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ABSTRACT 

Zero tillage (ZT) for wheat is one of the most widely adopted resource-conserving technologies in the 
rice-wheat systems in northern India. In areas of Haryana with rice-wheat systems, 36.5 percent of all 
farmers practice ZT on 35 percent of their wheat area. Yet the literature measuring the impact of ZT on 
farmers’ fields is scarce. This study fills this gap by using the data collected from a random sample of 717 
farmers from 50 villages in 10 districts of Haryana. It applies the difference-in-differences method to five-
year recall data on wheat yields in ZT and conventionally tilled plots of land to quantify the crop loss due 
to unseasonal rains right before wheat harvests in March 2015. The results reveal significantly lower 
wheat yield losses in the ZT plots than in the conventionally tilled plots. On average, farmers suffered 
yield losses ranging between 3.73 and 4.53 quintals per hectare in 2015 due to unseasonal rains. The loss 
was lower by 1.05–1.10 quintals per hectare in ZT plots. The analysis clearly shows that adoption of ZT 
helped in reducing crop loss in wheat by 24–28 percent, valued at 1,523–1,595 Indian rupees (Rs.) per 
hectare (approximately US$22.50 per hectare). The loss avoided due to ZT is nearly equal to the 
prevailing rental rate of the ZT machine (Rs. 1,500 per hectare) in Haryana. Climate models suggest that 
the incidence of short-duration acute hydro meteorological events is likely to increase in years to come. 
Such events are hard to predict and prepare for, and dealing with them hinges mainly on disaster relief. 
However, our results show that adoption of ZT is one possible way to reduce potential loss from some of 
these weather events and that ZT is therefore well characterized as a climate-smart technology.  

Keywords:  zero tillage, wheat, unseasonal rain, crop loss, difference-in-differences, Haryana  
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1.  INTRODUCTION 

The month of March is usually the harvesting period in northern India, when farmers begin to reap their 
rabi (winter) crops. In March 2015, however, unseasonal rainfall and hailstorms not only delayed 
harvesting but also caused tremendous losses to the standing rabi crops. India recorded an average area 
weighted rainfall of 61.1 millimeters (mm) in the month—almost 98 percent more than the normal (IMD 
2015). Preliminary assessments suggest that around 18 percent of India’s net area under rabi crops was 
affected by this weather anomaly (India, Ministry of Agriculture 2015c). Around 6 million hectares (ha) 
of wheat, the largest rabi crop, was damaged, along with around 1.7 million ha of mustard and 2.6 million 
ha of horticultural crops (India, Ministry of Agriculture 2015c).  

Agriculture in India is vulnerable to a range of hydrologic (floods), meteorological (cyclones, 
storms), and climatological (heat/cold waves, droughts) events. Of these various weather anomalies, 
short-duration hydrometeorological events pose a special challenge because they provide a short window 
of time and limited options for preparedness in agriculture (Paul 2011). Such events as cyclones, 
hurricanes, and hail and wind storms, to name a few, are generally short-lived but can cause acute damage 
in a concentrated area. The strategy to cope with such events is thus primarily reactive and hinges on 
elements of disaster relief programs. Short-lived and acute weather events often leave little room for 
disaster preparedness. Unlike droughts, such events cannot be forecast, leaving farmers no opportunity to 
save their crops. Reducing the impact of these events on agricultural production thus remains a great 
challenge. An Intergovernmental Panel on Climate Change report (IPCC 2012) predicts that by 2030, 
erratic and extreme weather conditions will result in an agricultural loss of more than US$7 billion.1 In light 
of this expectation, there is a need to identify ways to reduce the agrarian distress due to such weather 
events. This paper attempts to contribute to the policy discourse on measures for increasing adaptation 
and reducing the vulnerability of farmers to sporadic and acute weather events, based on findings from a 
primary study carried out with farmers in areas affected by untimely rainfall and hailstorms in India 
during rabi 2015. 

More specifically, this paper tries to assess whether a climate-smart technology like zero tillage 
(ZT)2 would help in reducing losses from unseasonal rains and strong winds. It focuses on ZT among the 
portfolio of climate-smart technologies and practices because agronomists contend that ZT can indeed 
make crops withstand unseasonal rain and winds better than conventional tillage (CT) (Aryal et al. 2016), 
and because a large number of farmers have adopted ZT in our study area, Haryana in northern India.  

Haryana was one of the states worst affected by unseasonal rainfall in March 2015. The state 
recorded an average rainfall of 71.9 mm, nearly five times (466 percent) more than the normal rainfall of 
12.7 mm in the month (IMD 2015). Government estimates suggest that 40 percent of the state’s net sown 
area (2.24 million ha) was affected (India, Ministry of Agriculture 2015c). This paper assesses the extent 
to which use of ZT reduced the impact of this event for the wheat crop in the state.  

Studies that quantify the impacts of ZT practices in farmers’ fields in the Indo-Gangetic Plain are 
scarce. The few existing impact studies from the region (such as Krishna and Veettil 2014; Erenstein and 
Laxmi 2008) that use data from nonexperimental plots are descriptive in nature and do not attempt causal 
estimation of the impact of this technology. Except for the study by Keil, D’souza, and McDonald (2015), 
causal estimates of the impact of ZT are mostly based on data from experimental plots or farmer field 
experiments. The current study quantifies the causal impact of ZT wheat practices on yield loss due to 
unseasonable rains in Haryana compared with CT wheat practices by applying a rigorous approach to a  
  

                                                      
1 All dollar amounts are in US dollars. 
2 Throughout the text, ZT also refers to zero-till. 
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large random sample of farm households. It presents the first rigorous estimates of the impact of ZT on 
reduction in yield loss due to an unexpected short-term but acute weather event. The paper is organized as  
follows. Section 2 briefly describes sampling and data, and Section 3 estimates yield loss due to weather 
in 2015. Section 4 discusses what ZT is and why its adoption makes wheat crops more resilient to 
unseasonable rains and wind. Adoption of ZT wheat is analyzed in Section 5. Section 6 describes the 
econometric strategy of the study and presents findings, and Section 7 concludes.  
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2.  RESEARCH AREA, SAMPLING, AND FARMER CHARACTERISTICS 

The study uses data from an adoption survey of rice-wheat growers in 10 districts of Haryana with a 
predominantly rice-wheat cultivation. Haryana was selected for this study on the impact of ZT because 
the state has the highest rate of adoption of ZT in India (Laxmi, Erenstein, and Gupta 2007; Malik et al. 
2005). In 2003, Erenstein, Malik, and Singh (2007) carried out a survey of 400 farmers in Haryana on the 
adoption and impact of ZT. The authors used a stratified sampling frame, selecting 10 districts in Haryana 
where rice-wheat systems predominate. In 6 of these districts (Ambala, Kaithal, Karnal, Kurukshetra, 
Panipat, and Yamunanagar), ZT had been widely promoted prior to the time of the survey. In the 
remaining 4 districts (Fatehabad, Jind, Sirsa, and Sonipat), promotion of ZT had been less extensive. 
Within each district, the authors purposively chose one or two blocks (the sub-district administrative 
level, below the tehsil) where rice-wheat systems predominate. Within these blocks, 5 villages per district 
were randomly chosen, and within each selected village, 8 farm households were selected randomly.  

We tried to do a repeat survey in 2015–2016 with the 400 households in the Erenstein, Malik, and 
Singh (2007) survey. We selected the same villages for our survey. In addition, we surveyed 8 more 
households from each village to have a larger sample of farmers that would be representative of the 
wheat-growing areas of the state. However, in 2015–2016, we could survey only 286 households from the 
original Erenstein, Malik, and Singh (2007) sample because the remaining households had left agriculture 
or were not present in the village at the time of our survey. Therefore we added farmers to make up for 
the attrition from the original sample. Thus, our survey covered 717 farm families—286 from the original 
Erenstein, Malik, and Singh (2007) sample and 431 newly sampled households.  

Figure 2.1 Surveyed districts in Haryana

 
Source:  Erenstein, Malik, and Singh (2007). 
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The average landholding size for farmers in our sample is 3.68 ha, and 43 percent are small and 
marginal farmers, cultivating less than 2 ha of land. One in six farmers in our sample was illiterate, while 
more than half had finished a high school education or more. Almost all of our respondents (97 percent) 
were aware of the minimum support prices of rice and wheat, and more than 80 percent had access to 
weather advisory services. Awareness of biofertilizers was low (18 percent), and membership in 
cooperatives and self-help groups was rare.  

Each farmer was asked questions not only on ZT but also on adoption of other conservation 
agriculture technologies and practices (Table 2.1). More than half of respondents owned a tractor (52.02 
percent), and a large number of them used machines or equipment such as combine harvesters (83.96 
percent), straw reapers (81.31 percent), rotovators (72.38 percent) and laser land levelers (45.89 percent) 
in agriculture. One in three (36.54 percent) respondents also reported practicing ZT in wheat.  

Table 2.1 Summary characteristics of farmers in study sample, 2015–2016  

Household characteristic  Unit Average 
Socioeconomic characteristics 
Age of respondent Years 47.42 
Average landholding size Hectares 3.68 
Marginal = 1 if farmer-owned land is ≤ 1 ha, 0 otherwise 18.83 
Small = 1 if farmer-owned land is > 1 and ≤ 2 ha, 0 otherwise 24.13 
Medium  = 1 if farmer-owned land is > 2 and ≤ 4 ha, 0 otherwise 27.62 
Large = 1 if farmer-owned land is > 4 ha, 0 otherwise 29.43 
Lower caste (OBC, SC, and ST) = 1 if farmer belongs to a lower social group, 0 otherwise 25.38 
Other caste  = 1 if farmer belongs to a higher social group, 0 otherwise 74.62 
Illiterate = 1 if farmer is not literate, 0 otherwise 16.60 
Primary education = 1 if farmer has formal primary education, 0 otherwise 14.92 
Middle education = 1 if farmer has formal middle class education, 0 otherwise 16.32 
Higher secondary education = 1 if farmer has formal higher secondary education, 0 otherwise 42.12 
Graduate and above = 1 if farmer’s formal education is ≥ graduation, 0 otherwise 10.04 
Levels of adoption of different technologies 
Laser land leveler  = 1 if farmer applied laser land leveler, 0 otherwise 45.89 
Rotavator  = 1 if farmer used rotavator, 0 otherwise 72.38 
Combine harvester  = 1 if farmer used combine harvester, 0 otherwise 83.96 
Straw reaper  = 1 if farmer used straw reaper, 0 otherwise 81.31 
Zero tillage in wheat = 1 if farmer practiced zero tillage, 0 otherwise 36.54 
Ownership of tractors = 1 if farmer owns a tractor, 0 otherwise 52.02 
Awareness, access to inputs, and membership in community institutions 
Minimum support price (MSP) = 1 if farmer is aware of MSP, 0 otherwise 96.93 
Biofertilizer = 1 if farmer is aware of biofertilizer, 0 otherwise 17.99 
Weather advisory = 1 if farmer has access to weather advisory, 0 otherwise 81.59 
Agricultural credit = 1 if HH received agricultural credit, 0 otherwise 19.67 

Member of registered farmer group  
= 1 if farmer is a member of a registered farmer group, 0 
otherwise 11.30 

Member of self-help group = 1 if farmer is a member of a self-help group, 0 otherwise 1.53 
Access to groundwater   
Depth to water table Feet 118.92 
Pump size Horsepower 16.12 
Wheat yield 
Average wheat yield in 2015  Quintals per hectare 39.65 
Average wheat yield in 2014 Quintals per hectare 43.00 

Source:  Primary survey conducted by authors, 2015–2016. 
Note:  HH = household; OBC = Other Backward Class; SC = Scheduled Caste; ST = Scheduled Tribe. 
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The module on ZT was deliberately kept very similar to the questionnaire used by Erenstein, 
Malik, and Singh (2007, Appendix) to ensure comparability. Among other questions, each farmer was 
asked to report his or her average wheat yields from ZT and conventionally tilled (CT) plots over the last 
five years (2011 to 2015). These recall data on wheat yields were used to analyze the impact of ZT on 
crop loss. It is important to note that farmers were not asked to recall plot-specific yield data. Instead, 
they reported the average yields realized from their CT plots and ZT plots in each year. More than 36 
percent of the 717 farmers in our sample had grown ZT wheat on at least a part of their land in 2015. The 
other 540 of them reported yields from their CT plots.  
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3.  YIELD LOSS IN WHEAT DUE TO UNSEASONAL RAINS IN 2015 

Because 2014 was a normal year for wheat in Haryana, we can compare crop yield in 2015 with those in 
2014 to estimate the yield loss for 2015. Farmers across all 10 districts in the state reported lower yields 
in 2015 than in 2014. The average yield reduction was lowest in Kaithal district (1.98 percent) and 
highest in Sonipat (12.55 percent), while the average reduction in the entire sample was 6.79 percent 
(Table 3.1). Estimates of crop loss from our survey are much smaller than those reported in the media in 
March 2015, right after the episodes of unseasonal rains. These early news reports claimed losses up to 20 
percent of the wheat crop in Haryana (Sally 2015b, Krar 2015). Data from the Food Corporation of India, 
a major buyer of wheat grown in Haryana, showed minimal decline in procurement of wheat from the 
state in 2015, and other postharvest estimates of crop production also revised the estimated loss to 5–7 
percent (Sally 2015a), close to what farmers in our sample reported themselves.  

Table 3.1 Average wheat yield loss of sample households due to unseasonal rainfall in rabi 2015 
compared with 2014, by district 

 District 
Difference between average wheat yield  

in 2015 and 2014 (percentage) 
Ambala 3.70 
Fatehabad 6.63 
Jind 9.98 
Kaithal 1.98 
Karnal 4.75 
Kurukshetra 9.57 
Panipat 6.34 
Sirsa 3.22 
Sonipat 12.55 
Yamunanagar 6.22 
Full sample 6.79 

Source:  Primary survey conducted by authors, 2015–2016. 
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4.  WHAT IS THE ZERO-TILL METHOD AND WHY IS LOWER YIELD LOSS 
EXPECTED IN ZERO-TILL WHEAT?3 

CT of wheat involves intensive tilling of land with multiple passes of the tractor or power tiller to 
accomplish plowing, harrowing, planking, and seeding operations (Erenstein and Laxmi 2008). In 
contrast, in a ZT system, wheat seeds are directly drilled into open slits in the ground with minimal 
disturbance of the soil. A ZT drill attached to a tractor sows wheat directly into untilled fields in a single 
pass (Erenstein and Laxmi 2008). The typical ZT drill opens 6–13 narrow slits using inverted-T openers 
to place both seed and fertilizers at a depth of 7.5–10 cm (Mehla et al. 2000). A ZT system is reported to 
ensure timeliness of sowing, precision in seeding, reduction of production cost (Jat et al. 2009; Saharawat 
et al. 2010), and improvement of soil properties (Jat et al. 2013; Sapkota et al. 2012) while maintaining 
and, in many cases, even increasing crop yield (Jat et al. 2013; Mishra and Singh 2012; Aryal et. al 2015; 
Keil, D’souza, and McDonald 2015). There are two main reasons why agronomists expect less crop loss 
due to unseasonal rains in ZT wheat compared with CT wheat: 

1. Less water stagnation  
Intensive tillage, as is done in CT systems, creates a hardpan in the soil that impedes 
percolation of water and thereby leads to stagnation if there is an untimely rainfall during the 
wheat growing season. Long periods of standing water are detrimental to a wheat crop, 
turning it pale yellow and stunting its growth. If water stagnates in the field during the dough 
formation stage of a wheat crop, it causes blackening of the wheat ear head and inhibits grain 
filling. Threshing such black ear heads does not yield any grains. Even if some ear heads 
have a few grains, they are shriveled and light in weight. ZT with residue incorporation 
facilitates faster percolation of water, reducing the possibility that water will stagnate in the 
field and thereby protecting the crop from the detrimental effects of water stagnation.  

2. Less lodging due to stronger root systems 
In a CT system, the crop is broadcast, followed by planking. This procedure results in some 
seeds’ remaining on the surface while others are buried deep in the soil. The seeds on the 
surface are less likely to develop a root system deep enough to withstand the impact of heavy 
rain and wind. If a few plants with poor root systems lodge, or fall over, they create a kind of 
domino effect, causing their neighboring plants to lodge as well. Lodging of crops reduces 
the green area that is exposed to sunlight, resulting in less photosynthesis, less grain 
formation, and lower crop yields. In the ZT system, on the other hand, drilling of seeds at an 
appropriate and uniform depth results in a well-developed root system for all plants, so they 
are more able to withstand rains and wind.  
Unlike other key benefits from ZT, such as reduction of production costs (Jat et al. 2009; 

Saharawat et al. 2010), improved soil properties (Jat et al. 2013; Sapkota et al. 2012), and increases in 
crop yield, the reduction in yield loss after a weather shock is yet to be quantified.  

                                                      
3 This section is based on an email exchange on the subject with Dr. Tek Bahadur Sapkota, an International Maize and 

Wheat Improvement Center (CIMMYT) agronomist familiar with zero-till agriculture in our study area.  
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5.  ADOPTION OF ZERO-TILL WHEAT IN HARYANA 

ZT planting of wheat after rice has been the most successful resource-conserving technology to date in the 
Indo-Gangetic Plain, particularly in northwest India. Field observers and knowledgeable experts estimate 
that the area under ZT is significant and is rapidly increasing (Erenstein, Malik, and Singh 2007; 
Erenstein and Laxmi 2008, Jat et. al 2009). Haryana is the leading state in adoption of ZT in India (Birthal 
2013). Adoption of ZT picked up pace in the state around 2004 (Figure 5.1), and today, more than 36 
percent of all farmers in our sample practice ZT for growing wheat on approximately 35 percent of their 
total area under wheat, up from 26 percent in 2003–2004 (Erenstein, Malik, and Singh 2007).  

The adoption rate varies widely across districts even today. Nearly 60 percent of farmers had 
adopted ZT in the districts of Fatehabad, Kaithal, and Kurukshetra at the time of our survey, while the 
adoption rate was only 14 percent in Jind, and 5 percent or less in Panipat and Sonipat. The area under ZT 
wheat varies from less than 1 percent of the total wheat area in Sonipat to more than half (54.5 percent) in 
Kurukshetra (Table 5.1).  

Table 5.1 Rate of adoption of zero tillage in wheat, by district, 2015 

District 
Adopters as percentage of  

all farmers in sample 
Percentage of area  
under zero tillage 

Sample  
size 

Ambala 49.12 43.39 57 
Fatehabad 61.90 49.84 84 
Jind 13.75 28.56 80 
Kaithal 58.75 54.68 80 
Karnal 35.21 40.11 71 
Kurukshetra 57.89 54.52 76 
Panipat 5.13 4.31 78 
Sirsa 38.89 42.11 36 
Sonipat 2.67 0.86 75 
Yamunanagar 43.75 36.31 80 
Total 36.54 35.76 717 

Source:  Primary survey conducted by authors, 2015–2016. 

Figure 5.1 shows the adoption and disadoption rates of ZT. Farmers who had tried ZT in the past 
but were not using it on any part of their land in the year of our survey are classified as disadopters. The 
rate of disadoption of ZT is small in Haryana. On the downside, most adopters of ZT use it on only a part 
of their cultivable land. Farmers may gradually increase area under a given technology over time, once 
the benefit is realized (Byerlee and Hesse de Polanco 1986). In addition, farmers who own ZT drills have 
higher adoption intensities than those who rent a drill. A major benefit of ZT is that it reduces the cost of 
land preparation. Farmers who own tractors, as opposed to those who rent them, have lower incentives to 
use ZT because they incur a lower cost of land preparation. Not only that, but rapid spread of ZT may 
potentially negatively affect their future incomes as providers of tractor rental services (Erenstein, Malik, 
and Singh 2007).  
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Figure 5.1 Cumulative number of farmers who have adopted and disadopted zero-till wheat over 
the years  

 
Source:  Primary survey conducted by authors, 2015–2016. 

Nearly half (48.81 percent) of all ZT adopters in our sample had adopted it before 2005. We call 
these early adopters and designate the rest, who adopted after 2005, as late adopters. More than two-thirds 
of early adopters of ZT were medium and large farmers, with average landholdings of 5.9 ha. Even today, 
medium and large farmers in Haryana are more likely than smallholders to be growing ZT wheat, but the 
diffusion of technology to smaller landholders is underway. The average landholding size of the late 
adopters is 3.5 ha, compared with 5.9 ha for the early adopters (Table 5.2).  

Table 5.2 Comparison of early and late adopters of zero-till wheat 
Variable 
(sample size) 

Early adopters 
(144) 

Late adopters 
(151) 

Difference 
 

Average landholding size (ha) 5.92 3.47 2.45*** 
Marginal (≤ 1 ha) 15.28 17.22 -1.94 
Small (>1 ha and ≤ 2 ha) 18.06 21.19 -3.14 
Medium (> 2 ha and ≤ 4 ha) 18.75 33.77 -15.02** 
Large (> 4 ha) 47.92 27.81 20.1*** 
Lower caste (SC, ST, or OBC) 28.00 32.00 -3.00 
Average pump size (horsepower) 18.11 18.12 -0.002 

Source:  Primary survey conducted by authors, 2015–2016. 
Note:  *** and ** denote significance at 1 and 5 percent levels, respectively, and OBC = Other Backward Class;                           

SC = Scheduled Caste; ST = Scheduled Tribe. 

Drivers of Adoption of Zero-Till Wheat 
We assume that a farmer decides to adopt ZT in period t if the expected net benefit of this decision is 
positive in year t as well as in all subsequent years. In such a case, a random utility framework can be 
used, where the net utility of adopting ZT technology is a linear function of the individual’s observed 
characteristics plus an additive error term (Greene 2008). This net utility is latent—that is, it is not 
observed. Only the decision to adopt or not adopt ZT machinery is known to the econometrician. Given 
resources and other factor endowments, a farmer will derive some utility from adopting ZT farming, and 
based on this utility, his or her decision to adopt ZT can be expressed as 𝐷𝐷𝑖𝑖; 𝐷𝐷𝑖𝑖 = 1 if a farmer adopts ZT, 
and 𝐷𝐷𝑖𝑖 = 0 otherwise.  We assume that the decision to adopt ZT (𝐷𝐷𝑖𝑖) will be correlated with resource 
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endowment (mainly land), designated as 𝑊𝑊𝑖𝑖; access to modern technologies and resources, 𝑟𝑟𝑖𝑖; and a 
vector of other observable characteristics, 𝑋𝑋𝑖𝑖. Thus, the utility function of a farmer who adopts ZT in 
farming is 𝑈𝑈1𝑖𝑖 = 𝑈𝑈(1,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) and of one who does not adopt it is 𝑈𝑈0𝑖𝑖 = 𝑈𝑈(0,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖). Assuming 
linear and additively separable utility functions, 𝑈𝑈0𝑖𝑖 and 𝑈𝑈1𝑖𝑖  can be written as a sum of the deterministic 
part and the error term:  

 𝑈𝑈0𝑖𝑖 = 𝑈𝑈(0,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) = 𝑉𝑉(0,𝑊𝑊𝑖𝑖 , 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) + 𝜖𝜖0𝑖𝑖 and (1) 

 𝑈𝑈1𝑖𝑖 = 𝑈𝑈(1,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) = 𝑉𝑉(1,𝑊𝑊𝑖𝑖 , 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) + 𝜖𝜖1𝑖𝑖, respectively. (2) 

A farmer will adopt ZT farming if 𝑈𝑈1𝑖𝑖(. ) ≥ 𝑈𝑈0𝑖𝑖(. ), or  

 𝑉𝑉(1,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) + 𝜖𝜖1𝑖𝑖 ≥ 𝑉𝑉(0,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) + 𝜖𝜖0𝑖𝑖. (3) 

With random components in the utility function, one can make probabilistic statements about farmers’ 
behavior, that is 

 𝑃𝑃0 = Pr(𝐷𝐷𝑖𝑖 = 0) = Pr {𝑉𝑉(0,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) + 𝜖𝜖0𝑖𝑖 ≥ 𝑉𝑉(1,𝑊𝑊𝑖𝑖 , 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) + 𝜖𝜖1𝑖𝑖} and (4) 

 𝑃𝑃1 = Pr(𝐷𝐷𝑖𝑖 = 1) = Pr {𝑉𝑉(1,𝑊𝑊𝑖𝑖 , 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) + 𝜖𝜖1𝑖𝑖 ≥ 𝑉𝑉(0,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) + 𝜖𝜖0𝑖𝑖}. (5) 

To arrive at an estimation specification, we assume 𝑉𝑉(. ) = 𝑊𝑊𝑖𝑖𝛾𝛾 + 𝛿𝛿𝑟𝑟𝑖𝑖 + 𝑋𝑋𝑖𝑖𝛽𝛽, and thus equation (5) can be 
written as 

 Pr(𝐷𝐷𝑖𝑖 = 1) = Pr {𝜖𝜖0𝑖𝑖 − 𝜖𝜖1𝑖𝑖 ≤ 𝑉𝑉(1,𝑊𝑊𝑖𝑖, 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖) − 𝑉𝑉(0,𝑊𝑊𝑖𝑖 , 𝑟𝑟𝑖𝑖,𝑋𝑋𝑖𝑖)}, (6) 

 Pr(𝐷𝐷𝑖𝑖 = 1) = Pr {𝜖𝜖0𝑖𝑖 − 𝜖𝜖1𝑖𝑖 ≤ 𝑊𝑊𝑖𝑖𝛾𝛾1 + 𝛿𝛿0𝑟𝑟1 + 𝑋𝑋𝑖𝑖𝛽𝛽1 −𝑊𝑊𝑖𝑖𝛾𝛾0 − 𝛿𝛿1𝑟𝑟0 − 𝑋𝑋𝑖𝑖𝛽𝛽0}, and (7) 

 Pr(𝐷𝐷𝑖𝑖 = 1) = Pr {𝑣𝑣𝑖𝑖 ≤ 𝑊𝑊𝑖𝑖Γ + Δ𝑟𝑟𝑖𝑖 + 𝑋𝑋𝑖𝑖Β}. (8) 

Assuming 𝑣𝑣𝑖𝑖 ∼ 𝑁𝑁(0,𝜎𝜎2), we estimate equation (8) using a probit model:  

 Pr(𝐷𝐷𝑖𝑖 = 1) = Φ(𝑊𝑊𝑖𝑖Γ + Δ𝑟𝑟𝑖𝑖 + 𝑋𝑋𝑖𝑖Β). (9) 

We estimated the probit model to identify farmer characteristics that are correlated with a higher 
likelihood of ZT adoption (Table 5.3). We find that larger farmers who own tractors are significantly 
more likely than other farmers to grow ZT wheat. This is understandable because the ZT drills are drawn 
by tractors. There is a high degree of correlation between use of laser land leveler (LLL) and ZT in 
Haryana. Farmers who use LLL are significantly more likely to be ZT adopters also. ZT adoption is more 
likely by farmers with higher seed replacement rates and those who are aware of the minimum support 
price. Rotovators are a substitute for ZT. Accordingly, farmers who report using rotovators in their fields 
are less likely to be adopters of ZT. 

Some studies suggest that ZT wheat requires less water than CT wheat (Gupta et al. 2002; Hobbs 
and Gupta 2003; Mehla et al. 2000; Erenstein and Laxmi 2008; Kassam et. al. 2009). However, we do not 
find that an increase in water scarcity, as measured by a decline in the depth to the water table over the 
last 10 years, is significantly associated with adoption of ZT. This is probably because access to free 
electricity allows farmers to continue pumping groundwater in spite of the increasing amounts of energy 
required to do so with falling groundwater tables. Factors such as farmers’ age, years of education, and 
access to institutional credit and to weather forecasts through cell phones do not seem to have a 
significant effect on adoption of ZT.  
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Table 5.3 Correlates of adoption of zero-till wheat in Haryana 

Variable Probit model result 
Laser land leveling adopter (yes = 1, else 0) 0.5601*** 
 (0.1329) 
Total land owned (in acres) 0.0125** 
 (0.0061) 
Combine harvester user ( yes = 1, else 0) 0.3184** 
 (0.1441) 
Aware of minimum support price (% aware) 0.6745** 
 (0.2873) 
Do you replace seed every year? (yes = 1, else 0) 0.4379*** 
 (0.1327) 
Do you purchase seed every year? (yes = 1, else 0) -0.3808* 
 (0.2237) 
Are you a member of a registered farmer group? (yes = 1, else 0) 0.4033* 
 (0.2364) 
Rotavator adopters (yes = 1, else 0) -0.3781** 
 (0.1536) 
Do you have a tractor? (yes = 1, else 0) 0.3215** 
 (0.1402) 
Age of household head (years) -0.0005 
 (0.0048) 
Education level of the respondent (continuous) -0.0054 
 (0.0199) 
Straw reaper adopters (yes = 1, else 0) 0.1486 
 (0.1182) 
Belongs to a lower caste (SC/ST/OBC = 1, else 0) -0.0182 
 (0.2098) 
Do you have access to weather advisory? (yes = 1, else 0) -0.2571 
 (0.1863) 
Do you have access to credit? (yes = 1, else 0) 0.0361 
 (0.1885) 
Are you aware of biofertilizer? (yes = 1, else 0) 0.0725 
 (0.1934) 
Are you a member of a self-help group? (yes = 1, else 0) 0.2819 
 (0.4950) 
Tube well pump (in horsepower) 0.0040 
 (0.0095) 
Water depth (in feet) 0.0001 
 (0.0008) 
No. of observations 716 
Log likelihood -330.4727 
Pseudo-R2 0.2964 

Source:  Authors’ estimations based on primary survey conducted by authors, 2015–2016. 
Note:  ***, **, and * denote significance at the 1, 5, and 10 percent levels, respectively. District fixed effects are included but 

not shown, and standard errors, in parentheses, are clustered at the village level. OBC = Other Backward Class; SC = 
Scheduled Caste; ST = Scheduled Tribe. 

Altogether, it seems that larger and more progressive farmers are more likely to be adopters of ZT 
technology in wheat in Haryana. This systematic difference between adopters and nonadopters creates a 
challenge for rigorously measuring the impact of ZT. Differences detected through simple comparisons 
between adopters and nonadopters may well be due to adopters’ being more progressive and more likely 
to also be using other yield- and efficiency-enhancing technologies or practices. We tackle this problem 
by using an econometric strategy that controls for group (adopter versus nonadopter) fixed effects as well 
as common time trends.  
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6.  ECONOMETRIC STRATEGY 

The objective of this study is to test whether there was a significantly smaller loss in wheat yield due to 
unseasonal rains in rabi 2015 on ZT plots than on conventionally tilled (CT) plots. Specifically, we are 
interested in comparing wheat crop loss between ZT and CT plots. A major challenge to this assessment 
is that wheat farmers who practice ZT and those who do not may be systematically different from each 
other. Not only that, but the ZT and the CT plots of even the same farmer may be systematically different 
from each other in ways that may also affect the extent of losses due to unseasonal rains. For example, if 
ZT is more common in better-drained land, then we will see less crop loss due to unseasonal rain in ZT 
plots. Experimental studies on impact of ZT tackle this problem of omitted-variable bias by randomly 
assigning experimental plots or parcels of land to either ZT or CT (Aryal et. al 2015; Erenstein and Laxmi 
2008). We are interested, however, in estimating the impact of ZT on crop loss using data from farmers’ 
fields, not experimental plots. In the absence of a randomized controlled trial, we are forced to turn to 
nonexperimental methods for rigorous assessment of the impact of ZT. In principle, many of the 
unobservable characteristics that may confound identification are those that vary across farmers or land 
parcels but are fixed over time. A common method of controlling for time-invariant unobserved 
heterogeneity is to use panel data and estimate a difference-in-differences (DID) model (Galiani, Gertler, 
and Schargrodsky 2005). 

We have farmers’ recall data on average wheat yield from their ZT and CT plots for the years 
2011 to 2015. The five-year recall data on yields in both kinds of plots allow us to use DID to measure 
the impact of ZT. With DID, we control for observed and unobserved time-invariant farmer 
characteristics that may determine the impact of unseasonal rains on wheat yields. As Galiani, Gertler, 
and Schargrodsky (2005) pointed out, the change in wheat yields in ZT plots controls for fixed 
characteristics, and the change in yields in the CT plots controls for time-varying factors that are common 
to both ZT and CT plots. 

The DID method is simple and intuitive, and it allows us to circumvent many of the endogeneity 
problems that typically arise when making comparisons between heterogeneous individuals. DID is 
appropriate when the interventions are as good as random, conditional on time and group fixed effects. 
Therefore, much of the debate around the validity of a DID estimate typically revolves around the 
possible endogeneity of the interventions themselves (Besley and Case 2000). Here, the adoption of ZT 
itself may not be random, but we are estimating the impact of ZT on the outcome of an event that is 
plausibly exogenous and unexpected. Therefore, endogeneity is less of a concern here.  

Formally, the DID model can be specified as a two-way fixed-effect linear regression model. We 
use the following DID model to identify the impact of using ZT on yield reduction in wheat due to an 
unexpected and unseasonal weather event in 2015:  

 𝑌𝑌𝑖𝑖𝑡𝑡 = ∑ 𝛽𝛽𝑠𝑠𝑠𝑠 𝐷𝐷𝑡𝑡𝑘𝑘 + 𝛾𝛾𝐷𝐷𝐷𝐷𝐷𝐷𝑊𝑊𝑠𝑠𝑡𝑡 + 𝜇𝜇𝑠𝑠 + 𝜀𝜀𝑖𝑖𝑠𝑠𝑡𝑡. (10) 

The dependent variable, 𝑌𝑌𝑖𝑖𝑡𝑡 , represents the outcome of interest—that is, wheat yield for farmer 𝑖𝑖 
at time 𝑡𝑡 (for times corresponding to different years). The variable 𝐷𝐷𝑡𝑡𝑘𝑘 , where 𝑘𝑘 corresponds to the 
different years of data, with the common time effect across all farmers. The main variable of interest 
is 𝑊𝑊𝑠𝑠𝑡𝑡, which is the interaction of the treatment group dummy with the time indicator. Let 𝑇𝑇𝑠𝑠 denote the 
ZT plot indicator, which takes a value equal to 1 for ZT plots and equal to 0 for CT plots. 𝑊𝑊𝑠𝑠𝑡𝑡  is the 
interaction of 𝑇𝑇𝑠𝑠 with the time dummy. 𝜇𝜇𝑠𝑠 is a farmer’s fixed effect for farmer 𝑠𝑠, and the variable 𝜀𝜀𝑖𝑖𝑠𝑠𝑡𝑡 is 
meant to capture the influence of unobserved factors that vary at the farmer, plot, and time level. Standard 
errors are clustered at the village level.  

The coefficient of 𝑊𝑊𝑠𝑠𝑡𝑡—that is, 𝛾𝛾𝐷𝐷𝐷𝐷𝐷𝐷—estimates the average difference in the changes in wheat 
yields between the ZT and the CT plots in 2015, the year with excess rainfall (the treatment year), relative 
to the baseline, in which neither ZT nor CT plots experienced a weather anomaly. Following Bertrand, 
Duflo, and Mullainathan (2002), we use two different ways to tackle the problem of underestimation of 
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standard errors due to possible serial correlation in yield values in our data. In one estimate, we take the 
average yield from 2011 to 2014 as the “pretreatment”-period yield and compare it with the yield in 
2015—the “posttreatment” period. Then, in a second regression, we use data only from 2014 (the 
pretreatment period) and 2015 (the posttreatment period) to estimate the DID impact. We ensure that 
group composition remains stable in both periods by excluding farmers who first adopted ZT in 2015.  

Repeated data on wheat yields from the same farmers allow us to control for observed and 
unobserved time-invariant farmer characteristics that may affect our outcomes of interest. The fixed 
effects included in equation (1) can neutralize the additive linear effects of other unobserved 
heterogeneity in terms of disadvantages or advantages associated with a plot’s being a ZT or CT plot or 
being operated by a more or less progressive farmer or a more or less well-informed farmer. The time 
fixed effects capture common effects across plot locations.  

The Issue of Parallel Trends  
One key assumption of DID estimation is that the trends in the outcome of interest, wheat yields in this 
case, would have been the same in both the treatment (ZT plots) and control (CT plots) groups, had 
unseasonal rain not occurred. As Galiani, Gertler, and Schargrodsky (2005) pointed out, while we cannot 
directly test this assumption, we can test whether the secular time trends in the control and treatment 
groups were the same in the periods before the shock occurred. If the secular trends in wheat yields in ZT 
and CT plots are the same in earlier years, then it is likely that they would have been the same in the 
postintervention period, if there were no rain shocks. Existence of parallel trends between the treatment 
and control groups before the treatment is necessary to get reliable estimates from the DID method 
(Angrist and Pischke 2009).  

Testing for parallel trends requires data from more than two time periods. Following Erenstein, 
Malik, and Singh (2007), we collected recall data on wheat yields from ZT and CT plots for the years 
2011 to 2015. Figure 6.1 shows average wheat yields on ZT and CT plots for 2011 to 2014. We see clear 
evidence of parallel trends in the figure.  

Figure 6.1 Test of parallel trend between wheat yields from zero-till (ZT) and conventionally tilled 
(CT) plots of land, 2011–2015 

 

Source:  Authors’ calculations based on primary survey conducted by authors, 2015–2016. 
Note:  1 hectare = 2.47 acres. 
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We also test that the preintervention time trends for the control and treatment groups are not 
different parametrically, by estimating a slightly modified version of the standard DID model:  

 Yidt = 𝛽𝛽0 + 𝛽𝛽1∙Aidt + 𝛽𝛽2∙𝑇𝑇idt + 𝛽𝛽3∙Aidt ∙𝑇𝑇idt + 𝜀𝜀idt.  (11) 

Equation (11) is similar to the DID regression in equation (10), except that here the 
“posttreatment” variable, 𝐴𝐴𝑖𝑖𝑖𝑖𝑡𝑡, is replaced by a continuous variable indicating the year, with 2011 coded 
as 1 and 2014 coded as 4 (and so on), and we include only preintervention data while testing for parallel 
trends. Table 6.1 shows regression results. The interaction term (Year x treatment) in equation (11), 
labeled “parallel trends,” is the variable of interest. We fail to reject the null hypothesis of parallel trends 
when the interaction term is statistically not significant. The coefficient on the interaction term is indeed 
statistically not significant.  

Table 6.1 Results of parametric test for parallel trends in wheat yield 

Variable Model results 
Treatment 26.7800 
 (132.6077) 
Year -0.1111* 
 (0.0552) 
Year x treatment -0.0130 
 (0.0659) 
Constant 240.9907** 
 (111.1602) 
No. of observations 2,984 
Log likelihood -5631.3610 
Adjusted R2 0.0110 

Source:  Authors’ estimations based on primary survey conducted by authors, 2015–2016. 
Note:  Standard errors are in parentheses and clustered at village level. ** and * denote significance at the 5 and 10 percent 

levels, respectively.  

The test for parallel trends presented in Table 6.1 is essentially a falsification test, or a placebo 
test using a fake treatment. It uses data from years prior to 2015 (the year in which too much rain fell) to 
estimate the DID using the same treatment and comparison groups used in previous regressions. The only 
difference is that there was no rain shock in these years (2011–2014).  

Impact of Zero Tillage on Yield Loss in Wheat: The Difference-in-Differences Results 
We estimate equation (10) to assess whether crop loss due to excess rain and wind was lower in the ZT 
plots of wheat than in the CT plots, and if so, by how much. Table 6.2 presents the results of the DID 
model. As discussed earlier, we estimate two models: one in which yield data from only 2014 are used as 
the pretreatment-period values, and another in which yield data from 2011–2014 are collapsed and their 
averages for these four years are used as the preintervention values. In both cases, data from 2015 
constitute the posttreatment-period values.  

Results from the two models are quite similar to each other. We find that the average wheat yield 
was lower by 1.49 to 1.81 quintals per acre (3.73 and 4.53 quintals per hectare), respectively, in 2015 
compared with 2014 or with the average of the previous four years (2011 to 2014)—all normal years. 
Thus, the unseasonal rains and wind resulted in about an 8.78 to 10.50 percent reduction in wheat yields 
in 2015 compared with past years. These estimates are much lower than the expected losses reported in 
the media in March 2015, when the unseasonal rain occurred (Mukherjee and Dave 2015; Sally 2015a, 
Sally 2015b; Krar 2015; India, Ministry of Agriculture 2015a, 2015b, 2015c).  
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Table 6.2 Impact of zero tillage in reducing crop loss due to unseasonal rains in 2015 

Variable 
Pretreatment period =  
mean of 2011 to 2014  

Pretreatment period = 
2014 only 

Posttreatment-period dummy -1.8127*** -1.4869*** 
 (0.1268) (0.1198) 
ZT plots dummy 0.9036*** 0.7078*** 
 (0.2166) (0.2488) 
ZT dummy x posttreatment 0.4374* 0.4188* 
 (0.2438) (0.2111) 
Constant 17.2406*** 16.9843*** 
 (0.0910) (0.0962) 
No. of Observations 1,586 1,532 
Adjusted R2 0.2994 0.2409 

Source:  Authors’ estimations based on primary survey conducted by authors, 2015–2016. 
Note:  Standard errors are in parentheses and clustered at the village level. *** and * denote significance at the 1 and 10 percent 

levels, respectively. ZT = zero tillage.  

Our results also show that the average wheat yield is higher on ZT plots by about 0.71 to 0.90 
quintals per acre (1.75 to 2.23 quintals per hectare). Though yield enhancement is not the main outcome 
of adopting ZT, many studies do report an increase in crop yields due to ZT (Jat et al. 2013; Mishra and 
Singh 2012). It is important to note that the yield difference between ZT and CT plots obtained here is not 
a causal estimate of the impact of ZT on wheat yield. This difference could also be due to the inherent 
differences in the soil properties of ZT and CT plots and other such factors.  

The coefficient of the interaction term in Table 6.2 shows that the yield loss due to unseasonal 
rains was lower by 0.42 to 0.44 quintals per acre (1.05–1.10 quintals per hectare) in ZT plots of wheat 
compared with CT plots. This is nearly one-fourth (24.3 to 28.2 percent) of the average loss experienced 
due to unseasonal rains.  

At prevailing prices, farmers in Haryana lost wheat production worth Rs. 5,400–6,563 per hectare 
of land due to unseasonal rains around the harvest time in 2015. Our DID results show that use of ZT in 
wheat helped farmers avoid loss of Rs. 1,523–1,595 per hectare, or one-fourth of the average loss. This 
loss reduction is nearly equal to the modal rental rate of the ZT drill, Rs. 1,500 per hectare. Also, the 
avoided loss is in addition to other benefits from using ZT (such as higher yield, lower cost of cultivation, 
higher water productivity, reduced carbon footprint, and better soil health), which we quantify in another 
paper, still in progress. 
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7.  CONCLUSION 

Climate models suggest that the incidence of short-duration acute hydrometeorological events like the 
excess rainfall and hailstorm that occurred right before the wheat harvest in Haryana in 2015 are likely to 
increase in the years to come. It is hard to predict such events, and few coping strategies are available to 
farmers even if there are reliable forecasts. The government responds to such events mainly by offering 
cash compensation to farmers or by waiving interest on crop loans from institutional sources. The 
compensation mechanism, however, suffers from ad hoc and inaccurate assessment of losses, poor 
targeting of farmers, and inordinate delays in actual payments. It is not very successful in reducing 
welfare losses to farmers and preparing them better for subsequent such events.  

Agronomists suggest that apart from reducing production costs, conserving soil nutrients and 
water, and mitigating carbon emissions, zero tillage (ZT) also makes a wheat crop less vulnerable to 
weather shocks. This additional benefit of ZT offers an added incentive to farmers to adopt ZT and to 
governments to promote its adoption. However, there are few empirical studies using data from farmers’ 
fields (as opposed to experimental plots or farm field experiments) that estimate the extent of weather-
related loss reduction due to ZT. Our paper tries to fill this gap by rigorously estimating the reduction in 
loss to the wheat crop in Haryana due to ZT. We find that crop loss due to unseasonable rains was nearly 
25 percent less in the ZT plots than in the conventionally tilled ones. Avoided losses in ZT plots were 
around $9 per acre ($23 per hectare)—slightly more than the per hectare rent for ZT equipment in 
Haryana.  

Our study not only provides an additional reason for promoting conservation technologies like ZT 
but also offers useful information for rationalizing insurance premiums for crops. If ZT or other similar 
practices help reduce the vulnerability of crops to weather shocks, then the adopters of such practices 
should pay a lower premium for crop insurance. Implementing such a policy would create additional 
incentives for farmers to adopt resource-conservation technologies, but it also would require reliable 
estimates of potential loss reduction due to different technologies. Therefore, there is a need to replicate 
these studies across different regions, crops, and agricultural practices. Further, our results are based on 
recall data of average wheat yields from ZT and conventionally tilled plots of wheat. Estimates of loss 
reduction due to ZT (or any other technology of interest) would be more precise if we had plot-level panel 
data on cultivation practices and crop yields. There is a need to collect such data to design better 
insurance products and to inform policies on promoting conservation agriculture. 
  



17 

REFERENCES 

Angrist, J. D., and J.-S. Pischke. 2009. Mostly Harmless Econometrics: An Empiricist’s Companion. Vol. 1. 
Princeton, NJ, US: Princeton University Press. 

Aryal, J. P., T. B. Sapkota, M. L. Jat, and D. K. Bishnoi. 2015. “On-Farm Economic and Environmental Impact of 
Zero-Tillage Wheat: A Case of North-West India.” Experimental Agriculture 51: 1–16.  

Aryal, J. P., T. B. Sapkota, M. L. Jat, H. S. Jat, M. Rai, S. Mittal, C. M. Stirling, and J. M. Sutaliya. 2016. 
“Conservation Agriculture-Based Wheat Production Better Copes with Extreme Climate Events than 
Conventional Tillage-Based Systems: A Case of Untimely Excess Rainfall in Haryana, India.”. Agriculture, 
Ecosystems and Environment, forthcoming. 

Bertrand, M., E. Duflo, and S. Mullainathan. 2002. How Much Should We Trust Differences-in-Differences 
Estimates? Working Paper 8841. Cambridge, MA, US: National Bureau of Economic Research. 

Besley, T., and A. Case. 2000. “Unnatural Experiments? Estimating the Incidence of Endogenous Policies.” The 
Economic Journal 110 (467): 672–694. 

Birthal, P. S. 2013. “Application of Frontier Technologies for Agricultural Development.” Indian Journal of 
Agricultural Economics 68 (1): 20–38. 

Byerlee, D., and E. H. De Polanco. 1986. “Farmers’ Stepwise Adoption of Technological Packages: Evidence from 
the Mexican Altiplano.” American Journal of Agricultural Economics 68 (3): 519–527. 

Erenstein, O., and V. Laxmi. 2008. “Zero Tillage Impacts in India’s Rice-Wheat Systems: A Review.” Soil and 
Tillage Research 100 (1): 1–14. 

Erenstein, O., R. K. Malik, and S. Singh. 2007. “Adoption and Impacts of Zero Tillage in the Rice-Wheat Zone of 
Irrigated Haryana, India.” New Delhi: International Maize and Wheat Improvement Center (CIMMYT) and 
Rice-Wheat Consortium for the Indo-Gangetic Plains. 

Galiani, S., P. Gertler, and E. Schargrodsky. 2005. “Water for Life: The Impact of the Privatization of Water 
Services on Child Mortality.” Journal of Political Economy 113 (1): 83–120. 

Greene, W. H. 2008. Econometric Analysis, 6th ed. Upper Saddle River, NJ, US: Prentice-Hall. 

Gupta, R. K., R. K. Naresh, P. R. Hobbs, and J. K. Ladha. 2002. “Adopting Conservation Agriculture in the Rice-
Wheat System of the Indo-Gangetic Plains: New Opportunities for Saving Water.” In Water-Wise Rice 
Production. Proceedings of the International Workshop on Water-Wise Rice Production, edited by B. A. 
M. Bouman, H. Hengsdijk, B. Hardy, P. S. Bindraban, T. P. Tuong, and J. K. Ladha, 207–222. Los Baños, 
Philippines: International Rice Research Institute. 

Hobbs, P. R., and R. K. Gupta. 2003. “Resource-Conserving Technologies for Wheat in the Rice-Wheat System.” In 
Improving the Productivity and Sustainability of Rice-Wheat Systems: Issues and Impacts, edited by J. K. 
Ladha, J. E. Hill, J. M. Duxbury, R. K. Gupta, and R. J. Buresh, 149–172. Madison, WI, US: American 
Society of Agronomy, Crop Science Society of America, and Soil Science Society of America.  

IMD (India Meteorological Department). 2015. “Rainfall for the Month March-2015 (Realtime).” 
http://www.imd.gov.in/section/hydro/dynamic/rfmaps/mar2015.jpg. 

India, Ministry of Agriculture. 2015a. “Damage to Rabi Crops.” Press release, April 21. 
http://pib.nic.in/newsite/PrintRelease.aspx?relid=118447. 

———. 2015b. “Relief Package to Farmers Affected by Unseasonal Rains and Hailstorms.” Press release, April 24. 
http://pib.nic.in/newsite/PrintRelease.aspx?relid=118626. 

———. 2015c. “State-Wise Revised Affected Area under Rabi Crops During End of February to Till Date 
26.03.2015.” Press release, March 27. http://pib.nic.in/newsite/PrintRelease.aspx?relid=117752. 

IPCC (Intergovernmental Panel on Climate Change). 2012. “Summary for Policymakers.” In Managing the Risks of 
Extreme Events and Disasters to Advance Climate Change Adaptation: A Special Report of Working 
Groups I and II of the Intergovernmental Panel on Climate Change, edited by C. B. Field, V. Barros, T. F. 

http://www.imd.gov.in/section/hydro/dynamic/rfmaps/mar2015.jpg
http://pib.nic.in/newsite/PrintRelease.aspx?relid=118447
http://pib.nic.in/newsite/PrintRelease.aspx?relid=118626
http://pib.nic.in/newsite/PrintRelease.aspx?relid=117752


18 

Stocker, D. Qin, D. J. Dokken, K. L. Ebi, M. D. Mastrandrea, K. J. Mach, G.-K. Plattner, S. K. Allen, M. 
Tignor, and P. M. Midgley, 1–19. New York: Cambridge University Press. 

Jat, M. L., M. K. Gathala, J. K. Ladha, Y. S. Saharawat, A. S. Jat, V. Kumar, S. K. Sharma, V. Kumar, and R. 
Gupta. 2009. “Evaluation of Precision Land Leveling and Double Zero-Till Systems in the Rice-Wheat 
Rotation: Water Use, Productivity, Profitability and Soil Physical Properties.” Soil and Tillage 
Research 105 (1): 112–121. 

Jat, M. L., M. K. Gathala, Y. S. Saharawat, J. P. Tetarwal, R. Gupta, and Yadvinder-Singh. 2013. “Double No-Till 
and Permanent Raised Beds in Maize-Wheat Rotation of North-Western Indo-Gangetic Plains of India: 
Effects on Crop Yields, Water Productivity, Profitability and Soil Physical Properties.” Field Crops 
Research 149: 291–299. 

Kassam, A., T. Friedrich, F. Shaxson, and J. Pretty. 2009. “The Spread of Conservation Agriculture: Justification, 
Sustainability and Uptake.” International Journal of Agricultural Sustainability 7: 292–320. 

Keil, A., A. D’souza, and A. McDonald. 2015. “Zero-Tillage as a Pathway for Sustainable Wheat Intensification in 
the Eastern Indo-Gangetic Plains: Does It Work in Farmers’ Fields?” Food Security 5:983–1001. 

Krar, P. 2015. “Wheat Output in Punjab, Haryana May Fall by 15% due to Unseasonal Rains.” Economic Times, 
March 11. http://articles.economictimes.indiatimes.com/2015-03-11/news/60008505_1_wheat-output-
punjab-and-haryana-unseasonal-rains. 

Krishna, V. V., and P. C. Veettil. 2014. “Productivity and Efficiency Impacts of Conservation Tillage in Northwest 
Indo-Gangetic Plains.” Agricultural Systems 127: 126–138. 

Laxmi, V., O. Erenstein, and R. K. Gupta. 2007. “Impact of Zero Tillage in India’s Rice-Wheat Systems.” El Batán, 
Mexico: International Maize and Wheat Improvement Center (CIMMYT). 

Malik, R. K., R. K. Gupta, A. Yadav, P. K. Sardana, and C. M. Singh. 2005. Zero Tillage—The Voice of Farmers. 
Technical Bulletin 9. Hisar, India: Directorate of Extension Education, CCS Haryana Agricultural 
University. 

Mehla, R. S., J. K. Verma, R. K. Gupta, and P. R. Hobbs. 2000. Stagnation in the Productivity of Wheat in the Indo-
Gangetic Plains: Zero-Till-Seed-Cum-Fertilizer Drill as an Integrated Solution. Rice-Wheat Consortium 
Paper Series 8. New Delhi: Rice-Wheat Consortium for the Indo-Gangetic Plains. 

Mishra, J. S., and V. P. Singh. 2012. “Tillage and Weed Control Effects on Productivity of a Dry Seeded Rice-
Wheat System on a Vertisol in Central India.” Soil and Tillage Research 123:11–20. 

Mukherjee, S., and V. Dave. 2015. “Unseasonal Rains Damaged Rabi Crops, Mango.” Business Standard, March 2. 
www.business-standard.com/article/economy-policy/unseasonal-rains-damaged-rabi-crops-mango-
115030200786_1.html. 

Paul, B. K. 2011. Environmental Hazards and Disasters: Contexts, Perspectives and Management. London: Wiley-
Blackwell. 

Saharawat, Y. S., B. Singh, R. K. Malik, J. K. Ladha, M. Gathala, M. L. Jat, and V. Kumar. 2010. “Evaluation of 
Alternative Tillage and Crop Establishment Methods in a Rice-Wheat Rotation in North Western 
IGP.” Field Crops Research 116 (3): 260–267. 

Sally, M. 2015a. “Crop Yields May Fall Over 2% due to Unseasonal Rain: Expert.” Economic Times, March 10. 
http://articles.economictimes.indiatimes.com/2015-03-10/news/59970434_1_crop-loss-indu-sharma-indian-
institute. 

———. 2015b. “Thundershower, Rain in March-April to Affect Rabi Harvest.” Economic Times, March 13. 
http://articles.economictimes.indiatimes.com/2015-03-13/news/60086305_1_indian-institute-crops-march-
rainfall. 

Sapkota, T., M. Mazzoncini, P. Bàrberi, D. Antichi, and N. Silvestri. 2012. “Fifteen Years of No Till Increase Soil 
Organic Matter, Microbial Biomass and Arthropod Diversity in Cover Crop–Based Arable Cropping 
Systems.” Agronomy for Sustainable Development 32: 853–863.

http://articles.economictimes.indiatimes.com/2015-03-11/news/60008505_1_wheat-output-punjab-and-haryana-unseasonal-rains
http://articles.economictimes.indiatimes.com/2015-03-11/news/60008505_1_wheat-output-punjab-and-haryana-unseasonal-rains
http://www.business-standard.com/article/economy-policy/unseasonal-rains-damaged-rabi-crops-mango-115030200786_1.html
http://www.business-standard.com/article/economy-policy/unseasonal-rains-damaged-rabi-crops-mango-115030200786_1.html
http://articles.economictimes.indiatimes.com/2015-03-10/news/59970434_1_crop-loss-indu-sharma-indian-institute
http://articles.economictimes.indiatimes.com/2015-03-10/news/59970434_1_crop-loss-indu-sharma-indian-institute
http://articles.economictimes.indiatimes.com/2015-03-13/news/60086305_1_indian-institute-crops-march-rainfall
http://articles.economictimes.indiatimes.com/2015-03-13/news/60086305_1_indian-institute-crops-march-rainfall






RECENT IFPRI DISCUSSION PAPERS 

For earlier discussion papers, please go to www.ifpri.org/publications/discussion_papers. 
All discussion papers can be downloaded free of charge. 

1561. Limits to Green Revolution in rice in Africa: The case of Ghana. Catherine Ragasa and Antony Chapoto, 2016. 

1560. Will China’s demographic transition exacerbate its income inequality?: A CGE modeling with top-down microsimulation. 
Xinxin Wang, Kevin Z. Chen, Sherman Robinson, and Zuhui Huang, 2016. 

1559. Comparing apples to apples: A new indicator of research and development investment intensity in agriculture. Alejandro 
Nin-Pratt, 2016. 

1558. Have Chinese firms become smaller?: If so, why? Qiming Yang, Xiaobo Zhang, and Wu Zhu, 2016. 

1557. Export competition issues after Nairobi: The recent World Trade Organization agreements and their implications for 
developing countries. Eugenio Díaz-Bonilla and Jonathan Hepburn, 2016. 

1556. Adoption of food safety measures among Nepalese milk producers: Do smallholders benefit? Anjani Kumar, Ganesh 
Thapa, P. K. Joshi, and Devesh Roy, 2016. 

1555. Making pulses affordable again: Policy options from the farm to retail in India. P. K. Joshi, Avinash Kishore, and Devesh 
Roy, 2016. 

1554. Implications of slowing growth in emerging market economies for hunger and poverty in rural areas of developing 
countries. David Laborde and Will Martin, 2016. 

1553. Impacts of CAADP on Africa’s agricultural-led development. Samuel Benin, 2016 

1552. Do beliefs about agricultural inputs counterfeiting: Correspond with actual rates of counterfeiting? Maha Ashour, Lucy 
Billings, Daniel Gilligan, Jessica B. Hoel, and Naureen Karachiwalla, 2016. 

1551. Agricultural inputs policy under macroeconomic uncertainty: Applying the Kaleidoscope Model to  
Ghana’s Fertilizer Subsidy Programme (2008–2015). Danielle Resnick and David Mather, 2016. 

1550. Gender dimensions on farmers’ preferences for direct-seeded rice with drum seeder in India. Md. Tajuddin Khan, 
Avinash Kishore, and P. K. Joshi, 2016. 

1549. A farm-level perspective of the policy challenges for export diversification in Malawi: Example of the oilseeds and maize 
sectors. Michael E. Johnson, Brent Edelman, and Cynthia Kazembe, 2016. 

1548. The distribution of power and household behavior: Evidence from Niger. Fleur Wouterse, 2016. 

1547. Market integration and price transmission in Tajikistan’s wheat markets: Rising like rockets but falling like feathers? 
Jarilkasin Ilyasov, Linde Götz, Kamiljon Akramov, Paul Dorosh, and Thomas Glauben, 2016. 

1546. The economic value of seasonal forecasts: Stochastic economywide analysis for East Africa. Joao Rodrigues, James 
Thurlow, Willem Landman, Claudia Ringler, Ricky Robertson, and Tingju Zhu, 2016. 

1545.  Perceived land tenure security and rural transformation: Empirical evidence from Ghana. Hosaena Ghebru, Huma 
Khan, and Isabel Lambrecht, 2016. 

1544. Global and regional pulse economies: Current trends and outlook. P. K. Joshi and P. Parthasarathy Rao, 2016. 

1543. United States agricultural policy: Its evolution and impact. Joseph W. Glauber and Anne Effland, 2016. 

1542. Roads to innovation: firm-level evidence from China. Xu Wang, Xiaobo Zhang, Zhuan Xie, and Yiping Huang, 2016. 

1541. A systematic review of cross-country data initiatives on agricultural public expenditures in developing countries. Richard 
Anson and Tewodaj Mogues, 2016. 

1540. Does female labor scarcity encourage innovation?: Evidence from China’s gender imbalance. Zhibo Tan and Xiaobo 
Zhang, 2016. 

1539. Linking smallholder farmers to commercial markets: Evidence from nongovernmental organization training in 
Nicaragua. Ayako Ebata and Manuel A. Hernandez, 2016. 

1538. Can labor market imperfections explain changes in the inverse farm size–productivity relationship?: Longitudinal 
evidence from rural India. Klaus Deininger, Songqing Jin, Yanyan Liu, and Sudhir K. Singh, 2016. 

http://www.ifpri.org/publications?sort_by=ds_year&f%5B0%5D=sm_content_subtype_to_terms%3A88


 

INTERNATIONAL FOOD POLICY  
RESEARCH INSTITUTE 

www.ifpri.org  

IFPRI HEADQUARTERS 
2033 K Street, NW 
Washington, DC 20006-1002 USA   
Tel.: +1-202-862-5600 
Fax: +1-202-467-4439 
Email: ifpri@cgiar.org 

IFPRI NEW DELHI  
NASC, DPS Road, Opp Todapur, Pusa  
New Delhi 110-012 India  
Tel.: 91 11 2584-6565  
Fax: 91 11 2584-8008 / 2584-6572  
Email: ifpri-newdelhi@cgiar.org 

mailto:ifpri@cgiar.org
mailto:ifpri-newdelhi@cgiar.org

	ABSTRACT
	ACKNOWLEDGMENTS
	1.  Introduction
	2.  Research Area, Sampling, and Farmer Characteristics
	3.  Yield Loss in Wheat due to Unseasonal Rains in 2015
	4.  What Is the Zero-Till Method and Why Is Lower Yield Loss Expected in Zero-Till Wheat?2F2F
	5.  ADOPTION OF ZERO-TILL WHEAT IN HARYANA
	Drivers of Adoption of Zero-Till Wheat

	6.  Econometric Strategy
	The Issue of Parallel Trends
	Impact of Zero Tillage on Yield Loss in Wheat: The Difference-in-Differences Results

	7.  Conclusion
	References
	RECENT IFPRI DISCUSSION PAPERS

