigation at 40 % DASM and (I3) irrigation at 50 % DASM which was 

depicted in Fig. 1. The sandy loam soil of the experimental field had 

a medium organic carbon content of 0.45 %, low available 

nitrogen at 194.98 kg ha-1 and medium levels of available P2O5 and 

K2O at 6.53 kg ha-1 and 145.75 kg ha-1, respectively, with a pH of 7.5. 

In both years, crop residue was removed from the zero-tillage 

plots. At the beginning of the main plot treatments, the initial 

organic carbon content was 0.40 %, with available nitrogen, 

phosphorus and K levels of 175, 15.4 and 156 kg ha-1, respectively. 

The experiment spanned the academic years 2023–2024 and    

2024–2025, consisting of 12 treatment combinations derived from 

the 3 main plots and 4 sub-plots. The entire setup was replicated in 

the second year to validate the findings. The wheat variety used 

was DBW 187, a high-yielding strain developed by IIWBR in Karnal. 

Karan Vandana (DBW 187) is the latest wheat variety released for 

irrigated, timely sown conditions in the northeastern plain’s zones. 

Randomization principles were followed for the allocation of 

treatments among the experimental units. The analysis 

considered the effects of block borders, field borders, plot borders 

and irrigation channels. 

 Biometric evaluations were conducted to assess yield and 

its contributing traits by counting the number of spikes or ear 

heads per square meter. This involved selecting 1 m row sections 

at 5 random spots within the net plot area before harvesting. The 

average number of ear heads per square meter was determined. 

Ten ear heads were randomly removed from the peduncle at the 

base of the rachis, their lengths were measured from the base of 

the lowest spikelet to the tip of the apical spikelet and the average 

length was recorded. To ascertain the number of grains per ear, 10 

spikes were chosen and each was individually threshed to count 

the grains, with the average number of grains per spike calculated 

and expressed. After threshing each net plot, the harvested grains 

were sun-dried. A sample of 1000 grains was meticulously 

counted, weighed and recorded as the test weight in grams per 

1000 grains. The grain harvested from each net plot was sun-dried, 

weighed using an electronic balance and expressed as grain yield 

in kg ha-1 after threshing and winnowing. Straw yield was 

determined by subtracting the crop yield from the corresponding 

biological yield per plot and was expressed in          kg ha-1. Grain, 

straw and biological yields were used to compute the harvest 

index and harvest ratio (15). 

 

 

 

  An economic analysis of each treatment was conducted for 

both years of research, considering the prevailing prices of inputs 

and production. To evaluate the economic impact of the 

treatments, the specific costs of cultivation were considered. The 

economic outcomes of the treatments are presented as gross 

returns per hectare, net returns per hectare and benefit-cost ratio. 

Gross returns per hectare were calculated based on the minimum 

support price of wheat grain and the current market price of straw. 

The net returns from the different treatments were determined by 

subtracting the cost of cultivation from their corresponding gross 

returns using the following formula: Net returns (Rs. ha-1) = gross 

return (Rs. ha-1), cost of cultivation (Rs. ha-1). The benefit-cost ratio 

(B:C) was calculated using the following formula: benefit-cost ratio 

= net return (Rs. ha-1) / Cost of Cultivation (Rs. ha-1). The data from 

various observations were statistically analysed using analysis of 

variance for split-plot design (SPD) (16). For significant ‘F’ tests, the 

critical difference (CD) was reported at a 5 % probability level.  

 

Results and Discussion  

Impact of tillage and irrigation in wheat on yield attributes 

characters 

Table 1 represents the findings on how tillage and irrigation 

influence wheat yield attributes. Analysing the combined data 

from 2 years, it was found that zero tillage plots (M2) had a 

significantly higher average of ear heads per square meter 

(291.09 m-2) compared to ridge plots (259.98 m-2) and were 

comparable to conventional tillage plots (290.04 m-2). In terms of 

irrigation, the highest average number of ear heads per square 

meter (288.79 m-2) was observed with irrigation at 25 % DASM (I1), 

followed by 40 % DASM (I2), both outperforming other 

treatments. The no-irrigation treatment (I0) had the lowest count 

of ear heads (271.24 m-2). The average ear length was notably 

greater on ridges (11.47 cm) than that under zero tillage (10.80 

cm) or conventional tillage (10.65 cm). This increase in ear length 

on raised beds may be due to its positive effects on soil 

physicochemical properties and the steady supply of essential 

Harvest index (HI)(%)= 

x 100 
Grain Yield 

Biological (Grain+Straw)yield 
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Fig. 1. Field layout showing soil sample collection locations and split-plot experimental design. Each subplot is marked with a unique colour 
to facilitate clear identification and separation of treatments. The grid layout provides a systematic representation of the experimental design 

with corresponding treatment labels for easy reference.  
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nutrients, facilitated by favourable hydrothermal conditions (17, 

18). The benefits of conservation tillage practices are likely linked 

to enhanced physical, chemical and biological soil properties 

(19). Among irrigation methods, the longest ear lengths (12.36 

cm and 11.31 cm) were recorded with irrigation at 25 % DASM (I1) 

and 40 % DASM (I2), respectively, both significantly better than 

other treatments. The shortest ear length was observed in the no

-irrigation (I0) treatment (9.91 cm). These findings align with 

those of other studies  that also reported increased spike length 

with more irrigation (20, 21). 

 The number of grains per ear observed in the raised bed 

system (43.53) was comparable to that in zero tillage (43.24) and 

significantly surpassed the count in conventional tillage (40.83). 

This increase in grains per ear in the raised bed system could be 

attributed to enhanced soil characteristics-physical, chemical 

and biological-along with improved moisture retention and 

temperature regulation due to the residue cover on the surface, 

unlike in conventional tillage (22). Regarding irrigation methods, 

the (I1) irrigation at 25 % DASM resulted in a significantly higher 

grain count per ear (43.58) than the no irrigation treatment 

(41.26). The reduced grain number in the absence of irrigation 

might be due to moisture stress, which could have expedited 

primordia development, leading to inadequate pollination, 

fertilisation and seed formation (23, 24). The test weight in the 

raised bed plot was notably higher (40.22) than that in zero tillage 

(39.08) and conventional tillage (37.82). The increased grain 

weight under conservation tillage practices can be linked to 

improved plant growth, nutrient uptake and photosynthate 

translocation for grain formation owing to higher moisture levels 

and superior soil properties. Among the irrigation treatments, (I1) 

irrigation at 25 % DASM recorded the highest test weight (40.10 g) 

compared to no irrigation (38.13 g), likely due to enhanced 

nutrient absorption and translocation within the plants, 

facilitated by higher moisture content at critical growth stages 

and better movement of photosynthates towards the grains. 

Effect of tillage methods and irrigation on grain and straw 

yield in wheat 

Across a two-year period, the combined data indicated that plots 

managed with zero tillage achieved the highest grain yield, 

reaching 4056.12 kg ha-1. This was notably greater than the yield 

from plots with conventional tillage, which was 3956.68 kg ha-1 

and those with raised bed treatment, which produced 3589.45 kg 

ha-1 (Table 2). The superior yield in zero-tillage plots compared to 

conventional and raised-bed methods is likely due to enhanced 

soil moisture absorption during the crop growth period (25, 26). 

In terms of irrigation practices, the greatest grain yield of 4135.31 

kg ha-1 was recorded with irrigation at 25 % DASM (I1), followed 

by 40 % DASM (I2), both significantly outperforming other 

methods. The lowest grain yield was found in the no irrigation (I0) 

treatment, at 3475.72 kg ha-1 (27, 28). Tillage is known to improve 

soil structure and bolster plant resilience to water stress (29). 

Both tillage and irrigation are crucial management strategies 

that influence crop yield and the hydro-physical properties of the 

soil (30). The study also found that conventional tillage plots had 

the highest straw yield of 5982.33 kg ha-1, significantly exceeding 

other treatments. Similarly, the highest straw yield among 

irrigation methods was 5864.25 kg ha-1 with irrigation at 25 % 

DASM (I1), followed by 40 % DASM (I2), both significantly better 

than other treatments. 

Interaction effect and economics 

The study revealed that wheat plants in the plot with (I1) irrigation 

at 25 % DASM and (M3) ridge, termed M3I1, reached the maximum 

ear length of 13.39 cm during the 2023–2024 period, as shown in 

Fig. 2a and b marking the sole significant interaction for ear length. 

In the subsequent period of 2024–2025, wheat plants in the plot 

with (I1) irrigation at 25 % DASM and raised bed (M3), also M3I1, 

recorded the longest ear length of 14.09 cm. Fig. 3 to 8 provided 

evidence that the interaction between tillage and irrigation regime 

had a notable impact on both grain and straw yield in wheat. The 

variance analysis indicated that the interactions, zero tillage and 

various irrigation regimes had statistically significant effects. The 

variation in rainfall patterns over the 2 years contributed to the 

significance of the interaction between the measured parameters. 

In terms of grain yield, the results showed that wheat plants with 

(I1) irrigation at 25 % DASM and (M1) conventional tillage, or M1I1, 

achieved the highest yield of 4184.47 kg ha-1 for 2023–2024. 

Similarly, in 2024–2025, wheat plants with (I1) irrigation at 25 % 

DASM and zero tillage (M2), or M2I1, attained the highest yield of 

4623.77 kg ha-1. Similar trends were observed for straw yield, 

particularly for M1I1 in 2023–2024. Over the two-year period of 2023

–2025, M2I1 had the highest average grain yield of 4339.90 kg ha-1, 

while M3I3 had the highest harvest index mean of 42.14 %. Fig. 9 to 

15 confirmed that the interaction between tillage and irrigation 

regime was also significant for economic outcomes. The variance 

analysis demonstrated that the interactions, zero tillage and 

different irrigation regimes were statistically significant. Regarding 

gross returns, wheat plants in the plot with (I1) irrigation at 25 % 

DASM and (M1) conventional tillage, or M1I1, had the highest gross 

returns of Rs. 123149 for 2023–2024. In 2024–2025, wheat plants in 

the plot with (I1) irrigation at 25 % DASM and (M2) zero tillage, or 

M2I1, achieved the highest gross return of Rs. 132486. Additionally, 

wheat plants in plots M2I1 and M2I2 had the highest net return and 

B:C ratio, respectively, for 2024–2025. For the average gross and 

net returns over the 2 years, 2023–2025, M1I1 and M2I1 had the 

highest returns, respectively. Furthermore, M2I2 exhibited the 

highest mean B:C ratio of 2.57 over the 2 years, 2023–2025. Finally, 

data on treatment combinations regarding the cost of cultivation, 

gross returns, net returns and B:C ratio are presented in Table 3. 

The highest gross returns (Rs. 118375 ha-1), net returns (Rs. 83933 

ha-1) and B:C ratio (2.43) was recorded when wheat was grown 

using zero tillage with irrigation at 25 % DASM. The lowest gross 

returns (Rs. 104184 ha-1), net returns (Rs. 69742 ha-1) and B:C ratio 

(2.02) was observed in raised bed tillage without irrigation.  

 Examining the average gross and net returns, as well as 

the B:C ratio over the 2023–2025 period, highlights the significant 

impact of tillage and irrigation techniques on wheat yield and 

profitability. The findings indicate that the M1I1 and M2I1 

treatments yielded the highest average gross and net returns, 

respectively, underscoring the value of optimised management 

practices in enhancing economic outcomes. Notably, the M2I2 

treatment achieved the highest mean B:C ratio (2.57), reflecting 

superior economic efficiency. The greatest gross returns (Rs. 

118375 ha-1), net returns (Rs. 83933 ha-1) and B:C ratio (2.43) was 

recorded under zero tillage with irrigation at 25 % DASM. This 

suggests that zero tillage, when paired with timely irrigation, can 

improve resource use efficiency and crop profitability, likely due to 

better soil moisture retention and reduced cultivation costs. 

Conversely, the lowest economic returns and B:C ratio (2.02) were 
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Fig. 2. Interaction effect of tillage practices and irrigation regimes on ear length of wheat during (a) 2023–2024; (b) 2024–2025. Bars represent 
treatment means, whiskers indicate ± standard error of mean (SEm) and horizontal caps denote the critical difference (CD) at 5 % and 1 % 

levels of significance. 

Fig. 3. Interaction effect of tillage practices and irrigation regimes on grain yield (kg ha-1) during 2023–2024 illustrated using a polar sunshine 
plot. Each ray represents an irrigation regime and is divided into coloured sectors corresponding to different tillage methods. The red circles 

indicate significance thresholds, where the solid circle represents the least significant difference (LSD) at 5 % and the dashed circle represents 
LSD at 1 % level of significance.  
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Fig. 5. Interaction effect of tillage practices and irrigation regimes on straw yield (kg ha-1) during 2023–2024 represented using a flower-plot 
visualization. Each ray represents an irrigation regime (I₀ to I₃) and coloured petals within each ray represent tillage methods (M₁, M₂ and M₃). 

The solid red circle indicates the least significant difference (LSD) at 5 % level of significance, while the dashed dark red circle indicates LSD at 
1 % level of significance.  

Fig. 4. Interaction effect of tillage practices and irrigation regimes on grain yield (kg ha-1) during 2024–2025 illustrated using a polar sunshine 
plot. Each ray corresponds to an irrigation regime (I₀ to I₃) and each ray is divided into coloured sectors representing tillage methods (M₁, M₂ 

and M₃). The solid red circle indicates the least significant difference (LSD) at 5 % level of significance, whereas the dashed dark red circle 
indicates LSD at 1 % level of significance.  
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Fig. 7. Interaction effect of tillage practices and irrigation regimes on mean grain yield (kg ha-1) over two years (2023–2025) represented using a 
violin plot with least significant difference (LSD) indicators. Each violin represents the distribution of replicates for each treatment, with the 

white dot indicating the median and the thick bar representing the interquartile range. The solid red horizontal line indicates LSD at 5 % level 
of significance, while the dashed dark red line indicates LSD at 1 % level of significance.  

Fig. 6. Interaction effect of tillage practices and irrigation regimes on harvest index during 2023–2024 represented using a flower-plot format. 
Each ray corresponds to an irrigation regime (I₀ to I₃) and coloured petals within each ray represent tillage methods (M₁, M₂ and M₃). The solid 

red circle indicates the least significant difference (LSD) at 5 % level of significance, while the dashed dark red circle indicates LSD at 1 % level 
of significance.  
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Fig. 9. Shows the interaction effect of tillage practices and irrigation regimes on gross return during 2023–2024 using a stacked bar chart with 
LSD indicators. Each bar represents an irrigation regime and the coloured segments represent tillage methods (M1, M2 and M3).  The solid red 

line and dashed dark-red line indicate the 5 % and 1 % LSD levels, respectively. Differences between treatment means exceeding these lines 
are considered statistically significant, indicating the interactive effect of tillage and irrigation on gross return.  

Fig. 8. Interaction effect of tillage practices and irrigation regimes on mean harvest index over the two-year period (2023–2025) represented 
using a violin plot with least significant difference (LSD) indicators. Each violin represents the distribution of replicates for each treatment, 

with the median and interquartile range indicated. The solid red and dashed dark red horizontal lines represent LSD at 5 % and 1 % levels of 
significance, respectively.  
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Fig. 11. Shows the interaction effect of tillage practices and irrigation regimes on net return for 2024–2025 using a heat map with LSD 
indicators. In the heat map, darker green shades represent higher net return, while darker red shades represent lower net return. The red and 

dark-red ticks on the colour bar indicate the 5 % and 1 % LSD levels, respectively. Differences in colour intensity exceeding these thresholds 
indicate statistically significant differences between treatments, showing the interactive effect of tillage and irrigation on net profitability.  

Fig. 10. shows the interaction effect of tillage practices and irrigation regimes on gross return for 2024–2025 using a stacked bar chart with LSD 
indicators. Each bar represents an irrigation regime and the coloured segments represent the tillage methods. The solid red and dashed dark-

red horizontal lines indicate the 5 % and 1 % LSD levels, respectively. Differences between treatment means exceeding these lines are 
considered statistically significant, indicating the interactive effect of tillage and irrigation on gross return.  
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Fig. 13. Shows the interaction effect of tillage practices and irrigation regimes on the mean gross return over the two-year period (2023–2025) 
using a heat map with LSD indicators. Darker green shades represent higher gross return, whereas darker red shades represent lower gross 

return. The red and dark-red ticks on the colour bar indicate the 5 % and 1 % LSD levels, respectively. Differences in colour intensity exceeding 
these levels indicate statistically significant differences between treatments, showing the interactive effect of tillage and irrigation on mean 

gross return over the two-year period.  

Fig. 12. Shows the interaction effect of tillage practices and irrigation regimes on the benefit–cost (B:C) ratio for 2024–2025 using a heat map 
with LSD indicators. Darker green shades represent higher B:C ratios, whereas darker red shades represent lower B:C ratios. The red and dark-

red ticks on the colour bar indicate the 5 % and 1 % LSD levels, respectively. Differences in colour intensity exceeding these levels indicate 
statistically significant differences between treatments.  
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Fig. 15. Shows the interaction effect of tillage practices and irrigation regimes on the mean benefit–cost (B:C) ratio over the two-year period 
(2023–2025) using a heat map with LSD indicators. Darker green shades represent higher B:C ratios, whereas darker red shades represent 

lower B:C ratios. The red and dark-red ticks on the colour bar indicate the 5 % and 1 % LSD levels, respectively. Differences in colour intensity 
exceeding these levels indicate statistically significant differences between treatments, showing the interactive effect of tillage and irrigation 

on economic efficiency.  

Fig. 14. Shows the interaction effect of tillage practices and irrigation regimes on the mean net return over the two-year period (2023–2025) 
using a heat map with LSD indicators. Darker green shades represent higher net return, whereas darker red shades represent lower net return. 

The red and dark-red ticks on the colour bar indicate the 5 % and 1 % LSD levels, respectively. Differences in colour intensity exceeding these 
levels indicate statistically significant differences between treatments, showing the interactive effect of tillage and irrigation on mean net 

return.  
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observed with raised bed tillage, indicating that this method may 

be less effective in the study's context. These results align with 

previous research emphasising the importance of conservation 

tillage and precise irrigation scheduling in semi-arid regions to 

optimise WUE and crop yield (31–34). For instance, they also 

showed that adaptive management practices considering climate 

variability can stabilise maize yields, paralleling the benefits of zero 

tillage and optimised irrigation in wheat production. Similarly, they 

emphasised the critical role of irrigation management in 

enhancing water use and biomass partitioning, reinforcing the 

economic advantages of the current study’s irrigation treatments. 

Overall, combining zero tillage with suitable irrigation scheduling 

has emerged as a promising approach to boost wheat productivity 

and profitability in the Shivalik foothills and similar agroecological 

zones.  

 

Conclusion  

This research concludes that different tillage techniques and 

irrigation schedules have an impact on wheat yield characteristics, 

grain and straw production and economic outcomes over a 2 year 

period (2023–2025). Among the conservation tillage methods, zero 

tillage led to a greater number of ear heads per square meter 

compared to the raised bed approach and was comparable to 

conventional tillage. Irrigation at 25 % and 40 % DASM surpassed 

the results of no irrigation in terms of ear head per square meter, 

ear length, grain per ear and test weight. Raised-bed plots showed 

better ear length, grain per ear and test weight than plots 

managed with zero tillage and conventional tillage. Zero tillage 

achieved the highest grain yield (4135.31 kg ha-1), while 

conventional tillage resulted in the greatest straw yield (5864.25 kg 

ha-1). The highest grain and straw yields were recorded under 

irrigation at 25 % DASM. The combination of zero tillage and 25 % 

DASM irrigation yielded the highest gross returns, net returns (Rs 

82716 ha-1) and B:C ratio (2.20). Therefore, it can be determined 

that zero tillage, when combined with 25 % DASM irrigation, 

represents an economically viable and agronomically efficient 

practice for the Eastern Indo-Gangetic Plains. This approach 

optimises resource utilisation and enhances crop performance 

under prevailing agroecological conditions. 

Limitations: This study was limited to a single site with sandy loam 

soil and focused solely on one wheat variety, DBW 187, leaving the 

effects of tillage and irrigation on other varieties unexplored. 

Conducted over two consecutive rabi seasons, this study did not 

assess long-term impacts on soil health, crop yield, or economic 

outcomes. In the zero-tillage plots, crop residue was removed, 

potentially affecting soil organic matter dynamics and not 

representing typical zero-tillage practices that retain residue. The 

economic analysis considered gross returns, net returns and the 

benefit-cost ratio based on current market prices, without 

accounting for potential long-term economic impacts such as soil 

degradation or sustainability costs. Environmental variability, 

especially changes in rainfall over the 2 years, influenced the 

results, but other factors, such as temperature fluctuations or pest 

pressures, were not specifically analysed or controlled. While yield 

and its components were thoroughly measured, other agronomic 

factors, such as soil microbial activity, nutrient cycling and water 

use efficiency, were not investigated. Some significant interactions 

between tillage and irrigation were observed; however, their 

complexity and underlying mechanisms require further 

exploration. Finally, the absence of multi-location trials limits the 

applicability of these findings across different agroclimatic 

conditions. Future studies should include additional 

environmental variables, such as temperature fluctuations and 

pest pressure, to better understand their combined effects. Long-

term monitoring across various climatic conditions would further 

clarify the influence of environmental variability on the results.    
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