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1 | INTRODUCTION

The COVID-19 pandemic and the measures put in place to
curtail it have taken a toll on economies worldwide. India,
one of the largest economies in the world, implemented a
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Abstract

In March 2020, India declared a nationwide lockdown in response to the COVID-
19 pandemic. Such restrictions on mobility interrupted the normal functioning
of agricultural value chains. For a sample of 1767 tomato and wheat producers
in the state of Haryana, we study to what extent the lockdown limited access to
inputs, labor, machinery, and markets to produce, harvest, and sell their crops.
We quantify crop income reductions during the first months of the lockdown
and analyze to what extent these are associated with borrowing and food insecu-
rity. We find that wheat producers, for whom state-led procurement guaranteed
market access at fixed prices, suffered minimal declines in income. For tomato
producers—an already more vulnerable population—income fell by 50% relative
to their expected income in a normal year, largely due to a steep fall of tomato
prices as they shifted from wholesale markets to local retail markets, resulting
in a sharp increase in local supply. Relative to wheat producers affected by the
lockdown, reduced income for tomato producers was associated with an increase
in borrowing and reduced food security. We conclude that targeting producers of
crops that face substantial price risk and introducing policies that stabilize mar-
ket prices are important in efforts to aid recovery and build resilience of small-
holder farmers.
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strict lockdown starting March 2020. In April 2020, growth
projections for the country were revised downward from
6% to 2%, with significant expected impacts on the agri-
cultural sector from both demand and supply contractions
(IMF, 2020). Such a downturn in economic activity would
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have major consequences for poverty reduction and food
security across the country, as India’s agricultural sector
represents almost 15% of GDP and provides livelihoods
for an estimated 126 million smallholder farmers (Bisht
et al., 2020) and more than 100 million agricultural labor-
ers and other value chain actors. As governments are being
urged to provide relief to farmers and support their recov-
ery (Narayanan and Saha, 2020), and as they are looking
for ways to minimize the adverse consequences of policies
to contain future outbreaks, it is imperative to understand
how a lockdown affects agricultural value chains.

To provide a deeper understanding on the mechanisms
at play and inform the design of recovery policies, we
analyze how agricultural production and farmer liveli-
hoods were disrupted during the lockdown. To do this,
the paper aims to answer three main research questions.
First, we aim to assess to what extent farmers’ crop income
declined during the lockdown, focusing on two types of
producers in the same geographical context: wheat pro-
ducers, who were about to harvest their crops when the
lockdown was announced and for whom policies were
set in place to guarantee a market for their harvest; and
tomato producers, who were amidst the growing season—
and may thus have seen impacts to their production—and
for whom no policies were set in place to support mar-
keting. In this sense, we expect potentially larger adverse
effects of the lockdown for tomato farmers. Second, in
order to determine the extent to which farmers were able to
absorb any resulting short-term income shocks, we study
whether reductions in agricultural income are associated
with changes in borrowing and food insecurity, with poten-
tially long-term welfare effects. Third, we are interested in
characterizing income reductions by farmer profiles; in
particular, we analyze which farmer attributes help explain
differences, if any, in income reductions across tomato and
wheat producers.

We explore these questions by relying on survey data
collected for 1767 wheat and tomato farmers spread across
four districts in the state of Haryana, India. These surveys
were conducted by phone during the lockdown in the con-
text of an ongoing panel survey on agricultural risk man-
agement. In the case of wheat farmers, the phone surveys
included a series of questions related to the effects of the
lockdown on crop productivity, harvesting practices, har-
vest costs, and commercialization of produce after harvest.
In the case of tomato, a multi-picking crop, we adminis-
tered the same set of questions through several follow-up
surveys over the course of the harvesting season, allowing
us to explore the dynamic effects of the lockdown restric-
tions. In addition, for both wheat and tomato producers,
we asked about borrowing and included a short module on
household’s access to food before and after the lockdown,
providing insights on lockdown-related borrowing and dis-
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ruptions in food security. These data provide insights on
the linkages between reduced agricultural income and risk
coping behaviors.

We find important disruptions to agriculture during the
lockdown, with income reductions varying across crops
and over time. In the case of wheat, income reductions
remain modest, as these farmers were able to reap the
benefits of state procurement policies that allowed them
to continue selling their harvest at minimum guaranteed
prices. In the case of tomato, we observe higher income
reductions across production, harvest, and post-harvest
stages. In addition, we observe major reductions related
to the commercialization of tomato harvest; we estimate
reductions of 50% relative to the expected income in a
normal year, mainly due to output prices falling to about
one third of farmers’ expected prices. Related literature
and key informant interviews suggest that prices fell as
traders, who normally serve to link farmers’ production
with wholesale markets, could no longer travel or offered
lower prices due to an increase in their operational costs
(Varshney et al., 2020). As a result, farmers shifted to local
retail markets, increasing local supply relative to demand
and depressing prices for their produce. Reduced income is
also associated with an increase in borrowing and reduced
food security. This evidence highlights the severe conse-
quences of a lockdown and associated market closures for
the producers of this perishable horticultural crop and, in
particular, the important role that price risk plays in secur-
ing profits from farming.

This paper contributes to the literature in three ways.
First, our study relates to a growing literature analyzing the
effects of the COVID-19 pandemic and related restriction
measures on agricultural livelihoods (Ceballos et al., 2020;
Kumar et al., 2020; Rawal et al., 2020), agricultural value
chains (Hailu, 2020), the agricultural grain (Brewin, 2020)
and vegetable (Richards & Rickard, 2020) sectors, and food
security (Abate et al., 2020; Alvi & Gupta, 2020). We add to
this literature by quantifying reductions in income for pro-
ducers of two different types of crops, wheat, and toma-
toes, within the same region, and showing that the extent
to which income was lowered varies widely across these
two different value chains. To the best of our knowledge,
none of the existing studies on the effects of the COVID-
19 pandemic and related restriction measures on agricul-
tural livelihoods quantify income effects of the pandemic
for different phases of production and marketing, while
analyzing how the same lockdown in the same geographi-
cal context impacted producers of different types of crops.

Second, this paper relates to several strands of the agri-
cultural economics literature around risk management
and coping with shocks. Farmers generally have very lim-
ited options for avoiding pre-harvest production losses
(Moschini & Hennessy, 2001; Oerke & Dehne, 2004; Savary
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et al, 2012) or post-harvest losses (Affognon et al., 2015;
Hodges et al., 2011). In this light, rural household resilience
to fluctuations in agricultural incomes is a key aspect for
rural development. While the literature highlights various
formal and informal coping mechanisms available to farm-
ers (Dercon, 2002; Wik, 1999), these are generally limited
and tend to be less available among the most vulnerable
households (Gao & Mills, 2018; Harvey et al., 2014; Ols-
son et al., 2015). In this light, large reductions in income,
like the ones we observe for tomato producers, can have
major welfare implications in the long term; farmers may
perceive an increase in future risk, potentially leading to
ex ante under-investment in profitable technologies (Cai
et al., 2013; Cai et al., 2009; Cai, 2016; Cole et al., 2017; Kar-
lan et al., 2014; Mobarak & Rosenzweig, 2012), and such
a one-time shock can have long-term consequences on
income paths and human capital development (Barrett &
McPeak, 2006; Dercon & Hoddinott, 2004).

In this paper, we focus on a systemic shock. Stud-
ies that distinguish between idiosyncratic and systemic
shocks find the former linked to household asset deple-
tion as income smoothing strategy, and the latter as having
more durable effects on consumption (Borner et al, 2015;
Nguyen et al., 2020). This is to be expected since many
of the informal coping strategies available to rural house-
holds (such as borrowing from local moneylenders or fam-
ily and friends, or tapping into other sources of income like
non-agricultural labor) tend to fail when most households
in an area are affected by the same shock (Dercon, 2002).
Such insights are particularly important in the light of a
global systemic shock like the COVID-19 pandemic, which
may bring about dire consequences in terms of food inse-
curity and nutrition. We find that in the short term, rel-
ative to wheat farmers, tomato farmers are more likely to
borrow or become food insecure when suffering lockdown-
related reductions in agricultural income. Given this, it
will be important to introduce recovery policies aimed at
these farmers in order to avoid long-lasting impacts on
consumption.

Third, we contribute to a recent uptick in the literature
around price risk in agriculture (Bellemare et al., 2020;
Boyd, 2020; Boyd & Bellemare, 2019). Studies investigating
farmers’ stated perceptions of risk find that market risk,
including price risk, is one of the most significant risks to
farmers (Duong et al., 2019). This is important in the light
of an increase in food price volatility in the last decades,
with recurring periods of price depression (FAO, 2018).
Consistent with this literature, the main factor reducing
agricultural income in the context of our study has been
a fall in tomato prices. We conclude that policy efforts
to provide disaster relief and build resilience should take
into consideration the differential impacts of disruptions
to agricultural markets on farmer livelihoods, with a need
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to focus on producers of crops exposed to price risk. More-
over, future policies for building resilience should focus
not only on production risk management but, importantly,
set price risk reduction as a key priority moving forward.

The paper proceeds as follows. Section 2 describes the
study context and ex ante hypotheses we set out to test.
Section 3 describes the data sources involved and the data
collection methods, including sampling and procedures
around the phone-based interviews. Section 4 presents the
results and Section 5 concludes, together with implications
for policies around recovery.

2 | CONTEXT AND HYPOTHESES

Late March 2020, as COVID-19 had started spreading
across India, a nationwide restriction to the movement of
goods and people was instituted on account of mounting
fears around a rapid spread of the pandemic and the coun-
try’s vulnerable health system—with insufficient capac-
ity to meet the projected demand for health care given its
high population density. Restrictions were introduced just
before the rabi (winter) season harvest window for many
crops. Shortly after, the government relaxed some of these
measures for a number of essential agricultural activities,
including farming operations, input production, and com-
mercialization, intra- and inter-state movement of sowing
and harvesting machinery, and procurement of agricul-
tural commodities. During April and May, the government
further extended these exemptions to other actors of the
agricultural value chain.

Despite the measures to limit the effect of the lock-
down on agricultural activities, numerous obstacles
disrupted normal harvest operations. While the national
government had allowed for the normal operation of
licensed market yards (mandis), where most agricultural
produce is sold, many state marketing boards, in charge
of running mandis, kept them closed during the first
weeks of April (Narayanan, 2020). The inter-state flow
of agricultural goods and equipment also suffered from
mandatory border checks and general confusion around
the exact details of the policies put in place. Availability
of agricultural labor was largely affected too. In anticipa-
tion of the lockdown, large urban-rural migration flows
occurred, with people from cities returning to their rural
hometowns. This, together with severe restrictions to agri-
cultural laborers’ mobility, resulted in harvest operations
becoming directly dependent on the local supply of labor
and machinery.

In our study area, four districts in the state of Haryana,
farmers were subject to significantly different policy con-
texts depending on the type of crop they cultivated. In the
case of wheat, the state government imposed a staggered
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FIGURE 1 Tomato prices at selected markets in the study area

Note: Daily prices at select official state markets in the study region. The data come from the Government of India’s Agmarknet portal,

https://agmarknet.gov.in/. Rs., Indian Rupees
[Color figure can be viewed at wileyonlinelibrary.com]

procurement system beginning on April 20th. Under such
a scheme, wheat farmers could sell their harvest at the
minimum support price (MSP) at licensed mandis, and the
number of mandis was increased from 477 to 2000, with
only 100 farmers allowed per day (Ceballos et al., 2020).
The MSP at which wheat farmers could sell their harvest
was Rs. 1925 per quintal, up from 1735 and 1840 in, respec-
tively, 2018 and 2019. In contrast, in the case of tomato,
no guaranteed public procurement scheme was available,
and farmers had to sell their harvest at the running mar-
ket price. Figure 1 shows the evolution of wholesale tomato
prices around the rabi harvest season from 2018 through
2020 for markets in our four study districts. While prices
initially increased (though becoming quite volatile) after
the introduction of the lockdown measures in late March,
these subsequently decreased until reaching similar lev-
els to 2018 minimum prices by around mid-May, when
tomato harvest typically reaches its peak (Varshney et al.,
2020). This price decrease seems to have been related to a
lower presence of traders (aarthiya)—who normally act as
middlemen to bring tomato harvest from the farmgate to
regional markets—due to mobility restrictions or to them
offering lower prices than normal. As a consequence, farm-

ers shifted to local retail markets, increasing local supply
and inducing downward pressure on prices.

This contrast between commercialization environments
faced by wheat and tomato producers compounds with
existing differences in farming practices and farmer char-
acteristics (Table 1). While wheat is cultivated by a large
majority of farmers in Haryana and generally considered
to be a relatively safe crop, tomato is a high-risk crop with
higher costs of production and considerably more depen-
dent on manual labor. In terms of farming activities, wheat
is cultivated at a larger scale and typically harvested in one
go using custom-hired combine tractors, while smaller-
scale tomato fields undergo a series of pickings through-
out the last 2 months of the growing season which are
conducted exclusively by hand. Farmers cultivating these
crops are also very different on average, with most tomato
farmers not owning the land they cultivate (generally
relying on sharecropping arrangements) and facing a far
higher incidence of crop damage than wheat, particularly
from pests and diseases. Since the national crop insurance
scheme (Pradhan Mantri Fasal Bima Yojana, or PMFBY)
does not cover tomato production and private insurance
solutions are not widespread, tomato farmers also resort to
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TABLE 1 Comparison of key tomato and wheat farming variables

Cost of production

Median yield (quintals per acre)

Median expected price per quintal

Expected revenue per acre

Percentage farming on own land

Average area under crop

Percentage affected by crop damage in the last 5 years

Instance of crop damage due to pest and disease in the last 5 years
Average severity of damage due to pests and diseases

Finance operations through credit

ECONOMICS
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Wheat

INR 11,949

20.0 quintals per acre
INR 1925 per quintal
INR 38,500 per acre
82%

3.9 acres

22%

17%

38%

Informal loans: 48%

Formal loans: 21%
Informal credit for
inputs: 17%

WILEY--*

Tomato

INR 29,929

72.6 quintals per acre
INR 1200 per quintal
INR 87,120 per acre
24%

1.6 acres

76%

67%

54%

Informal loans: 27%

Formal loans: 3%
Informal credit for
inputs: 48%

Note: For most data reported in this table, we draw upon Ceballos, Kannan, and Kramer (2019). Median yields, expected prices, and thus expected revenue are
based on the phone survey data collected during the lockdown and presented in this paper. For expected prices, wheat farmers report minimum support prices,

whereas tomato farmers have likely reported prices in the best-case scenario.

very different coping strategies such as offering their labor
or informal credit.

Based on these differences between crops, we hypoth-
esize that the lockdown and related restrictions will have
different effects for wheat and tomato farmers. First, given
that tomato is a perishable crop, dependent on manual
labor, and more exposed to damage from weather or pests
and diseases, a reduction in the supply of labor, restricted
access to inputs, and limited transportation around the
lockdown should translate into higher pre- and post-
harvest crop losses. Second, while state government efforts
to introduce a staggered procurement system with MSPs
and an increased number of mandis may have benefit-
ted wheat farmers, allowing them to secure the purchase
of their harvest at the minimum support price, tomato
farmers resorting to the open market may have had to
accept similar or lower prices than previous years due to
the lower presence of traders and the lower prices at local
retail markets, which saw a sharp increase in supply. As a
result, we expect larger decreases in agricultural incomes
for tomato farmers than for wheat farmers, with an asso-
ciated increase in borrowing, and, among those for whom
borrowing may not be viable, a reduction in food security,
with potentially harmful consequences for family mem-
bers’ long-term nutrition and health, in addition to future
productivity.

3 | DATA AND METHODS

This study relates to a broader ongoing impact evaluation
to assess the effects of a novel risk management tool to pro-
tect farmers from agricultural production shocks: Picture-

Based Insurance (Ceballos, Kramer et al., 2019). As part of
this study, the project is crowdsourcing images of farmers’
crops to monitor crop growth, management practices, and
crop damage through a dedicated smartphone application
named KisanCam. Participating farmers are spread across
101 villages in four contiguous districts: Karnal, Kuruk-
shetra, Panipat, and Yamuna Nagar (see Figure 2). These
villages belong to blocks having clusters of tomato produc-
ers and were identified by block-level agricultural officers
as those with higher concentrations of tomato growers.
The main data used in this paper come from phone
interviews conducted from March to June 2020, after
the COVID-related lockdown measures went into effect.
These surveys served as a follow-up with participating
study farmers close to the end of the rabi harvest sea-
son and was preceded by other in-person data collection
rounds in earlier seasons. The survey included a gen-
eral module on farming activities, input use, and crop
damage during the rabi season, followed by a COVID-
specific module on the effects of the lockdown on timing of
harvest, marketing activities, and costs and availability
of agricultural inputs, labor, machinery, and transport.
In addition, a small module on food security before and
after the lockdown was included, based on a modified
and reduced version of the Household Food Insecurity
Access Scale (HFIAS, Coates et al., 2007). Where available,
we complement the data from these phone surveys with
data acquired through the KisanCam application, and, as
a robustness check, with data on caste collected as part
of a baseline survey conducted between September and
December 2018 for a small subsample of study farmers.
Finally, we rely on key informant interviews with agricul-
tural experts in Haryana to understand the overall scope
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FIGURE 2

and reach of the COVID-related measures imposed in the
state and to obtain context-specific information regarding
wheat and tomato harvesting and commercialization.

The remainder of this section provides more details on
how we sampled farmers for the phone surveys, and how
we construct our final analysis sample. Phone surveys were
administered with two sets of farmers: all farmers who had
participated in KisanCam during the rabi 2019-20 season,
sending in images of their wheat and tomato crops (1722
farmers); and, as selection into the former sample could be
influenced by variations in the program across villages,' we
also selected a random sample of producers from all 3367

!The type of incentive for sending in images has been randomized at
the village level: in 50% of the sample, farmers sending in images are
rewarded with a cash transfer; in the other 50% of the sample, farmers are
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Kurukshetra

Karnal

Map of the four study districts in Haryana state, India [Color figure can be viewed at wileyonlinelibrary.com|

farmers who had been invited to participate in KisanCam
at the start of the rabi season. This sample of invited farm-
ers was constructed to be as representative of producers in
the study area as possible, while clustering on village and
stratifying on quartiles for a farmer’s operational land size
(see Ceballos, Kramer et al., 2019).

Overall, we were able to interview 1275 wheat and 632
tomato farmers. The main reason for attrition was being
unable to reach farmers (22% of wheat farmers and 7%
of tomato farmers), followed by farmers not growing one
of our targeted crops. Overall, however, these are high
response rates for a phone survey, due to high levels of rap-
port between the survey team and study farmers, as well as

rewarded with a picture-based insurance policy that has an equal value
as the cash transfer.
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TABLE 2 Construction of our analysis sample
Data source Wheat Tomato
Farmers invited to participate in KisanCam 3367
Farmers who participated in KisanCam (all contacted for phone survey) 1016 706
Total number of farmers sampled for phone survey 1865 706
Participated in at least one round of phone survey 1275 639
Complete data from last survey round/final analysis sample 1275 492

a systematicc protocol to make multiple call-backs at dif-
ferent times during the day.

Wheat farmers were interviewed only once, after harvest
had been completed. Since tomato is a multi-picking crop,
each tomato farmer was asked a shorter questionnaire
every one or 2 weeks over the course of the harvest win-
dow (April to June), with questions about timing, volume,
costs, and commercialization (quantity and costs) of the
produce in each picking. Once the farmer indicated that
they had finished the last picking for the season, they com-
pleted the longer module that wheat producers had com-
pleted as well, inquiring about total production costs, crop
damage, and coping mechanisms, and the COVID-specific
and food security modules. Of the 632 tomato farmers
who completed the initial survey round, 492 farmers (78%)
also completed the final survey round. Attrition in this
case was associated with being a younger farmer, having
a later tomato transplanting date, and reporting increased
machinery costs in the first survey (Appendix Table 2). In
what follows, we include only the 492 tomato farmers in
our main analyses to ensure a consistent sample through-
out the paper. To correct for attrition, we apply inverse
probability weights to the sample (Wooldridge, 2002), in
order to assign a higher weight to tomato farmers with ini-
tial characteristics similar to those who did not respond to
the last survey.” Table 2 summarizes the construction of
our final analysis sample.

4 | RESULTS

This section presents our results. We first provide summary
statistics on the extent to which wheat and tomato farmers’
agricultural income was reduced because of the lockdown.
Next, we analyze to what extent reductions in agricultural
income are associated with borrowing and food insecu-
rity. Finally, we analyze to what extent reduced agricultural
income is predicted by a range of potential explanatory
variables, including age, education, caste, landholdings,
and harvesting dates, and whether differences between

2 Results from unweighted regressions are qualitatively similar and are
available upon request.

wheat and tomato farmers, if any, can be ascribed to these
explanatory variables.

4.1 | Agricultural income reductions for
wheat and tomato farmers during the
lockdown

Table 3 describes the ways in which the lockdown dis-
rupted production, harvest, and marketing. For different
types of disruptions from the lockdown, column (1) pro-
vides the proportion of wheat producers that reported
being affected, and the reductions in crop income associ-
ated to each type of disruption (averaged across all wheat
farmers). Similarly, column (2) summarizes the propor-
tion of tomato farmers that reported being affected in at
least one of the phone surveys, along with total associ-
ated income reductions as reported in the last survey round
(except for increased transport costs and damage to toma-
toes waiting to be sold, which were reported in each round,
and thus we aggregate income reductions reported across
phone survey rounds). Column (3) presents the difference
between wheat and tomato farmers.

The lockdown started after the wheat growing season,
right around harvest, and hence could not have had any
effects on wheat production or input use. Nevertheless,
given uncertainties around the commercialization envi-
ronment and official procurement policy during the weeks
around the lockdown, in addition to the staggered procure-
ment scheme introduced to limit the agglomeration of peo-
ple at mandis, a substantial number of farmers reported
adjusting the timing of wheat harvest; 11% of wheat farm-
ers harvested earlier than planned, and 32% harvested later
than planned.’ We observe increased spending on harvest
activities; 23% and 25% of farmers, respectively, reported
spending more on labor and machinery than usual, with
the average farmer spending an extra INR 165 in labor and
INR 140 in machinery per acre cultivated. In other words,

3We find that a change in harvest date is not associated with yields; farm-
ers who adjusted harvest timing produced a statistically insignificant 5.4
quintals less for tomato and 0.3 quintals more for wheat than farmers
whose harvest dates were not affected.
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TABLE 3 Disruptions to agriculture and associated income reductions during the lockdown

Wheat Tomato

producers producers Difference

@ (©) 3
A. Production and harvest phase
Harvested earlier than planned (1/0) 0.109 0.023 -0.086 R
Harvested later than planned (1/0) 0.320 0.188 -0.132 otk
Had difficulty accessing inputs (1/0) n/a 0.463 n/a
Spent more on labor (1/0) 0.230 0.312 0.082 otk
Increased labor costs per acre (INR) 165.3 1673 1508 i
Spent more on machinery/equipment (1/0) 0.245 0.141 -0.104 ok
Increased machinery costs per acre (INR) 140.0 689.2 549.2 o
Disruption in production/harvest phase (1/0) 0.558 0.639 0.081 b
Crop income reductions per acre (INR) 304.1 2362 2058 ok
B. Post-harvest and marketing phase
Spent more on transport to the market (1/0) 0.153 0.087 -0.066 i
Increased spending on transport per acre (INR) 79.32 314.8 235.5 ok
Stored harvest because had no market (1/0) 0.349 0.136 -0.213 S
Discarded/lost this harvest in storage (1/0) 0.013 0.069 0.056 ok
Value discarded/lost in storage per acre (INR) 102.8 274.8 172.0 o
Sold harvest for less than expected (1/0) 0.002 0.468 0.466 ok
Expected minus actual price per quintal (INR) n/a 786.2 786.2 ok
Expected minus actual revenue per acre (INR) n/a 40,350 40,350 ok
Disruption in post-harvest phase (1/0) 0.165 0.518 0.353 o
Crop income reductions per acre (INR) 182.3 40,901 40,719 ok
C. Aggregated statistics
Reports any disruption (1/0) 0.605 0.754 0.149 ik
Total crop income reductions per acre (INR) 486.5 43,241 42,755 N
Number of observations 1275 492 1767

Note: This table includes two types of variables: dummy variables, which take on a value of one if the respondent reports the listed disruption, and zero otherwise
(marked as "1/0"); and continuous variables, which are reported in Indian Rupees ("INR"). Continuous variables include all observations, including farmers who
did not experience disruptions, for whom these variables take on a value of zero. For expected prices, we use the median expected price reported by farmers, and
for actual prices, we use the average across pickings. Means for tomato farmers have been corrected for attrition using inverse probability weights.

*p <.05.
**p < .01

*%p <001, based on a t-test for differences in means for continuous variables, and a y?-test for binary variables.

the lockdown represented only a small increase in harvest
costs of INR 304 per acre for wheat farmers.

Given the timing of the lockdown, we would expect
the greatest reductions in income for wheat farmers in
the post-harvest phase. Along these lines, fifteen percent
of farmers reported spending more on transport to the
market, but the average increase of INR 79 across wheat
producers remains modest. Since wheat is not a perish-
able crop, even though about one third of farmers had to
store harvest because there was no market, very few (1.3%)
reported discarding or losing harvest in storage, with a total
reported income reduction of INR 103. Finally, a negligi-
ble number of wheat producers reported selling their crop
at a lower price because of the lockdown; farmers were

able to take advantage of the state procurement system
for wheat and received the minimum support price, elim-
inating potential price fluctuations. As a result, the total
amount by which wheat income was reduced—at the time
of harvest and in the post-harvest phase—remains rela-
tively limited at an estimated INR 487 per acre, or approx-
imately 4% of cultivation costs.

For tomato farmers, results are strikingly different. With
tomato harvest starting only one month after the lock-
down, tomato farmers were less likely to adjust their har-
vest practices, with a negligible fraction harvesting earlier
and 19% (or 13 percentage points lower than wheat farm-
ers) delaying their harvest. Nonetheless, income reduc-
tions appear more severe for tomato farmers. Since the
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FIGURE 3 Average farmgate prices reported
by tomato producers during the lockdown

Note: Average farmgate prices as reported by
surveyed tomato farmers by week of picking. The 1000

median expected price is calculated among farmers
who reported selling their tomatoes for less than 800+
expected; the expected price is drawn as a reference
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lockdown was announced during the tomato growing sea-
son, crop production could be affected, and 46% indeed
reported having faced difficulties accessing inputs; par-
ticularly pesticides (100%) and fertilizers (46%). We did
not directly capture damage from a lack of access to
inputs, but find, in further analyses, that although farm-
ers with damage had lower yields, differences were not
statistically significant: among farmers who faced chal-
lenges accessing inputs, 97% reported damage to their crop,
and those farmers harvested 77.4 quintals/acre, compared
to 85.8 quintals/acre among farmers who did not report
damage (p = .227). Tomato producers were also more likely
to report an increase in labor costs, spending on average
nearly INR 1508 more on labor per acre than wheat pro-
ducers. In terms of spending on machinery, they were less
likely to report an increase but reported an overall larger
amount than wheat producers, with the lockdown increas-
ing per acre costs of equipment for the average tomato
farmer by an additional INR 550.

In the post-harvest and marketing phase, tomato farm-
ers were less likely to face increased transportation costs
than wheat farmers, but on average, their transportation
costs increased more; not only because tomato farmers
harvest in multiple pickings, and need to transport their
produce to markets several times across the season, but
also, as suggested by local key informants, because farm-
ers were moving from itinerant traders at the farmgate to
local markets in search of better prices. Overall, transporta-
tion costs increased by INR 235 more for tomato farm-
ers than for wheat farmers, though this amount shows a
large degree of variation between farmers. Since tomato
is a perishable crop, farmers were less likely to store their
harvest, but when doing so they were more likely to lose
their harvest in storage than wheat farmers, with an esti-
mated value of the associated income reduction of an addi-
tional INR 172 relative to wheat farmers. Although size-

May 17th May 31st Ma
24th May

3rd y 14th June
26th April 10th May Tth Jun

21st June
Week of picking

| —e— Average Price(in INR) ¢ 95% Confidence intervals |

able, these figures are dwarfed by the extent to which
tomato producers’ income reduced due to a fall in prices.
Nearly half sold their harvest at lower prices than what
they expected to receive, and on average, actual prices
were far below the median farmers’ expected prices of INR
1200 per quintal (see Figure 3). As a result, average tomato
production income was reduced by a whopping INR
40,350 per acre.

All in all, the lockdown—and especially the associ-
ated fall in prices—had severe economic consequences for
tomato farmers. When combining income reductions from
disruptions during production and harvest (Table 3 Panel
A) with the post-harvest related disruptions, but not yet
considering reduced income due to lower than expected
prices (first two categories in Table 3 Panel B), the aver-
age farmer already reported total income reductions of INR
2891 per acre. This is nearly six times the average amount
by which wheat income reduced, and close to 10% of their
normal cultivating costs; even though not yet considering
the reduced income from the steep drop in prices. When
considering the prices at which they were able to market
their harvest, farmers’ income reduced on average by INR
43,241 per acre, or nearly 1.5 times the production costs
and half of the farmer’s expected revenue of INR 87,120 per
acre in a normal year. Income reductions of this magnitude
will have largely eliminated profit margins, and although
the average wheat farmer cultivates more acres than the
average tomato farmer, total income will have reduced
more not only per acre but also per farmer among tomato
farmers, given the stark differences in reduced income per
acre.

Figure 4 summarizes our main outcome variables by
survey week. Panel A reports the proportion of farmers that
reported disruptions to production or harvest in a given
week. Panel B provides average reductions in crop income
associated with these disruptions. For tomato producers,
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Panel A. Percentage of farmers reporting any disruptions to wheat and tomato farming activities
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FIGURE 4 Disruptions related to lockdown for wheat and tomato producers
Note: Proportion of farmers that reported at least one disruption in production and related activities (Panel A), and estimated reduction in
crop income (Panel B). For tomato farmers, we aggregate reductions in income reported throughout the season and report these under the

week during which the farmer completed his final interview

we assign a farmer to the week in which that farmer com-
pleted the last phone survey. While disruptions for wheat
farmers do not seem to change much over time, tomato
farmers finishing their harvest relatively early in the sea-
son (i.e., before the end of May) or relatively later in the
season (i.e., towards the end of June) were significantly less
likely to report disruptions, and this is associated with sig-
nificantly lower estimated reductions in tomato income.
In particular, income reductions were greatest for farm-
ers who completed harvest towards the end of May or
early June, as they harvested the majority of their tomatoes
during the period that prices were at their lowest levels,
yielding at most INR 400 per quintal or only one third of
the median expected price.

Such a sharp fall in prices seems to have been directly
related to the impacts of the lockdown. Normally, tomato
producers sell their tomatoes at the farmgate to itinerant
traders (aarthiya), who in turn commercialize the produce
at major urban wholesale markets in the state or across
state borders. The travel and transportation restrictions
impeded the presence of aarthiya coming from other dis-
tricts and states, made it more difficult for aarthiya to take
produce across state borders, and increased transportation
costs, reducing aarthiya’s willingness to pay for the pro-
duce. Moreover, a fall in the institutional demand for toma-
toes due to the disruption of normal business activities
(Pingali & Mittra, 2020) may have further lowered prices
for farmers serving wholesale markets. As a result, farmers
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TABLE 4 Borrowing and food security during the lockdown

Wheat
producers
@
Had to borrow to finance agricultural 0.016
income losses from lockdown
Number of observations 1274
Food insecure during, not before, lockdown
Cannot afford sufficient quantity 0.005
Cannot afford sufficient variety 0.015
Cannot access sufficient variety 0.214
Any food insecurity experience 0.223
Number of observations 1162

WILEY-*

Tomato

producers Difference

¢)) 3

0.083 0.067 Ak
492

0.000 -0.005 *
0.004 -0.011 *
0.193 -0.021

0.195 -0.028

483

Note: Proportion of farmers that reported having to borrow to cope with crop income losses due to lockdown and that reported experiencing a given food insecurity
experience "rarely”, "often”, or "frequently” at any point during the month before the interview (during the lockdown), but not during the month before the

lockdown. Means for tomato farmers have been corrected for attrition using inverse probability weights. Column (3) indicates statistical significance from unpaired

t-tests for differences between wheat and tomato farmers,.
*p <.05.

**p < .01

#kp <001

would have had to either accept the lower prices offered by
aarthiya or shift to selling in local markets, where indeed
supply of tomatoes increased relative to markets located at
larger urban centers (Varshney et al., 2020). Under a rel-
atively stable demand in these local markets, this would
have put downward pressure on prices.

4.2 | Association between agricultural
income reductions, food insecurity, and
borrowing

In this section, we analyze to what extent reported reduc-
tions in crop income during the lockdown are associated
with borrowing and food insecurity, as an indication of
whether farmers whose incomes reduced had to resort to
costly coping strategies or were forced to reduce food con-
sumption as a result of the income shock. While other for-
mal or informal risk-coping strategies such as resorting
to savings or selling assets are possible, questions around
these were not included to limit the length of the phone
survey. We decided to focus on borrowing since it can bring
about over-indebtedness, with long-term welfare implica-
tions, such as an increase in poverty or reduced future risk-
coping capacity (Chichaibelu & Waibel, 2018; Mutsonziwa
& Fanta, 2019; Schicks, 2013). Moreover, at baseline, bor-
rowing was found to be the main risk-coping strategy
reported by study farmers, and over-indebtedness could
risk farmers’ ability to invest in future agricultural seasons,
since credit is also one of the main ways through which
farmers finance their farming activities (Ceballos, Kannan
et al., 2019).

Table 4 first indicates the proportion of respondents
that needed to borrow to cope with the income reductions
reported in Table 3, followed by the proportion of farm-
ers that did not face food insecurity before the lockdown
but did become food insecure at least once during the lock-
down. In the case of the latter, we asked farmers about food
insecurity experiences at any point during the month (i)
before the start of the lockdown and (ii) before the inter-
view (that is, during the lockdown); we respectively refer
to these as the months "before the lockdown" and "during
the lockdown" for clarity.* In Appendix Table 1, we report
the proportion of respondents that reported facing each of
the three types of food insecurity, separately for the periods
before and during the lockdown.’

4We modified three questions of the HFIAS for this purpose, focusing on
the food security dimensions that we expected to be most relevant for our
study population. In particular, "Cannot afford sufficient quantity” relates
to a question about not being able to "eat enough food" due to a lack of
resources; "Cannot afford sufficient variety” relates to a question about
not being able to "eat enough different kinds of food to get a balanced diet”
due to a lack of resources; and "Cannot access sufficient variety” relates to
a question about not being able to "find the foods that you wanted in the
market because these different kinds of food weren’t there or prices had
gone up”.

>Wheat farmers were significantly more likely to report food insecurity
before the lockdown; 1.3% of these farmers could not afford a sufficient
quantity of food; 3.4% could not afford a sufficient variety of food; and
6.2% could not access a sufficient variety of food, with negligible num-
bers of tomato farmers reporting such food insecurity. Such differences
are likely related to pre-existing differences between farmers of these
crops. Since tomato farmers reported higher levels of food security already
before the lockdown, our analyses focus on changes in food insecurity
over time, that is, the variable that indicates that a farmer became food
insecure during, but not before, the lockdown.
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TABLE 5 Association between reduced income, borrowing, and food insecurity
Dependent variable Had to borrow Food insecure after lockdown
Binary (any Ordinal (amount by Binary (any income  Ordinal (amount by
Type of variable for reduced income reduction) which reduced) reduction) which reduced)
crop income ) ) 3) 4)
Grows tomato 0.004 -0.008 -0.043* —-0.095%**
(0.013) (0.014) (0.018) (0.026)
All disruptions -0.001 0.002 —0.114%** -0.075%%*
(0.012) (0.005) (0.030) (0.013)
... X Grows tomato 0.087** 0.023** 0.101* 0.084***
(0.027) (0.008) (0.039) (0.016)
Constant -0.011 -0.010 0.326%** 0.335%%*
(0.010) (0.008) (0.045) (0.042)
R-squared 0.073 0.080 0.321 0.337
Number of observations 1750 1750 1634 1634
Number of clusters 100 100 100 100

Note: Coefficients estimated using an ordinal least squares model controlling for block fixed effects (not reported), with standard errors clustered at the village
level. Coefficients for tomato farmers have been corrected for attrition using inverse probability weights. Food security observations are missing for 110 wheat

producers and nine tomato producers due to a change in the survey instrument.

*p <.05.
**p <.0L
*kp < .001.

We observe significant differences between wheat and
tomato farmers. Whereas only 1.6% of wheat farmers had
to take out a loan, a significantly larger 8.3% of tomato
farmers resorted to borrowing (p < .001), consistent with
our finding that the latter suffered greater reductions in
income. Focusing on changes in food security, we do not
find stark differences between wheat and tomato farm-
ers. We find negligible changes in the proportion of wheat
and tomato farmers who could no longer afford a suffi-
cient quantity or variety of food at conventional signifi-
cance levels, although it is important to stress that these are
short-term changes and that agricultural income reduc-
tions may affect budgets and hence affordability in the
longer term. The lockdown did nonetheless bring about
significant disruptions in terms of farmers’ ability to access
a sufficient variety of foods among both wheat and tomato
farmers; 21.4% of wheat farmers became food insecure in
this regard, and in the case of tomato farmers, this was
19.3%. Overall, when focusing on the aggregated variable
capturing whether a household experienced at least one of
the three types of food insecurity after (but not before) the
lockdown, 22.3% of wheat farmers became food insecure
at some point, which is not significantly different from the
19.5 figure for tomato farmers.

In Table 5, we explore whether borrowing and food
insecurity after the lockdown is associated with reduc-
tions in crop income. We regress indicators for whether
the farmer had to borrow (columns 1-2) and for whether
the farmer became food insecure after the lockdown
(columns 3-4) on a variable that indicates tomato pro-

ducers ("Grows tomato"), variables related to crop income
reductions during the lockdown, and interaction terms
with the first variable ("...X Grows tomato”), control-
ling for block fixed effects to capture heterogeneity across
regions. Even columns use binary variables for whether
a farmer’s income reduced, whereas odd columns use an
ordinal variable with six values to indicate the size of the
reduction.® The aim is to test whether those producers with
(greater) reductions were more likely to borrow or become
food insecure, but given that the model does not include a
complete set of covariates that can influence the decision
to borrow or reduce consumption, these estimates cannot
be interpreted as causal effects of the lockdown.

Column 1 shows that the average tomato farmer is more
likely to borrow than a wheat farmer, but only if hav-
ing experienced disruptions. Likewise, column 2 shows
that the probability of having to borrow is increasing in
the magnitude by which crop income was reduced, but
only among tomato farmers. On average, wheat farm-
ers experiencing disruptions to their crop income are less
likely to become food insecure, but we do not observe
this consistently among tomato farmers (columns 3-4); for
them, relative to wheat farmers, disruptions are associated
with an increase in food insecurity. In additional analy-
ses (not shown for brevity), we find that this is the case

6 For brevity, we are aggregating these variables across different types of
disruptions. Separating income reductions from factors during the pro-
duction and harvesting phase from income reductions due to issues dur-
ing the post-harvest and marketing phase yields very similar results.
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TABLE 6 Association between income reductions, borrowing, and food insecurity

Crop income

Crop income reductions:
Crop income reductions: Production, Post-harvest,
reductions: Season total harvest marketing
(€Y) 2 3 (C)) ) (6)
Grows tomato 43,826 42,843%* 2045%** 2022%** 41,781+ 40,820%**
(5531) (5517) (377.5) (388.1) (5612) (5601)
Farmer age—lowest tercile (18-35 658.8 83.43 575.3
years) (2225) (151.1) (2284)
Farmer age—highest tercile (49-83 1605 -123.1 1,728
years)
(2292) (153.7) (2337)
Medium education level 2718 -183.1 2902
(2251) (124.4) (2287)
High education level -212.2 -416.4* 204.2
(2720) (166.7) 771)
Above-median landholdings -66.42 -57.13 -9286
(1391) (93.30) (1386)
Harvested after median harvest date -4284 -386.1 -3898
(3415) (196.7) (3461)
Caste -2770 473.8 -3423
4976 (272.5) (4980)
Number of observations 1750 1750 1750 1750 1750 1750
R-squared 0.310 0.316 0.215 0.210 0.286 0.290

Note: Coefficients estimated using an ordinal least squares model controlling for block fixed effects (not reported), with standard errors clustered at the village
level. For variables with missing values, we impute missing values with the variable average (continuous variables) or zeros (dummy variables) and include for
each of these variables a dummy that takes on value one if a value was imputed (and zero otherwise). Coefficients for tomato farmers have been corrected for

attrition using inverse probability weights.
*p < .05.

**p < .01

**%p < .001.

especially during the post-harvest and marketing phase,
where tomato farmers experienced the greatest reductions.

Summarizing, relative to wheat farmers, we find that
among tomato farmers, crop income reductions are
associated with a significant increase in the probability of
borrowing and becoming food insecure.

4.3 | Determinants of agricultural
income reductions for wheat and tomato
farmers

In a final analysis, we focus on the question whether
reduced crop income is associated with different types
of farmer characteristics, and if so, whether differences
between wheat and tomato farmer characteristics can
explain the observed differences in income reductions
between the two. To that end, Table 6 presents estimates
from a linear regression model for lockdown-related reduc-
tions in crop income as a function of a binary variable

that indicates farmers who were growing tomatoes during
the rabi season, while controlling for block fixed effects
(to capture potential heterogeneity in the impacts of the
lockdown at the administrative level) and other poten-
tial explanatory variables.” We focus on income reduc-
tions aggregated across the season in columns 1-2, on
those experienced during production and harvesting in
columns 3-4, and on reduced income due to factors in the
post-harvest and marketing phases—including the conse-
quences of the fall in tomato prices—in columns 5-6. Stan-
dard errors are clustered by block.

In odd-numbered columns, we only control for block
fixed effects and do not include any other variables.
In line with the difference observed in Table 3, tomato
producers lose a significant INR 43,826 more due to
the lockdown compared to wheat producers (p < .001),

7We estimate a linear probability model for binary variables. Coefficients
estimated using probit and logit models are similar in direction and sig-
nificance.
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indicating that the differences observed are not explained
by an imbalance of wheat and tomato producers across
blocks. We do, however, observe significant variation in
the magnitude of income reductions across blocks, even
within the same district. The greatest reductions are
observed in Shahbad and Sadaura blocks, from respec-
tively Kurukshetra and Yamuna Nagar districts, and the
smallest reductions are observed in Ladwa and Nilokheri
blocks, from Kurukshetra and Karnal districts. Combined,
this regression model with block fixed effects and an indi-
cator for farmers growing tomatoes is able to explain more
than 30% of the variation in reductions in crop income.

In even-numbered columns, we add a number of demo-
graphic and agricultural covariates, including a farmer’s
age category (distinguishing younger and older farmers
from our reference group of middle-aged farmers), level of
education (using farmers with lower levels of education as
the reference group), a variable indicating above-median
operational land holdings, a variable indicating whether
the farmer harvested after the median harvest date in the
sample, and a variable indicating whether a farmer belongs
to a lower caste, which is more common among tomato
farmers, and comes with relatively less social capital, for
instance in terms of access to social networks and informal
safety nets (Ceballos, Kannan et al., 2019).% The survey did
not focus on collecting an extensive set of control variables
that may have provided for a more complete model, such
as distance to the nearest wholesale and retail market, mar-
keting channels and farmer wealth, limiting the scope for
causal inference.

We do not observe significant differences in total reduc-
tions in crop income per acre depending on a farmer’s age,
level of education, landholdings, harvesting dates, or caste.
Income reductions from factors in the production phase
are decreasing in a farmer’s level of education and age,
with income for the highest-educated farmers reducing by
INR 416 less than for the least-educated farmers (p < .05).
By contrast, income reductions due to post-harvest and
marketing factors are increasing in farmer’s age and level
of education, although these are not statistically signifi-
cant. In general, harvesting dates do not seem to determine
the level of income reductions. Importantly, including con-
trols does not reduce the size or significance of the coeffi-
cient on the variable "Grows tomato". This means that the
estimated difference in reductions in crop income between
wheat and tomato producers cannot be accounted for by
any of the variables that we include as covariates in our

8We do not have values for all observations, since these variables are
acquired from farmers’ KisanCam data, and not all farmers participated
in KisanCam during the rabi season. We therefore impute missing values
and include as a control a dummy variable to indicate observations for
whom these variables are missing and needed to be imputed.

CEBALLOS ET AL.

analyses. Although we do not intend to make any causal
inference, this persistence of the gap between tomato and
wheat producers suggests that farmers may have suffered
more solely because they were growing tomatoes, with its
associated attributes and context; and not because they dif-
fer from wheat farmers in observable ways.

5 | CONCLUSION

Global crises can have major consequences for rural
economies. This paper analyzes disruptions to wheat and
tomato farming activities during India’s national lockdown
around the global outbreak of COVID-19. In March 2020,
India instituted widespread restrictions to the movement
of goods and people, affecting economic activities at an
unprecedented scale, just as farmers had started preparing
for the harvest season and would soon need to start mar-
keting their produce. We present novel primary evidence
on the extent to which crop income reduced as a result
of disruptions to agricultural production during the lock-
down. We distinguish between income reductions from
factors that arose in the production and harvest phases
versus income reductions from issues experienced post-
harvest and at the time of marketing. We also test whether
these reductions in crop income are associated with bor-
rowing and food insecurity, and we explore whether varia-
tion in reduced crop income within our sample is absorbed
by variation in a select set of geographical, demographic,
and agricultural characteristics that were available from
the surveys.

Our analyses rely on detailed phone survey data for
1767 farmers across four districts in the state of Haryana,
India. The phone surveys were designed to collect data
that would allow us to analyze disruptions to agricultural
activities across two separate value chains—wheat and
tomatoes—with differences in institutional arrangements
between the two. Wheat farming is highly mechanized,
faces relatively low production risk, and relies on an estab-
lished procurement system run by the state government
which guarantees a minimum support price for the har-
vested crop. Moreover, the lockdown was announced as
the wheat growing season had come to an end and farm-
ers were preparing for harvest, minimizing impacts on pro-
ductivity. Tomato farming, on the other hand, is generally
done by relatively less wealthy farmers with smaller land-
holdings and less access to formal risk management instru-
ments; tomato farming depends considerably more on
manual labor, which became scarce during the pandemic;
and it is exposed to higher production risks, with the lock-
down starting amidst the tomato cultivation period. On top
of that, tomato harvest is generally sold in the open market
at prices that fluctuate wildly even within a given season.
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We find minor disruptions reported by wheat farmers, in
the form of a slight increase in labor and machinery costs
around harvest, and transportation of their grains to the
market. Overall, the additional costs brought about by the
lockdown amount to about 4% of the cultivation costs for
wheat on a per acre basis. One explanation for why income
did not reduce much among wheat farmers is that the state
instituted a policy that allowed farmers to continue sell-
ing their wheat at the prevailing guaranteed prices. The
story is however very different for tomato farmers. Income
reductions from increased production costs, harvest costs,
and transportation to the market alone are nearly six times
higher than those for wheat, and nearly 10% of total cultiva-
tion costs per acre. The main disruption, however, comes
in the form of the very low prices at which tomato farm-
ers could sell their produce. We estimate that the average
tomato farmer in our sample was able to obtain only one
third of their expected revenue from one acre. All in all,
total estimated income reductions per acre for the average
tomato farmer amount to more than INR 43,000, or about
50% of the expected income in a normal year.

Although we do not intend to make any causal infer-
ence, we further show that these reductions in crop income
can have important consequences for farmers in our sam-
ple. Relative to wheat farmers, reduced tomato income is
associated with higher borrowing rates and higher levels of
food insecurity among those affected. Prior literature has
shown that such strategies can have long-term effects on
the level of indebtedness and future income flows, with
potential consequences on future food security and human
capital accumulation (Barrett & McPeak, 2006; Dercon &
Hoddinott, 2004). In addition, we show that the difference
in reductions in wheat versus tomato income is not driven
by differences in location or farmer characteristics such
as age, education, landholdings, or caste. This evidence
seems to support the claim that tomato farmers suffered
more than wheat farmers mostly because there was no pol-
icy in place to support marketing of this perishable crop.
In this sense, their continued reliance on fluctuating open
market prices will make these farmers extremely vulnera-
ble to future systemic shocks and crises, including future
lockdowns to contain further outbreaks of COVID-19 or
other infectious diseases.

Our study subjects are participating in a broader project
that is testing a novel insurance product, covering farmers
for production damage that is visible in pictures of insured
crops, sent in on a regular basis over the growing season.
While products such as these can protect farmers against
physical crop damage, little to no instruments are avail-
able to shield farmers from post-harvest shocks and, most
importantly, the risk of price fluctuations. We provide evi-
dence of the direct income reductions from price fluctua-
tions being much larger than those stemming from other

WILEY--*

hazards, reducing income by nearly 50% of the expected
income in a normal year. This is likely an underestima-
tion of the total economic cost for those involved in tomato
farming, given that an increase in perceived risk will be
associated with lower investments in such profitable yet
high-risk agricultural activities in the future (Elbers et al.,
2007).

Overall, our findings point to the fragility of procure-
ment mechanisms available to farmers growing perish-
able commaodities, outside of the main cereals, pulses, and
oilseeds covered under government procurement schemes.
While aarthiya fulfill relevant roles in these commodities’
value chains—by providing farmers with a secure chan-
nel to sell their produce, linking them with larger markets
with sufficient demand, and providing them with work-
ing capital—, some critics argue against their excessive
power and the potential for corruption, since the proceeds
from the sale of produce are routed back to the farmers
through them.’ The evidence presented in our study, how-
ever, points to their importance in maintaining farmers’
incomes, at least in the status quo. In this sense, further
research is warranted to provide a deeper understanding of
the advantages and disadvantages of the current aarthiya
system, as well as to explore any viable alternatives, in
building farmers’ resilience.

Another relevant research avenue is to devise functional
schemes to help farmers cope with price risk. Efficient
price support schemes are rare, even in developed coun-
tries.'” India’s minimum support price scheme is limited
to a small basket of crops, can only handle limited vol-
umes of production (beyond which the price is not guar-
anteed), induces distortions in agricultural production,
and is costly to administer (Gulati et al., 2018). Expand-
ing the scheme to commodities like tomato could reduce
inequality between producers of different types of crops,
and has been proposed in the past,'' but concerns remain
around standardization stemming from the large variabil-
ity in size, quality, and diverse varieties that arrive to mar-
kets. India has also attempted expanding price guaran-
tees through the national government Market Intervention
Scheme (MIS) and Haryana’s state government Bhavantar

9 See https://economictimes.indiatimes.com/news/economy/agriculture/
direct-payment-system-for-grain-farmers-of-punjab-haryana-
soon/articleshow/70686123.cms?from = mdr.

1 Large scale programs exist in the United States, Canada, and the
European Union, but these tend to depend on public subsidies and re-
insurance arrangements, have been found to induce distortions in land
allocation and resource management, and benefit larger, wealthier farm-
ers (Smith et al., 2018).

1 For instance, there was a one-time attempt in Haryana in 2018 and Niti
Aayog, a prestigious policy think tank in New Delhi, issued an official
recommendation to the national government in 2019 to formally include
tomato in the MSP scheme, together with other crops such as garlic,
onions, and potatoes.
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Bharpayee Yojana (BBY), but these schemes have limited
reach and benefits in practice.'

Alternatively, public-private partnerships may offer a
solution. Contract farming agreements that provide farm-
ers with a fixed price for their harvest could be viable,
though they are hard to coordinate when the farmer
base is atomized and sporadic and may exclude force
majeur events such as a pandemic. Fostering supply chain
modernization through, for instance, direct supermarket
procurement could also help improve prices and reduce
price risk (Nuthalapati et al., 2020). In addition, private
index insurance products that provide a payout when the
local market price (for a reference variety and quality)
falls under a minimum threshold, without provisions for
procuring the product itself, may be a potential solution to
the problems associated with price guarantee schemes, by
providing additional income to farmers during generalized
price downfalls, yet avoiding any direct market interven-
tion. While a few similar products have been tried in small
pilot implementations (Karlan et al., 2011; Shee & Tur-
vey, 2012), affordably covering the catastrophic risk layer
of such a product in a commercial way (potentially involv-
ing private commodity markets) remains a challenge and
entails an open research question.

ACKNOWLEDGMENTS

We thank the staff at the Borlaug Institute for South
Asia (BISA) for their dedication to data collection and for
being able to adapt survey methods and instruments on
an extremely short notice, and we thank the guest editor
Rob Vos and two anonymous reviewers for their invaluable
feedback. This work was undertaken as part of the CGIAR
Research Program on Policies, Markets, and Institutions
(PIM) led by the International Food Policy Research Insti-
tute (IFPRI), and the CGIAR Research Program on Climate
Change, Agriculture, and Food Security (CCAFS). Fund-
ing support for this study was provided by the CGIAR Plat-
form for Big Data in Agriculture and the International Ini-
tiative for Impact Evaluation (3ie). This article has pre-
viously circulated with the title “Reduced crop income
during the COVID-19 pandemic in India: The perils of
price risk”. The article has not gone through IFPRI’s stan-
dard peer-review procedure. The opinions expressed here
belong to the authors, and do not necessarily reflect those

12 The BBY scheme replicates an innovative scheme by the state govern-
ment of Madhya Pradesh, the Bhavantar Bhugtan Yojana, which intro-
duces the novelty of relying on the market’s price—instead of the price
at which a given farmers sells—to determine payments. However, the
scheme has been shown to be open to high implementation costs asso-
ciated with the mandatory procurement of produce by official mandis
and manipulation by traders to lower market prices and trigger payments
(Narayanan and Tomar, 2018; NICR, 2018).

CEBALLOS ET AL.

of CCAFS, PIM, IFPRI, 3ie, or the CGIAR. The authors
declare no conflict of interest.

REFERENCES

Abate, G. T., de Brauw, A., & Hirvonen, K. (2020). Food and nutrition
security in Addis Ababa, Ethiopia during COVID-19 pandemic: June
2020 report. ESSP Working Paper 145. Washington, DC: Interna-
tional Food Policy Research Institute (IFPRI). https://doi.org/10.
2499/p15738coll2.133766

Affognon, H., Mutungi, C., Sanginga, P., & Borgemeister, C. (2015).
Unpacking postharvest losses in Sub-Saharan Africa: A meta-
analysis. World Development, 66, 49-68.

Alvi, M., & Gupta, M. (2020). Learning in times of lockdown: How
Covid-19 is affecting education and food security in India. Food
Security, https://doi.org/10.1007/s12571-020-01065-4

Barrett, C., & McPeak, J. (2006). Poverty traps and safety nets. in
Poverty, inequality and development: Essays in Honor of Erik Thor-
becke, A. de Janvry and R. Kanbur (eds.), 131-154. New York:
Springer.

Bellemare, M. F., Lee, Y. N., & Just, D. R. (2020). Producer attitudes
toward output price risk: Experimental evidence from the lab and
from the field. American Journal of Agricultural Economics, 102(3),
806-825.

Bisht, I. S,, Rana, J. C., & Ahlawat, S. P. (2020). The future of small-
holder farming in India: Some sustainability considerations. Sus-
tainability, 12(9), 3751.

Borner, J., Shively, G., Wunder, S., & Wyman, M. (2015). How do rural
households cope with economic shocks? Insights from global data
using hierarchical analysis. Journal of Agricultural Economics, 66,
392-414. https://doi.org/10.1111/1477-9552.12097

Boyd, C. M. (2020). Why not insuring output price? Insights from a
lab-in-the-field experiment in Peru. Mimeo.

Boyd, C. M., & Bellemare, M. F. (2019). The microeconomics of agri-
cultural price risk. Annual Review of Resource Economics, 12.

Brewin, D. G. (2020). The impact of COVID-19 on the grains and
oilseeds sector. Canadian Journal of Agricultural Economics, 1-4.
https://doi.org/10.1111/cjag.12239

Cali, J. (2016). The impact of insurance provision on household pro-
duction and financial decisions. American Economic Journal: Eco-
nomic Policy, 8(2), 44-88.

Cai, J., de Janvry, A., & Sadoulet, E. (2013). Social networks and the
decision to insure: Evidence from randomized experiments in China.
Mimeo. University of Michigan.

Cai, H., Chen, Y., Fang, H., & Zhou, L. (2009). Microinsurance, Trust
and Economic Development: Evidence from a Randomized Natural
Field Experiment. NBER Working Papers, 15396.

Ceballos, F., Kramer, B., & Robles, M. (2019). The feasibility of
picture-based insurance (PBI): Smartphone pictures for affordable
crop insurance. Development Engineering, 4, 100042.

Ceballos, F., Kannan, S., & Kramer, B. (2019). Picture-based crop
insurance: A randomized control trial evaluating the impacts of
using smartphone camera data for claims verification in India.
Baseline Report. Washington, DC: International Initiative for
Impact Evaluation.

Ceballos, F., Kannan, S., & Kramer, B. (2020). Impacts of a national
lockdown on smallholder farmers’ income and food security:
Empirical evidence from two states in India. World Development,
135(11).


https://doi.org/10.2499/p15738coll2.133766
https://doi.org/10.2499/p15738coll2.133766
https://doi.org/10.1007/s12571-020-01065-4
https://doi.org/10.1111/1477-9552.12097
https://doi.org/10.1111/cjag.12239

AGRICULTURAL

CEBALLOS ET AL.

ECONOMICS

The Journal of the International Association of Agricultural Economists

Chichaibelu, B. B., & Waibel, H. (2018). Over-indebtedness and its
persistence in rural households in Thailand and Vietnam. Journal
of Asian Economics, 56, 1-23.

Coates, J., Swindale, A., & Bilinsky, P. (2007). Household Food Inse-
curity Access Scale (HFIAS) for measurement of food access:
Indicator guide: version 3. http://www.fao.org/fileadmin/user_
upload/eufao-fsi4ddm/doc-training/hfias.pdf

Cole, S., Giné, X., & Vickery, J. (2017). How does risk management
influence production decisions? Evidence from a field experiment.
The Review of Financial Studies, 30(6), 1935-1970.

Dercon, S. (2002). Income risk, coping strategies and safety net. The
World Bank Research Observer, 17(2), 141-166.

Dercon, S., & Hoddinott, J. (2004). Health, shocks, and poverty persis-
tence. In S. Dercon (Ed.), Insurance against poverty, (pp. 123-136).
Oxford, UK: Oxford University Press.

Duong, T. T., Brewer, T., Luck, J., & Zander, K. (2019). A global review
of farmers’ perceptions of agricultural risks and risk management
strategies. Agriculture, 9(1), 1-16.

Elbers, C., Gunning, J. W., & Kinsey, B. (2007). Growth and risk:
Methodology and micro evidence. The World Bank Economic
Review, 21(1), pp.1-20.

Food and Agriculture Organization (FAO) (2018). The state of agricul-
tural commodity markets 2018: Agricultural trade, climate change
and food security. Rome: Food and Agriculture Organization.

Gao, J., & Mills, B. F. (2018). Weather shocks, coping strategies, and
consumption dynamics in rural Ethiopia. World Development, 101,
268-283.

Gulati, A., Chatterjee, T., & Hussain, S. (2018). Supporting Indian
farmers: Price support or direct income/investment support?. Work-
ing paper No. 357, Indian Council for Research on International
Economic Relations.

Hailu, G. (2020). Economic thoughts on COVID-19 for Canadian
food processors. Canadian Journal of Agricultural Economics, 1-
7. https://doi.org/10.1111/cjag.12241

Harvey, C. A., Rakotobe, Z. L., Rao, N. S., Dave, R., Razafimahatratra,
H., Rabarijohn, R. H., Rajaofara, H., & MacKinnon, J. L. (2014).
Extreme vulnerability of smallholder farmers to agricultural risks
and climate change in Madagascar. Philosophical Transactions of
the Royal Society B: Biological Sciences, 369(1639), 20130089.

Hodges, R. J., Buzby, J. C., & Bennett, B. (2011). Postharvest losses and
waste in developed and less developed countries: Opportunities to
improve resource use. The Journal of Agricultural Science, 149(S1),
37.

International Monetary Fund (IMF) (2020). World Economic Out-
look, April 2020. https://www.imf.org/en/Publications/WEO/
Issues/2020/04/14/weo-april-2020, accessed July 2020.

Karlan, D., Kutsoati, E., McMillan, M., & Udry, C. (2011). Crop price
indemnified loans for farmers: A pilot experiment in rural Ghana.
Journal of Risk and Insurance, 78(1), 37-55.

Karlan, D., Osei, R., Osei-Akoto, I., & Udry, C. (2014). Agricultural
decisions after relaxing credit and risk constraints. The Quarterly
Journal of Economics, 129(2), 597-652.

Kumar, A., Padhee, A. K., & Kumar, S. (2020). How Indian agricul-
ture should change after COVID-19. Food Security. https://doi.org/
10.1007/s12571-020-01063-6

Mobarak, A. M., & Rosenzweig, M. (2012). Selling formal insurance to
the informally insured. Working Paper No. 97, Economic Growth
Center Discussion Paper No. 1007. Economics Department. New
Haven, CT, US: Yale University.

WILEY- -

Moschini, G., & Hennessy, D. A. (2001). Uncertainty, risk aversion,
and risk management for agricultural producers. Handbook of
Agricultural Economics, 1(A), 87-153.

Mutsonziwa, K., & Fanta, A. (2019). Over-indebtedness and its wel-
fare effect on households: Evidence from the Southern African
countries. African Journal of Economic and Management Studies,
10(2), 185-197.

Narayanan, A., & Tomar, S. (2018). Price deficiency payments mecha-
nism: Evidence from the Indian agricultural market. Mimeo.

Narayanan, S., & Saha, S. (2020). One Step Behind: The Government
of India and agricultural policy during the Covid-19 lockdown.
Review of Agrarian Studies, 10(1).

Narayanan, S. (2020). Food and agriculture during a pandemic:
Managing the consequences. Blog published by Ideas for
India. https://www.ideasforindia.in/topics/agriculture/food-
and-agriculture-during-a-pandemic-managing-the-consequences.
html, Accessed May 2020.

Nguyen, T. T., Nguyen, T. T., & Grote, U. (2020). Multiple shocks and
households’ choice of coping strategies in rural Cambodia. Ecolog-
ical Economics, 167, 106442.

NICR, NCDEX Institute of Commodity Markets and Research (2018).
A study on market behaviour during Bhavantar Bhugtan Yojana.
Mimeo.

Nuthalapati, C. S., Sutradhar, R., Reardon, T., & Qaim, M. (2020).
Supermarket procurement and farmgate prices in India. World
Development, 134, 105034.

Oerke, E. C., & Dehne, H. W. (2004). Safeguarding production—
losses in major crops and the role of crop protection. Crop Pro-
tection, 23(4), 275-285.

Olsson, L., Opondo, M., Tschakert, P., Agrawal, A., Eriksen, S., Ma,
S., Perch, L., Zakieldeen, S. A., Cutter, S., Piguet, E., & Kaijser,
A. (2015). Livelihoods and poverty. In C.B. Field et al. (Eds.). Cli-
mate change 2014: Impacts, adaptation, and vulnerability. Part A:
Global and sectoral aspects. Contribution of working group II to the
Fifth Assessment Report of the Intergovernmental Panel on climate
change, United Kingdom and New York, NY: Cambridge Univer-
sity Press, Cambridge.

Pingali, P, & Mittra, B. (2020). How Did COVID-19 Impact
India’s Food Prices?, Tata-Cornell Institute for Agricul-
ture and Nutrition blog post, https://tci.cornell.edu/blog/
how-did-covid-19-impact-indias-food-prices

Rawal, V., Kumar, M., Verma, A., & Pais, J. (2020). COVID-19 lock-
down: Impact on agriculture and rural economy. SSER Mono-
graph 20/3, New Delhi: Society for Social and Economic Research,
http://archive.indianstatistics.org/sserwp/sserwp2003-rev.pdf

Richards, T. J., & Rickard, B. (2020). COVID-19 impact on fruit and
vegetable markets. Canadian Journal of Agricultural Economics,
1-6. https://doi.org/10.1111/cjag.12231

Savary, S., Ficke, A., Aubertot, J., & Hollier, C. (2012). Crop losses due
to diseases and their implications for global food production losses
and food security. Food Security, 4(4), 519-537. https://doi.org/10.
1007/s12571-012-0200-5

Schicks, J. (2013). The sacrifices of micro-borrowers in Ghana-a
customer-protection perspective on measuring over-indebtedness.
The Journal of Development Studies, 49(9), 1238-1255.

Shee, A., & Turvey, C. G. (2012). Collateral-free lending with risk-
contingent credit for agricultural development: indemnifying
loans against pulse crop price risk in India. Agricultural Eco-
nomics, 43(5), 561-574.


http://www.fao.org/fileadmin/user_upload/eufao-fsi4dm/doc-training/hfias.pdf
http://www.fao.org/fileadmin/user_upload/eufao-fsi4dm/doc-training/hfias.pdf
https://doi.org/10.1111/cjag.12241
https://www.imf.org/en/Publications/WEO/Issues/2020/04/14/weo-april-2020
https://www.imf.org/en/Publications/WEO/Issues/2020/04/14/weo-april-2020
https://doi.org/10.1007/s12571-020-01063-6
https://doi.org/10.1007/s12571-020-01063-6
https://www.ideasforindia.in/topics/agriculture/food-and-agriculture-during-a-pandemic-managing-the-consequences.html
https://www.ideasforindia.in/topics/agriculture/food-and-agriculture-during-a-pandemic-managing-the-consequences.html
https://www.ideasforindia.in/topics/agriculture/food-and-agriculture-during-a-pandemic-managing-the-consequences.html
https://tci.cornell.edu/blog/how-did-covid-19-impact-indias-food-prices
https://tci.cornell.edu/blog/how-did-covid-19-impact-indias-food-prices
http://archive.indianstatistics.org/sserwp/sserwp2003-rev.pdf
https://doi.org/10.1111/cjag.12231
https://doi.org/10.1007/s12571-012-0200-5
https://doi.org/10.1007/s12571-012-0200-5

AGRICULTURAL

ECONOMICS

The Journal of the International Association of Agricultural Economists

* | WILEY

Smith, V. H., Glauber, J. W., Goodwin, B. K., & Sumner, D. A. (2018).
Agricultural policy in disarray: An overview.” In V. H. Smith, B.
K. Goodwin, J.W. Glauber (Eds.), Agricultural policy in disarray,
American Enterprise Institute.

Varshney, D., Roy, D., & Meenakshi, J. V. (2020). Impact of COVID-19
on agricultural markets: assessing the roles of commodity charac-
teristics, disease caseload and market reforms. Indian Economic
Review, 55(1), 83-103.

Wik, M. (1999). Coping with risk in agriculture: Income- and
consumption-smoothing strategies in LDCs. Forum for Develop-
ment Studies, 2, 329-344.

Wooldridge, J. M. (2002). Inverse probability weighted M-estimators
for sample selection, attrition, and stratification. Portuguese Eco-
nomic Journal, 1(2), 117-139.

CEBALLOS ET AL.

SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

How to cite this article: Ceballos F, Kannan S, &
Kramer B. Crop prices, farm incomes, and food
security during the COVID-19 pandemic in India:
Phone-based producer survey evidence from
Haryana State. Agricultural Economics.
2021;52:525-542. https://doi.org/10.1111/agec.12633


https://doi.org/10.1111/agec.12633

	Crop prices, farm incomes, and food security during the COVID-19 pandemic in India: Phone-based producer survey evidence from Haryana State
	Abstract
	1 | INTRODUCTION
	2 | CONTEXT AND HYPOTHESES
	3 | DATA AND METHODS
	4 | RESULTS
	4.1 | Agricultural income reductions for wheat and tomato farmers during the lockdown
	4.2 | Association between agricultural income reductions, food insecurity, and borrowing
	4.3 | Determinants of agricultural income reductions for wheat and tomato farmers

	5 | CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES
	SUPPORTING INFORMATION


