
IS
SN

 2
52

1-
18

38
   

  z

July 2017

FAO AGRICULTURAL DEVELOPMENT ECONOMICS  
WORKING PAPER 17-03

On the costs of being small: 
Case evidence from  
Kenyan family farms



 

 
 



 

 
 

 
 

On the costs of being small: 

Case evidence from Kenyan 

family farms 

 

 
Panagiotis Karfakis, Giulia Ponzini and George Rapsomanikis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Food and Agriculture Organization of the United Nations 

Rome, 2017  



 

Recommended citation 

Karfakis, P., Ponzini, G. and Rapsomanikis, G. 2017. On the costs of being small: Case 
evidence from Kenyan family farms. FAO Agricultural Development Economics Working Paper 
17-03. Rome, FAO. 

 

 

 

	
	
	
	
	
	
	
	
	
	
	
 

The designations employed and the presentation of material in this information product do not 
imply the expression of any opinion whatsoever on the part of the Food and Agriculture 
Organization of the United Nations (FAO) concerning the legal or development status of any 
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers 
or boundaries. The mention of specific companies or products of manufacturers, whether or 
not these have been patented, does not imply that these have been endorsed or 
recommended by FAO in preference to others of a similar nature that are not mentioned. 

The views expressed in this information product are those of the authors and do not 
necessarily reflect the views or policies of FAO. 

ISBN 978-92-5-109837-0 

© FAO, 2017 

FAO encourages the use, reproduction and dissemination of material in this information 
product. Except where otherwise indicated, material may be copied, downloaded and printed 
for private study, research and teaching purposes, or for use in non-commercial products or 
services, provided that appropriate acknowledgement of FAO as the source and copyright 
holder is given and that FAO’s endorsement of users’ views, products or services is not 
implied in any way. 

All requests for translation and adaptation rights, and for resale and other commercial use 
rights should be made via www.fao.org/contact-us/licence-request or addressed to 
copyright@fao.org. 

FAO information products are available on the FAO website (www.fao.org/publications) and 
can be purchased through publications-sales@fao.org 



 

 
 

iii 

Contents 

List of tables ........................................................................................................................ iv 

Abstract ................................................................................................................................ v 

Introduction ......................................................................................................................... 1 

Data .................................................................................................................................... 3 

Theoretical framework and methodology ............................................................................. 4 

Regression results ............................................................................................................... 7 

Marginal value products and marginal factor costs ............................................................ 13 

Land ........................................................................................................................... 18 

Labor .......................................................................................................................... 18 

Inorganic fertilizer ....................................................................................................... 19 

White and hybrid maize seeds .................................................................................... 19 

Measuring household level and social welfare losses ........................................................ 21 

Share of losses on household income ........................................................................ 21 

Value of losses per hectare ........................................................................................ 22 

Social welfare losses .................................................................................................. 22 

The determinants of allocative inefficiencies ...................................................................... 28 

Labor intensity, land shirking and farm size ................................................................ 34 

Concluding remarks .......................................................................................................... 38 

References ........................................................................................................................ 40 

Annexes ............................................................................................................................ 42 

Annex of descriptive statistics by farm size ................................................................. 44 

 

  



 

 
 

iv 

List of tables 

Table 1. Sample descriptive statistics* (groups of hhs with share of white and hybrid 

maize in crop production below, above .7 and full sample) ............................ 9 

Table 2. Production function (all farmers) .................................................................... 11 

Table 3. Production function for maize producers ........................................................ 12 

Table 4. Marginal products vs. market prices of inputs (all farmers) ............................ 14 

Table 5. Marginal products vs. market prices of inputs (maize >.7) ............................. 15 

Table 6. Allocative efficient and inefficient farmers (all farmers) .................................. 16 

Table 7. Allocative efficient and inefficient farmers (maize>.7) .................................... 17 

Table 8. Value losses due to inefficiency in land (all farmers) ...................................... 24 

Table 9. Value losses due to inefficiency in labor (all farmers) ..................................... 24 

Table 10. Value losses due to inefficiency in inorganic fertilizer (all farmers) ............... 24 

Table 11. Value losses due to inefficiency in land (maize>.7) ...................................... 25 

Table 12. Value losses due to inefficiency in labor (maize>.7) ..................................... 25 

Table 13. Value losses due to inefficiency in inorganic fertilizer (maize>.7) ................. 25 

Table 14. Value losses due to inefficiency in white maize seeds (maize>.7) ............... 26 

Table 15. Value losses due to inefficiency in hybrid maize seeds (maize>.7) .............. 26 

Table 16. Social welfare losses (all farmers) ............................................................... 27 

Table 17. Social welfare losses (maize>.7) ................................................................. 27 

Table 18. Overuse and underuse of inputs (all farmers) .............................................. 31 

Table 19. Overuse of inputs (maize>.7) ....................................................................... 32 

Table 20. Underuse of inputs (maize>.7) ..................................................................... 33 

Table 21. Labor intensity and farm size (all farmers) ................................................... 36 

Table 22. Labor intensity and farm size (maize>.7) ..................................................... 36 

Table 23. Land shirking and farm size (all farmers) ..................................................... 37 

Table 24. Land shirking and farm size (maize>.7) ....................................................... 37 

  

  



 

 
 

v 

On the costs of being small:  
Case evidence from Kenyan family farms 

 

Panagiotis Karfakis1, Giulia Ponzini1 and George Rapsomanikis1 

 

1 Food and Agriculture Organization of the United Nations, Agricultural Development 
Economics Division (ESA), Viale delle Terme di Caracalla, 00153 Rome, Italy. 
Corresponding author’s email address: panagiotis.karfakis@fao.org.  

 

 

Abstract 

We analyse allocative efficiency of major input factors for farmers in Kenya. Marginal value 

products are estimated for land, labor, inorganic fertilizer and seeds, at the farm household 

level and compared with marginal costs as approximated by their prevailing market prices. 

Price efficient and inefficient farmers are identified and equivalent value losses are computed 

as shares of household income, per hectare and for the society. A very high proportion of 

farmers are characterized as allocative inefficient and substantial equivalent value losses are 

estimated for all factors. In the case of labor, losses are sufficiently high that if labor is paid 

the market wage rate instead, income from agriculture would double. Among other factors, 

inefficiency levels are correlated with farm size; as farm size increases, losses as share of 

household income decline for labor but increase for land, fertilizer and seeds. Losses per 

hectare for all inputs decline with farm size. Finally the correlates of inefficiency levels are 

explored systematically. Overall, lack of access to resources is the major reason that some 

inputs are underemployed. On the other hand, lack of alternative opportunities is a basic 

reason that factors are overused. 

 

JEL codes: D24, D61, Q12. 
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Introduction  

The socio-economic value of the role of small family farmers in developing countries is a long 

debated issue1. It is though an essential matter in order to assess their viability and 

development potential in poorer countries. Conventional thinking, points at the social role of 

small farmers mainly as absorbers of excess labor in rural areas and suppliers of food. In 

economic terms the relative production efficiency advantage, even though still contested2, is 

at the forefront of small scale farmers’ supporters. 

In this paper, we address the question of what are the costs of being a small family farmer. If 

small farmers by some measure of scale or size are poorer in terms of welfare relative to larger 

ones, then scale or size should entail costs that hinder smallholders in achieving greater 

economic output and eventually higher welfare outcomes. There is plenty of evidence3 showing 

that small farmers are poorer than larger ones. 

Paradoxical as it may seem, the costs do not necessarily imply that farmers respond poorly to 

incentives and other economic signals. The informational content of economic signals may be 

distorted or blurred, but small farmers may still score high in measures of performance. 

Especially if the contribution of farm to income flows is sufficiently high, the right interpretation 

of signals and the need to fight low welfare states hardly leave place for inefficiencies4.  

Nevertheless, suboptimal responses cannot be excluded either because of misinterpretation 

of signals, or because risks and shocks influence decisions5 and finally because the costs do 

not leave other options.  

We consider that such costs arise from lack of resources and opportunities, broadly defined. 

Lack of important variable and fixed inputs such as fertilizers, physical capital and land, low 

quality human capital, old production technologies reflect mainly on resources. 

Underdeveloped or missing input and output markets with high transaction costs and entry 

barriers, insufficient or rigid access to information and financial capital, uncertain or just poor 

institutional framework, reflect on the side of inadequate opportunities to get additional but 

critically required resources or benefit from those that are in abundance. 

The discussion in the previous paragraphs reflects our interpretation of the poor but efficient 

hypothesis, stated by Schultz (1964), which became widely popular on the analysis and policy 

debates, during the Green Revolution and continues until today. 

In this paper we compute a measure of these costs and study them in relation with farm size 

as well as many other variables, abiding from characterizing farmers as myopic or not, as this 

is not among the outputs of the analysis. We do point however at the importance of both 

resources and opportunities as driving factors of these inefficiency costs (as well as their 

correlation with farm size).  

To compute these costs we explore the allocative or price efficiency of family farmers in Kenya. 

In principle allocative efficiency has to do with farmer’s ability to follow market signals and 

adjust their behavior accordingly and as needed for their benefit. In the present exercise market 

                                                
1 For a review see Eastwood at. al. (2010). 
2 The inverse relationship between farm size and productivity was first observed by Bauer (1946) and Sen (1962). 
One of the latest reviews including additional evidence on the relationship is from Barrett et. al. (2010). 
3 See for instance WDR (2008). 
4 See for instance Sidhu (1974), Barnum and Squire (1978), Hoque (1988) and others. 
5 Dercon and Chirstiaensen (2011), show how farmers reduce the quantities of fertilizer they use on their farms to 
cope with risk. 
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prices of major inputs (land, labor, fertilizer and seeds), are assumed to act as the triggers that 

induce changes in the allocation of inputs in farm production.  

To maintain price efficiency, the value that the last unit of an input adds to production should 

be equal to the cost of this unit; in other words the marginal factor cost of the input should be 

equal to its marginal value product. Deviations from this condition suggest that the factor is 

either over- or under- employed on the farm. It is for the economic benefit of an efficient farmer 

to act towards correcting these deviations. However there are two basic conditions to do so: 

 The farmer should be able to identify the departure from the optimality condition; and, 

 The economic environment is conducive to behavioral adjustments; in other words 

resources and opportunities allow the farmer to proceed to changes. 

We find that for a very high number of producers, the optimality condition does not hold and 

we compute very high equivalent value losses per input factor as a result of this inefficiency. 

The losses are significant either when seen as a share of household income, or per hectare of 

cultivated land and for the society as a whole. After exploring the correlates of the inefficiency 

levels by factor, we find significant and robust evidence that lack of resources and opportunities 

matter. 

The next section provides information on the dataset used for the analysis and descriptive 

statistics for the full sample and the subsample of maize producers. Section 3 discusses the 

theoretical framework on and the methodological steps to compute allocative efficiency. 

Sections 4 to 7 present and discuss the results; starting from the production function 

regressions (section 4), we proceed to the estimates of price inefficiencies by input factor 

(section 5). We continue in section 6 to estimating losses in terms of income value shares per 

household, per hectare and for the society. In section 7 we explore parametrically and non-

parametrically the correlates of inefficiencies by factor. Section 8 concludes the paper. 
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Data 

We use the Kenya Integrated Household Budget Survey (KIHBS), 2004/05 to explore 

allocative efficiency of all and predominantly maize farmers in the country. The survey is 

random and weights are applied to all descriptive results.  

Two sections of the survey questionnaire are devoted to crop activities. The first section 

provides information on holdings (by plot), land quality and soil characteristics, applied inputs 

and costs as well as the sources from which inputs have been acquired. The second contains 

information on crop output and its uses (sales, home consumption and stocks), seeds and the 

sources from which seeds have been acquired and hired farm labor. From these two sections 

it is possible to get information on land and seeds by crop. It is not possible however to get 

information on fertilizer by crop but only by plot. 

There is no information on these sections regarding family labor devoted to own farm activities. 

The labor section of the questionnaire asks for the time each family member has spent the 

previous seven days in specific sectors or activities. From these questions, we compute a 

rather imperfect measure, of time spent on family farm in a period of a year, given that the past 

week likely does not necessarily refer to a typical week. Nevertheless it is noted that field work 

took place on a period of a full year (from September 2004 to September 2005), so at least on 

average the labor time measure is considered relatively accurate. 

The two subsamples which we analyse contain more than sufficient observations; 6 888 for all 

farmers and 2 239 maize producers. The full sample of farmers represents about 4 million 

households, while the sample of maize producers represents about 1.3 million households 

(Table A1). 

The selection of the 70 percent share of crop income from white and hybrid maize as a 

threshold to identify predominantly maize producers is arbitrary. However, as can be seen from 

the descriptive statistics in Table 1, there are statistically significant differences between the 

groups. In general, maize farmers are poorer both in terms of assets and flows; less integrated 

to markets and follow more traditional production techniques. It is noted though the higher 

average amount they spent on physical capital (tractors etc.) on their farms. In Tables A1 to 

A12 of the annex, descriptive statistics by farm size group are provided for both samples. 

 

  



 

4 
 

Theoretical framework and methodology 

In an environment with well-functioning and sufficiently competitive markets6, allocative or price 

efficiency, refers to how well agents adjust their economic decisions, following market signals 

as these are reflected on price movements. For example, consumers are price efficient if they 

adjust their expenditures portfolio following changes in prices of products they purchase or 

their labor supply if wage rates change. 

In the context of crop production the same setting holds. Multi-input and multi-output farmers 

in competitive agricultural markets are allocative efficient if they adjust the mix of their inputs 

and outputs7 so that: 

 marginal value products across crops are equal with each other; and,  

 the marginal cost for each input, is equal with the marginal value product of each crop.  

Formally, the full condition, which is derived from a revenue maximization problem of a multi-

output, multi input farm, is:  

𝑃𝑌𝑖

𝑑𝑌𝑖

𝑑𝑋𝑖,𝑗
= 𝑃𝑌𝑘

𝑑𝑌𝑘

𝑑𝑋𝑘,𝑗
= 𝑃𝑋𝑗

, (1) 

where 𝑃𝑌𝑖
 , 𝑃𝑌𝑘

 are the prices (or marginal revenues) of crops 𝑌𝑖 and 𝑌𝑘 respectively, 𝑃𝑋𝑗
is the 

price (or marginal cost) of factor 𝑋𝑗, and 
𝑑𝑌𝑖 𝑜𝑟 𝑘

𝑑𝑋𝑖 𝑜𝑟 𝑘,𝑗
 is the marginal physical product of input 𝑋𝑗 in 

the production of crop 𝑌𝑖 or 𝑌𝑘.  Indices i and k, denote different outputs and j inputs. 

If the first equality does not hold, this implies that input 𝑋𝑗, has to be reallocated among outputs, 

as output 𝑌𝑖 is over- (if <) or under- (if >) produced. If the second equality does not hold, this 

means that while input 𝑋𝑗, may have been efficiently allocated to the production of crops 𝑌𝑖 and 

𝑌𝑘, it is though over- (if <) or under- (if >) utilized.  

Reflecting on the framework outlined above the following points are noted; firstly, producers 

can be efficient or inefficient in the choice of the output mix but not the input mix, vice versa, 

or both. Second, the discussion above implicitly assumes that producers are not able to 

influence prices themselves; they are sufficiently small in some measure of size or scale, and 

are thus price takers. Third, allocative efficiency essentially refers to the optimum proportions 

of used input factors on the basis of market signals. It does not however, study if this mix is 

actually used in the most efficient way. Producing the same output with less inputs (or more 

output with given quantities of inputs), is the topic of a second component of analysis of 

economic efficiency which is called technical efficiency. Producers that are both technically 

and price efficient are considered economically efficient. 

Finally, there is a fourth point, of particular interest for the study of allocative efficiency in the 

context of not well functioning or non-existing markets, as is usually the case of agriculture in 

developing countries. In this case, inference on the allocative efficiency of farmers goes 

beyond their capacity to follow market signals as it allows assessing the functionality of the 

markets themselves.  

In other words, if deviations are observed between marginal value products from marginal 

factor costs (i.e. input prices), this may not reflect that farmers are unable to translate market 

signals and modify the input mix, but just their inability to do so either because the market is 

                                                
6 In perfectly functioning and fully competitive markets, inefficient farms are impossible to survive. 
7 Changing the output mix actually refers again to adjusting the mix of inputs allocated to the different outputs. 
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not there, or because of entry barriers and transaction costs of any type, or other market 

failures (or all of the above). In the context of the present analysis where we study allocative 

efficiency of farmers in a low income economy, this latter point is of particular interest. 

The analytical study of economic efficiency and its components (technical and allocative), can 

be approached by two major methods8 as reviewed by Greene (2008). In the present paper, 

we employ econometric analysis to study the allocative efficiency of farmers for the major farm 

inputs (land, labor, inorganic fertilizer and seeds), following Hopper (1965)9. More specifically, 

we study only the second part of the full condition above (equation 1) as we lack precise 

information on input use by crop which is necessary information to explore the first part of the 

condition.  

We start by estimating a typical form of a production function, controlling for inputs, technology, 

land and soil characteristics, shocks and preferences (preferences include household 

demographics and regional controls). The selected functional form is Cobb-Douglas in which 

regression coefficients are elasticities. The marginal physical product for each of the major 

inputs is computed easily given that: 

𝑀𝑃𝑋𝑖 =
𝑑𝑌

𝑑𝑋𝑖
=

𝑑𝑙𝑛𝑌

𝑑𝑙𝑛𝑋𝑖

𝑌

𝑋𝑖
= 𝜀𝑖

𝑌

𝑋𝑖
,  (2) 

where, 𝑌 denotes output, 𝑋𝑖 input i and 𝜀𝑖 the output elasticity of input 𝑋𝑖. In the specification 

we actually estimate, 𝑌 is approximated by the gross value of crop production; thus the 

marginal physical product of input 𝑋𝑖 is effectively the marginal value product (𝑀𝑉𝑃𝑖) of each 

of the inputs.  

In order to assess allocative (or price) efficiency for the major inputs used, the 𝑀𝑉𝑃𝑖 should be 

compared with the marginal factor cost (𝑀𝐹𝐶𝑖), for each input. 𝑀𝐹𝐶𝑖 is approximated by the 

market price of the factor, if producers are not price setters. Thus, if 𝑀𝑉𝑃𝑖 > (<)𝑀𝐹𝐶𝑖 input i, 

is underused (overused) and producers should increase (reduce) the quantity used in crop 

production. Equality between 𝑀𝑉𝑃𝑖and 𝑀𝐹𝐶𝑖 suggests that farmers are price efficient. 

It should be noted that the second equality of relation (1), which is the one we explore in this 

research, does not take into account the possibility for substitution between any of the inputs 

in the farm. Essentially, as is the relation, implies that the factor is employed alone in the farm; 

in other words, if the condition does not hold, this would mean that either the factor is overused 

or underused relative to outside the farm activities but not necessarily relative to another factor 

in the farm. To explore the latter relation, would require examining the following relation for all 

pair of inputs: 

𝑑𝑋𝑖

𝑑𝑋𝑗
=

𝑃𝑋𝑖

𝑃𝑋𝑗

, (3) 

i.e. the marginal rate of technical substitution between two inputs is equal with the ratio of their 

market prices (marginal costs). The implication of not examining the optimality of choices inside 

the farm is that in reality we are not in position to completely assess the ability of farmers to 

decode market signals in their farms.   

Regarding marginal costs, the marginal labor cost is approximated by the prevailing wage rate 

paid by farmers that hired labor, or the median national rate for those who didn’t. The marginal 

                                                
8 The two approaches are the programming (which includes Data Envelopment Analysis) and the econometric (and 
their hybrids). 
9 Hopper’s approach though criticized (Nowshirvani, 1965, Rudra, 1973, and others), was quite influential (Dittrich 
and Myers, 1971, is just one of the early efforts). 
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factor cost for inorganic fertilizer, white and hybrid maize seeds are assessed similarly using 

prevailing household or national level median prices. 

Approximating the marginal land cost is a more challenging task given that land markets in the 

country are relatively undeveloped. However, from the available information we considered the 

following three options. A small proportion of farmers (about 15 percent) reported renting land 

and the cost per hectare. Given the need to impute land rents for the 85 percent of the sample 

and the high heterogeneity of the factor, this option was not chosen. Crop value added per 

hectare was the second option, but was left out given negative values for about 16 percent of 

the full sample.  

Finally, farmers were asked to report their subjective valuation on the sales or purchase price 

of each plot they operated. Considering that reported values, reflect the sum of a future flow 

of income from the specific plot of land and assuming an arbitrary time horizon of 20 years 

(essentially a discount rate of 5 percent), the resulting yearly valuation per hectare was felt as 

more trustworthy to use as proxy for the marginal land cost.  
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Regression results 

We estimate a series of standard production function regressions, for the full sample of Kenyan 

farmers (rural and urban), and for predominantly maize producers (share of crop income from 

white and hybrid maize greater than 70 percent). In the regressions, the value of gross crop 

production, is regressed six major sets if variable which include: (i) quantities of principal inputs 

(land, labor and inorganic fertilizer), as well as other inputs, (ii) proxies for household 

preferences, (iii) soil type characteristics, (iv) irrigation (and its types), (v) subjectively assessed 

covariate and idiosyncratic shocks, and (vi) province fixed effects.  

In order to reduce biases arising from the correlation of the principal inputs (land, labor and 

inorganic fertilizer) with the error term, and thus improve the accuracy of their estimated 

marginal contributions, the principal inputs are instrumented. Employed instruments include 

variables related with access to financial resources, security on land ownership and non-farm 

income generating choices. 

Instrumental variables regressions for predominantly maize producers resulted in 

unreasonable estimates (i.e. greater than unity and/or negative elasticities) for the inputs of 

interest (land, labor, inorganic fertilizer, white maize seeds and hybrid maize seeds in this 

case), for shares of maize in crop production greater than 60percent. Thus, OLS estimates are 

selected for the calculation of the marginal products. In this case however, it is quite likely that 

estimated marginal products especially for labor and inorganic fertilizer are underestimated 

(considering as benchmark the full sample instrumental variables regression results). 

The regression results for the full sample and producers whose share of white and hybrid 

maize in crop production exceeds 70 percent are reported in Tables 2 and 3. In both sets of 

regressions summing the elasticities of all inputs indicates that Kenyan farmers operate under 

decreasing returns to scale (the sum of elasticities for all inputs is around 0.85). 

The coefficients for all input factors are reasonable for the most part; the small and almost 

insignificant contribution of physical capital is noted however. It is also noted the small marginal 

contribution of labor in the OLS regressions for the full and the maize producers samples. This 

impact increases in the instrumental variable estimates but becomes insignificant. The result 

may have to do with the fact truly the contribution of labor is as such (however the fact that the 

family labor variable reflects information only to the 7 days prior to the interview, which may 

not have been the typical week, cannot be excluded). Nevertheless however, it is in agreement 

with literature pointing at the overuse of labor in family farms in developing countries. 

Household preferences do matter both in the use of major inputs as well as the final impact on 

production. The correlation of output with the gender of the head of the household indicates 

the relatively more difficult position of female headed households in achieving higher  

output levels. 

Market dependence as captured by the share of land on cash crops or the share of all crops 

sold, is strongly correlated with the use of major inputs as well as the final output. In both 

samples greater market dependence is associated with higher output levels, while in the full 

sample, is also correlated with higher quantities (not necessarily intensive use though) of major 

inputs. 

Soil related characteristics, influence produced output but seems that adjusting the levels of 

major inputs may result in minimizing associated impacts on output. A similar story emerges 



 

8 
 

from subjectively assessed idiosyncratic and covariate shocks; that is farmers are facing their 

negative impacts but adjustments in input levels may mitigate some of these impacts. 
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Table 1. Sample descriptive statistics* (groups of hhs with share of white and hybrid 

maize in crop production below, above .7 and full sample) 

 Maize<.7 Maize>.7 Total 

Total Gross Income (kshs) 101110.78** 86821.53** 96586.87 
 

[269347.16] [191627.95] [247472.37] 

Share of income from crop production 0.39*** 0.36*** 0.38 
 [0.34] [0.34] [0.34] 

Share of income from livestock 0.12 0.13 0.12 
 [0.19] [0.20] [0.19] 

Share of crops sold to crop income 0.32*** 0.17*** 0.27 
 [0.36] [0.26] [0.34] 

Share of land on cash crops 0.18*** 0.05*** 0.14 
 [0.25] [0.14] [0.23] 

Land size (ha) 0.95*** 0.85*** 0.92 
 [1.11] [0.88] [1.05] 

Nb. of person days worked in farm yearly 268.46*** 214.49*** 251.37 
 [268.95] [243.88] [262.46] 

Hired labor 0.39*** 0.35*** 0.38 
 [0.49] [0.48] [0.48] 

Quantity of inorganic fertilizer (kg) 56.90*** 47.91*** 54.05 
 [115.01] [102.50] [111.28] 

Inorganic fertilizer from market related sources  0.18*** 0.13*** 0.17 
 [0.38] [0.34] [0.37] 

Inorganic fertilizer from non-market related sources 0.43** 0.47** 0.44 
 [0.50] [0.50] [0.50] 

Expenditures on organic fertilizer (kshs) 477.25*** 144.05*** 371.76 
 [1737.22] [787.91] [1510.91] 

Expenditures on seeds (kshs) 1786.4 1543.34 1709.45 
 [14244.25] [2884.09] [11886.87] 

Seeds from market related sources 0.73 0.74 0.73 
 [0.44] [0.44] [0.44] 

Seeds from non-market related sources 0.28*** 0.23*** 0.26 
 [0.45] [0.42] [0.44] 

Expenditures on pesticides (kshs) 546.41 282.87 462.97 
 [3482.19] [12854.49] [7784.53] 

Expenditures on tractor/oxen/plough (kshs) 485.16*** 927.52*** 625.21 
 [2002.23] [2669.71] [2244.47] 

Number of big animals 0.88*** 1.27*** 1.00 
 [1.99] [3.23] [2.46] 

Number of people in the hh 5.54** 5.69** 5.59 
 [2.65] [2.71] [2.67] 

Female head 0.3 0.32 0.31 
 [0.46] [0.46] [0.46] 

Age of hh head (years) 48.80*** 47.53*** 48.4 
 [15.58] [15.69] [15.62] 

Dependency ratio** 0.38*** 0.39*** 0.38 
 [0.25] [0.24] [0.25] 

Education of hh head (years) 6.02 5.9 5.98 
 [4.27] [4.42] [4.31] 

Food poor 0.36*** 0.45*** 0.39 
 [0.48] [0.50] [0.49] 

Share of food consumption on total expenditure 0.66** 0.67** 0.66 
 [0.19] [0.19] [0.19] 

Months of irrigation 0.33*** 0.12*** 0.26 
 [1.41] [0.97] [1.29] 

Hosepipe irrigation 0.02*** 0.00*** 0.01 
 [0.14] [0.06] [0.12] 

Canals irrigation 0.01 0.01 0.01 
 [0.10] [0.08] [0.10] 

Furrow irrigation 0.01*** 0.00*** 0.01 
 [0.11] [0.07] [0.10] 

Watering can  0.05*** 0.01*** 0.04 
 [0.21] [0.12] [0.19] 

Sprinkler 0.02*** 0.00*** 0.01 
 [0.13] [0.03] [0.11] 
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 Maize<.7 Maize>.7 Total 

Share of flat parcels 0.39*** 0.44*** 0.41 
 [0.46] [0.48] [0.47] 

Share of steep/hilly parcels 0.08*** 0.04*** 0.07 
 [0.26] [0.20] [0.24] 

Share of parcels with loamy soil texture 0.65 0.64 0.65 
 [0.46] [0.47] [0.46] 

Share of parcels with sandy soil texture 0.1 0.1 0.1 
 [0.29] [0.29] [0.29] 

Share of parcels with clay soil texture 0.07 0.07 0.07 
 [0.23] [0.24] [0.24] 

Drought or flood shock 0.13 0.13 0.13 
 [0.33] [0.33] [0.33] 

Chronic/severe illness of hh members 0.15 0.14 0.15 
 [0.36] [0.35] [0.35] 

Death of hh member 0.2 0.2 0.2 
 [0.40] [0.40] [0.40] 

Livestock death or cattle rustling 0.07*** 0.09*** 0.07 
 [0.25] [0.28] [0.26] 

Standard deviations in brackets. * significant at 10%; ** significant at 5%; *** significant at 1% 

* The exchange rate between Kenyan shillings and USD in 2005 is $0.013/kshs. 

** Dependency ratio is defined as the share of household members below 12 and above 65 to the household size. 
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Table 2. Production function (all farmers) 
 OLS: Log value 

of production  
First-stage: 
Land 

First-stage: 
Labor 

First-stage: 
Inorg. Fert. 

IV: Log value 
of production    

 Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat    
      
Log land size (ha) 0.428***    0.391*** 
 (24.46)    (3.34)    
Log nb. of person days worked in farm yearly 0.044***    0.085    
 (7.61)    (1.56)    
Log quantity of inorganic fertilizer (kg) 0.088***    0.246**  
 (13.28)    (2.28)    
Log expenditures on seeds (kshs) 0.060*** 0.096*** 0.083*** 0.184*** 0.031*   
 (9.32) (20.44) (6.29) (17.85) (1.70)    
Log expenditures on organic fertilizer (kshs) -0.003 -0.007** 0.047*** 0.005 -0.006    
 (-0.64) (-2.02) (4.88) (0.52) (-1.09)    
Log expenditures on pesticides (kshs) 0.040*** 0.031*** 0.066*** 0.063*** 0.028*** 
 (8.15) (8.77) (7.34) (7.21) (3.42)    
Log expenditures on tractor/oxen/plough (kshs) 0.007 0.022*** -0.016 0.044*** 0.002    
 (1.36) (5.49) (-1.37) (3.80) (0.29)    
Log number of big animals 0.073*** 0.044** 0.131*** -0.002 0.068**  
 (2.86) (2.47) (2.73) (-0.03) (2.37)    
Hired labor 0.228*** 0.167*** 0.772*** 0.392*** 0.140**  
 (8.42) (8.25) (14.66) (7.67) (2.37)    
Log education of hh head (years) 0.056*** 0.015 -0.062** 0.223*** 0.022    
 (4.29) (1.56) (-2.26) (9.89) (0.81)    
Log age of hh head 0.112*** 0.213*** 0.656*** 0.096 0.062    
 (2.59) (6.08) (6.63) (1.20) (0.92)    
Number of people in the hh 0.015*** 0.052*** 0.129*** 0.028*** 0.008    
 (3.18) (13.86) (11.26) (3.15) (0.78)    
Female head -0.087*** -0.024 -0.322*** -0.034 -0.070**  
 (-2.97) (-1.06) (-4.99) (-0.67) (-2.04)    
Dependency ratio -0.077 -0.082** -0.191* -0.287*** -0.024    
 (-1.54) (-2.04) (-1.68) (-3.20) (-0.39)    
Share of land on cash crops 0.589*** -0.004 0.401*** 1.876*** 0.266    
 (7.35) (-0.06) (2.83) (14.35) (1.20)    
Share of crops sold to crop income 1.015*** 0.367*** 0.740*** 1.071*** 0.827*** 
 (18.97) (10.59) (8.46) (12.42) (7.00)    
Log months of irrigation 0.014 -0.077*** 0.006 -0.008 0.013    
 (0.31) (-3.60) (0.11) (-0.14) (0.28)    
Hosepipe irrigation 0.056 0.251* -0.161 0.248 0.027    
 (0.23) (1.84) (-0.42) (0.71) (0.11)    
Canals irrigation -0.005 0.093 0.394 0.143 -0.033    
 (-0.02) (0.63) (0.99) (0.32) (-0.12)    
Furrow irrigation -0.205 0.218 -0.474 -0.275 -0.131    
 (-0.57) (1.47) (-1.17) (-0.73) (-0.37)    
Watering can 0.046 0.285*** -0.162 0.320 0.013    
 (0.21) (2.66) (-0.58) (1.11) (0.06)    
Sprinkler 0.143 0.179 -0.312 0.989*** -0.006    
 (0.54) (1.26) (-0.93) (2.71) (-0.02)    
Share of flat parcels -0.069** -0.018 -0.276*** -0.294*** -0.012    
 (-2.52) (-0.84) (-4.50) (-5.93) (-0.27)    
Share of steep/hilly parcels 0.070 0.078* 0.196* -0.050 0.074    
 (1.13) (1.86) (1.81) (-0.50) (1.13)    
Share of parcels with loamy soil texture 0.028 -0.202*** -0.202*** 0.692*** -0.081    
 (0.76) (-7.72) (-2.72) (11.05) (-0.82)    
Share of parcels with sandy soil texture -0.090* -0.055 -0.151 -0.145* -0.063    
 (-1.78) (-1.48) (-1.41) (-1.74) (-1.16)    
Share of parcels with clay soil texture -0.095* -0.085** -0.051 -0.739*** 0.021    
 (-1.74) (-2.04) (-0.41) (-7.36) (0.23)    
Drought or flood shock -0.097** 0.170*** 0.466*** -0.639*** -0.008    
 (-2.34) (5.82) (5.64) (-9.04) (-0.09)    
Chronic/severe illness of hh members 0.029 -0.053* -0.203** 0.027 0.031    
 (0.81) (-1.86) (-2.44) (0.39) (0.81)    
Death of hh member -0.024 -0.003 -0.005 -0.164*** 0.002    
 (-0.72) (-0.11) (-0.07) (-2.64) (0.06)    
Livestock death or cattle rustling 0.017 0.054 0.146 -0.197** 0.041    
 (0.33) (1.53) (1.44) (-2.17) (0.72)    
Log number of loans  0.023 -0.310*** 0.258***                 
  (0.72) (-3.52) (3.26)                 
Share of formal credit  -0.018 -0.123 0.179                 
  (-0.32) (-0.79) (1.26)                 
Share of informal credit  -0.002 0.280*** -0.350***                 
  (-0.07) (2.84) (-4.10)                 
Log of hectares of land owned with titles  0.088*** 0.018 0.057***                 
  (15.69) (1.15) (3.75)                 
Hh owns non-agricultural enterprise  0.007 -0.485*** -0.117**                 
  (0.32) (-7.39) (-2.16)                 
Constant 8.091*** -2.676*** -1.185 -2.028** 8.481*** 
 (15.37) (-8.41) (-1.37) (-2.55) (13.12)    
      
R2 0.493 0.326 0.166 0.424 0.447    
No of cases 6888 6888 6888 6888 6888    
F test 184.7 82.8 37.0 183.4 142.8    

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 
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Table 3. Production function for maize producers 
 OLS: Log value 

of white & 
hybrid maize 
production >.3 

OLS: Log value 
of white & 
hybrid maize 
production >.5 

OLS: Log value 
of white & 
hybrid maize 
production >.7 

OLS: Log value 
of white & 
hybrid maize 
production >.9 

OLS: Log value 
of white & 
hybrid maize 
production =1 

 Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat    
      
Log of white and hybrid maize land size 0.401*** 0.395*** 0.407*** 0.447*** 0.463*** 
 (22.73) (19.90) (16.58) (12.58) (11.33)    
Log nb. of person days worked in farm ye 0.028*** 0.021*** 0.021*** 0.012 0.007    
 (4.94) (3.37) (2.74) (1.12) (0.55)    
Log quantity of inorganic fertilizer (kg 0.080*** 0.085*** 0.084*** 0.087*** 0.080*** 
 (11.46) (11.00) (8.74) (6.32) (4.80)    
Log quantity of white maize seeds (kg) 0.095*** 0.095*** 0.097*** 0.088*** 0.066**  
 (8.32) (7.13) (5.68) (3.66) (2.35)    
Log quantity of hybrid seeds (kg) 0.149*** 0.142*** 0.150*** 0.160*** 0.129*** 
 (11.67) (10.01) (8.53) (6.56) (4.46)    
Log expenditures on organic fertilizer (kshs) -0.008 -0.004 0.001 0.006 -0.008    
 (-1.35) (-0.55) (0.10) (0.32) (-0.35)    
Log expenditures on pesticides (kshs) 0.022*** 0.022*** 0.026*** 0.009 -0.004    
 (4.08) (3.48) (3.03) (0.82) (-0.25)    
Log expenditures on tractor/oxen/plough 0.011** 0.011* 0.013* 0.014 0.017    
 (2.00) (1.93) (1.89) (1.39) (1.39)    
Log number of big animals 0.068** 0.066** 0.051* 0.024 -0.011    
 (2.51) (2.33) (1.76) (0.60) (-0.24)    
Hired labor 0.187*** 0.186*** 0.194*** 0.267*** 0.278*** 
 (6.59) (5.76) (4.94) (4.57) (3.77)    
Log education of hh head (years) 0.026* 0.030** 0.022 -0.008 -0.026    
 (1.95) (2.05) (1.24) (-0.31) (-0.90)    
Log age of hh head -0.032 -0.011 -0.029 -0.166* -0.158    
 (-0.71) (-0.22) (-0.48) (-1.88) (-1.54)    
Number of people in the hh 0.020*** 0.024*** 0.026*** 0.028*** 0.035*** 
 (4.08) (4.27) (3.94) (3.01) (2.90)    
Female head -0.019 -0.015 -0.024 -0.013 -0.111    
 (-0.66) (-0.48) (-0.63) (-0.24) (-1.63)    
Dependency ratio -0.186*** -0.227*** -0.244*** -0.293*** -0.446*** 
 (-3.53) (-3.72) (-3.16) (-2.63) (-3.40)    
Share of land on cash crops 0.352*** 0.464*** 0.301** 0.273 0.296    
 (3.96) (4.27) (2.15) (1.40) (1.38)    
Share of crops sold to crop income 0.918*** 1.034*** 0.999*** 1.014*** 1.090*** 
 (13.53) (14.74) (12.44) (9.48) (7.72)    
Log months of irrigation -0.061* -0.081** -0.059 -0.049 -0.063    
 (-1.69) (-2.00) (-1.27) (-0.60) (-0.76)    
Hosepipe irrigation 0.348 0.446 0.290 0.372 0.311    
 (1.61) (1.56) (0.82) (0.55) (0.43)    
Canals irrigation 0.020 0.056 -0.114 -0.371 -0.043    
 (0.08) (0.21) (-0.39) (-0.74) (-0.08)    
Furrow irrigation 0.411 0.576** 0.585* 0.529 0.591    
 (1.51) (2.25) (1.85) (1.11) (1.32)    
Watering can 0.324* 0.542*** 0.531** 0.723* 0.720    
 (1.87) (2.79) (2.43) (1.93) (1.39)    
Sprinkler 0.194 0.176 -0.034 -0.605 -0.307    
 (0.79) (0.61) (-0.07) (-0.63) (-0.36)    
Share of flat parcels 0.029 0.032 0.031 0.043 0.038    
 (1.05) (1.05) (0.84) (0.82) (0.62)    
Share of steep/hilly parcels -0.031 -0.010 0.032 -0.047 -0.164    
 (-0.49) (-0.13) (0.33) (-0.34) (-0.86)    
Share of parcels with loamy soil texture 0.027 0.038 0.040 0.085 0.119    
 (0.75) (0.96) (0.80) (1.16) (1.37)    
Share of parcels with sandy soil texture -0.136*** -0.168*** -0.216*** -0.213** -0.222**  
 (-2.63) (-2.88) (-3.05) (-2.28) (-2.10)    
Share of parcels with clay soil texture -0.103* -0.094 -0.035 0.026 0.066    
 (-1.78) (-1.44) (-0.46) (0.23) (0.49)    
Drought or flood shock -0.070 -0.023 -0.046 -0.016 -0.058    
 (-1.64) (-0.50) (-0.81) (-0.20) (-0.59)    
Chronic/severe illness of hh members -0.037 -0.062 -0.086* -0.090 -0.071    
 (-1.03) (-1.51) (-1.74) (-1.30) (-0.94)    
Death of hh member 0.000 -0.002 0.009 -0.007 0.018    
 (0.01) (-0.06) (0.20) (-0.10) (0.23)    
Livestock death or cattle rustling -0.034 -0.012 -0.096 -0.078 -0.049    
 (-0.68) (-0.20) (-1.39) (-0.74) (-0.39)    
Constant 8.093*** 8.235*** 8.656*** 8.883*** 7.301*** 
 (15.91) (13.98) (10.23) (7.96) (11.85)    
      
R2 0.564 0.591 0.611 0.637 0.642    
No of cases 4177 3196 2236 1251 894    
F test 128.6 116.8 93.5 66.1 .    

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 
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Marginal value products and marginal factor costs 

In this section, following the steps described in the methodology, we compute the 𝑀𝑉𝑃𝑖 for 

each farmer for 3 inputs in the full sample and 5 in the subsample of maize producers. Median, 

average 𝑀𝑉𝑃𝑖s and prices of inputs that are used to proxy for marginal factor costs (𝑀𝐹𝐶𝑖) are 

displayed in Table 4 (full sample) and Table 5 (maize producers).  

We consider that farmers overusing an input (i.e𝑀𝐹𝐶𝑖 > 𝑀𝑉𝑃𝑖.), need to be treated differently 

from those that underuse it (i.e. 𝑀𝐹𝐶𝑖 < 𝑀𝑉𝑃𝑖). This because it is likely that different factors 

may drive each farmer to use more (or less) of the input in their input mix. For instance for 

some farmers an input may be in abundance, having very low opportunity cost (on their own 

or relative to others) and thus it is over-employed.  

We also consider that when for a farmer, the computed 𝑀𝑉𝑃𝑖 is almost but not exactly equal 

to 𝑀𝐹𝐶𝑖; it is difficult to argue that she is allocative inefficient. As such, we devise a testing 

procedure, which we employ as an internally valid method, to characterize farmers as 

overusers, underusers or price efficient. The procedure works as follows10. 

We compute the difference of the natural logarithms of 𝑀𝐹𝐶𝑖 and 𝑀𝑉𝑃𝑖 for each input at 

household level. Negative, zero and positive numbers imply underuse, price efficient and 

overuse of the input, respectively. We program a rule that tests if, for small subsamples around 

zero, the mean is statistically significantly equal to zero. If the null hypothesis is not rejected 

(i.e. the null is the mean equals zero), we increase the size of the sample by 0.1 of a centile in 

each side of zero and retest (so in every iteration, the sample size increases by 0.2 of a centile). 

The procedure iterates by increasing the sample size until the null is rejected at 1 percent level 

of significance for the first time.  

We use critical values from student’s t distribution (accounting for the small size of the samples 

in the initial iterations), to apply the test, as the distributions for 𝑀𝐹𝐶𝑖 and 𝑀𝑉𝑃𝑖 are assumed 

normal with unknown variances. After applying this procedure, the group of allocative efficient 

farmers is identified and is straightforward to characterize overusers and underusers. The 

output of this analysis is presented in Tables 6 and 7. 

Finally, we graph the difference11 between the market price of each factor (𝑀𝐹𝐶𝑖) from its 

marginal value product (𝑀𝑉𝑃𝑖) against land size, in Figures 1 to 3 for the full sample and 

Figures 4 to 8 for the maize producers. In the graphs, the horizontal red lines isolate the 

households that are assessed as allocative efficient on the basis of the testing procedure 

described in the previous paragraph; the vertical red line is the land median weighted 

threshold12 (i.e. the threshold below and above which all cultivated land in the sample is split, 

indicating 50 percent of land cultivated by small and 50 percent by large holders).  

                                                
10 An alternative method, with which we experimented, is to use proportions of households below and above zero, 
which are defined arbitrarily as price efficient. In these experiments we used equal proportions for 5, 10 and 20 
percent below and above zero. All results remain robust. 
11 To avoid the distorting picture that extreme values may have in the figures, we actually graph the difference of 
the natural logarithm of the input price (i.e. marginal cost) and the natural logarithm of the marginal product, that is: 
ln(𝑀𝐹𝐶𝑖) − ln (𝑀𝑉𝑃𝑖). 
12 Assuming that land is unequally distributed (which is frequently the case in developing countries), the land 
weighted median is the highest threshold that can be employed. In this case the threshold is 1.42ha (82 percent 
smallholders) in the full sample and 1.21ha (76 percent smallholders) in the sample of maize farmers. Just for 
comparison it is noted that the median farm size is 0.6ha for both samples. The land weighted median threshold is 
discussed in Key and Roberts (2007). 
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Local polynomial function lines (with their confidence intervals) are fitted separately for farmers 

overusing or underusing each factor, in order to explore non-parametrically the relation 

between the difference of 𝑀𝐹𝐶𝑖 from 𝑀𝑉𝑃𝑖 with farm size. 

 

Table 4. Marginal products vs. market prices of inputs (all farmers) 

 Mean MVP Median MVP Mean price Median price 

 Land (kshs/ha) 

0.00 - 0.25 ha 11 317 6 602 19 362 12 355 

0.25 - 0.50 ha 11 512 6 040 17 325 12 355 

0.50 - 0.75 ha 9 570 5 697 15 672 11 880 

0.75 - 1.00 ha 8 008 4 675 13 633 11 669 

1.00 - 1.50 ha 7 099 3 656 12 148 9 524 

1.50 - 2.50 ha 5 762 2 885 10 021 7 379 

> 2.50 ha 4 583 2 222 9 227 6 178 

     
Total 9 026 4 900 14 920 11 880 

 Labor (kshs/person day) 

0.00 - 0.25 ha 110 4 104 100 

0.25 - 0.50 ha 145 4 123 100 

0.50 - 0.75 ha 118 4 117 100 

0.75 - 1.00 ha 152 5 148 100 

1.00 - 1.50 ha 100 5 149 100 

1.50 - 2.50 ha 93 6 174 100 

> 2.50 ha 94 8 192 100 

     
Total 120 5 136 100 

 Inorganic fertilizer (kshs/kg) 

0.00 - 0.25 ha 662 141 37 35 

0.25 - 0.50 ha 1 268 134 35 35 

0.50 - 0.75 ha 1 398 139 35 35 

0.75 - 1.00 ha 1 410 132 35 35 

1.00 - 1.50 ha 2 164 224 35 35 

1.50 - 2.50 ha 2 811 342 36 34 

> 2.50 ha 3 954 415 35 33 

     
Total 1 652 157 36 35 
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Table 5. Marginal products vs. market prices of inputs (maize >.7) 

 Mean MVP Median MVP Mean price Median price 

 Land (kshs/ha) 

0.00 - 0.25 ha 10 250 6 946 17 548 12 355 

0.25 - 0.50 ha 9 576 7 248 15 350 12 355 

0.50 - 0.75 ha 9 846 7 217 11 998 11 120 

0.75 - 1.00 ha 9 099 6 342 10 168 8 237 

1.00 - 1.50 ha 8 522 6 367 11 138 8 649 

1.50 - 2.50 ha 7 186 5 436 8 901 7 413 

> 2.50 ha 7 476 6 219 10 340 11 880 

     
Total 9 180 6 711 13 164 11880 

 Labor (kshs/person day) 

0.00 - 0.25 ha 25 1 104 100 

0.25 - 0.50 ha 31 1 148 100 

0.50 - 0.75 ha 27 1 132 100 

0.75 - 1.00 ha 47 1 166 100 

1.00 - 1.50 ha 18 1 166 100 

1.50 - 2.50 ha 26 2 190 100 

> 2.50 ha 42 3 199 100 

     
Total 29 1 149 100 

 Inorganic fertilizer (kshs/kg) 

0.00 - 0.25 ha 150 40 38 35 

0.25 - 0.50 ha 318 36 38 35 

0.50 - 0.75 ha 388 43 36 35 

0.75 - 1.00 ha 381 39 36 35 

1.00 - 1.50 ha 406 44 36 35 

1.50 - 2.50 ha 488 34 34 35 

> 2.50 ha 406 20 34 33 

     
Total 335 39 37 35 

 White maize seeds (kshs/kg) 

0.00 - 0.25 ha 366 170 69 60 

0.25 - 0.50 ha 771 445 71 60 

0.50 - 0.75 ha 1 151 623 67 60 

0.75 - 1.00 ha 1 329 445 64 60 

1.00 - 1.50 ha 1 815 454 64 60 

1.50 - 2.50 ha 1 589 227 62 60 

> 2.50 ha 2 840 668 60 60 

     
Total 1 133 334 67 60 

 Hybrid maize seeds (kshs/kg) 

0.00 - 0.25 ha 469 196 124 125 

0.25 - 0.50 ha 922 353 126 125 

0.50 - 0.75 ha 993 293 124 125 

0.75 - 1.00 ha 1 264 451 127 125 

1.00 - 1.50 ha 1 116 361 131 125 

1.50 - 2.50 ha 1 452 376 126 125 

> 2.50 ha 1 306 306 129 125 

     
Total 985 353 126 125 
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Table 6. Allocative efficient and inefficient farmers (all farmers) 

 Overuse Efficient Underuse 

 Land (% of farms) 

0.00 - 0.25 ha 55 33 12 

0.25 - 0.50 ha 54 33 14 

0.50 - 0.75 ha 54 37 9 

0.75 - 1.00 ha 56 32 12 

1.00 - 1.50 ha 56 33 11 

1.50 - 2.50 ha 60 32 8 

> 2.50 ha 64 30 6 

    
Total 56 33 11 

 Labor (% of farms) 

0.00 - 0.25 ha 74 10 16 

0.25 - 0.50 ha 81 5 14 

0.50 - 0.75 ha 85 4 11 

0.75 - 1.00 ha 83 5 12 

1.00 - 1.50 ha 86 5 8 

1.50 - 2.50 ha 86 5 10 

> 2.50 ha 85 8 7 

    
Total 82 6 12 

 Inorganic fertilizer (% of farms) 

0.00 - 0.25 ha 11 17 72 

0.25 - 0.50 ha 7 22 70 

0.50 - 0.75 ha 7 19 74 

0.75 - 1.00 ha 7 21 72 

1.00 - 1.50 ha 7 20 73 

1.50 - 2.50 ha 8 17 75 

> 2.50 ha 8 17 75 

    
Total 8 19 73 
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Table 7. Allocative efficient and inefficient farmers (maize>.7) 

 Overuse Efficient Underuse 

 Land (% of farms) 

0.00 - 0.25 ha 62 9 29 

0.25 - 0.50 ha 61 9 30 

0.50 - 0.75 ha 54 8 38 

0.75 - 1.00 ha 53 10 37 

1.00 - 1.50 ha 52 12 36 

1.50 - 2.50 ha 62 8 29 

> 2.50 ha 63 7 29 

    
Total 58 9 32 

 Labor (% of farms) 

0.00 - 0.25 ha 89 4 7 

0.25 - 0.50 ha 87 4 9 

0.50 - 0.75 ha 91 1 8 

0.75 - 1.00 ha 86 0 14 

1.00 - 1.50 ha 93 1 6 

1.50 - 2.50 ha 91 1 7 

> 2.50 ha 93 0 7 

    
Total 89 2 8 

 Inorganic fertilizer (% of farms) 

0.00 - 0.25 ha 46 2 51 

0.25 - 0.50 ha 48 3 49 

0.50 - 0.75 ha 46 0 54 

0.75 - 1.00 ha 46 2 52 

1.00 - 1.50 ha 43 1 56 

1.50 - 2.50 ha 46 3 51 

> 2.50 ha 55 3 42 

    
Total 46 2 51 

 White maize seeds (% of farms) 

0.00 - 0.25 ha 2 58 40 

0.25 - 0.50 ha 1 43 56 

0.50 - 0.75 ha 1 34 65 

0.75 - 1.00 ha 1 42 56 

1.00 - 1.50 ha 2 38 61 

1.50 - 2.50 ha 3 47 50 

> 2.50 ha 1 39 60 

    
Total 2 45 54 

 Hybrid maize seeds (% of farms) 

0.00 - 0.25 ha 26 1 73 

0.25 - 0.50 ha 20 1 79 

0.50 - 0.75 ha 18 2 80 

0.75 - 1.00 ha 16 1 83 

1.00 - 1.50 ha 13 2 85 

1.50 - 2.50 ha 12 0 88 

> 2.50 ha 17 0 83 

    
Total 19 1 80 
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Land 

For the full sample, it is noted that the average or the median 𝑀𝑉𝑃𝑖 of land is always below the 

corresponding price across all land size groups. This implies that land is likely overused; that 

is land is employed in higher proportions than what the corresponding expected yearly income 

flow, used to proxy for its market price, would suggest. This is actually what happens as 56 

percent of all farmers overuse land.  

Comparing across land groups it is interesting to note that producers in smaller land size 

groups overuse land relatively less relative to larger farms; the ratio of median 𝑀𝑉𝑃𝑖 to median 

price of land is about 0.4 to 0.5 for farms below 1ha, while it fells to 0.3 in larger farms. Counting 

the overusers of land (in Table 6) confirms the observation. The overall proportion of allocative 

efficient farmers is 33 percent in the full sample, while 11 percent of the farmers underuse land. 

In the sample of maize producers, median and mean 𝑀𝑉𝑃𝑖 is are closer to the factor price, but 

58 percent of maize producers overuse land. We count a higher proportion of farmers that 

underuse the factor (32 percent) and a smaller proportion of price efficient farmers (9 percent). 

No clear pattern emerges across land groups, even though is noted that in farmers between 

0.5 to 1.5ha of land, the proportion that overuse land is smaller (about 53 percent). 

In Figure 1, the polynomial line displays a very weak declining pattern against land size, for 

the overusers of land in the full sample (no clear pattern for farmers underusing land). In the 

sample of maize producers (Figure 4), a similar negative slope is observed, indicating that the 

level of allocative inefficiency is greater for smaller farms that overuse land. 

Labor 

With respect to labor, we note the very high variation of the 𝑀𝑉𝑃𝑖 among farmers, as this is 

assessed from the difference between the mean and the median 𝑀𝑉𝑃𝑖. Given the very close 

to zero median 𝑀𝑉𝑃𝑖 however, it is evident that a very high proportion of farmers overuse labor 

to such a degree that effectively its contribution to output is negligible. 

Overall, 82 percent of all farmers overuse labor (just 12 percent underuse and 6 percent are 

price efficient). A marginally smaller proportion of small farms overuse labor relative to larger 

ones (which appears to be in contrast with relevant theory as a stronger relation would be 

expected, but this will be explored more thoroughly later in the analysis). For maize producers, 

similar observations are drawn for the factor, noting however that overall the proportion of 

farmers that overuse labor is higher (89 percent), while there is practically a very small 

proportion of farmers that are price efficient (just 2 percent). 

In Figures 2 and 5, a declining pattern is observed as farm size increases, indicating that 

smaller farms overusing labor, are subject to higher levels of price inefficiency. This pattern is 

evident in both samples.  

The marginal contribution of labor, as measured by the relevant regression coefficients, is low 

and this affects the estimates of allocative efficiency. Research13 reviewed by Adams and 

Bumb (1979), indicates significant variation in the output elasticity of labor across studies 

(ranging from .01 to 1.23); for fertilizer the elasticities range between .07 to .51. Research on 

the same dataset (Anriquez et. al. 2012) for the subsample of all maize producers, indicates 

                                                
13 As well as more recent research from Sarris et. al. (2006). 
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that the elasticity is around .25, using however a measure of available labor (not actual labor 

time used in the farm). 

Trying to test the robustness of our results, we assume a labor elasticity two and ten times 

higher than the estimate, in the full and the maize producers samples, respectively (so that the 

elasticity is around .2), and we re-estimate MVPs and the proportion of allocative inefficient 

farmers with respect to labor.  

The median MVP in both samples doubles as expected but it is still very low to imply a 

significant change on the proportion of price inefficient farmers; the proportion of farmers 

overusing the factor fells to 75 percent in the full sample and to 83 percent in the sample of 

maize producers (the proportion of underusers becomes 15 and 14 percent respectively for 

the two samples). The green line in Figures 2 and 5 draws the relation between the factor price 

minus the MVP, over farm size, using the simulated coefficients. 

Inorganic fertilizer14 

The mean and median market prices for fertilizer are close to each other at 35 kshs per kg. A 

high proportion of these prices are imputed from the national median; 54 percent of the farmers 

use some fertilizer, while 16 percent report that they obtain fertilizer from market related 

sources15. In the full sample, fertilizer market price is 4 to 5 times smaller than the median and 

20 to more than 100 times than the average computed 𝑀𝑉𝑃𝑖.  

For maize producers these differences are smaller reflecting our inability to measure reliably 

the marginal impact as discussed earlier. As a result fertilizer is seriously underused in the full 

sample while among maize producers the picture is far more balanced. Across land size 

groups, is observed a weak trend indicating that slightly less small farms underuse fertilizer.  

In Figures 3 and 6, a very strong relation between fertilizer price inefficiency and farm size is 

evident for farms that underuse the input; as farm size increases, the marginal contribution of 

using more fertilizer would be higher and higher relative to its cost and in comparison with the 

quantity actually used.  

Given that for maize farmers the marginal contribution of fertilizer may have been 

underestimated as discussed earlier, we replicate the estimation using the full sample elasticity 

(green line in Figure 6); the same pattern prevails although a bit weaker. However the 

proportion of maize farms overusing the factor declines significantly, to 22 percent overall. 

White and hybrid maize seeds 

We explore allocative efficiency of farmers, for the 2 major types of maize seeds (white and 

hybrid), in order to examine the significance of their marginal impacts and possibly infer on 

plant replacement relative to their maturity. The output elasticity of white maize seed is just 

below 0.1 and for hybrid maize seeds 0.15 (10 percent increase implies 1 and 1.5 percent 

increase in output, respectively).  

                                                
14 For households reporting no use of an input, we replace zeros with a very small number. 
15 Especially for fertilizer, labor and seeds, for a large proportion of households, input prices are imputed from 

national median prices. The implication is that across different agroecological zones, relevant markets are assumed 
homogeneous. This is an assumption that possibly results to some biases (for instance in areas where the MVP is 
low the price may also be low and vice versa), but at national level, part of these biases is considered that it cancels 
out. On the other hand in areas that input markets are missing the national median price is likely not a bad choice. 
The possibility to explore further the issue, in updates of the research is not excluded. 
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Both of them are statistically significant implying that possibly plants are used beyond maturity. 

As a result the inputs are underused and this is evident as the 𝑀𝑉𝑃𝑖 is higher than the market 

price for most farmers (the small proportion of farmers that overuse of input may imply that the 

replace plants earlier than the efficient use would require). 

The highest proportion of price efficient farmers is measured in the case of white maize seeds 

however (45 percent), while 54 underuses and just 2 percent overuse the input.  In the use of 

white maize seeds larger farms underuse the input far more than smaller ones (Figure 7). 

When comparing with the figure on hybrid maize seeds (Figure 8), is observed a similar pattern 

that reverses however around the land median threshold. Given that white and hybrid maize 

are rarely intercropped, we infer that larger farms are substituting white for hybrid maize 

gradually. 
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Measuring household level and social welfare losses  

In Tables 8 to 10 for the full sample and 11 to 15 for maize producers, we present the computed 

household level value losses from overusing and from underusing each of the inputs as a share 

of household income and per hectare of cultivated land. Finally we compute social welfare 

losses. 

Share of losses on household income 

To compute the losses as a share of income, the level of price inefficiency (i.e. 𝑀𝐹𝐶𝑖 − 𝑀𝑉𝑃𝑖), 

is multiplied with the quantity of the factor in use. Then we divide by the gross household 

income, and thus directly control for the fact that smaller farms earn a relatively smaller 

proportion of income from crop production relative to larger farms (Table A4 in annex).  

Reported average and median losses as shares of household income are substantial (at 

varying degrees) for any of the factors examined. The highest measured losses however, result 

from the overuse of labor. The numbers indicate that if labor is employed to activities that pay 

the market wage, household income would be higher by about 180 percent for the average or 

55 percent for the median household in the full sample (slightly lower values but equally 

significant are computed for maize producers). The trend across land size groups indicates 

that these losses are higher for smaller farms.  

On the other hand, losses resulting from the underuse of labor are insignificant being 0.4 to 

2.7 percent of gross household income with small variation across land size groups. 

For land, household welfare losses are smaller but still constitute a significant share of 

household income; overuse of land implies a 60 percent for the average and 23 percent for the 

median household, value loss in the full sample (26 and 9 percent respectively for the maize 

producers). Underuse of land, implies losses ranging from 5 to 16 percent in the two samples 

we examine.  

Across land size groups, there is evidence that these losses are higher for larger farms. It can 

be inferred that when labor supply is not met by demand, this may lead to extensive use of the 

factor in farm activities, increasing also the value losses from the overuse of land. 

For inorganic fertilizer, losses from underusing the factor range from 3 to 9 percent for average 

and median households across land groups in the full sample. In the sample of maize farmers 

these losses are smaller and likely underestimated. Using the simulated elasticity, the losses 

increase to 3 percent for the median household (referring however to a smaller proportion 

households), and double for the households underusing the input. Moreover, income losses 

are weakly smaller for smallholders.  

The shares of income losses resulting from the overuse or the underuse of white maize and 

hybrid maize seeds, present relatively low variation. They range between 2 and 5 percent on 

average or median terms across farms and samples; extreme values appear to influence 

measured losses in the overuse of white maize seed (land group 0.50 to 0.75ha of land). 

For the relatively small value losses with respect to fertilizer and seeds we note (now and for 

the discussion that follows) that the values refer only to the quantities reported and used by 

the farmers (not the optimal quantities). Given that these quantities are already small, the 

resulting inefficiency estimates are reasonably small on their turn. 
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The non-parametric relation (using local polynomial regression lines) between the shares of 

value losses on income with farm size is examined to control for the influence of extreme 

values in the calculations that may influence the results reported on the Tables. The figures 

are not displayed but are available on request.  

The graphic analysis, confirms the results presented on the Tables indicating that extreme 

values do not affect reported numbers to a degree that changes the patterns observed so far. 

That is smaller farms appear to overuse less than larger farms land, inorganic fertilizer, white 

and hybrid maize seeds. It is pointed out though that the upward slope, most of the times is 

rather weak and its significance can be challenged. On the other hand however, there is a 

much stronger negative relation between the share on household income from losses resulting 

from the overuse of labor and farm size. The evidence also suggests input shirking, as larger 

farms appear to face greater losses (as a share of their income) from underusing the inputs.   

Value of losses per hectare 

We compute and report for all inputs and samples, the value losses divided by the farm size 

(Tables 8 to 10 for the full sample and 11 to 15 for maize producers). In this way we assess 

the productivity equivalent of allocative inefficiency losses for each input at the farm level. 

These losses are smaller but also substantial in absolute value terms (either for the average 

or the median farm) as can be seen in the tables. We also explore non-parametrically this 

relation (Figures 9 to 16). Local polynomial regression lines (and the confidence intervals), are 

fitted to approximate this relation, accounting for non-smooth patterns locally.   

The most important observation from these calculations is the consistent declining pattern of 

value losses per hectare as farm size increases when we refer to the overuse of most inputs; 

that is the value losses per hectare of land cultivated, are always higher for smaller farms. The 

strength of the trend varies across inputs and samples but remains consistent. It is however 

weaker in the case of white maize seeds, hybrid maize seeds and inorganic fertilizer for the 

sample of maize producers; the latter pattern is expected given the likely bias in the calculation 

of the MVP as discussed earlier.  

On the other hand, in the case of underuse of inputs we note higher value losses per hectare 

for smaller farms, either when we observe the average or the median farm (in the cases of 

both types of seeds the trend is relatively weaker). This again implies that small farms are also 

facing higher losses in productivity equivalent terms even when under-employing the input. 

The figures confirm these patterns. 

Social welfare losses 

Finally we compute and report aggregate losses resulting from allocative inefficiencies as a 

share of the sum of all agricultural incomes16 as well as share of the sum of all incomes 

generated from all households in each of the samples. These losses sum up values both from 

overuse and underuse of inputs. The results are shown in Tables 16 and 17. 

Resulting losses are greater from labor inefficiencies as expected; aggregate income from 

agriculture would have been more than double (104 percent) if labor was paid at market rates. 

By considering total income (i.e. including from non-farm related sources), aggregate income 

                                                
16 Income from agriculture includes livestock and by-products. 
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would have been higher by 26 percent, in the both samples. In the sample of maize producers, 

total agricultural income would have been even higher (130 percent).  

Lost values from in inefficiencies in land are smaller but still very significant (25 percent of total 

income from agriculture in the full sample and 18 percent for the maize producers). Total 

income, also would be higher by nearly 7 and 4 percent respectively for the two samples, if 

allocative inefficiency issues are eliminated.  

Inefficient use of inorganic fertilizer implies 11 percent losses as a share of all incomes from 

agriculture in the full sample.  

It is important to consider how these losses are allocated across farm size groups. Considering 

the land median threshold (of 1.42ha and 1.21ha in the two samples) helps on that. Effectively 

it is observed that irrespective of the factor, most of the losses appear on the side of the small 

scale farmers (more than half of the total usually). Apparently the large numbers of small 

farmers resulting from inequalities in the allocation of resources and not existing opportunities, 

imply that far greater welfare losses are concentrated in their side. 
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Table 8. Value losses due to inefficiency in land (all farmers) 

 Overuse Underuse 

 

Mean share on 

gross hh 

income 

Median share 

on gross hh 

income 

Mean 

per ha 

Median 

per ha 

Mean share on 

gross hh 

income 

Median share 

on gross hh 

income 

Mean 

per ha 

Median 

per ha 

 % % kshs kshs % % kshs kshs 

0.00 - 0.25 ha 41.8 11.8 18 518 13 163 -13.7 -10.9 -26 840 -13 165 

0.25 - 0.50 ha 62.6 21.7 16 469 12 602 -15.0 -13.9 -25 704 -13 332 

0.50 - 0.75 ha 61.6 22.9 14 233 10 634 -14.4 -12.7 -19 736 -10 516 

0.75 - 1.00 ha 54.5 27.7 12 055 9 106 -15.9 -15.9 -12 990 -9 464 

1.00 - 1.50 ha 82.4 30.7 11 338 8 900 -15.6 -14.8 -15 443 -6 005 

1.50 - 2.50 ha 58.8 26.0 8 783 6 207 -17.2 -16.2 -12 140 -5 810 

> 2.50 ha 62.2 28.6 7 728 5 372 -58.3 -23.1 -9 951 -8 254 

         

Total 60.0 23.2 13 682 10 010 -16.4 -14.2 -20 183 -10 703 

 

Table 9. Value losses due to inefficiency in labor (all farmers) 

 Overuse Underuse 

 

Mean share on 

gross hh 

income 

Median share 

on gross hh 

income 

Mean 

per ha 

Median 

per ha Mean share on 

gross hh income 

Median share 

on gross hh 

income 

Mean 

per ha 

Median 

per ha 

 % % kshs kshs % % kshs kshs 

0.00 - 0.25 ha 223.5 52.5 94 856 68 164 -2.0 -0.8 -2 371 -1 524 

0.25 - 0.50 ha 186.9 54.2 65 810 48 380 -3.9 -1.2 -1 592 -863 

0.50 - 0.75 ha 162.8 51.8 47 201 34 094 -2.3 -1.7 -1 048 -714 

0.75 - 1.00 ha 171.7 69.7 42 534 29 119 -2.5 -1.6 -2 741 -623 

1.00 - 1.50 ha 173.1 61.3 34 340 22 750 -2.4 -1.5 -1 342 -515 

1.50 - 2.50 ha 160.9 48.6 26 182 15 472 -2.4 -1.5 -754 -407 

> 2.50 ha 128.2 38.7 17 676 9 566 -3.9 -2.1 -494 -204 

         

Total 179.2 55.1 52 553 29 958 -2.7 -1.3 -1 728 -807 

 

Table 10. Value losses due to inefficiency in inorganic fertilizer (all farmers) 

 Overuse Underuse 

 

Mean share on 

gross hh income 

Median share 

on gross hh 

income 

Mean 

per ha 

Median 

per ha Mean share on 

gross hh income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

 % % kshs Kshs % % kshs kshs 

0.00 - 0.25 ha 21.0 4.1 8 143 4 759 -6.6 -3.1 -5 845 -3 336 

0.25 - 0.50 ha 21.0 3.9 4 517 2 910 -8.2 -5.3 -6 892 -3 219 

0.50 - 0.75 ha 14.9 5.9 5 801 3 383 -8.1 -5.9 -5 183 -2 776 

0.75 - 1.00 ha 19.0 14.5 4 835 3 912 -8.5 -7.0 -4 303 -2 364 

1.00 - 1.50 ha 19.7 13.8 4 070 2 397 -8.7 -6.9 -4 004 -1 980 

1.50 - 2.50 ha 18.9 9.5 3 888 2 272 -8.6 -6.3 -3 293 -1 506 

> 2.50 ha 19.7 5.0 3 115 2 565 -8.7 -6.9 -2 494 -1 190 

         

Total 19.5 7.0 5 440 3 160 -8.1 -5.6 -4 991 -2 503 
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Table 11. Value losses due to inefficiency in land (maize>.7) 

 Overuse Underuse 

 

Mean share on 

gross hh income 

Median share 

on gross hh 

income 

Mean 

per ha 

Median 

per ha Mean share on 

gross hh income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

 % % kshs kshs % % kshs kshs 

0.00 - 0.25 ha 22.9 5.6 12 462 9 783 -5.7 -3.6 -10 243 -5 850 

0.25 - 0.50 ha 26.1 8.1 13 453 9 611 -8.9 -5.9 -9 986 -6 478 

0.50 - 0.75 ha 25.1 7.7 9 645 6 723 -7.4 -4.6 -9 180 -5 243 

0.75 - 1.00 ha 24.9 10.4 7 697 5 319 -8.2 -5.6 -7 880 -5 764 

1.00 - 1.50 ha 37.8 10.6 7 671 5 231 -7.1 -5.8 -6 954 -5 475 

1.50 - 2.50 ha 23.0 7.4 5 460 3 817 -7.8 -6.0 -6 920 -5 606 

> 2.50 ha 28.7 11.7 6 766 5 672 -8.3 -6.7 -5 157 -4 268 

         

Total 26.3 8.6 10 074 6 991 -7.5 -5.3 -8 623 -5 737 

 

Table 12. Value losses due to inefficiency in labor (maize>.7) 

 Overuse Underuse 

 

Mean share on 

gross hh income 

Median share 

on gross hh 

income 

Mean 

per ha 

Median 

per ha Mean share on 

gross hh income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

 % % kshs kshs % % kshs kshs 

0.00 - 0.25 ha 229.4 24.8 11 5456 67 595 -0.4 -0.3 -537 -338 

0.25 - 0.50 ha 173.4 41.1 98 735 62 359 -0.5 -0.2 -763 -371 

0.50 - 0.75 ha 171.9 44.6 81 269 53 121 -0.4 -0.3 -414 -276 

0.75 - 1.00 ha 197.0 64.4 82 013 48 918 -0.5 -0.3 -576 -232 

1.00 - 1.50 ha 187.0 56.4 60 948 37 398 -0.5 -0.1 -473 -321 

1.50 - 2.50 ha 109.4 39.7 50 665 29 333 -0.6 -0.4 -433 -206 

> 2.50 ha 56.1 26.5 26 041 9 597 -0.1 -0.1 -132 -97 

         

Total 177.7 42.8 83 695 45 620 -0.5 -0.3 -556 -288 

 

Table 13. Value losses due to inefficiency in inorganic fertilizer (maize>.7) 

 Overuse Underuse 

 

Mean share on 

gross hh income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

Mean share on 

gross hh 

income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

 % % kshs kshs % % kshs kshs 

0.00 - 0.25 ha 6.0 1.6 4 645 2 048 -1.6 -0.7 -1 390 -811 

0.25 - 0.50 ha 7.8 2.4 4 370 2 905 -2.2 -1.1 -1 766 -1 035 

0.50 - 0.75 ha 6.8 3.0 4 254 2 706 -2.2 -1.5 -1 829 -1 060 

0.75 - 1.00 ha 5.4 2.0 4 087 2 279 -2.3 -1.6 -995 -707 

1.00 - 1.50 ha 8.0 3.6 4 099 2 988 -2.3 -1.7 -1 234 -744 

1.50 - 2.50 ha 8.6 3.8 4 330 2 589 -2.1 -1.0 -804 -473 

> 2.50 ha 8.4 6.1 2 999 1 946 -1.7 -0.9 -833 -569 

         

Total 7.1 2.6 4 266 2 624 -2.1 -1.2 -1 365 -802 
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Table 14. Value losses due to inefficiency in white maize seeds (maize>.7) 

 Overuse Underuse 

 

Mean share on 

gross hh income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

Mean share on 

gross hh 

income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

 % % kshs kshs % % kshs kshs 

0.00 - 0.25 ha 0.8 0.1 3 300 2 320 -2.8 -1.5 -3 103 -2 381 

0.25 - 0.50 ha 1.3 0.9 3 942 3 889 -3.3 -2.1 -2 620 -2 053 

0.50 - 0.75 ha 18.8 14.8 1 885 4 365 -3.1 -2.2 -2 375 -1 852 

0.75 - 1.00 ha 1.2 0.4 2 439 2 284 -3.6 -2.8 -2 319 -1 601 

1.00 - 1.50 ha 1.8 3.0 1 989 1 956 -3.7 -3.0 -2 249 -1 785 

1.50 - 2.50 ha 3.3 1.0 2 074 2 502 -4.1 -3.8 -2 151 -1 614 

> 2.50 ha 2.2 2.2 926 926 -4.5 -5.0 -2 052 -1 612 

         

Total 3.1 1.0 2 651 2 409 -3.4 -2.6 -2 481 -1 876 

 

Table 15. Value losses due to inefficiency in hybrid maize seeds (maize>.7) 

 Overuse Underuse 

 

Mean share on 

gross hh income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

Mean share on 

gross hh 

income 

Median share on 

gross hh income 

Mean 

per ha 

Median 

per ha 

 % % kshs kshs % % kshs kshs 

0.00 - 0.25 ha 2.5 0.5 2 020 801 -2.7 -1.1 -3 190 -1 742 

0.25 - 0.50 ha 2.2 1.1 1 633 761 -3.4 -1.7 -2 836 -1 924 

0.50 - 0.75 ha 3.2 1.8 1 664 975 -3.6 -2.0 -2 817 -1 888 

0.75 - 1.00 ha 3.0 1.0 1 360 827 -3.7 -2.3 -2 530 -1 483 

1.00 - 1.50 ha 4.7 1.7 1 251 557 -3.8 -2.8 -2 322 -1 590 

1.50 - 2.50 ha 4.2 2.1 1 045 728 -3.6 -1.9 -2 156 -1 341 

> 2.50 ha 4.7 4.3 1 716 1 200 -3.6 -2.9 -2 038 -1 300 

         

Total 3.0 1.1 1 645 801 -3.4 -1.9 -2 663 -1 668 
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Table 16. Social welfare losses (all farmers) 

 

Land 

losses... Labor losses... Inorg. fert. losses... 

Land 

losses... Labor losses... Inorg. fert. losses... 

 ...share on aggregate gross income (%) ...share on aggregate gross agricultural income (%) 

       
0.00 - 0.25 ha 0.5 2.8 0.2 1.9 11.2 0.9 

0.25 - 0.50 ha 1.1 4.8 0.5 4.2 18.9 1.9 

0.50 - 0.75 ha 0.8 3.3 0.4 3.0 13.0 1.4 

0.75 - 1.00 ha 0.8 4.0 0.5 3.2 15.6 1.9 

1.00 - 1.50 ha 1.3 5.1 0.5 5.1 20.2 2.1 

1.50 - 2.50 ha 1.3 4.3 0.6 5.3 16.8 2.2 

> 2.50 ha 0.8 2.3 0.3 3.1 9.2 1.2 

       
Total 6.5 26.4 2.9 25.5 104.0 11.5 

 

Table 17. Social welfare losses (maize>.7) 

 Land losses... Labor losses... 

Inorg. fert. 

losses... 

White seeds 

losses... 

Hybrid seeds 

losses... 

 ...share on aggregate gross income (%) 

      
0.00 - 0.25 ha 0.3 3.0 0.1 0.0 0.1 

0.25 - 0.50 ha 0.7 5.6 0.2 0.1 0.2 

0.50 - 0.75 ha 0.4 3.0 0.1 0.1 0.1 

0.75 - 1.00 ha 0.5 4.1 0.2 0.1 0.2 

1.00 - 1.50 ha 0.7 4.7 0.2 0.2 0.2 

1.50 - 2.50 ha 0.6 4.1 0.2 0.1 0.2 

> 2.50 ha 0.4 1.5 0.1 0.1 0.1 

      
Total 3.5 25.9 1.1 0.6 1.0 

 ...share on aggregate gross agriculture income (%) 

0.00 - 0.25 ha 1.3 14.9 0.4 0.2 0.3 

0.25 - 0.50 ha 3.6 28.1 0.9 0.5 0.9 

0.50 - 0.75 ha 1.8 15.0 0.6 0.3 0.6 

0.75 - 1.00 ha 2.7 20.6 0.8 0.5 0.8 

1.00 - 1.50 ha 3.3 23.7 1.1 0.8 1.0 

1.50 - 2.50 ha 3.0 20.6 1.0 0.6 1.0 

> 2.50 ha 1.9 7.5 0.6 0.4 0.5 

      
Total 17.7 130.3 5.4 3.2 5.2 

 

 

  



 

28 
 

The determinants of allocative inefficiencies 

We seek to systematically examine what determines the levels of allocative inefficiencies. We 

estimate a series of regressions, separately for overusers and underusers of each factor and 

for both samples, in order to shed some light on what are the possible constraints that lead 

significant numbers of farmers to utilize the wrong mix of inputs relative to what market 

conditions require.  

The dependent variable in all regressions is the difference between the natural logarithm of 

the factor’s market price and the natural logarithm of the marginal value product:  ln (𝑀𝐹𝐶𝑖) −

ln (𝑀𝑉𝑃𝑖). It is reminded that the closer to zero is the computed difference the more price 

efficient is the farmer.  

The regressions were estimated both with and without the observations on allocative efficient 

farmers. We select and report the former set, including a binary variable identifying efficient 

farmers. The reason behind this decision is that by analysing the situation only for inefficient 

farmers, essentially means that the benchmark and the conditions favorable to the benchmark 

are not sufficiently accounted for. Nevertheless, in either case the estimates are very robust. 

Theory and evidence suggest that missing markets, existing but imperfectly functioning or non-

competitive markets which entail large transaction costs and entry barriers, poor quantities or 

qualities of assets (physical or not, including managerial ability17) owned or used, as well as 

the security of the rights18 to own some of them, shocks and preferences, affect farmers’ 

decisions in the selection of the input and output mixes and finally their marginal contributions 

to output. In specifying the model, we try to account for most of these factors to the degree 

possible. Finally we control for soil characteristics that may influence the intensity of the use 

of inputs.  

Regression results are presented in Table 18 for the full sample and 19 and 20 for the maize 

producers. Almost all of the regressions are significant as is observed from reported F 

statistics; in three however the estimator is not able to calculate the statistic.  

We note that the binary variable identifying price efficient farmers has always the expected 

sign and is strongly statistically significant. We also note the strong influence of some shocks19, 

in extending the level of inefficient use of most factors. In the case of white maize seed appears 

that shocks reduce the underuse of the input (likely because it is a cheap alternative).  

Female headed households are less likely to underuse fertilizer (full sample) and land (maize 

sample), or to overuse labor (both samples), the latter two cases probably because they control 

less land and labor20. Human capital as proxied by the years of education21 of the household 

head is an important factor in reducing the levels of inefficiencies for land, labor and fertilizer. 

Age of head sometimes is inefficiency reducing and sometimes increasing.  

It is noted that the combination of education and age of head maybe interpreted as imperfect 

proxies for managerial ability (i.e. human capital quality and experience on farm activities). 

Actually the fact that in households with older heads, labor is overused may have to do with 

                                                
17 Alvarez and Arias (2003) show how important is managerial ability, analysing a sample of farmers from North 
Spain.  
18 On the relation between of land tenure and efficiency see Gavian and Fafchamps (1996). 
19 On risk and shocks and allocative efficiency, see Fafchamps and Lund (2003) and Barrett et. al. (2006). 
20 Quisumbing (1996) discusses gender differences in productivity. 
21 For the relation between human capital and allocative efficiency, see Khaldi (1975), Huffman (1977) and many 
others. 
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stricter managerial tactics. For managerial ability we experimented on similar grounds with 

Alvarez and Arias (2003). That is, we estimated a stochastic frontier regression, and used the 

technical efficiency parameter estimated at the farm level, as explanatory variable of the 

allocative inefficiency levels. The results, however, were of questionable value; presumably 

this is the outcome of high correlation between the technical efficiency parameter with the 

MVP. 

In both samples, availability and use of physical capital, appears to substitute for extensive 

use of labor and land22. Market orientation (cash crops, fertilizer from market sources) is also 

conducive to allocative efficiency. Access to financial capital and the type of credit (from formal 

or informal sources), is important in reducing allocative inefficiencies for several inputs; credit 

from formal or informal sources, when significant, contributes always to lower levels of 

inefficiency. The number of loans however, may increase the level of inefficiency in some 

cases (land overuse in full sample), indicating possibly that indebted households face 

difficulties to repay23.  

It is important to discuss implications that poverty may have in the inefficient use of inputs. 

Several of the variables in the regressions, can be interpreted as proxies with respect to the 

welfare status of the household (education, capital expenditures, credit access and others). 

Overall, poverty seems to be associated with greater inefficiencies when overusing inputs and 

smaller when underusing.  

This relation is also explored by using the share of expenditures on food as poverty proxy and 

explanatory variable of the price inefficiency levels. Frequently is discussed in the literature 

that higher shares of expenditures on food are correlated with poverty.  

From the regressions we get strong evidence that higher shares of expenditures on food are 

correlated with significantly higher levels of land and labor. On the other hand, higher shares 

are also correlated with smaller levels in the underuse of land, labor and white maize seeds. 

Finally, in the previous discussion we speculated that higher inefficiency levels potentially are 

outcome of low dependence from agriculture24. That is households, especially those in small 

farms where the share of income from crop production is low, are less price efficient because 

their primary income generation activity is on a different sector25. Thus, though farmers remain 

pluriactive their ability to handle efficiently all activities and multitask is not the same across 

sectors.  

We explore the relation between inefficiency levels with the share of income from farm activities 

in the regressions. The relation between the two variables is particularly strong for almost all 

factors. In particular in the full sample greater shares of income from farm are significantly 

correlated with smaller levels of overuse of inputs; this result indicates that in larger farms 

(where the share of income from farm activities is higher), are more price efficient in this side.  

                                                
22 Carter and Wiebe (1990), discuss on capital for farmers’ efficiency in Kenya. 
23 On the importance of financial capital for allocative efficiency see Chavas et. al. (2005). 
24 On the counter argument, that is how higher non-farm income may enhance productivity (as a source of cash 
when credit constraints are binding), see Savadogo et. al. (1998). 
25 The regressions on the determinants of inefficiency levels are also estimated excluding the share of expenditures 
on food, the share of income from crops and the share of labor outside the farm, in order to reduce any biases from 
endogeneity and the correlation of these variables with farm size. The results without these variables can be found 
in Tables A18 to A20 of the annex. 
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On the other hand, greater shares of crop income are correlated with greater underuse of all 

inputs; this evidence is corroborative with input shirking in larger farms. We get very similar 

evidence for several of the inputs in the regressions that refer to maize farmers. 

It is noted that the share of income from farm activities, can be interpreted also as proxying 

outside the farm opportunities. Thus the negative coefficients in the regressions in the overuse 

of labor indicate that when outside opportunities are available, labor inefficiencies (i.e. mainly 

overuse) are smaller. The share of labor outside the farm as an additional proxy for outside 

the farm opportunities is also used in the regressions. The results strongly indicate that when 

opportunities to absorb labor are available outside the farm, then labor overuse is always 

smaller. 
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Table 18. Overuse and underuse of inputs (all farmers) 
 Overuse land Overuse 

labor 

Overuse 

inorg. Fert. 

Underuse 

land 

Underuse 

labor 

Underuse 

inorg. Fert.    

 Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat    

Log land size (ha) 0.052 -0.055 0.118 0.029 0.206 -0.227*   

 (0.95) (-0.49) (1.16) (0.60) (1.26) (-1.85)    

Smallholder 0.036 0.210** 0.075 0.026 0.135 0.070    

 (0.72) (2.15) (0.91) (0.60) (0.90) (0.63)    

Smallholder*Log land size -0.011 -0.181 -0.111 -0.000 -0.319* -0.042    

 (-0.19) (-1.58) (-1.10) (-0.01) (-1.95) (-0.34)    

Secure land rights 0.023 0.082** -0.003 0.050*** -0.046 0.079*   

 (1.14) (2.19) (-0.12) (2.88) (-0.97) (1.94)    

Share of land on cash crops -0.130*** -0.806*** 0.051 -0.130*** 0.015 0.261*** 

 (-2.77) (-10.01) (0.91) (-3.47) (0.17) (2.90)    

Inorganic fertilizer from market related source -0.058** -0.196*** -0.041 -0.024 0.005 1.138*** 

 (-2.44) (-4.35) (-1.63) (-1.15) (0.07) (27.58)    

Log number of loans 0.082** 0.024 0.051 0.044* 0.101 0.098    

 (2.41) (0.42) (1.16) (1.68) (1.35) (1.53)    

Share of formal credit -0.101* -0.137 -0.000 -0.010 -0.057 0.071    

 (-1.86) (-1.46) (-0.00) (-0.22) (-0.40) (0.62)    

Share of informal credit -0.024 -0.010 -0.076 -0.034 0.027 -0.111    

 (-0.68) (-0.17) (-1.60) (-1.12) (0.34) (-1.63)    

Log expenditures on tractor/oxen/plough (kshs) -0.013*** -0.013** -0.005 -0.004* -0.012 0.005    

 (-4.41) (-2.27) (-1.27) (-1.72) (-1.47) (0.70)    

Share of food on total expenditures 0.112** 0.803*** -0.047 0.052 0.158 -0.105    

 (2.17) (8.28) (-0.70) (1.12) (1.34) (-0.99)    

Share of labor outside of farm and business HH 0.034 -1.178*** 0.035 -0.023 0.040 0.107*   

 (1.13) (-19.37) (0.98) (-0.87) (0.87) (1.94)    

Share of farm income -0.225*** -0.235*** -0.049 -0.117*** -0.064 -0.199*** 

 (-8.38) (-4.41) (-1.41) (-4.78) (-1.02) (-3.74)    

Allocative efficient -0.016*** -0.033*** -0.014*** 0.014*** 0.019*** 0.026*** 

 (-97.82) (-69.27) (-42.39) (62.17) (52.61) (78.47)    

Log education of hh head (years) -0.029*** -0.098*** -0.006 -0.001 -0.025 0.093*** 

 (-3.11) (-5.32) (-0.48) (-0.14) (-1.15) (5.12)    

Log age of hh head -0.065** 0.129** 0.015 0.027 0.004 -0.064    

 (-2.07) (2.00) (0.32) (0.93) (0.06) (-1.00)    

Female head 0.012 -0.102** 0.020 -0.017 0.005 0.084**  

 (0.57) (-2.44) (0.71) (-0.89) (0.13) (2.06)    

Dependency ratio -0.030 -0.468*** -0.035 0.073** 0.240*** 0.023    

 (-0.81) (-6.59) (-0.70) (2.16) (3.06) (0.32)    

Number of people in the hh -0.007** 0.067*** 0.001 -0.005 -0.003 -0.014**  

 (-1.97) (9.70) (0.26) (-1.57) (-0.37) (-2.03)    

Drought or flood shock -0.047* 0.255*** -0.022 -0.021 0.095 -0.262*** 

 (-1.70) (4.60) (-0.51) (-0.81) (1.41) (-4.51)    

Chronic/severe illness of hh members 0.002 -0.081 -0.035 0.009 0.013 -0.026    

 (0.09) (-1.60) (-1.18) (0.36) (0.22) (-0.48)    

Death of hh member 0.061** 0.031 0.025 0.002 0.058 -0.073    

 (2.40) (0.66) (0.82) (0.11) (1.07) (-1.53)    

Livestock death or cattle rustling -0.023 0.065 0.073 -0.019 0.076 -0.212*** 

 (-0.71) (1.04) (1.50) (-0.65) (0.96) (-3.05)    

Share of flat parcels 0.030 0.032 0.085*** 0.014 0.020 -0.164*** 

 (1.49) (0.85) (3.14) (0.79) (0.46) (-4.13)    

Share of steep/hilly parcels -0.016 0.032 -0.048 -0.044 -0.042 -0.017    

 (-0.43) (0.45) (-1.18) (-1.22) (-0.43) (-0.22)    

Share of parcels with loamy soil texture 0.008 -0.113** -0.108*** -0.004 -0.049 0.397*** 

 (0.30) (-2.36) (-2.78) (-0.17) (-0.92) (8.04)    

Share of parcels with sandy soil texture -0.003 0.019 -0.089* -0.073** 0.080 0.034    

 (-0.08) (0.27) (-1.67) (-2.20) (1.13) (0.52)    

Share of parcels with clay soil texture 0.021 0.086 -0.102 -0.029 0.003 -0.192**  

 (0.50) (1.10) (-1.31) (-0.81) (0.03) (-2.38)    

Constant 2.544*** 2.478*** 1.920*** -1.244*** -2.398*** -4.686*** 

 (8.21) (3.22) (3.07) (-9.01) (-4.03) (-5.47)    

       

R2 0.589 0.418 0.672 0.670 0.671 0.500    

No of cases 6027 6027 1692 3229 1301 6381    

F test 323.5 208.7 58.5 123.0 96.1 374.4    

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 
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Table 19. Overuse of inputs (maize>.7) 

 Overuse 

land 

Overuse 

labor 

Overuse 

inorg. Fert. 

Overuse 

white seed 

Overuse hybrid 

seed 

 Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat    

      

Log land size (ha) 0.048 0.150 -0.022 0.067 -0.018    

 (0.75) (1.12) (-0.30) (0.74) (-0.21)    

Smallholder 0.134 1.024*** -0.064 0.035 -0.108    

 (0.77) (2.79) (-0.32) (0.13) (-0.43)    

Smallholder*Log land size -0.156 -0.568* 0.073 0.130 -0.024    

 (-0.96) (-1.71) (0.39) (0.50) (-0.10)    

Secure land rights -0.004 0.203** 0.040 0.197*** -0.106    

 (-0.08) (2.36) (0.74) (2.88) (-1.64)    

Share of land on cash crops -0.254* 0.710** 1.057*** -0.173 -0.150    

 (-1.65) (2.35) (4.99) (-0.79) (-0.68)    

Inorganic fertilizer from market related source -0.079 0.162 0.128** -0.190** -0.003    

 (-1.37) (1.58) (2.18) (-2.05) (-0.03)    

Log number of loans -0.093 0.007 0.102 0.089 0.177    

 (-1.38) (0.05) (1.09) (0.84) (1.08)    

Share of formal credit -0.192** -0.192 0.014 -0.082 -0.198    

 (-2.17) (-0.85) (0.08) (-0.50) (-0.80)    

Share of informal credit 0.107 -0.122 -0.091 0.024 -0.150    

 (1.49) (-0.84) (-0.97) (0.22) (-1.12)    

Log expenditures on tractor/oxen/plough (kshs) -0.018*** -0.026** 0.000 0.011 0.005    

 (-3.33) (-2.31) (0.00) (1.11) (0.44)    

Share of food on total expenditures 0.070 0.762*** -0.074 0.033 -0.037    

 (0.65) (3.41) (-0.57) (0.20) (-0.21)    

Share of labor outside of farm and business HH 0.034 -2.023*** 0.047 0.074 -0.155*   

 (0.59) (-16.13) (0.64) (0.83) (-1.87)    

Share of farm income -0.215*** -0.004 -0.074 0.015 -0.268*** 

 (-3.94) (-0.03) (-1.04) (0.17) (-2.95)    

Allocative efficient -0.010*** -0.041*** -0.010*** -0.027*** -0.006*** 

 (-38.36) (-25.94) (-25.47) (-21.23) (-11.76)    

Log education of hh head (years) -0.017 0.003 0.002 -0.008 0.030    

 (-0.91) (0.09) (0.06) (-0.27) (0.97)    

Log age of hh head 0.057 0.484*** 0.007 -0.054 0.235*   

 (0.89) (3.36) (0.07) (-0.53) (1.86)    

Female head 0.062 -0.365*** -0.022 -0.057 -0.073    

 (1.44) (-3.85) (-0.43) (-0.89) (-1.18)    

Dependency ratio -0.023 -0.349** 0.061 0.094 0.265**  

 (-0.29) (-1.97) (0.57) (0.78) (2.08)    

Number of people in the hh -0.005 0.089*** 0.001 0.009 -0.011    

 (-0.66) (5.43) (0.09) (0.79) (-0.87)    

Drought or flood shock -0.020 0.438*** 0.097 0.048 0.119    

 (-0.38) (3.63) (1.00) (0.55) (1.22)    

Chronic/severe illness of hh members 0.015 0.019 0.012 -0.029 0.026    

 (0.28) (0.15) (0.18) (-0.32) (0.34)    

Death of hh member -0.006 0.255** -0.038 -0.064 0.019    

 (-0.11) (2.44) (-0.63) (-0.84) (0.24)    

Livestock death or cattle rustling 0.041 0.183 0.130* 0.082 0.086    

 (0.64) (1.43) (1.85) (0.75) (0.85)    

Share of flat parcels -0.017 -0.124 -0.013 0.099 -0.020    

 (-0.44) (-1.50) (-0.25) (1.57) (-0.33)    

Share of steep/hilly parcels -0.032 -0.014 -0.074 -0.063 -0.076    

 (-0.29) (-0.09) (-0.72) (-0.47) (-0.52)    

Share of parcels with loamy soil texture 0.030 -0.190* -0.034 -0.039 -0.079    

 (0.58) (-1.75) (-0.46) (-0.50) (-0.98)    

Share of parcels with sandy soil texture 0.080 -0.124 0.002 0.028 0.003    

 (1.11) (-0.71) (0.02) (0.27) (0.02)    

Share of parcels with clay soil texture 0.023 -0.095 -0.124 -0.130 -0.029    

 (0.28) (-0.57) (-0.84) (-1.07) (-0.18)    

Constant 1.071*** 0.637 1.116** 2.578*** -0.127    

 (3.54) (0.78) (2.04) (3.25) (-0.22)    

      

R2 0.319 0.313 0.209 0.277 0.146    

No of cases 1456 2041 1056 986 433    

F test 62.0 44.4 33.8 19.0 .    

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 
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Table 20. Underuse of inputs (maize>.7) 

 Underuse 

land 

Underuse 

labor 

Underuse 

inorg. Fert.  

Underuse 

white seed 

Underuse hybrid 

seed    

 Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat    

      

Log land size (ha) -0.049 0.071 -0.186* -0.121 -0.079    

 (-0.78) (0.50) (-1.66) (-1.55) (-0.83)    

Smallholder -0.120 0.956** 0.412 0.439** 0.274    

 (-0.70) (2.32) (1.26) (2.09) (1.00)    

Smallholder*Log land size 0.083 -0.891** -0.417 -0.114 -0.381    

 (0.52) (-2.25) (-1.35) (-0.57) (-1.50)    

Secure land rights -0.002 -0.110 0.119 0.036 -0.050    

 (-0.05) (-1.05) (1.41) (0.77) (-0.74)    

Share of land on cash crops -0.136 0.288 0.131 0.455*** -0.502**  

 (-0.95) (0.90) (0.47) (2.81) (-2.35)    

Inorganic fertilizer from market related source 0.119** -0.101 1.340*** -0.109* 0.102    

 (2.54) (-0.80) (10.54) (-1.84) (1.13)    

Log number of loans -0.196** -0.027 -0.055 0.075 -0.059    

 (-2.23) (-0.16) (-0.44) (0.89) (-0.56)    

Share of formal credit 0.192 0.168 0.098 -0.153 -0.011    

 (1.35) (0.65) (0.45) (-1.08) (-0.05)    

Share of informal credit 0.184** 0.089 0.089 0.041 0.031    

 (2.44) (0.48) (0.71) (0.49) (0.28)    

Log expenditures on tractor/oxen/plough (kshs) 0.003 -0.006 -0.022* -0.021*** -0.008    

 (0.65) (-0.48) (-1.73) (-3.19) (-0.79)    

Share of food on total expenditures 0.324*** 0.571** -0.059 0.426*** -0.188    

 (3.03) (2.12) (-0.29) (3.69) (-1.13)    

Share of labor outside of farm and business HH -0.038 0.120 0.240** -0.006 0.008    

 (-0.73) (1.40) (2.45) (-0.09) (0.10)    

Share of farm income -0.043 -0.230* -0.283*** -0.174*** -0.067    

 (-0.86) (-1.93) (-2.99) (-2.96) (-0.82)    

Allocative efficient 0.008*** 0.008*** 0.022*** 0.032*** 0.017*** 

 (34.68) (10.21) (18.10) (75.39) (21.76)    

Log education of hh head (years) 0.031* 0.018 0.025 -0.017 0.014    

 (1.72) (0.43) (0.76) (-0.88) (0.51)    

Log age of hh head 0.111* 0.350*** -0.057 0.070 -0.024    

 (1.84) (2.63) (-0.51) (0.98) (-0.25)    

Female head 0.100*** 0.092 0.090 -0.071 0.069    

 (2.64) (0.99) (1.19) (-1.63) (1.12)    

Dependency ratio -0.027 0.233 0.086 0.176** 0.094    

 (-0.38) (1.45) (0.62) (2.08) (0.83)    

Number of people in the hh 0.001 0.004 -0.024* 0.005 -0.018    

 (0.17) (0.24) (-1.84) (0.67) (-1.61)    

Drought or flood shock -0.127** -0.098 -0.315*** 0.178*** -0.167*   

 (-2.47) (-0.77) (-3.13) (2.83) (-1.81)    

Chronic/severe illness of hh members -0.054 0.014 -0.151 0.029 -0.079    

 (-0.92) (0.12) (-1.39) (0.46) (-0.91)    

Death of hh member -0.075* 0.019 -0.322*** 0.015 -0.222*** 

 (-1.71) (0.18) (-3.53) (0.29) (-2.99)    

Livestock death or cattle rustling -0.070 0.165 -0.549*** 0.134* -0.077    

 (-1.18) (1.35) (-4.13) (1.86) (-0.70)    

Share of flat parcels -0.014 -0.043 -0.096 -0.021 -0.062    

 (-0.38) (-0.53) (-1.37) (-0.50) (-1.05)    

Share of steep/hilly parcels 0.005 -0.110 0.169 -0.224** 0.092    

 (0.07) (-0.38) (0.92) (-2.46) (0.67)    

Share of parcels with loamy soil texture -0.057 0.075 0.112 -0.062 -0.094    

 (-1.24) (0.60) (1.28) (-1.14) (-1.26)    

Share of parcels with sandy soil texture -0.044 0.390** 0.115 0.072 0.047    

 (-0.55) (2.21) (1.06) (0.93) (0.48)    

Share of parcels with clay soil texture -0.040 0.297* -0.337*** -0.084 -0.038    

 (-0.51) (1.94) (-2.91) (-0.92) (-0.33)    

Constant -1.309*** -3.095*** -1.543 -4.893*** -1.912*   

 (-4.55) (-4.68) (-1.26) (-8.65) (-1.92)    

      

R2 0.362 0.555 0.341 0.775 0.106    

No of cases 1000 252 1237 2207 1830    

F test . . 26.1 202.5 23.4    

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 
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Labor intensity, land shirking and farm size 

In the regressions for labor and land, the coefficients for land size, the smallholder binary 

variable and their interaction term (Tables 18, 19 and 20), worth further discussion and 

examination (coefficients in bold). Theory and evidence26, suggest an inverse relationship 

between labor intensity and farm size, which has implications for productivity (i.e. the inverse 

farm size productivity relationship). Also, it is discussed frequently that in larger farms land is 

difficult to manage either because of its size or because a greater quantity of labor is used 

which makes difficult its efficient supervision.  

In our specifications appears that farm size is not correlated with overuse of labor; in the full 

sample the size coefficients are insignificant while the smallholder binary is significant at 5 

percent level; in the maize producers’ sample the smallholder binary variable is the significant 

as well as the interaction term. As a result, just the fact that somebody is characterized 

smallholder (and what this may imply) is sufficient to indicate overuse of labor.  

Moreover, in the regressions referring to land underuse there is no evidence of land shirking. 

On the other hand there is no evidence of the flipside; that is that greater farm size is associated 

with less overuse of land. 

The selected farm size threshold (land weighted median) likely influences the results; the 

underuse labor regressions indicate that land size distribution within the smallholders group, 

does matter. We explore these relations in more depth, by employing a series of alternative 

thresholds. We rerun the labor and land regressions, using as thresholds: 

 Land weighted median threshold reduced by 20 percent; 

 1 hectare; 

 Average farm size and; 

 Median farm size. 

The results (only for the three variables of interest) are reported in Tables 21 and 22 for labor 

and 23 and 24 for land, for both samples. Two major observations emerge from Tables 21 and 

22, regarding overuse of labor.  

The inverse relation between labor intensity and farm size is evident when the binary variable 

identifying smallholders is excluded as well as when the threshold lowers. Being a smallholder 

however, is strongly associated with greater labor overuse, irrespective of most thresholds. 

Especially in the sample of maize producers, controlling for smallholders no matter of the 

threshold, is associated with greater overuse of labor, while the inverse relation with farm size 

disappears almost always (it is statistically insignificant even though the sign is right).  

On the other hand, regarding underuse of labor, labor shirking is evident in both samples. As 

farm size increases, it is more likely that labor is underused and the threshold does not seem 

to play any role. Being a smallholder does not seem to play any significant role in the underuse 

of the factor.  

Regarding land, we don’t get evidence on land shirking (Tables 23 and 24). In the full sample, 

larger farms are correlated with smaller underuse of land and this persists when we control for 

smallholders. Finally when we control in addition for the distribution of size within smallholders, 

any significant evidence, disappears.   

                                                
26 Chapter 2 in Bardhan and Udry (1999) and Byiringiro and Reardon (1996), among many others. 
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Farm size alone does have a positive impact in overuse of land (full sample). When controlling 

for smallholders we get some evidence that overuse of land increases both with farm size as 

well as because somebody is characterized smallholder (the former result being rather 

counterintuitive). Finally, in the case we control for the distribution of land within smallholders, 

we get weak evidence that land overuse has nothing to do with farm size but only with the fact 

that a farmer is smallholder.  

Apparently and beyond farm size thresholds, the multidimensional character of smallholders, 

does affect input choices irrespective of any market signals, for a significant number of times. 
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Table 21. Labor intensity and farm size (all farmers) 

 Overuse Underuse 

 hectare weighted median: 1.42ha 

Log land size (ha) -0.247*** -0.225*** -0.055 -0.082*** -0.103*** 0.206 

Smallholder  0.082 0.210**  -0.096 0.135 

Smallholder*Log land size   -0.181   -0.319* 

Proportion of smallholders: 82%       

 -20% from hectare weighted median: 1.14ha 

Log land size (ha)  -0.206*** -0.135  -0.094*** 0.158 

Smallholder  0.117** 0.151**  -0.045 0.082 

Smallholder*Log land size   -0.082   -0.271** 

Proportion of smallholders: 72%       

 1ha 

Log land size (ha)  -0.205*** -0.182**  -0.077** 0.177* 

Smallholder  0.109** 0.117**  0.008 0.111 

Smallholder*Log land size   -0.029   -0.278*** 

Proportion of smallholders: 67.5%       

 mean farm size: .92ha 

Log land size (ha)  -0.200*** -0.183***  -0.067** 0.187* 

Smallholder  0.122** 0.126**  0.045 0.134* 

Smallholder*Log land size   -0.021   -0.283*** 

Proportion of smallholders: 66.5%       

 median farm size: .61ha 

Log land size (ha)  -0.221*** -0.258***  -0.050 0.076 

Smallholder  0.062 0.086  0.084 0.054 

Smallholder*Log land size   0.065   -0.169** 

Proportion of smallholders: 50%       

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 

 

Table 22. Labor intensity and farm size (maize>.7) 

 Overuse Underuse 

 hectare weighted median 1.21ha 

Log land size (ha) -0.178*** -0.035 0.150 -0.253*** -0.235*** 0.071 

Smallholder  0.462*** 1.024***  0.070 0.956** 

Smallholder*Log land size   -0.568*   -0.891** 

Proportion of smallholders: 76%       

 -20% from hectare weighted median: .97ha 

Log land size (ha)  -0.051 0.031  -0.242*** 0.077 

Smallholder  0.364*** 0.622*  0.033 0.967** 

Smallholder*Log land size   -0.302   -1.053** 

Proportion of smallholders: 70.2%       

 1ha 

Log land size (ha)  -0.058 0.046  -0.238*** 0.074 

Smallholder  0.342*** 0.665*  0.046 0.959** 

Smallholder*Log land size   -0.373   -1.015** 

Proportion of smallholders: 70.8%       

 mean farm size: .84ha 

Log land size (ha)  -0.042 0.015  -0.239*** 0.074 

Smallholder  0.376*** 0.555  0.040 0.958** 

Smallholder*Log land size   -0.218   -1.066** 

Proportion of smallholders: 68.3%       

 median farm size: .61ha 

Log land size (ha)  -0.083 -0.179*  -0.155** 0.005 

Smallholder  0.226* -0.118  0.236* 0.740* 

Smallholder*Log land size   0.598   -0.843 

Proportion of smallholders: 50%       

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 
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Table 23. Land shirking and farm size (all farmers) 

 Overuse Underuse 

 hectare weighted median 1.42ha 

Log land size (ha) 0.034*** 0.042*** 0.052 0.022** 0.028** 0.029 

Smallholder  0.028 0.036  0.025 0.026 

Smallholder*Log land size   -0.011   -0.000 

Proportion of smallholders: 82%       
 -20% from hectare weighted median: 1.14ha 

Log land size (ha)  0.048*** 0.044  0.023* 0.007 

Smallholder  0.042 0.040  0.001 -0.006 

Smallholder*Log land size   0.005   0.017 

Proportion of smallholders: 72%       

 1ha 

Log land size (ha)  0.054*** 0.047  0.018 0.002 

Smallholder  0.053* 0.051*  -0.011 -0.016 

Smallholder*Log land size   0.008   0.019 

Proportion of smallholders: 67.5%       

 mean farm size: .92ha 

Log land size (ha)  0.056*** 0.048  0.020 0.008 

Smallholder  0.058** 0.056*  -0.006 -0.009 

Smallholder*Log land size   0.010   0.014 

Proportion of smallholders: 66.5%       

 median farm size: .61ha 

Log land size (ha)  0.041** 0.012  0.035** 0.028 

Smallholder  0.017 0.035  0.031 0.034 

Smallholder*Log land size   0.049   0.012 

Proportion of smallholders: 50%       

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 

 

Table 24. Land shirking and farm size (maize>.7) 

 Overuse Underuse 
 hectare weighted median 1.21ha 

Log land size (ha) 0.004 -0.002 0.048 -0.009 -0.022 -0.049 

Smallholder  -0.021 0.134  -0.042 -0.120 

Smallholder*Log land size   -0.156   0.083 

Proportion of smallholders: 76%       

 -20% from hectare weighted median: .97ha 

Log land size (ha)  0.021 0.062  -0.045 -0.025 

Smallholder  0.049 0.179  -0.098* -0.041 

Smallholder*Log land size   -0.153   -0.065 

Proportion of smallholders: 70.2%       

 1ha 

Log land size (ha)  0.015 0.062  -0.042 -0.027 

Smallholder  0.034 0.181  -0.092 -0.047 

Smallholder*Log land size   -0.170   -0.050 

Proportion of smallholders: 70.8%       

 mean farm size: .84ha 

Log land size (ha)  0.036 0.062  -0.054* -0.019 

Smallholder  0.091 0.175  -0.119** -0.017 

Smallholder*Log land size   -0.102   -0.120 

Proportion of smallholders: 68.3%       

 median farm size: .61ha 

Log land size (ha)  0.012 0.026  -0.013 0.056 

Smallholder  0.021 0.070  -0.009 0.221 

Smallholder*Log land size   -0.087   -0.391* 

Proportion of smallholders: 50%       

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 
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Concluding remarks 

We analyse allocative or price efficiency of major input factors for farmers in Kenya. Marginal 

value products are estimated for land, labor, inorganic fertilizer and seeds, at the farm 

household level and compared with marginal costs as approximated by their prevailing market 

prices. Price efficient and inefficient farmers are identified and equivalent value losses are 

computed as shares of household income, per hectare and for the society.  

A very high proportion of farmers are subjected to significant price inefficiency levels and 

substantial equivalent value losses are estimated for all factors. In the case of labor, losses 

are sufficiently high that if labor is paid the market wage rate instead, income from agriculture 

in the society would double. Losses from inefficient use of land, inorganic fertilizer and seeds 

are smaller but also significant by all the different means we measure them.  

Apparently, input choices of Kenyan farmers widely deviate from what the prevailing market 

conditions suggest. We explore systematically the correlates of inefficiency levels. Entry 

barriers and transaction costs increase inefficiencies as they limit access to credit markets; 

human and physical capital constraints matter; greater market integration reduces 

inefficiencies, while risks, preferences and land characteristics also affect the use of inputs on 

the farm.  

Poverty is an important contributor to inefficiencies as it appears that lack of access to 

resources is one of the major factors that some inputs are underemployed. Finally, it is noted 

the importance of outside the farm opportunities as their lack is a significant reason that factors 

(especially labor and land) are overused.  

Descriptive analysis indicates that input price inefficiency levels co-move with farm size; as 

farm size increases, losses as share of household income decline for labor but increase for 

land, fertilizer and seeds. Losses per hectare of cultivated land, for all inputs decline with farm 

size. A significant part of these correlations emerge also from the multivariate analysis on the 

determinants of inefficiencies. In addition, we get relatively strong evidence that categorizing 

a farmer as smallholder has significant implications for allocative efficiency; being a 

smallholder is correlated with overuse of land and labor.  

In this research we are not able to examine the possible impacts that specific policies in the 

country, may have in the levels of inefficiency. However, some policy lessons are rather 

straightforward, pointing at the importance of access to resources and especially opportunities 

to reduce inefficiencies. Lack of resources and opportunities are almost always binding 

constraints for small farmers.  

First, measures to facilitate integration to markets either for input acquisition or for output sales 

are necessary in order to enhance the ability of farmers to benefit from access to higher 

frequency market signals, in case this is impaired. In other words, better access to markets is 

not necessarily inefficiency reducing or profitable per se; it becomes so when farmers learn to 

adjust their decisions in response of those signals. Second, transaction costs and entry barriers 

should also be reduced or eliminated with regards to financial and physical capital markets. 

Lack of access to credit and capital imply significant value losses in almost all cases examined. 

Improvements in the quality of human capital are also an important factor in reducing 

inefficiencies.  

In the outset though, we consider that the most important policy relevant point emerging from 

the analysis, is the necessity to follow balanced overall economic development approaches. 



 

39 
 

That is, policies that reduce entry barriers and transaction costs, which improve the functioning 

of agricultural markets and assist in increasing productivity of farmers are only one part of the 

possible solution. The other part is to note that opportunities outside the farming sector are 

also important in reducing inefficiencies; the challenge for policy is to make these opportunities 

available. Promoting balanced policy approaches is possibly the most effective way to reduce 

inefficiencies from labor oversupply, the size of which is so high that influences the efficient 

use of other factors too. 
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Annexes 

Figure 1 to 3. Allocative efficiency of inputs (all farmers) 

   

Figure 4 to 8. Allocative efficiency of inputs (maize>.7) 
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F3. Allocative efficiency: Inorganic fertiliser (all farmers)
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F4. Allocative efficiency: Land (maize >.7)
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F6. Allocative efficiency: Inorganic fertiliser (maize >.7)

-1
0

-5
0

5
1
0

W
h

it
e
 m

a
iz

e
 s

e
e

d
 -

 M
V

P
 (

lo
g

s
)

-4 -2 0 2 4
Log farm size (ha)

Underuse

0.00-0.25ha
0.25-0.50ha
0.50-0.75ha
0.75-1.00ha
1.00-1.50ha
1.50-2.50ha

>2.50ha

F7. Allocative efficiency: White maize seeds (maize >.7)
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Figure 9 to 11. Losses per hectare and farm size (all farmers) 

  
 

Figure 12 to 16. Losses per hectare and farm size (maize>.7) 
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F9. Losses per hectare and farm size: land
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F10. Losses per hectare and farm size: labor
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F11. Losses per hectare and farm size: inorg. fert.
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F12. Losses per hectare and farm size: land
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F13. Losses per hectare and farm size: labor
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F14. Losses per hectare and farm size: inorg. fert.
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F15. Losses per hectare and farm size: white maize seed
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F16. Losses per hectare and farm size: hybrid maize seed



 

 

Annex of descriptive statistics by farm size  

Table A1. Descriptive statistics by land groups  

 All farmers Maize>.7 

 Hhs Population Hhs Population 

 % 

0.00 - 0.25 ha 19.2 16.0 21.4 17.5 

0.25 - 0.50 ha 21.6 19.9 23.1 21.2 

0.50 - 0.75 ha 13.6 13.8 12.2 12.8 

0.75 - 1.00 ha 13.0 13.2 14.0 14.3 

1.00 - 1.50 ha 15.3 16.6 13.6 14.9 

1.50 - 2.50 ha 11.8 13.6 11.3 13.5 

> 2.50 ha 5.4 6.9 4.3 5.8 

     
Total 100.0 100.0 100.0 100.0 

 number 

Total 4056559 22668591 1284287 7307056 

 

Table A2. Descriptive statistics by land groups (all farmers) 

 Hh size 
Age of hh 
head 

Share of female 
headed 

Dependency 
ratio 

Education of 
hh head 

      
0.00 - 0.25 ha 4.64 46.47 0.36 0.41 5.62 

0.25 - 0.50 ha 5.14 47.70 0.34 0.39 5.85 

0.50 - 0.75 ha 5.66 47.74 0.28 0.38 6.17 

0.75 - 1.00 ha 5.66 48.66 0.31 0.37 5.95 

1.00 - 1.50 ha 6.06 49.64 0.26 0.37 6.08 

1.50 - 2.50 ha 6.49 50.11 0.28 0.36 6.27 

> 2.50 ha 7.11 51.89 0.24 0.35 6.52 

      
Total 5.59 48.40 0.31 0.38 5.98 

 

Table A3. Descriptive statistics by land groups (maize>.7) 

 Hh size 
Age of hh 
head 

Share of 
female headed 

Dependency 
ratio 

Education of 
hh head 

      
0.00 - 0.25 ha 4.66 46.07 0.37 0.43 5.48 

0.25 - 0.50 ha 5.22 47.58 0.32 0.40 5.72 

0.50 - 0.75 ha 5.95 46.82 0.33 0.38 6.06 

0.75 - 1.00 ha 5.80 46.25 0.32 0.40 6.09 

1.00 - 1.50 ha 6.23 48.41 0.25 0.37 5.99 

1.50 - 2.50 ha 6.78 50.00 0.28 0.36 6.22 

> 2.50 ha 7.70 51.52 0.29 0.33 6.62 

      
Total 5.69 47.53 0.32 0.39 5.90 

 

  



 

 

Table A4. Household income and welfare 

 All farmers Maize>.7 

 

Gross income 
(kshs) 

Share 
from crops 

Share 
from 
livestock 

Share of 
exp. on food 

Gross income 
(kshs) 

Share 
from crops 

Share 
from 
livestock 

Share of 
exp. on food 

         

0.00 - 0.25 ha 71 227 0.32 0.10 0.69 54 317 0.31 0.12 0.72 

0.25 - 0.50 ha 84 159 0.37 0.11 0.68 83 850 0.35 0.11 0.68 

0.50 - 0.75 ha 100 598 0.39 0.13 0.66 90 985 0.36 0.13 0.66 

0.75 - 1.00 ha 104 319 0.41 0.14 0.67 84 084 0.38 0.13 0.68 

1.00 - 1.50 ha 96 108 0.42 0.14 0.65 87 078 0.42 0.14 0.63 

1.50 - 2.50 ha 117 872 0.40 0.14 0.63 123 049 0.38 0.12 0.63 

> 2.50 ha 162 530 0.42 0.14 0.60 165 177 0.42 0.12 0.58 

         

Total 96 587 0.38 0.12 0.66 86 822 0.36 0.13 0.67 

 

 

Table A5. Shares of crop production from maize and beans (all farmers) 

 White maize Hybrid maize Yellow maize Katumani maize Beans 

      
0.00 - 0.25 ha 0.30 0.19 0.02 0.00 0.15 

0.25 - 0.50 ha 0.27 0.21 0.02 0.01 0.14 

0.50 - 0.75 ha 0.24 0.20 0.02 0.01 0.13 

0.75 - 1.00 ha 0.27 0.21 0.01 0.01 0.14 

1.00 - 1.50 ha 0.26 0.18 0.01 0.01 0.15 

1.50 - 2.50 ha 0.29 0.18 0.01 0.01 0.14 

> 2.50 ha 0.22 0.18 0.01 0.01 0.15 

      
Total 0.27 0.20 0.02 0.01 0.14 

 

Table A6. Shares of crop production from maize* and beans (maize>.7) 

 White maize Hybrid maize Beans 

    
0.00 - 0.25 ha 0.53 0.39 0.06 

0.25 - 0.50 ha 0.50 0.41 0.06 

0.50 - 0.75 ha 0.43 0.46 0.08 

0.75 - 1.00 ha 0.48 0.41 0.08 

1.00 - 1.50 ha 0.46 0.41 0.07 

1.50 - 2.50 ha 0.50 0.39 0.06 

> 2.50 ha 0.36 0.54 0.06 

    
Total 0.48 0.41 0.06 

* No production of yellow or katoumani maize. 

 

  



 

 

Table A7.  Sales of crops 

 All farmers Maize>.7 

 

Hhs 
selling 

Sales 
in farm 
income 

White 
maize 
sales in 
farm 
income 

Hybrid 
maize 
sales in 
farm 
income 

Share of 
land on 
cash 
crops 

Hhs 
selling 

Sales 
in farm 
income 

White 
maize 
sales in 
farm 
income 

Hybrid 
maize 
sales in 
farm 
income 

Share of 
land on 
cash 
crops 

           
0.00 - 0.25 ha 0.37 0.19 0.02 0.01 0.13 0.20 0.06 0.03 0.02 0.03 

0.25 - 0.50 ha 0.53 0.25 0.03 0.03 0.14 0.40 0.15 0.07 0.06 0.03 

0.50 - 0.75 ha 0.58 0.28 0.02 0.04 0.16 0.46 0.16 0.05 0.09 0.08 

0.75 - 1.00 ha 0.62 0.29 0.04 0.05 0.14 0.51 0.19 0.07 0.10 0.05 

1.00 - 1.50 ha 0.64 0.30 0.05 0.05 0.14 0.55 0.24 0.08 0.12 0.07 

1.50 - 2.50 ha 0.63 0.31 0.05 0.05 0.12 0.51 0.22 0.08 0.11 0.08 

> 2.50 ha 0.75 0.42 0.06 0.09 0.13 0.71 0.37 0.06 0.28 0.05 

           
Total 0.56 0.27 0.03 0.04 0.14 0.43 0.17 0.06 0.09 0.05 

 

Table A8. Input use (all farmers) 

 Land 
size (ha) 

Inorganic 
fertilizer (kg) 

Labor days 
yearly 

Share of hhs 
hiring labor 

Number of 
big animals 

White maize 
seeds (kg) 

Hybrid maize 
seeds (kg) 

        
0.00 - 0.25 ha 0.16 19 156 0.22 0.57 1.5 1.1 

0.25 - 0.50 ha 0.39 35 230 0.34 0.80 2.9 2.3 

0.50 - 0.75 ha 0.61 51 254 0.40 0.92 4.5 2.8 

0.75 - 1.00 ha 0.83 62 278 0.42 1.03 5.4 4.0 

1.00 - 1.50 ha 1.20 67 298 0.44 1.12 7.5 4.7 

1.50 - 2.50 ha 1.89 84 320 0.49 1.52 12.2 5.8 

> 2.50 ha 3.83 140 322 0.51 1.98 15.9 12.6 

        
Total 0.92 54 251 0.38 1.00 5.7 3.7 

 

 

Table A9. Input use (maize>.7) 

 

Land 
size (ha) 

Inorganic 
fertilizer (kg) 

Labor days 
yearly 

Share of hhs 
hiring labor 

Number of 
big animals 

White maize 
seeds (kg) 

Hybrid maize 
seeds (kg) 

        
0.00 - 0.25 ha 0.15 12 145 0.21 0.59 1.9 1.9 

0.25 - 0.50 ha 0.39 25 199 0.31 1.13 3.6 3.2 

0.50 - 0.75 ha 0.61 40 209 0.36 1.33 4.4 4.8 

0.75 - 1.00 ha 0.83 47 232 0.42 1.16 7.4 5.5 

1.00 - 1.50 ha 1.18 54 285 0.43 1.35 8.8 7.2 

1.50 - 2.50 ha 1.89 95 278 0.45 1.96 14.4 8.9 

> 2.50 ha 3.70 230 217 0.53 3.50 15.3 31.3 

        
Total 0.85 48 214 0.35 1.27 6.3 5.8 

 

 

  



 

 

Table A10. Credit access (all farmers) 

 

Share of hhs 
borrowing 

Amount of 
credit (kshs) 

Share of 
formal credit 

Share from 
saccos 

Share of 
informal credit 

      
0.00 - 0.25 ha 0.31 16 130 0.06 0.05 0.84 

0.25 - 0.50 ha 0.31 16 154 0.08 0.12 0.76 

0.50 - 0.75 ha 0.31 12 000 0.07 0.11 0.75 

0.75 - 1.00 ha 0.32 14 249 0.09 0.15 0.71 

1.00 - 1.50 ha 0.35 15 535 0.11 0.10 0.73 

1.50 - 2.50 ha 0.35 16 819 0.15 0.10 0.70 

> 2.50 ha 0.33 24 084 0.15 0.16 0.59 

      
Total 0.32 15 777 0.09 0.11 0.75 

 

 

Table A11. Credit access (maize>.7) 

 

Share of hhs 
borrowing 

Amount of 
credit (kshs) 

Share of 
formal credit 

Share from 
saccos 

Share of 
informal credit 

      
0.00 - 0.25 ha 0.31 5 316 0.05 0.02 0.92 

0.25 - 0.50 ha 0.33 6 253 0.05 0.07 0.83 

0.50 - 0.75 ha 0.27 15 200 0.05 0.13 0.78 

0.75 - 1.00 ha 0.28 13 078 0.07 0.11 0.74 

1.00 - 1.50 ha 0.32 18 488 0.13 0.10 0.72 

1.50 - 2.50 ha 0.37 18 129 0.12 0.11 0.72 

> 2.50 ha 0.29 22 758 0.21 0.06 0.56 

      
Total 0.31 11 775 0.08 0.08 0.79 

 

 

 

  



 

 

Table 18A. Overuse and underuse of inputs (all farmers) 

 Overuse 
land 

Overuse 
labor 

Overuse 
inorg. 
Fert. 

Underuse 
land 

Underuse 
labor 

Underuse 
inorg. Fert.    

 Coef./t-
stat 

Coef./t-
stat 

Coef./t-
stat 

Coef./t-
stat 

Coef./t-
stat 

Coef./t-stat    

       
Log land size (ha) 0.037 -0.132 0.117 0.021 0.196 -0.226*   
 (0.67) (-1.14) (1.14) (0.43) (1.20) (-1.84)    
Smallholder 0.033 0.163 0.076 0.022 0.140 0.075    
 (0.65) (1.59) (0.91) (0.52) (0.95) (0.67)    
Smallholder*Log land size -0.022 -0.070 -0.118 -0.004 -0.314* -0.070    
 (-0.39) (-0.59) (-1.15) (-0.07) (-1.91) (-0.56)    
Secure land rights 0.023 0.051 0.000 0.049*** -0.038 0.086**  
 (1.15) (1.30) (0.01) (2.80) (-0.80) (2.11)    
Share of land on cash crops -0.163*** -0.758*** 0.036 -0.146*** 0.011 0.210**  
 (-3.43) (-9.00) (0.67) (-3.87) (0.12) (2.36)    
Inorganic fertilizer from market related source -0.067*** -0.238*** -0.043* -0.025 -0.003 1.130*** 
 (-2.81) (-5.14) (-1.71) (-1.20) (-0.04) (27.69)    
Log number of loans 0.095*** -0.136** 0.064 0.048* 0.104 0.133**  
 (2.77) (-2.33) (1.44) (1.86) (1.43) (2.09)    
Share of formal credit -0.099* -0.177* 0.002 -0.009 -0.066 0.076    
 (-1.83) (-1.79) (0.03) (-0.20) (-0.47) (0.67)    
Share of informal credit -0.035 0.127** -0.091* -0.038 0.035 -0.138**  
 (-0.99) (1.96) (-1.89) (-1.27) (0.45) (-2.02)    
Log expenditures on tractor/oxen/plough 
(kshs) 

-0.013*** -0.017*** -0.005 -0.004 -0.013 0.006    

 (-4.34) (-2.81) (-1.13) (-1.58) (-1.57) (0.83)    
Allocative efficient -0.016*** -0.036*** -0.014*** 0.014*** 0.019*** 0.026*** 
 (-98.97) (-86.45) (-42.44) (62.63) (53.09) (78.97)    
Log education of hh head (years) -0.024*** -0.151*** -0.002 0.000 -0.030 0.106*** 
 (-2.62) (-7.99) (-0.17) (0.02) (-1.41) (5.91)    
Log age of hh head -0.070** 0.183*** 0.007 0.023 -0.010 -0.071    
 (-2.23) (2.75) (0.16) (0.79) (-0.16) (-1.12)    
Female head 0.019 -0.066 0.020 -0.011 -0.010 0.093**  
 (0.86) (-1.52) (0.73) (-0.56) (-0.23) (2.30)    
Dependency ratio -0.047 -0.201*** -0.054 0.067** 0.273*** -0.032    
 (-1.29) (-2.79) (-1.12) (2.04) (3.55) (-0.45)    
Number of people in the hh -0.004 0.060*** 0.002 -0.003 -0.003 -0.010    
 (-1.16) (8.38) (0.48) (-1.10) (-0.35) (-1.46)    
Drought or flood shock -0.051* 0.282*** -0.027 -0.019 0.096 -0.267*** 
 (-1.86) (4.91) (-0.62) (-0.74) (1.44) (-4.60)    
Chronic/severe illness of hh members -0.005 -0.063 -0.039 0.007 0.012 -0.032    
 (-0.21) (-1.20) (-1.31) (0.27) (0.21) (-0.59)    
Death of hh member 0.059** 0.035 0.026 0.001 0.061 -0.073    
 (2.30) (0.74) (0.86) (0.04) (1.14) (-1.53)    
Livestock death or cattle rustling -0.038 0.099 0.068 -0.023 0.069 -0.230*** 
 (-1.15) (1.53) (1.39) (-0.80) (0.89) (-3.29)    
Share of flat parcels 0.032 0.006 0.088*** 0.014 0.019 -0.158*** 
 (1.57) (0.15) (3.21) (0.79) (0.45) (-3.97)    
Share of steep/hilly parcels -0.022 0.094 -0.050 -0.042 -0.048 -0.032    
 (-0.57) (1.29) (-1.24) (-1.16) (-0.48) (-0.40)    
Share of parcels with loamy soil texture -0.000 -0.127** -0.111*** -0.007 -0.055 0.393*** 
 (-0.02) (-2.55) (-2.83) (-0.31) (-1.04) (7.92)    
Share of parcels with sandy soil texture -0.010 0.052 -0.093* -0.072** 0.071 0.028    
 (-0.26) (0.72) (-1.73) (-2.18) (1.00) (0.41)    
Share of parcels with clay soil texture 0.008 0.099 -0.101 -0.029 -0.009 -0.198**  
 (0.20) (1.22) (-1.29) (-0.82) (-0.10) (-2.45)    
Constant 2.572*** 1.897** 1.937*** -1.251*** -2.261*** -4.684*** 
 (8.13) (2.54) (3.05) (-9.55) (-3.83) (-5.52)    
       
R2 0.583 0.371 0.671 0.668 0.671 0.498    
No of cases 6028 6028 1692 3230 1302 6382    
F test 349.0 291.3 63.8 133.4 105.4 409.5    

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 

 

 

  



 

 

Table 19A. Overuse of inputs (maize>.7) 

 Overuse 
land 

Overuse 
labor 

Overuse 
inorg. 
Fert. 

Overuse 
white 
seed 

Overuse 
hybrid 
seed 

 Coef./t-
stat 

Coef./t-
stat 

Coef./t-
stat 

Coef./t-
stat 

Coef./t-stat    

      
Log land size (ha) 0.038 0.192 -0.029 0.072 -0.022    
 (0.59) (1.37) (-0.40) (0.79) (-0.26)    
Smallholder 0.163 0.952** -0.068 0.058 -0.071    
 (0.93) (2.47) (-0.34) (0.22) (-0.29)    
Smallholder*Log land size -0.182 -0.330 0.073 0.102 -0.020    
 (-1.12) (-0.94) (0.39) (0.39) (-0.08)    
Secure land rights -0.001 0.168* 0.045 0.194*** -0.090    
 (-0.02) (1.82) (0.84) (2.86) (-1.36)    
Share of land on cash crops -0.267* 0.690** 1.052*** -0.165 -0.200    
 (-1.74) (2.13) (5.00) (-0.76) (-0.97)    
Inorganic fertilizer from market related source -0.074 0.150 0.128** -0.190** -0.001    
 (-1.27) (1.39) (2.18) (-2.06) (-0.02)    
Log number of loans -0.057 -0.327** 0.138 0.091 0.214    
 (-0.83) (-2.12) (1.45) (0.87) (1.32)    
Share of formal credit -0.188** -0.276 0.005 -0.082 -0.280    
 (-2.16) (-1.13) (0.03) (-0.52) (-1.13)    
Share of informal credit 0.081 0.201 -0.126 0.021 -0.158    
 (1.13) (1.27) (-1.32) (0.19) (-1.20)    
Log expenditures on tractor/oxen/plough (kshs) -0.018*** -0.028** 0.001 0.011 0.004    
 (-3.40) (-2.35) (0.12) (1.11) (0.35)    
Allocative efficient -0.011*** -0.044*** -0.010*** -0.027*** -0.006*** 
 (-39.52) (-44.20) (-26.04) (-21.81) (-12.39)    
Log education of hh head (years) -0.008 -0.095** 0.009 -0.006 0.032    
 (-0.44) (-2.29) (0.38) (-0.22) (1.03)    
Log age of hh head 0.056 0.642*** -0.001 -0.058 0.243*   
 (0.86) (4.17) (-0.01) (-0.57) (1.95)    
Female head 0.061 -0.293*** -0.021 -0.063 -0.067    
 (1.42) (-2.94) (-0.41) (-0.99) (-1.07)    
Dependency ratio -0.041 0.095 0.034 0.084 0.225*   
 (-0.54) (0.52) (0.33) (0.71) (1.84)    
Number of people in the hh -0.004 0.067*** 0.002 0.009 -0.011    
 (-0.47) (3.74) (0.24) (0.78) (-0.80)    
Drought or flood shock -0.028 0.605*** 0.084 0.048 0.108    
 (-0.53) (4.63) (0.87) (0.54) (1.08)    
Chronic/severe illness of hh members 0.004 0.093 0.005 -0.031 0.007    
 (0.08) (0.69) (0.08) (-0.35) (0.09)    
Death of hh member -0.010 0.313*** -0.038 -0.067 -0.008    
 (-0.19) (2.77) (-0.63) (-0.87) (-0.09)    
Livestock death or cattle rustling 0.017 0.358*** 0.121* 0.077 0.073    
 (0.27) (2.76) (1.72) (0.71) (0.73)    
Share of flat parcels -0.014 -0.154* -0.007 0.101 -0.006    
 (-0.36) (-1.72) (-0.14) (1.61) (-0.09)    
Share of steep/hilly parcels -0.062 0.194 -0.082 -0.067 -0.076    
 (-0.56) (1.14) (-0.79) (-0.51) (-0.53)    
Share of parcels with loamy soil texture 0.031 -0.147 -0.039 -0.037 -0.057    
 (0.59) (-1.21) (-0.53) (-0.48) (-0.70)    
Share of parcels with sandy soil texture 0.077 -0.037 -0.006 0.028 0.006    
 (1.06) (-0.19) (-0.05) (0.27) (0.05)    
Share of parcels with clay soil texture 0.018 -0.049 -0.126 -0.129 -0.029    
 (0.22) (-0.28) (-0.86) (-1.06) (-0.18)    
Constant 1.074*** -0.380 1.073** 2.651*** -0.342    
 (3.52) (-0.48) (2.10) (3.29) (-0.62)    
      
R2 0.310 0.202 0.207 0.276 0.121    
No of cases 1456 2041 1056 986 433    
F test 69.1 100.8 39.0 20.6 .    

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 

 

 

 

  



 

 

Table 20A. Underuse of inputs (maize>.7) 

 Underuse 
land 

Underuse 
labor 

Underuse 
inorg. Fert.  

Underuse 
white seed 

Underuse 
hybrid seed    

 Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat Coef./t-stat    
      
Log land size (ha) -0.033 0.017 -0.201* -0.123 -0.082    
 (-0.53) (0.11) (-1.79) (-1.55) (-0.87)    
Smallholder -0.057 0.903** 0.454 0.486** 0.271    
 (-0.33) (2.14) (1.39) (2.30) (0.99)    
Smallholder*Log land size 0.035 -0.801** -0.481 -0.151 -0.387    
 (0.22) (-1.97) (-1.55) (-0.74) (-1.52)    
Secure land rights -0.014 -0.117 0.131 0.026 -0.042    
 (-0.36) (-1.07) (1.56) (0.55) (-0.62)    
Share of land on cash crops -0.128 0.416 0.136 0.464*** -0.516**  
 (-0.90) (1.25) (0.49) (2.85) (-2.42)    
Inorganic fertilizer from market related source 0.106** -0.116 1.341*** -0.115* 0.108    
 (2.29) (-0.88) (10.39) (-1.93) (1.20)    
Log number of loans -0.222*** 0.043 -0.002 0.069 -0.036    
 (-2.61) (0.24) (-0.02) (0.82) (-0.34)    
Share of formal credit 0.151 0.019 0.149 -0.189 0.013    
 (1.04) (0.07) (0.67) (-1.30) (0.06)    
Share of informal credit 0.196*** 0.015 0.067 0.045 0.014    
 (2.63) (0.08) (0.53) (0.55) (0.13)    
Log expenditures on tractor/oxen/plough (kshs) 0.002 -0.006 -0.021* -0.022*** -0.006    
 (0.34) (-0.49) (-1.67) (-3.45) (-0.65)    
Allocative efficient 0.008*** 0.009*** 0.022*** 0.032*** 0.017*** 
 (34.93) (10.70) (18.37) (75.64) (21.95)    
Log education of hh head (years) 0.023 0.014 0.042 -0.024 0.023    
 (1.28) (0.32) (1.28) (-1.25) (0.83)    
Log age of hh head 0.109* 0.319** -0.080 0.066 -0.027    
 (1.81) (2.35) (-0.71) (0.93) (-0.29)    
Female head 0.094** 0.048 0.079 -0.080* 0.075    
 (2.53) (0.53) (1.06) (-1.84) (1.24)    
Dependency ratio 0.013 0.226 -0.003 0.216*** 0.060    
 (0.20) (1.39) (-0.02) (2.63) (0.54)    
Number of people in the hh -0.001 0.003 -0.017 0.004 -0.016    
 (-0.12) (0.16) (-1.30) (0.51) (-1.44)    
Drought or flood shock -0.122** -0.085 -0.334*** 0.190*** -0.173*   
 (-2.37) (-0.67) (-3.32) (3.03) (-1.88)    
Chronic/severe illness of hh members -0.047 0.048 -0.139 0.024 -0.079    
 (-0.81) (0.40) (-1.27) (0.38) (-0.91)    
Death of hh member -0.074* 0.037 -0.333*** 0.013 -0.221*** 
 (-1.68) (0.36) (-3.65) (0.25) (-2.98)    
Livestock death or cattle rustling -0.058 0.193 -0.610*** 0.129* -0.086    
 (-0.98) (1.51) (-4.63) (1.82) (-0.79)    
Share of flat parcels -0.018 -0.062 -0.088 -0.022 -0.058    
 (-0.48) (-0.72) (-1.24) (-0.52) (-0.98)    
Share of steep/hilly parcels 0.026 -0.075 0.123 -0.216** 0.081    
 (0.39) (-0.28) (0.67) (-2.36) (0.59)    
Share of parcels with loamy soil texture -0.054 0.046 0.112 -0.061 -0.096    
 (-1.15) (0.34) (1.26) (-1.12) (-1.29)    
Share of parcels with sandy soil texture -0.035 0.323* 0.106 0.078 0.045    
 (-0.43) (1.79) (0.97) (1.00) (0.46)    
Share of parcels with clay soil texture -0.021 0.283* -0.345*** -0.079 -0.046    
 (-0.27) (1.72) (-2.97) (-0.86) (-0.40)    
Constant -1.132*** -2.616*** -1.486 -4.769*** -1.994**  
 (-4.11) (-4.02) (-1.18) (-8.64) (-1.98)    
      
R2 0.354 0.533 0.329 0.773 0.104    
No of cases 1000 252 1237 2207 1830    
F test . . 27.6 220.5 25.7    

* p<0.10, ** p<0.05, *** p<0.01 Robust standard errors assuming the Huber-White estimator of variance. 
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