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ABSTRACT 

This research explores how inputs such as chemical fertilizer that are often complementary to labor can 
benefit smallholders in countries like Nepal. These and other inputs complement labor when a country 
experiences periods of increased labor scarcity due to rising wages in rural areas. The future of 
smallholders in Asian countries is vigorously debated in the policy and research arena. An increasing 
number of studies indicate that in the face of rising rural farm wages, growing mechanization is gradually 
shifting the advantages enjoyed by smallholders to slightly larger farms in many Asian countries, 
including Nepal. While the evidence is limited, earlier studies suggest that this trend may also be 
associated with a greater return to the use of chemical fertilizers by larger farms than by their smaller 
counterparts. In this paper, we further assess the relationship between the role of chemical fertilizer and 
farm size in lowland Nepal. In particular, we assess the different effects of chemical fertilizer price on 
large versus small farm households, depending on farm size. We use the 2003 and 2010 panel data from 
the Nepal Living Standard Survey. Results generally suggest that in Nepal Terai, lower chemical fertilizer 
price seems to increase the per capita incomes of farm households with larger landholdings more than it 
does those with smaller landholdings. The mechanism is somewhat complicated; typically, larger farms 
benefit through an increased supply of crops from sharecropped/rented farms, which leads to a potential 
increase in forage supply and increased revenues from livestock production. However, greater benefits for 
larger farms through this mechanism remains consistent with the greater return to chemical fertilizer 
among larger farms. This is contrary to the notion that chemical fertilizer is a land-saving input that 
benefits smaller farms relatively more than it does larger farms. We conclude that fertilizer policy in 
Nepal should be designed within the broader framework of longer-term agricultural-sector strategies that 
will impact the future of smallholder farmers. 

Keywords:  chemical fertilizer, fertilizer price, farm size, panel data, Nepal 
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1.  BACKGROUND 

Conventionally, chemical fertilizer has been considered a land-saving input compared to other inputs such 
as agricultural mechanization.1 The use of chemical fertilizer is more common in regions with small 
farms (for example, Asia) than it in regions with larger farms (for instance, the United States). For 
example, in 2013 the consumption of chemical fertilizer nutrients per ha of arable land was greater in East 
Asia and the Pacific (246 kg/ha), the European Union (153kg/ha), and South Asia (149 kg/ha) than in 
North America (122kg/ha), and Latin America and the Caribbean (126 kg/ha) (World Bank 2016). In 
these countries, the average-sized farm is typically larger. This negative relationship between the intensity 
of chemical fertilizer use and farm size is consistent with the notion that return may be higher in areas 
where the average farm size is smaller.  

In the context of the ongoing debate about the future of smallholders in developing countries 
(Wiggins et al. 2010; Hazell et al. 2010; Deininger and Byerlee 2012; Rigg, Salamanca, and Thompson 
2016), the potential contributions of land-saving inputs like chemical fertilizer have remained relatively 
unclear. Many of the more recent studies that have assessed the policies affecting the prices of chemical 
fertilizer in developing countries (Jayne and Rashid 2013; Rashid et al. 2013; Takeshima and Nkonya 
2014; Mason et al. 2016) have not clearly incorporated other factors—for example, rising wages and 
greater mechanization—affecting the relative advantages of larger farms over smaller ones. 

Earlier studies suggest that the recent mechanization growth in Nepal Terai might have 
influenced how the returns from chemical fertilizer use may vary across farm households of different 
sizes. More specifically, the adoption of tractors is likely to have raised the returns to scale in farming and 
the degree to which overall inputs, including chemical fertilizer, are used in the Terai (Takeshima 2017). 
Between the Terai and the Hills, greater differences in chemical fertilizer use per hectare of cultivated 
areas have been observed more frequently among farms that cultivate more than 0.5 ha per year than 
those cultivating less (Takeshima et al. 2016a). This is consistent with other findings, such as those of 
Takeshima (2017) indicating that the differences in returns to chemical fertilizer use between the Terai 
and the Hills are more pronounced among larger farms. Takeshima et al. (2016) also find that the use of 
chemical fertilizer is responsive to its price, particularly in the Terai compared to the Hills.  

All these conditions suggest that in Terai, lower chemical fertilizer prices may benefit the larger 
farms relatively more than the smaller farms. This paper tests this hypothesis. It investigates how 
variations in chemical fertilizer prices across locations between 2003 and 2010 contributed to variations 
in chemical fertilizer use and other economic outcomes of farm households during the same period. We 
also examined how such effects differed across farm households of different sizes, using the panel portion 
of samples of the Nepal Living Standard Survey (NLSS).  
  

                                                      
1Chemical fertilizer may also differ from other potentially land-saving inputs. Unlike other such inputs—for example, 

labor—households are not naturally endowed with sufficient fertilizer nutrients and thus need to purchase them. Compared to 
water and organic fertilizer, chemical fertilizer is easier to transport. Material costs (not the cost for research and development) of 
chemical fertilizer are often higher than those of seeds, possibly making the overall demand more responsive to its price.    
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2.  GOVERNMENT POLICIES ON CHEMICAL FERTILIZER PRICES  

The analysis has important implications for the Nepalese chemical fertilizer policies that focus on 
lowering prices through various programs, including subsidies (Takeshima et al. 2016a). In the last 
several decades, changes in fertilizer policy have occurred in different phases. These are: (1) primarily 
“without” subsidy (1952–1972); (2) "with" subsidy (1973/74 to 1996/97); (3) with the "deregulation of 
fertilizer trade" (1997/1998 to 2007/2008), which provided opportunities for the private sector to 
participate in fertilizer trade; and (4) with the "reintroduction of subsidy policy" (since 2009). The recent 
subsidy scheme targets small and marginal farmers (those who hold up to 4 ha of land in the Terai, and up 
to 0.75 ha of land in the Hills). The subsidy amount for chemical fertilizers has increased, to about NRs. 
5.47 billion. This includes organic fertilizer, improved seed, and seedlings. Another change is the 
engagement of the Agriculture Input Company Limited (AICL) and the STL in the procurement and 
distribution of fertilizer. Out of the total projected budget for the ADS over the next 10 years, the amount 
earmarked for fertilizer alone is 8 percent. This indicates that the government of Nepal is likely to 
continue subsidizing chemical fertilizer for the next several years, targeting small and marginal farmers. 
However, concerns have been raised about the effectiveness of this subsidy in terms of access, 
distribution, proper utilization, and increased productivity and income.  

The ADS (2015) has indicated the need for a pragmatic solution to the problem of fertilizer 
supply. Such a solution would ensure that the current level of subsidies is maintained in the short term. 
However, these need to be reviewed in the medium term and adjusted in the long term. Also needed are 
measures to increase productivity and the efficient use of fertilizer, to promote organic/bio-fertilizers as 
both supplements and complements to chemical fertilizer. Finally, effective distribution and supply 
should be facilitated to meet demand; this includes the introduction of "voucher" system for key inputs. 
The Investment Board of Nepal is considering establishing an Ammonia-Urea Chemical Fertilizer Plant 
in Nepal funded by private sector investments; an ongoing feasibility study is currently under way to 
investigate the merits of such a plant.  

The government of Nepal is equally promoting a subsidy for organic fertilizer. However, there is 
less demand for this product. Organic fertilizer is more costly (receiving a subsidy of NRs. 10 per kg), 
and a high volume is required to supplement the same amount of nutrients. There are also costs associated 
with transport to the field, among other factors. The government has announced an 85 percent capital 
grant to establish an organic fertilizer factory. 
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3.  A SIMPLE CONCEPTUAL FRAMEWORK AND HYPOTHESES 

Under the standard condition that the returns to chemical fertilizer are higher for smaller farms,  
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in which 𝜕𝜕 is the key outcomes of interests (total income, agricultural income, agricultural revenue, and 
so forth), 𝜕𝜕 is the quantity of chemical fertilizer used, 𝜕𝜕 is the total area cultivated, and 𝜕𝜕 is the total 
farmland owned.  

The derived demand for chemical fertilizer is generally a nonpositive function of chemical 
fertilizer, so that,  
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in which 𝜕𝜕 is the chemical fertilizer price. Then,  
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If reduced chemical fertilizer price/increased chemical fertilizer use does not reduce the off-farm 
incomes (𝑦𝑦), then we have 
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in which 𝜕𝜕 denotes a set of factors used in both farming and off-farm activities, such as labor or liquid 
wealth.  

Overall, the effect on total household income (proxied by the real per capita expenditure, 𝑤𝑤), is 
similar to the effect on farm income; 
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However, if chemical fertilizer is relatively more complementary to land, we would have 
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and, consequently, opposite signs for  
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Our analyses focus on the reduced form specification only, and cannot test the hypotheses 
underlying the substitutability/complementarity of chemical fertilizer and farmland regarding (1) and (6). 
However, the conceptual framework here shows that such substitutability or complementary are some of 
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the potential mechanisms that affect the relationship among chemical fertilizer price, household 
behaviors, and economic outcomes, and their relationship to farm size.  

Specifically, the testable hypotheses of interests can be summarized as follows: 
− In Nepal Terai, lower chemical fertilizer prices lead to a relatively greater increase in 

farm income among those with larger farms than those with smaller farms. 
− In Nepal Terai, lower chemical fertilizer prices lead to a relatively greater increase in 

total household income (as measured in expenditures) among those with larger farms than 
those with smaller farms. 
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4.  EMPIRICAL APPROACH 

Specifications 

Data Used 
This study draws on data from the NLSS, conducted by Nepal’s Central Bureau of Statistics in 1995, 
2003, and 2010, respectively. The NLSS contains detailed information on various household 
characteristics. To control for the heterogeneity in agricultural production environments, we combined 
NLSS data with various spatial data describing agroecological conditions. In each round of the NLSS, 
data were collected based on multistage, stratified random sampling methods. The sampling involved 
enumeration areas (EAs) randomly selected from six strata across Nepal. These EAs consisted of urban 
and rural areas in each of three agroecological zones: the Terai, the Hills, and the Mountains. The EAs for 
the NLSS 1995 consisted of 275 wards, from which 3,388 households were randomly sampled. The EAs 
for the NLSS 2003 comprised 800 EAs, from which 4,008 households were randomly sampled to 
constitute a cross-section sample portion of the NLSS 2003. In addition, in the NLSS 2003, 1,232 panel 
samples were randomly selected from the NLSS 1995 to constitute a panel sample portion of the NLSS 
2003 (the total of 5,240 households constitute the NLSS 2003 data). The EAs for the NLSS 2010 
consisted of 500 EAs redefined from 800 EAs in the NLSS 2003, from which 5,988 households were 
randomly selected to constitute a cross-section sample portion of the NLSS 2010. Finally, 1,032 panel 
samples were randomly selected from the NLSS 2003 (Nepal CBS 1996, 2004, 2011a) to constitute a 
panel sample portion of the NLSS 2010 (the total of 7,020 households constitute the NLSS 2010 data). 
Our analysis utilizes primarily the panel portion of the NLSS.  

Directly Reduced Form—Fertilizer Price Effects on Income and other Outcomes, 
Differentiated by Farm Size 
Our specifications are standard first-difference panel data specification. (Since we use only two periods, 
2003 and 2010, fixed effects specification produce the same results as the first-difference specification). 
In particular, we estimate the following models:  

 𝛥𝛥𝒚𝒚𝒊𝒊𝒊𝒊 = 𝛼𝛼 + 𝛽𝛽𝑝𝑝 ⋅ 𝛥𝛥𝜕𝜕𝑖𝑖𝑖𝑖 + 𝛽𝛽𝑝𝑝𝑝𝑝 ⋅ 𝛥𝛥𝜕𝜕𝑖𝑖𝑖𝑖 ⋅ 𝜕𝜕𝑖𝑖𝑖𝑖−1 + 𝛽𝛽𝑝𝑝 ⋅ 𝜕𝜕𝑖𝑖𝑖𝑖−1 + 𝛽𝛽𝛥𝛥𝛥𝛥 ⋅ 𝛥𝛥𝑍𝑍𝑖𝑖𝑖𝑖 + 𝛽𝛽𝛥𝛥 ⋅ 𝑍𝑍𝑖𝑖𝑖𝑖−1 + 𝜀𝜀𝑖𝑖𝑖𝑖 (8) 

in which Δ𝒚𝒚𝒊𝒊𝒊𝒊 is the changes (or growth rates) in key outcome variables for household 𝑖𝑖 between 𝑡𝑡 and 
𝑡𝑡 − 1, Δ𝜕𝜕𝑖𝑖𝑖𝑖 is the change in chemical fertilizer prices between 𝑡𝑡 and 𝑡𝑡 − 1 in areas where household i is 
located, 𝜕𝜕𝑖𝑖𝑖𝑖−1 is the size of lowland farm plots owned at 𝑡𝑡 − 1, 𝑍𝑍𝑖𝑖𝑖𝑖 is other key explanatory variables, 
including time-invariant factors (in which case Δ𝑍𝑍𝑖𝑖𝑖𝑖 = 0). Notations 𝛼𝛼, 𝛽𝛽𝑝𝑝, 𝛽𝛽𝑝𝑝𝑝𝑝, 𝛽𝛽𝑝𝑝, 𝛽𝛽Δ𝑧𝑧 and 𝛽𝛽𝛥𝛥 indicate 
the set of estimated parameters, and 𝜀𝜀𝑖𝑖𝑖𝑖is the idiosyncratic error term. For example, 𝛽𝛽𝑝𝑝 measures the 
effects of changes in chemical fertilizer price on changes in key outcome variables, controlling for other 
factors.  

In the specification (2), the key variable of interests is 𝛽𝛽𝑝𝑝𝑝𝑝, which captures the differential effects 
of chemical fertilizer price change by the size of farm land owned at 𝑡𝑡 − 1. Note that we do not include 
the farmland owned at 𝑡𝑡 because it may be endogenous to the outcome variables. This is particularly so 
given that the gap between the NLSSs was 7 years, which might have been long enough for some 
households to make relatively large transactions such as farmland sales and purchase. Therefore, the 
model captures the reduced form relationship between farm size in 2003 and the effects of chemical 
fertilizer price change on changes in various outcome variables. This is appropriate as long as our interest 
is in assessing the effects of 2003 land ownership on the effects of chemical fertilizer price changes and 
on outcome changes during the same period. Importantly, we are not examining the structural relationship 
between the changes in the farm size owned between 2003 and 2010 and the changes in the outcomes 
during the same period. Importantly, since our specification is in a reduced form, it does not identify some 
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of the underlying causal mechanisms, such as how changes in chemical fertilizer prices affect the change 
in farm sizes owned during this period, and how that in turn affects changes in outcome variables. Rather, 
our specifications focus on understanding how the associations between the change in chemical fertilizer 
prices and outcomes differ between farm households of different sizes. The aim is to draw insights into 
how reducing chemical fertilizer prices translate into greater benefits among smallholders than among 
medium-to-large farmers.  

Key Variables 
Since we are using panel data, the number of variables included is kept relatively small; the effects of 
most time-invariant variables may be captured by the household fixed effects. The number of variables is 
kept small also because, given the small sample of panel households, an excessive number of variables 
will lead to a large loss of efficiency with little gain in consistency of the estimates. As is commonly done 
in other studies assessing the effects of farm size in panel data context (for example, Yamauchi [2016]), 
the variables are limited primarily to the lagged values of key household characteristics and 
agroecological variables, as well as to changes in certain exogenous variables such as wages or prices of 
other inputs. 

Agroecological variables include terrain ruggedness, compiled at the Village Development 
Committee (VDC) level and calculated using data from the United States Geological Survey (1996) and 
Riley, DeGloria, and Elliot (1999). Rugged terrain is often associated with a relatively lower use of 
chemical fertilizer (sometimes compensated by greater uses of organic manure) worldwide (Takeshima et 
al. 2016a). While the Terai zone has generally flat terrain, the areas closer to the Hills have more rugged 
terrains and are associated with a considerably lower use of chemical fertilizer. In addition, district 
dummy variables are included to partially capture the effect of variations in agroecological conditions that 
vary across districts.  

Household characteristics include: (1) lagged values (those from previous NLSS rounds) of 
household assets, (2) number of working-age and nonworking-age household members, (3) average years 
of formal education completed by the working-age household members, (4) gender of household head, 
and (5) value of agricultural equipment owned and manure endowments calculated based on livestock 
holdings (see the appendix of Takeshima et al. 2016a). Household asset holdings can affect liquidity 
constraints, which in turn can limit the purchase of chemical fertilizer, among other inputs. The number of 
working-age and nonworking-age household members can proxy the family labor endowments of 
different types, which are often complementary to labor-intensive inputs like chemical fertilizer, as well 
as dependency ratios that can affect the time constraints of certain household members (particularly 
working-age females). Education levels of family members affect both the ability to understand the 
optimal and efficient uses of chemical fertilizer, as well as their opportunity costs associated with farm 
labor; these costs in turn are influenced by their outside income earning opportunities. Gender of the 
household head can affect various constraints, such as access to extension services or formal credit that 
can raise the efficiency of chemical fertilizer. Agricultural equipment can also affect the returns to 
chemical fertilizer, through either its complementarity or substitutability with chemical fertilizer.2 Greater 
manure endowments may affect the price responsiveness of chemical fertilizer, as manure can often 
substitute for chemical fertilizer (Takeshima et al. 2016b). 

Changes in exogenous factors include variations in the real price of chemical fertilizer, real 
agricultural wages proxied by the daily wage for hiring male labors for land preparation, and tractor 
hiring fees. Agricultural wages and tractor hiring fees are based on figures reported at the community 
level. When the figures are missing, they are imputed by district median values differentiated by urban 
and rural areas.  

                                                      
2Sometimes, agricultural equipment can be a substitute for chemical fertilizer. One example is when tillage brings sufficient 

soil nutrients from deep soil. Because the varieties grown may not be responsive to intensive soil nutrients, returns from adding 
chemical fertilizer can be lowered.    
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We also include dummy variables indicating districts, in addition to urban/rural dummy variables 
and their interaction terms. These variables can control for any residual effects, attributable to geopolitical 
factors, on changes in key outcome variables. These factors include district-level policies and program 
implementations in both agricultural and nonagricultural sectors. 

Lastly, we include a variable measuring the size of lowland farm plots3 owned by the household 
in 2003 (lagged farm size), as well as the interaction term between this lagged farm size and the change in 
chemical fertilizer price. The estimated coefficient on this interaction term captures how the effect of the 
change in chemical fertilizer price between 2003 and 2010 depends on the farm size of the households. 
Note that we use lagged farm size, rather than the current farm size (in 2010), because the current size can 
be potentially endogenous to the dependent variable. For example, some unobserved factors might have 
affected both dependent variables and changes in farm size between 2003 and 2010. Therefore, the 
estimated coefficient on ΔP*land size(t-1) also captures the effect that operates through changes in farm 
sizes between 2003 and 2010; the change in farm size is implicitly a function of the farm size in 2003.4 

Including both 𝜕𝜕𝑖𝑖𝑖𝑖−1 and time-invariant 𝑍𝑍𝑖𝑖𝑖𝑖−1 , such as terrain ruggedness, may cause potential 
endogeneity if 𝑍𝑍𝑖𝑖𝑖𝑖−1 affects not only the outcome, but also 𝜕𝜕𝑖𝑖𝑖𝑖−1. The recent literature assessing the 
effects of initial farm endowments on subsequent outcomes does not explicitly address this issue. For 
example, Yamauchi (2016); Liu, Violette, and Barrett (2016); and Wang et al. (2016) include province, 
village, or household fixed effects as additional time-invariant variables. They do so in combination with 
farm-size variables under the assumption that farm size is exogenous to these time-invariant variables. 
This assumption is made despite the potential endogeneity of farm-size variables with these time-
invariant variables. Endogeneity can arise if agroecological environments that vary across province, 
village, or other household fixed effect significantly influence the farm size of the household at any point 
in time. We therefore follow these studies by treating farm size in 2003 as exogenous to district level and 
regional dummy variables. 

Additionally, in our case (as mentioned above), we include terrain ruggedness as a time-invariant 
variable because of its potential importance in affecting the choice between organic and chemical 
fertilizer, as indicated in an earlier study (Takeshima et al. 2016a). A potential issue is that the farm size 
in 2003 may be endogenous to this ruggedness variable. However, this is unlikely to hold in Nepal. Labor 
mobility in Nepal has been historically high, with active inter-regional migrations (Hatlebakk 2016). 
Moreover, while some areas are relatively flatter and endowed with more cultivatable land, over time a 
greater number of migrants might have settled in those areas as well, minimizing the clear direct relations 
between ruggedness and farm sizes per household. Similarly, until the recent substantial growth of 
mechanization, the agricultural sector in the Terai had been characterized by diminishing returns to scale 
(Takeshima 2017). Consequently, while farm size was heterogeneous, it was not likely to have been 
extremely different depending on the agroecological conditions. This is the case at least compared to after 
2003, when mechanization grew more substantially and might have given farm households greater 
technological incentives to more actively transact farmlands. A simple correlation between ruggedness 
and farm size in the Terai in 2003 is quite low, approximately -0.07, providing little indication that 
ruggedness significantly affected farm size during this period. Given these conditions, we also treat farm 
size in 2003 as exogenous to terrain ruggedness. However, we acknowledge that future studies must 
investigate more formally how time-invariant factors may potentially be correlated with initial farm-size 
variable, and how interpretations of our analyses may change in the longer term. 

                                                      
3We also tried using the entire farm size, and found that results were similar but not as clear as using only the lowland farm. 

This may reflect the possibility that chemical fertilizer is more intensively used in the lowland than in the upland, and the size of 
lowland farm is a more important indicator than the size of the total farm, including highlands. 

4Farm size is relatively persistent, with correlation coefficients between 2003 and 2010 in our sample exceeding 0.7. 
Therefore, farm-size status of the households in 2003 largely describes the same status of the households in 2010.  
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Key Outcome Variables 
Our key outcome variables are: (1) real per capita total household income, and (2) real per capita 
agricultural income. We wanted to better understand the mechanisms through which the price of chemical 
fertilizer affects these outcomes. Therefore, we also assessed other outcome variables. These were all 
measured in real per capita values, to be comparable to the main outcomes (1) and (2). These additional 
outcome variables are: (3) agricultural revenue (crop revenue plus livestock revenue), (4) off-farm 
income, (5) livestock revenue, (6) revenue from farmland rental, (7) crop revenues, and (8) livestock 
production costs. All “real” values are derived by deflating the nominal values with the average price of 
rice and wheat (two major cereal crops in lowland Nepal) in the local market.5 We also investigate the 
effect of chemical fertilizer prices on various intermediate outcomes, including chemical fertilizer use per 
cultivated area.  

Real per capita total household income is proxied by the real per capita total expenditure, as the 
expenditure figures are often good indicators of income in developing countries (Deaton 1997). It is 
calculated as the total of: annual household expenditure on nondurables (food and nonfood); annual 
educational expenses; health expenses; net purchase of agricultural equipment; expenditures on utilities; 
net rent payment of housing; net credit lending; net-asset rent paid; and net remittances sent. Expenditures 
on food also include the consumption of home-produced food items, which is assessed from the quantities 
consumed multiplied by the market purchase prices (household-specific, or district-median if the former 
is missing). Reported food consumption in the NLSS is for seven days before the interview. Therefore, 
the amount was multiplied by 365/7 to obtain the annual amount. Similarly, expenditures on all the other 
items are converted into annual figures whenever necessary. Real expenditure value is measured as 
kilograms of cereals, based on average local prices of rice and wheat. 

Agricultural income is calculated using revenues and costs associated with agricultural 
production. Revenues are total revenues from crops and livestock production (including the imputed 
values of home-consumed foods), as well as farmland rental revenues (either fixed rents or imputed 
values of harvests received if sharecropped). Costs refer to: paid inputs (fertilizer, agrochemicals, seeds, 
hired labor, rents, animal feeds); paid services (irrigation, mechanization, transportation, storage 
services); and maintenance of agricultural capital. When the farm households sharecropped, the imputed 
values of harvests given to the landlord are also subtracted as costs (equivalent to land-rent payment). 

Off-farm income is calculated as: the sum of wage income earned by the household members (in 
the agricultural and/or the nonagricultural sectors); net profit from nonagricultural enterprises run by the 
household; net remittances received by household members; and rents collected from assets owned 
(rented/sharecropped plots, rented houses, and so forth). 

Livestock revenue is the sum of net sales of live animals; production values of milk, ghee, eggs, 
curd, meat, animal hides; and other products. Revenues from farmland rental are the sum of values of 
cash or harvests received from sharecropping or fixed rents. Crop revenues are those reaped exclusively 
from the production of crops. Livestock production costs include expenditures on fodder, transportation 
of animal feed, veterinary services, inoculations, and other expenditures (reproduction, shade 
improvement, twine, and the like).  

While some studies focus on the growth rate of key outcomes, we explore the simple changes of 
key outcomes between 2003 and 2010. This is appropriate if the level of key outcomes in 2003 is 
relatively constant across farm size. In the case of the NLSS, we find that average per capita income in 
2003 varied only about 50 percent between households owning lowland farm of 0.1 ha and 5 ha. 
Therefore, focusing on the simple changes of key outcomes is appropriate.  

                                                      
5When assessing data from the NLSS, we found that maize became popular in the Hills and the Mountains, though it was 

still somewhat minor in the Terai. Since this study focuses on the Terai, we used rice and wheat.  



9 

5.  RESULTS 

We first present the effect of chemical fertilizer price on key outcomes estimated through first-difference 
panel specification, as well as their differences across farm size. We then show complementary results to 
provide further insight into the mechanisms through which the price affects the key outcomes. 
Throughout this section, our coefficients of interest are those for the change in chemical fertilizer price 
(ΔP) and its interaction term with the farmland size in 2003 (ΔP*land size(t-1)). Where appropriate, we 
briefly discuss the results of other variables.  

Effects of the Changes in Chemical Fertilizer Price on Real Per Capita Income and 
Agricultural Income between 2003 and 2010 
Table 5.1 summarizes the effects of changes in the price of chemical fertilizer price on real per capita 
income, agricultural income, agricultural revenues, and off-farm incomes. For all outcomes, possibly due 
to the small sample, the coefficients for ΔP and ΔP*land size(t-1) are not statistically significant at the 10 
percent level for per capita total income and agricultural income. However, their estimates (signs and 
magnitudes) and standard errors are such that the effects of ΔP can be clearer and statistically more 
significant for large farms than for small farms. This can be seen in Figure 5.1 and Figure 5.2, which 
show the estimated effects of the reduction in real chemical fertilizer prices (–ΔP) on two outcomes 
(changes in real per capita income and agricultural income). These figures also indicate how their 
confidence intervals vary depending on the size of the lowland farm owned in 2003, based on the 
estimates in Table 5.1.  

Table 5.1 Effects of chemical fertilizer price on key household outcomes 

Explanatory variables 

Dependent variables 
Change in real 
per capita 
income  

Change in real per 
capita agricultural 
income 

Change in real per 
capita agricultural 
revenue 

Change in real 
per capita off-
farm income  

ΔP -3231.360 
 (2040.218) 

-468.969 
(285.596) 

-991.162** 
(406.067) 

-246.118 
(2197.441) 

Land size(t-1) -389.148 
 (358.131) 

-186.630 
(140.371) 

-112.721 
(168.779) 

-571.514 
(378.580) 

ΔP*land size(t-1) -962.294 
 (861.458) 

-475.524 
(348.101) 

-295.258 
(422.896) 

-1401.853 
(846.827) 

Δln(real farm wage) -330.101 
 (398.331) 

47.359** 
(23.103) 

59.242* 
(31.574) 

-507.947 
(367.474) 

Δln(tractor rental cost) -426.764 
 (821.260) 

-175.581 
(181.732) 

-562.448** 
(246.012) 

-761.308 
(727.505) 

Household size (working-age 
members) (t-1) 

-172.733 
 (106.887) 

-58.502* 
(28.937) 

-42.140 
(29.682) 

1.119 
(80.724) 

Household size (nonworking-
age members) (t-1) 

192.227*** 
 (62.538) 

48.824* 
(24.987) 

62.363** 
(30.491) 

-25.970 
(38.671) 

Average education level of non-
working age members (t-1) 

199.455**  
(95.837) 

50.212** 
(24.804) 

46.884* 
(27.524) 

53.425 
(61.885) 

Gender of household head (t-1) -443.675 
 (610.903) 

246.219* 
(138.263) 

202.953 
(145.084) 

886.591 
(535.435) 

ln(manure endowment) (t-1) 367.321  
(355.188) 

85.325 
(95.280) 

127.440 
(120.980) 

-277.326 
(201.471) 

ln(agricultural capital) (t-1) -518.030 
 (391.868) 

-135.569 
(81.509) 

-152.411 
(102.987) 

-109.842 
(206.613) 

ln(household asset)(t-1) 143.987  
(256.308) 

54.495 
(48.405) 

112.593** 
(52.358) 

306.554* 
(174.623) 

Ruggedness -13.907** 
(6.228) 

.777 
(.663) 

.877 
(.784) 

3.765* 
(2.199) 
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Table 5.1 Continued 

Explanatory variables 

Dependent variables 
Change in real 
per capita 
income  

Change in real per 
capita agricultural 
income 

Change in real per 
capita agricultural 
revenue 

Change in real 
per capita off-
farm income  

Rural dummy (=1 if rural) Yes Yes Yes Yes 
District dummy Yes Yes Yes Yes 
Rural*District dummy Yes Yes Yes Yes 
Constant term Yes Yes Yes Yes 
Number of observations 251 258 258 258 
p-value (H0: model jointly 
insignificant) 

.000 .000 .000 .000 

Source:  Authors.  
Notes:  Asterisks indicate the statistical significance of coefficients. *** 1%,** 5%,* 1%. Numbers in parentheses are 

heteroskedasticity-robust standard errors. 

More specifically, Figures 5.1 and 5.2 (and all the subsequent figures) plot how corresponding 
outcomes change as a result of one unit reduction of real chemical fertilizer price. Such changes vary, 
depending on the size of the lowland farm owned in 2003, where the unit of chemical fertilizer price is 
equivalent to the price ratio between 1 kg of chemical fertilizer and 1 kg of cereals measured at the local 
price. Therefore, for example, if the price of 1 kg of chemical fertilizer changes from the value worth 2 kg 
of cereals to the value worth 1 kg of cereals, that is equivalent to one unit reduction in chemical fertilizer 
price. The solid lines in the figures correspond to −(�̂�𝛽𝑝𝑝 + �̂�𝛽𝑝𝑝𝑝𝑝𝜕𝜕𝑖𝑖𝑖𝑖−1) estimated from (8) in which �̂�𝛽𝑝𝑝 and 
�̂�𝛽𝑝𝑝𝑝𝑝 denote the estimated values of parameters 𝛽𝛽𝑝𝑝 and 𝛽𝛽𝑝𝑝𝑝𝑝 in (8), respectively. The first minus sign 
converts the estimated effects to the effects of “reduction” in the price, rather than increase in the price. 
Dashed lines in the figures are based on standard calculations of confidence intervals of −(�̂�𝛽𝑝𝑝 +
�̂�𝛽𝑝𝑝𝑝𝑝𝜕𝜕𝑖𝑖𝑖𝑖−1) estimated based on the estimated standard errors of �̂�𝛽𝑝𝑝 and �̂�𝛽𝑝𝑝𝑝𝑝, as well as their covariance and 
𝜕𝜕𝑖𝑖𝑖𝑖−1.  

In Figures 5.1 and 5.2, while the confidence intervals straddle over zero for the lower range of the 
size of lowland farms (making the effects of ΔP less clear for these households), they remain significantly 
different from zero for households with larger lowland farms (particularly those owning 0.5 ha or more). 
The effects on real per-capita off-farm income are less clear, suggesting that much of the aforementioned 
incomes result from the effect on agricultural incomes. The results are therefore consistent with the 
hypotheses that the price reduction of chemical fertilizer benefits larger farmers more than smallholders, 
in terms of their effects on per capita agricultural income and per capita total household income.  

Other estimated coefficients can be interpreted in the reduced form context, which reflects both 
the supply and demand sides of those factors. For example, significantly positive effects of real farm 
wage on agricultural income and revenue may contradict the standard production theory. However, this 
result may be because, at the equilibrium, agricultural production adjusts in a way that returns to labor are 
equated with wage rates. The result may also be attributable to the fact that most labor used is still 
predominantly family rather than hired labor. Thus, returns to labor are close to returns to family labor, 
which is often close to the per capita agricultural income of the household. 

The number of nonworking-age household members in 2003 is sometimes positively associated 
with these key outcomes. In the case of children, this may be because their labor productivity might have 
risen considerably during the seven-year period (between 2003 and 2010) as they grew older, compared to 
those who had already reached working age by 2003.  
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Figure 5.1 Change in per capita household income in response to chemical fertilizer price change, 
differentiated by the size of lowland owned in 2003 

 
Source:  Authors.  
Notes:  y-axis shows the change in annual per capita household expenditure (equivalent to kg of cereals measured at local price); 

x-axis is the lowland owned in 2003 (ha). 

Figure 5.2 Change in per capita agricultural income in response to chemical fertilizer price change, 
differentiated by the size of lowland owned in 2003 

 
Source:  Authors.  
Notes:  y-axis shows the change in annual per capita agricultural income (equivalent to kg of cereals measured at local price); x-

axis is the lowland owned in 2003 (ha).  
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Figure 5.3 Change in per capita agricultural revenue in response to chemical fertilizer price 
change, differentiated by the size of lowland owned in 2003 

 
Source:  Authors.  
Notes:  y-axis shows the change in annual per capita agricultural income (equivalent to kg of cereals measured at local price); x-

axis is the lowland owned in 2003 (ha). 

Further Results on the Mechanisms 
The greater effects on total agricultural incomes and revenues discussed above do not necessarily extend 
to total crop production. Table 5.2 shows how the effects on total agricultural revenues are disaggregated 
across three categories—crop production, livestock production, and farmland rental revenues.  

The results suggest that the effects of total agricultural revenues are driven by the effects on 
livestock revenues and farmland rental revenues. More specifically, findings imply that low chemical 
fertilizer price generally led to increases in per capita livestock revenues, and to decreases in per capita 
farmland rental revenues. Furthermore, the coefficient on ΔP*land size (t-1) for per capita farmland 
revenues suggests that the effects on per capita farmland rental revenues was greater for small farms than 
for large farms. In other words, lower chemical fertilizer price led to a greater reduction in farmland rental 
revenues for small farms, but less so for larger farms. Similarly, the coefficients on ΔP*land size (t-1) is 
not statistically significant at 10 percent. However, the overall effects and confidence intervals illustrated 
in Figure 5.4 weakly suggest that per capita livestock revenues increased more clearly among larger than 
smaller farms as a result of the lower price of chemical fertilizer.  

On the other hand, the effects of chemical fertilizer prices on per capita crop revenues are 
generally insignificant across all farm sizes. Together, the findings suggest that lower chemical fertilizer 
price leads to greater increases in per capita agricultural revenues or incomes for larger farms than smaller 
farms, through greater increases in per capita livestock revenues and farmland rental revenues.  

These results suggest that larger farms, in the face of lower chemical fertilizer, typically increase 
livestock production without reducing farmland rental revenues. In contrast, for smaller farms, the 
clearest change is the shift from renting to owning farmland, which does not lead to an increase in overall 
incomes from farmland.  
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Table 5.2 Effects of chemical fertilizer price on livestock revenue, land rental revenue, and crop 
revenue 

Explanatory variables 

Dependent variables 
Change in per 
capita livestock 
revenue 

Change in per capita 
renting revenue (including 
sharecropping revenue) 

Change in per 
capita crop 
revenue 

ΔP -1198.83*** 
(138.487) 

435.702** 
(192.649) 

-535.875 
(691.148) 

Land size(t-1) -60.263 
(49.464) 

-119.619* 
(62.135) 

47.147 
(128.096) 

ΔP*land size(t-1) -191.769 
(138.535) 

-311.224* 
(159.355) 

176.271 
(314.561) 

Δln(real farm wage) 16.282 
(28.414) 

-.494 
(23.350) 

16.997 
(69.641) 

Δln(tractor rental cost) -43.974 
(40.493) 

-180.043* 
(102.223) 

-1023.535** 
(431.003) 

Household size (working-age 
members) (t-1) 

-26.981* 
(13.549) 

-14.753 
(15.275) 

6.850 
(36.427) 

Household size (nonworking-age 
members) (t-1) 

11.140 
(13.103) 

14.376 
(12.978) 

-5.796 
(37.814) 

Average education level of 
nonworking- age members (t-1) 

16.258 
(9.810) 

25.586 
(17.513) 

-9.658 
(28.986) 

Gender of household head (t-1) 112.592 
(82.264) 

117.031* 
(60.011) 

-45.629 
(158.713) 

ln(manure endowment) (t-1) 82.904 
(54.854) 

-65.158 
(73.447) 

-42.388 
(94.084) 

ln(agricultural capital) (t-1) -39.924 
(36.828) 

20.955 
(55.229) 

-.280 
(73.967) 

ln(household asset)(t-1) 28.434 
(28.731) 

26.143* 
(13.595) 

113.263 
(107.016) 

Ruggedness .926** 
(.353) 

-.611 
(.408) 

2.038*** 
(.706) 

Rural dummy (=1 if rural) Yes Yes Yes 
District dummy Yes Yes Yes 
Rural*District dummy Yes Yes Yes 
Constant term Yes Yes Yes 
Number of observations 258 258 258 
p-value (H0: model jointly 
insignificant) 

.000 .000 .000 

Source:  Authors. 
Notes:  Asterisks indicate the statistical significance of coefficients *** 1%, ** 5%, * 1%. Numbers in parentheses are 

heteroskedasticity-robust standard errors. 
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Figure 5.4 Effects of reduced chemical fertilizer price on per capita livestock revenue, differentiated 
by the size of lowland owned in 2003 

 
Source:  Authors.  
Notes:  y-axis shows the change in annual per capita agricultural income (equivalent to kg of cereals measured at local price); x-

axis is the lowland owned in 2003 (ha).  

Further investigations shed light on the linkages between chemical fertilizer price and livestock 
revenues. Table 5.3 shows the effects of chemical fertilizer prices on the change in per capita livestock 
production costs and the change in per capita livestock fodder costs. Lower chemical fertilizer prices 
generally increase the livestock production costs, reflecting increased livestock production, as shown in 
Table 5.2. At the same time, lower chemical fertilizer price leads to lower livestock fodder costs. These 
results do not necessarily contradict each other. It is likely that the lower chemical fertilizer price leads to 
much greater fodder production on owned farms, to the extent that overall expenditure on purchased 
fodder actually decreases in the presence of expanded livestock production.  

At the same time, that the effects on livestock production costs do not significantly vary across 
farm sizes— the coefficient on ΔP*land size(t-1)—is not only statistically insignificant, but also very 
small relative to the confidence intervals of coefficients on ΔP and ΔP*land size(t-1). Furthermore, the 
coefficients on ΔP*land size(t-1) for livestock fodder costs suggest that lower chemical fertilizer price 
leads to a greater reduction in livestock fodder costs among larger than among smaller farms. 

Results in Table 5.2 and Table 5.3 suggest that for larger farms, lower chemical fertilizer price 
leads to greater livestock revenues combined with lower fodder costs. One possible hypothesis is that 
price leads to greater production of fodder crops from owned farms, and this effect is greater among 
larger farms. 
  



15 

Table 5.3 Effects of chemical fertilizer price on livestock production costs and expenses on 
purchased fodders 

Explanatory variables 

Dependent variables 
Change in per capita 
livestock production costs 

Change in per capita 
livestock fodder costs 

ΔP -288.893*** 
(30.625) 

151.982***  
(11.231) 

Land size(t-1) -1.170 
(7.248) 

3.833* 
(2.164) 

ΔP*land size(t-1) 3.949 
(14.419) 

8.960* 
(5.038) 

Δln(real farm wage) 2.245 
(5.106) 

.319 
(2.124) 

Δln(tractor rental cost) -15.991 
(18.965) 

-7.793 
(4.812) 

Household size (working-age members) (t-1) -6.399** 
(2.543) 

2.063 
(1.369) 

Household size (nonworking-age members) 
(t-1) 

.983 
(1.999) 

1.151 
(.932) 

Average education level of nonworking- age 
members (t-1) 

.735 
(1.881) 

-.599 
(.667) 

Gender of household head (t-1) 3.653 
(11.044) 

-6.739 
(7.375) 

ln(manure endowment) (t-1) 28.269*** 
(8.722) 

-5.148 
(3.332) 

ln(agricultural capital) (t-1) -14.200** 
(6.477) 

.948 
(1.808) 

ln(household asset)(t-1) 10.032 
(6.557) 

-1.428 
(2.859) 

Ruggedness -.067 
(.063) 

-.509*** 
(.022) 

Rural dummy (=1 if rural) Yes Yes 
District dummy Yes Yes 
Rural*District dummy Yes Yes 
Constant term Yes Yes 
Number of observations 258 258 
p-value (H0: model jointly insignificant) .000 .000 

Source:  Authors. 
Notes:  Asterisks indicate the statistical significance of coefficients *** 1%, ** 5%, * 1%. Numbers in parentheses are 

heteroskedasticity-robust standard errors. 

This may sound somewhat contradictory to the findings in Table 5.2 indicating that there was no 
effect of chemical fertilizer price on crop production. However, this may mask the shift to production of 
crops that tend to be used more for fodder. NLSS data do not explicitly report the production of crops for 
fodder. However, from reported production and uses of maize, which is one of the most important sources 
of fodder in Nepal (Matthews and Pilbeam 2005), we can gain some insight into the quantities that were 
likely to have been allocated for fodder. Specifically, we calculated the amount of “surplus” maize, which 
is the total harvest minus the amount sold, given to the landlord as rent and consumed at home. While 
some of the remaining maize may be used for purposes other than fodder (such as seed), a significant 
share is likely to be used as fodder. Table 5.4 shows the estimated coefficients, while Figure 5.5 illustrates 
the corresponding effects of ΔP and ΔP*land size(t-1) combined, as well as the combined confidence 
intervals. Table 5.4 suggests that lower chemical fertilizer price leads to a greater surplus of maize (in per 
capita values) in general. This effect is slightly greater for larger farms, though the statistical significance 
of the coefficient on ΔP*land size(t-1) is not high. Figure 5.5 further suggests that the effects are clearer 
among large farms compared with small ones.   
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Table 5.4 Effects of chemical fertilizer price on the values of surplus maize 

Explanatory variables 

Dependent variables 
Change in per capita 
values of surplus maize  

ΔP -80.380*** 
(19.745) 

Land size(t-1) -4.470 
(7.079) 

ΔP*land size(t-1) -9.812 
(15.296) 

Δln(real farm wage) -6.008 
(5.723) 

Δln(tractor rental cost) -3.724 
(9.405) 

Household size (working-age members) (t-1) -2.393* 
(1.398) 

Household size (nonworking-age members) (t-1) .145 
(.934) 

Average education level of nonworking-age members (t-1) .349 
(1.074) 

Gender of household head (t-1) -4.501 
(6.037) 

ln(manure endowment) (t-1) -.525 
(3.561) 

ln(agricultural capital) (t-1) 6.612 
(5.013) 

ln(household asset)(t-1) -3.048 
(3.027) 

Ruggedness -.014 
(.028) 

Rural dummy (=1 if rural) Yes 
District dummy Yes 
Rural*District dummy Yes 
Constant term Yes 
Number of observations 258 
p-value (H0: model jointly insignificant) .000 

Source:  Authors. 
Notes:  Asterisks indicate the statistical significance of coefficients *** 1%, ** 5%,* 1%. Numbers in parentheses are 

heteroskedasticity-robust standard errors. 

However, as is illustrated in Figure 5.5, the effects of chemical fertilizer on the amount of surplus 
maize is relatively small in size (y-axis), compared with the magnitudes of effects shown in Figure 5.3 
and Figure 5.4. This suggests that the majority of potentially increased fodder supply may result from the 
payments made by renters/sharecroppers. This is consistent with the increase in renting revenue 
associated with low chemical fertilizer price, particularly among larger farms (Table 5.2); like 
sharecropping rents, fixed rents are often paid in-kind rather than cash. NLSS data also indicate that crops 
such as maize tend to be grown more often on sharecropped/rented plots than on owned ones. Table 5.5 
shows the share (percent) of the harvest of each crop given to landlords by sharecroppers in Nepal Terai 
in 2010, as well as the same share for all crops combined, as measured in output values. The share among 
all harvested crops (in values) is about 8 percent, and 9 percent to 10 percent for rice and wheat. 
However, the share is about 19 percent for maize. This is again consistent with the hypothesis that lower 
chemical fertilizer price leads to greater livestock production through fodders supplied from owned farms 
(through own production or renting/sharecropping).  
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Figure 5.5 The effects of lower chemical fertilizer price on the per capita value of surplus maize, 
differentiated by the size of lowland owned in 2003 

 
Source:  Authors.  
Notes:  y-axis shows the change in annual per capita agricultural income (equivalent to kg of cereals measured at local price); x-

axis is the lowland owned in 2003 (ha).  

Table 5.5 Share (%) of the harvest of each crop given to the landlord through sharecropping in 
Nepal Terai, 2010 

Crop Rice  Wheat  Maize Lentils All crops 
Share given 9.8  8.6 18.9 17.8 8.4 

Source:  Authors. 

Implications of the Effects of Chemical Fertilizer Price across Farm Size 
The set of results presented above suggests that, overall, the lower chemical fertilizer price benefits larger 
farms more than smaller ones. Its mechanisms are, however, not straightforward. The lower price does 
not necessarily lead to greater crop production by larger farms as compared with smaller farms. Rather, it 
seems to encourage more large farms to rent/sharecrop farmland—and discourage more small farms from 
renting/sharecropping—from which they obtain relatively more forage that is then used to expand their 
livestock production.  

While large farms seem to extract greater overall benefits from lower chemical fertilizer price 
than do small farms, so far this is realized through shifting more production from larger farms (that 
sharecrop/rent more lands) to smaller farms (that sharecrop/rent fewer lands). This might give the 
impression that the lower chemical fertilizer price gives smaller farms a relatively greater advantage over 
crop production than larger farms. However, it is likely that larger farms receive a greater share of the 
overall benefits from sharecropping/renting than do smaller farms. This may be, for example, because 
larger farms receive a greater share of harvests as rents,6 as well as other factors that give large farms 
greater bargaining power. A potential technological factor is the possibility that returns to chemical 
                                                      

6As in Takeshima et al. (2016b), typically 40 percent of harvests were given to the landlord under sharecropping 
arrangements in Nepal Terai in 2010.  
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fertilizer in Terai do not diminish rapidly as farm size expands (Takeshima et al. 2016a). This would give 
large farms the option to cultivate their land by themselves relatively productively, instead of 
sharecropping/renting to smaller farms. With such attractive alternative options, owners of large farms 
would sharecrop/rent their lands only under terms of relatively greater benefit to them. Ultimately, the 
findings are still consistent with the possibility that, as a result of growing mechanization and other 
factors, the returns to chemical fertilizer do not diminish rapidly as farm sizes in Nepal Terai expand. 
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6.  CONCLUSIONS 

The future of smallholders in Asian countries is vigorously debated in the policy and research arena. An 
increasing number of studies indicate that wages among rural farmers are rising. The growth of 
mechanization is gradually shifting comparative advantage from smallholders to slightly larger farms in 
many Asian countries, including Nepal. While the evidence is limited, earlier studies suggest that this 
trend may also be associated with greater returns to chemical fertilizer use among larger farms than 
among smaller farms. In this paper, we further assess the relationship between the role of chemical 
fertilizer and farm size in lowland Nepal. In particular, we assess how chemical fertilizer price, a popular 
policy instrument for many governments, benefits farm households differently depending on their size, 
using 2003 and 2010 panel data from the NLSS.  

The combined sets of results generally support the hypotheses that in Nepal Terai, lowering the 
price of chemical fertilizer price appears to be more advantageous for farm households with larger 
landholdings than for those with smaller landholdings. These findings are consistent with the hypothesis 
that chemical fertilizer has become an increasingly important input not only for smallholders but for 
larger farms as well. It appears that the growth of mechanization in Nepal Terai has transformed the 
overall returns to scale. This is contrary to the notion that chemical fertilizer is a land-saving input that 
benefits smaller farms relatively more than larger farms. Earlier studies of Nepal provide evidence of this 
by highlighting the relationship between various outcomes and actual chemical fertilizer use. This paper 
provides further evidence that the mechanisms hypothesized above are also observed in associations 
between these outcomes and chemical fertilizer prices, which tend to be easier for the government to 
influence than the actual use of chemical fertilizer.  

The findings have important implications for the Nepalese government’s efforts to promote more 
intensive use of chemical fertilizer use. Increased use of fertilizer as a result of a price and transportation 
subsidy is expected to translate into increased productivity and income. At the same time, the effects of 
reduced-price chemical fertilizer are likely to differ across farm sizes, and to depend on interrelationships 
between crop and livestock, the land transactions of farms, and other external factors such as increased 
mechanization. Lowering the price of chemical fertilizer with the aim of supporting smallholders may not 
always benefit them economically as much as it does larger farms. As the study shows, a reduction in the 
price of chemical fertilizer may actually be more advantageous to larger farmers in terms of the effects on 
per capita agricultural income and per capita total household income. As recommended by the ADS, more 
effective direct supports and incentive mechanisms are needed if smallholders are to remain in farming. 
These could include land consolidation and leasing as well as other measures to increase farm size, a 
voucher system enabling farmers to choose input and service subsidies, awareness of and capacity 
building on the effective use of balanced fertilizers, and the creation of off-farm activities as policy 
measures that can be beneficial to small and marginal farmers in the long run. Altogether, fertilizer policy 
in Nepal should be designed within the broader framework of longer-term agricultural-sector strategies to 
ensure the future of smallholder farmers. 

 



20 

REFERENCES 

Deaton, A. 1997. The Analysis of Household Surveys: A Microeconomic Approach to Development Policy. 
Baltimore: Johns Hopkins University Press. 

Deininger, K., and D. Byerlee. 2012. “The Rise of Large Farms in Land Abundant Countries:  Do They Have a 
Future?” World Development 40 (4): 701–714. 

Hatlebakk, M. 2016. “Inter-generational Determinants of Migration Decisions: The Case of International Labour 
Migration from Nepal.” Oxford Development Studies 44 (1): 93–112. 

Hazell, P., C. Poulton, S. Wiggins, and A. Dorward. 2010. “The Future of Small Farms: Trajectories and Policy 
Priorities.” World Development 38 (10): 1349–1361. 

Jayne, T., and S. Rashid. 2013. “Input Subsidy Programs in Sub-Saharan Africa: A synthesis of Recent Evidence.” 
Agricultural Economics 44 (6): 547–562. 

Liu, Y., W. Violette, and C. Barrett. 2016. Structural Transformation and Intertemporal Evolution of Real Wages, 
Machine Use, and Farm Size–Productivity Relationships in Vietnam. IFPRI Discussion Paper 01525. 
Washington, DC: International Food Policy Research Institute. 

Mason, N. M., A. Wineman, L. Kirimi, and D. Mather. 2016. “The Effects of Kenya's ‘Smarter’ Input Subsidy 
Programme on Smallholder Behaviour and Incomes: Do Different Quasi‐Experimental Approaches Lead to 
the Same Conclusions?” Journal of Agricultural Economics, forthcoming. 

Matthews, R. B., and C. Pilbeam. 2005. “Modelling the Long-Term Productivity and Soil Fertility of Maize/Millet 
Cropping Systems in the Mid-Hills of Nepal.” Agriculture, Ecosystems & Environment 111 (1): 119–139. 

Nepal, CBS (Central Bureau of Statistics). 1996. Nepal Living Standards Survey Report 1996: Main Findings. Vol. 
1. Computer disk. Washington, DC. 

———. 2004. Nepal Living Standards Survey II (2003/04): Survey Design and Implementation. Computer disk. 
Washington, DC. 

———. 2011a. Nepal Living Standards Survey 2011/11: Statistical Report. Vol. 1. Computer disk. Washington, 
DC. 

Rashid, S., P. A. Dorosh, M. Malek, and S. Lenma. 2013. “Modern Input Promotion in Sub-Saharan Africa: Insights 
from Asian Green Revolution.” Agricultural Economics 44 (6): 705–721. 

Rigg, J., A. Salamanca, and E. C. Thompson. 2016. “The Puzzle of East and Southeast Asia's Persistent 
Smallholder.” Journal of Rural Studies 43: 118–133. 

Riley, S. J., S. D. DeGloria, and R. Elliot. 1999. “A Terrain Ruggedness Index That Quantifies Topographic 
Heterogeneity.” Intermountain Journal of Sciences 5: 1–4. 

Takeshima, H. 2017. “Custom-Hired Tractor Services and Returns to Scale in Smallholder Agriculture: A 
Production Function Approach.” Agricultural Economics, forthcoming. 

Takeshima H and E Nkonya. 2014. Government fertilizer subsidy and commercial sector fertilizer demand: 
Evidence from the Federal Market Stabilization Program (FMSP) in Nigeria. Food Policy 47: 1–12. 

Takeshima, H., R. Adhikari, B. D. Kaphle, S. Shivakoti, and A. Kumar. 2016a. Determinants of Chemical Fertilizer 
Use in Nepal: Insights Based on Price Responsiveness and Income Effects. IFPRI Discussion Paper 01507. 
Washington, DC: International Food Policy Research Institute. 

Takeshima, H., R. Shrestha, B. Kaphle, M. Karkee, S. Pokhrel, and A. Kumar. 2016b. “Agricultural Mechanization 
and the Future of Small Farms: A Case of Tractor Hiring Service in Nepal Terai.” Unpublished, 
Washington, DC, International Food Policy Research Institute. 

United States Geological Survey. 1996. GTOPO30. Sioux Falls, SD: United States Geological Survey Center for 
Earth Resources Observation and Science. 



21 

Wang, X., F. Yamauchi, K. Otsuka, and J. Huang. 2016. “Wage Growth, Landholding, and Mechanization in 
Chinese Agriculture.” World Development 86: 30–45. 

Wiggins, S., J. Kirsten, and L. Llambí. 2010. “The Future of Small Farms.” World Development 38 (10): 1341–
1348. 

World Bank. 2016. World Bank Development Indicator. Accessed July 28, 2016. http://data.worldbank.org/data-
catalog/world-development-indicators.  

Yamauchi, F. 2016. “Rising Real Wages, Mechanization and Growing Advantage of Large Farms: Evidence from 
Indonesia.” Food Policy 58: 62–69. 

http://data.worldbank.org/data-catalog/world-development-indicators
http://data.worldbank.org/data-catalog/world-development-indicators


 



 



 



 

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. 

1577. Energy use and rural poverty: Empirical evidence from potato farmers in northern China. Zihan Li, Yazhen Gong, and 
Kevin Z. Chen, 2016. 

1576. Does a “blue revolution” help the poor?: Evidence from Bangladesh. Shahidur Rashid, Nicholas Minot, and Solomon 
Lemma, 2016. 

1575. Do development projects crowd out private-sector activities?: A survival analysis of contract farming participation in 
northern Ghana. Isabel Lambrecht and Catherine Ragasa, 2016. 

1574. Strong democracy, weak state: The political economy of Ghana’s stalled structural transformation. Danielle Resnick, 
2016. 

1573. Agricultural extension messages using video on portable devices: Increase knowledge about seed selection and seed 
storage and handling among smallholder potato farmers in southwestern Uganda. Bjorn Van Campenhout, Senne 
Vandevelde, Wiberforce Walukano, and Piet Van Asten, 2016. 

1572. What drives input subsidy policy reform?: The case of Zambia, 2002–2016. Danielle Resnick and Nicole M. Mason, 
2016. 

1571. Using household consumption and expenditure surveys to make inferences about food consumption, nutrient intakes and 
nutrition status: How important is it to adjust for meal partakers? John L. Fiedler and Dena M. Mwangi, 2016. 

1570. Improving household consumption and expenditure surveys’ food consumption metrics: Developing a strategic approach 
to the unfinished agenda. John L. Fiedler and Dena M. Mwangi, 2016. 

1569. Microcredit in Viet Nam: Does it matter? Jonathan Haughton and Shahidur R. Khandker, 2016. 

1568. Micronutrient policy process in Malawi. Suresh C. Babu, Steven Haggblade, Elizabeth Mkandawire, Flora Nankhuni, and 
Sheryl Hendriks, 2016. 

1567. Framework to assess performance and impact of pluralistic agricultural extension systems: The best-fit framework 
revisited. Guy Faure, Kristin E. Davis, Catherine Ragasa, Steven Franzel, and Suresh C. Babu, 2016. 

1566. Food markets and nutrition in the Democratic Republic of the Congo (2004–2005). Wim Marivoet, 2016. 

1565. Learning from China?: Manufacturing, investment, and technology transfer in Nigeria. Yunnan Chen, Irene Yuan Sun, 
Rex Uzonna Ukaejiofo, Tang Xiaoyang, and Deborah Brautigam, 2016. 

1564. Using cognitive interviewing to improve the Women’s Empowerment in Agriculture Index survey instruments: Evidence 
from Bangladesh and Uganda. Hazel Malapit, Kathryn Sproule, and Chiara Kovarik, 2016. 

1563. New modalities for managing drought risk in rainfed agriculture: Evidence from a discrete choice experiment in Odisha, 
India. Patrick S. Ward and Simrin Makhija, 2016. 

1562. Using zero tillage to ameliorate yield losses from weather shocks: Evidence from panel data in Haryana, India. Md. 
Tajuddin Khan, Avinash Kishore, Divya Pandey, and P. K. Joshi, 2016. 

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. 

 

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

	Abstract
	Acknowledgments
	1.  Background
	2.  Government Policies on Chemical Fertilizer Prices
	3.  A Simple Conceptual Framework and Hypotheses
	4.  Empirical Approach
	Specifications
	Data Used
	Directly Reduced Form—Fertilizer Price Effects on Income and other Outcomes, Differentiated by Farm Size

	Key Variables
	Key Outcome Variables


	5.  Results
	Effects of the Changes in Chemical Fertilizer Price on Real Per Capita Income and Agricultural Income between 2003 and 2010
	Further Results on the Mechanisms
	Implications of the Effects of Chemical Fertilizer Price across Farm Size

	6.  Conclusions
	References
	RECENT IFPRI DISCUSSION PAPERS



