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ABSTRACT 

 

PRODUCTION AND DISTRIBUTION IN A SINGLE CROP ECONOMY 

 

An Alternative Approach to the Analysis of 

Labour Contracts in Traditional Agriculture 

 

 By Sajjad Zohir 

 

The literature on agricultural contracts has shed much light on the choice of contracts in the 

presence of risk, transaction costs, and incomplete markets. There is, however, no satisfactory 

explanation of the coexistence of positive wages and open unemployment. Furthermore, the 

historical changes in the incidence of various agricultural contracts remain largely unexplained. 

These shortcomings are argued to be partly rooted in the conventional assumption on agricultural 

technology that defines output to be a continuous and (strictly) concave function of 

homogeneous inputs. 

 

Since operations in crop production are sequential over time, it is necessary to distinguish 

between operation-specific inputs (especially labour). A single (rice) crop economy is discussed 

to suggest the prevalence of fixity in factor-proportions. It is also suggested that operation 

periods are of finite lengths so that operation-specific relations between the number of labourers 

and land may be derived. The need to incorporate uncertainty in labour use (especially, during 

pre harvest operations), ignored in the literature, is also emphasized. 

 

<ii> 

 

These assumptions on technology are shown to be useful in explaining the relationships between 

farm size and land productivity, the choice of inputs, and the coexistence of (seasonal) open 

unemployment and positive wages. Inquiry into the time dimension of labour contracts suggests 

that it is necessary to explicitly identify how the non-crop affects the crop sector through the 

labour market. Determination of wages in the presence of a non-crop sector is discussed to 

suggest longer term (operation periods/crop year) labour contracts are more likely than daily 

contracts under stable economic situations. In the of non-crop sector, it is argued that labour 

contracts for periods shorter than a crop year may not be defined. Such a closed economy with 

sharecropping and surplus land is modelled to provide a plausible economic-demographic 

explanation of why cultivators across of different land fertility may have received similar shares 

in agricultural societies. 

 

The Concluding chapter considers the validity of the results derived for a crop economy in a 

multiple crop setting. It also notes some implications of the alternative construct for formal 

economic analysis. 
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CHAPTER I 

 

INTRODUCTION 

 

I.1 Some Unresolved Issues in the Economics of  

 Agriculture in Developing Countries 

 

 

The economic literature on agriculture and the rural economy in developing countries has witnessed an 

increasing application of microeconomic theory. The agricultural sector had been considered a part of the 

subsistence sector in the Lewis' model (Lewis 1954); on a formal plane, it played the secondary role of ensuring 

an unlimited supply of labour. The empirical literature on supply response (which claimed to establish that 

farmers in traditional agriculture act on the basis of economic rationality) and the verification of the existence of 

Lewis-type surplus labour were the early attempts by economists to focus on agricultural sector issues while 

taking the non-agricultural sector variables as exogeneously given. A later focus, especially in the Indian 

context, was on the relationship between farm size and land productivity. A burst of micro-theoretic work on 

agriculture began with Cheung's(Cheung 1969) work on sharecropping. It presaged an increasing faith among 

some economists that agricultural and rural institutions such as sharecropping and labour-tying arrangements 

can be satisfactorily exp1ained by conventional economic theory. Many others do not share this faith however, 

and have often expressed skepticism about the adequacy of conventional economic theory in analyzing the 

problems of traditional agriculture. 
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One reason for this skepticism is the failure of economists to resolve some of the major agricultural issues that 

had preoccupied them. The existence of surplus labour, for example, has been allegedly refuted by empirical 

findings showing its marginal product to be positive. No one, however, questions the involuntary nature of the 

slack season unemployment that exists in the traditional agriculture. The coexistence of such unemployment 

with positive wages is yet to be given a coherent economic explanation. 

 

It was once accepted as stylized fact that land productivity declined as the farm size increased. This relationship 

was often cited in support of land redistribution. The empirical findings in India over the last two decades 

suggest no unique relationship between farm size and land productivity, though small farms are invariably 

found to produce more Labour- intensive crops than large farms. The labour-intensity is also reported to be high 

for small farms in the case of single crop production; however, output per unit of land is not found to vary 

across farms. While conventional economic theory provided an interpretation of the inverse relationship 



between farm size and land productivity and the higher labour-intensity in small farms, the observed finding for 

single crop production is still a puzzle to be satisfactorily explained. 

 

Agricultural contracts, especially comparisons between sharecropping, fixed-rent contracts and wage contracts, 

have been an area of interest for economists. Explanations for the existence of sharecropping, in spite 
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of its alleged inefficiency compared to the other two types of contracts, have been sought in terms of agents' 

attitude towards risk under uncertainty, the presence of transaction costs, and the presence of incomplete 

markets. While such factors may be of importance in the choice of contracts, they fail to explain why 

sharecropping disappeared and then reappeared in the history of many agricultural societies. Furthermore, the 

half rental share alleged to have prevailed systematically in many agricultural economies is yet to be addressed 

within a general framework of wage determination. 

 

The significant number of unresolved issues in developing country agriculture, including those briefly outlined 

above, suggest a need to reappraise the analytical framework with which economists attempt to analyze 

traditional agriculture. While it is possible that economic factors alone may not provide adequate explanations 

for various observed phenomena in traditional agriculture, this thesis considers only such factors and may 

therefore fall well short of the "total truth". 

 

1.2 Role of Assumptions in Economic Theory 

 

An often forgotten truth is that the results of any modelling exercise are the products of the assumptions made. 

These can be broadly categorized into a set of "primitive" assumptions (that underlie many other economic 

models) and a set of "conditional" assumptions (that are specific to the model), and the general tendency is to 

credit the conditional assumption(s) for the results derived. Unfortunately, very 
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little is said about the importance of the primitive assumptions in the derivation of the results. Furthermore, the 

assumptions relate predefined economic categories in certain specific ways; such categories are therefore 

equally important in economic analyses. One important "primitive" assumption in the economic analysis of 

traditional agriculture is that output is a strictly concave function of the inputs used; and the convention has 

been to specify labour inputs in labour days that are often considered to be homogeneous across all operations. 

The assumption on concavity has been important in the derivation of the inverse relationship between farm size 

and land productivity as well as in the conclusion that sharecropping is "inefficient"; the specification of labour 

inputs in terms of labour days may underlie the prevalent perception among many economists that daily wage 

contracts are more likely than longer period contracts. The latter perception is also rooted in the inadequate 

probing into the time frame of decision-making by the participants in the labour market. 

 

Over the years, two changes in such characterization may be noted. First, those engaged in empirical work insist 

on distinguishing between operation-specific labour inputs and some even argue that the production function of 

a "technical kind" should include the frequencies of different operations as explanatory variables rather than 

labour inputs. The second change, due to the more recent literature on agricultural contracts, involves the 



specification of labour inputs in terms of effort rather than labour days. The aforementioned changes in 

assumptions as well as in the specification of labour inputs were necessary to address 
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some observed phenomena. For example, variation in wages across operation periods could not be explained 

without making a case for how demands varied. Furthermore, in addressing interlinked contracts, specification 

of labour inputs in terms of effort was necessary. In spite of these changes, the explanation of wage and rental 

share determination remains largely unsatisfactory. This is specially so since seasonal open unemployment is 

found to coexist with positive wages in most agriculture. Beside the assumptions related to the input-output 

relations, the applied theory literature has often assumed imperfect labour market which largely remains 

unsupported by empirical findings. 

 

1.3 Obiective 

 

The first task set in this thesis is to show why the assumption of a conventional production function is not 

appropriate in analyzing traditional agriculture. The alternative input-output relation suggested is one of 

fixed-factor proportions that distinguishes between operation-specific labour inputs, and includes uncertainty in 

labour use besides Output uncertainty. 

 

While economists have long been familiar with the concept of fixed-factor technology, its use has mostly been 

confined to macroeconomic analyses. The second task in this thesis has therefore been to show how the 

alternative assumptions on input-output relation in crop production may be used to address the various issues 

that are of concern among economists in the field of agriculture. Some of the important results 

 

<6> 

 

obtained include: (i) in a multi-crop economy, farms who also hire out labour, will choose more 

labour-intensive crops than wage farms even though no unique relation may exist between farm size and land 

productivity; (ii) small farms employing family labour will have more labour (reported to be) engaged on a unit 

of land than large farms who employ outside labour, even though output per unit of land does not vary across 

farms for single crops; (iii) uncertainty in labour use provides an extra rationale for sharecropping vis-a-vis 

daily wage contracts, while the presence of "money-lenders", distinct from the land-owning class, is likely to 

increase the incidence of sharecropping vis-a-vis fixed-rent contracts; (iv) labour contracts shorter than a crop 

year cannot be defined in the absence of a non-crop sector so that disappearance and reappearance of 

sharecropping may be explained in terms of the appearance and disappearance of an appropriate non-crop 

sector; (v) long-term labour contracts may arise in the presence of costs of labour mobility, a result which does 

not require production uncertainty; and (vi) unemployment during slack seasons may coexist with positive 

wages when equilibrium annual wages in both crop and non-crop sectors are determined by the flow of labour 

between the two sectors. Furthermore, an economic-demographic explanation of the tenant's share (of output) 

determination is provided to suggest why such shares may have been similar in land surplus economies. 

 

I.4 A Note on Methodology 

 

Agriculture is a broad category that may include production of staple 
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crops, plantation, cattle raising, etc. Each such activity, however, embodies different technologies. It is therefore 

difficult to consider the multi-product agricultural economy for the purpose of abstraction. This study is 

couched in the context of a one crop economy. Since nearly exclusive production of staple crops characterized 

early agricultural societies, and it is still important in the countries of South and Southeast Asia, such a 

framework has real world relevance.1 For the purpose of discussing the input-output relations, wet land rice 

mono-culture, which is still practiced in the eastern part of India, Bangladesh, and Burma (see Appendix A), is 

the chosen specific case. 

 

In general, economists rely upon statistical techniques to validate their m0dels by verifying the assumptions 

made (i.e., characterizations of the reality) as well as the results drawn from the analyses. In the context & this 

thesis, methodological problems are confronted on inferring the nature of input-output relations and on the 

existence of unemployment. It has been argued that available techniques are unsatisfactory to provide clear 

results on the issues.2 While limited results on the input-output relations are provided, conclusions on them as 

well as on the existence of unemployment have been reached upon interpreting empirical results obtained by 

others and through detailed discussion of the processes involved in rice production. 
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There are, however, assumptions and approaches in modelling exercises whose validity may not be directly 

tested with empirical data. Such instances in economic analyses include assumption on agents' behaviour and 

the concept of equilibrium. Even though the exercises in this thesis adhere to the general principle of 

equilibrium analysis and consider optimizing agents, certain departures from the norm (with respect to the 

latter) are worth noting. In the exercises on labour market (and contracts), agents (i.e., both 

employer-cum-landowner and suppliers of Labour) are assumed to be concerned about long-term (that goes 

beyond a day) outcomes of their decisions. Especially, in the case of labourers, annual returns (i.e., 

remuneration to their labour service) are important determinants in choosing the sector to work in. Furthermore, 

the role of leisure in the decision to supply labour has been left out in the -xercises. While leisure-income choice 

may be of importance in analyzing farm-specific problems (e.g., in rationalizing the presence of blipervision 

cost in wage farms), the abstraction from leisure is not unreasonable when the focus is on the aggregate 

traditional crop economy and when the outcomes in such an economy are influenced by the prospects of the 

non-crop sectors.3 Finally, it is worth noting that the nature of the labour market in the crop sector assumed in 

this thesis, is far from one of imperfection that is often posited in the applied theory literature on the subject. 

However, differential requirements of 
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labourers across operations due to technology and constraints to perfect4 mobility of labourers result in 

underutilization of tabour that a tabourer may potentially supply. 

 

The topics of discussion in this thesis are of concern primarily to development economists. Since the objective 

has been to enhance understanding of traditional crop economies, there has been no hesitancy to digress into 

                                                           
1  Most modelling on agriculture/rural economy consider a single product economy. The validity of the exercises in the presence of 

multiple crops is discussed in the concluding chapter. 
2  For the former case, see appendices B and C. The case on unemployment is discussed in chapter II. 
3 It is recognized by many that leisure is often imposed on the peasants of traditional agriculture by nature and due to lack of 

alternative employment opportunities, rather than enjoyed by choice. See Georgescu-Roegen (1960) for a discussion of the issue. 
4  That is free of both material and non-material costs. See discussion in chapter VII. 



issues/areas of economic history and historical demography. Findings by anthropologists have also been used to 

better understand economic reality. Such an approach, in a way, reflects my position on the objectives of 

economic analyses and on the ways economists may benefit from other branches of social science, which may 

not be equally appreciated by everyone. 

 

I.5 Outline of Chapters 

 

Three aspects of the conventional production function are examined in chapter II. It is argued that operations in 

crop production are sequential over time so that labour inputs need to be distinguished by the operation they are 

used for. The need to take account of the unncertainty in labour use that is important in traditional crop 

11roduction is also emphasized. A more important question involves the presence of factor-substitution in 

certain operations. It is argued that the statistical fit (based on cross-section data) frequently achieved 
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with the Cobb-Douglas production function, and generally assumed to demonstrate the presence of 

factor-substitution, does not in fact provide strong evidence for such substitution (see Appendix B). In general, 

there are limitations in model selection techniques available in econometrics so that no clear cut result may be 

derived regarding the acceptance of one hypothesis against an alternative hypothesis. Such limitations in 

empirically verifying the presence of factor-substitution in crop production are discussed in appendix C.5 Given 

the limitations, attempts have been made (in chapter 11) to show how the assumption of factor-substitution is 

inconsistent with the observed phenomena.6 The chapter also briefly reviews some aspects of the development 

literature to show how important the conventional production function assumptions have been. 

 

The alternative formulation of the input-output relations is derived in chapter III. Works of agriculturalists and 

agronomists have been drawn on to describe the importance of operations in crop production. It is argued that 

certain agricultural operations whose numbers cannot be varied, do not allow for any factor-substitution. Even 

though such substitution is feasible in certain other operations (especially, tilling), a case for overall 

non-substitution is developed. The chapter also shows how, given well specified lengths of operation periods, 

the required number of labourers may be related with land and output. 
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Chapter IV considers the alternative formulation and shows how it may be used to address such issues as the 

existence of surplus labour, the farm size-productivity relationships, the higher intensity of labour use in small 

farms, and the choice of contracts under both certainty and uncertainty. The implications of uncertainty are 

considered at some length in this chapter, which discusses how competitive equilibrium under uncertainty is 

defined in some of the existing literature and shows how attitudes towards risk affect choice of agricultural 

contracts under the assumption of fixed-coefficient technology. 

 

The discussion in the next three chapters explores the possible explanations of labour contracts and wage 

determination under the assumption of a fixed-coefficient technology under certainty. Chapter V defines the 

various types of labour contracts that are consistent with the proposed alternative formulation of the technology, 

and provides historical evidence in support of such categories. It also explains why agricultural communities 

may have historically moved from a state where all labourers were regularly attached to agriculture to one 

where more labourers are only temporarily attached. Other issues discussed include labour, fixed-rent contracts 

and the phenomenon of permanent labour. 
                                                           
5  The appendix also provides results from some data analysis on Bangladesh 
6  Two phenomena cited include, proportionality of land and output 1.,s individual crop, and existence of open unemployment. 



 

The discussion in chapter V suggests that an economy with all labourers attached  

 to agriculture is a possibility, and that sharecropping may be the only form of contract characterizing some 

such economies. On a logical plane, queries into income distribution (i.e., determination of 
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wages and rent) may therefore begin by modelling such a simple economy. A model is developed in chapter VI 

to show how the tenant's share in output may have been determined in such economies, where there was surplus 

land and the landlord/king was eager to maximize the long-term return from land. The exercise relates 

demographic variables with economic distribution. It also explains why the tenant's share may have been 

similar across regions with different land (and labourer) productivity. Since the results depend on the particular 

assumptions made, attempts have been made to draw the assumptions from the historical evidence on India to 

give them some relevance. 

 

Chapter VII pursues the theme of chapter V to argue that labour contracts in the crop sector may be defined for 

a period shorter than a crop year only if a non-crop sector exists to absorb excess labourers during the s1ack 

season. Thus, the historical appearance and disappearance of sharecropping may be related to the disappearance 

and appearance of non-crop activities that are independent of agents' attitude (in the crop economy) towards 

risk or any such variables. The rest of the chapter examines the choice of labour contracts in the presence of 

non-crop sector. It is argued that when land-owning families do not participate in labour activities, rental 

contracts are at least as preferred as short period labour contracts, even in the absence of supervision cost. In 

the presence of cost due to labour mobility, it is suggested that the optimal level of "resident labourers"7 will lie 

between the labourer requirements during the peak and the slack seasons. This is also shown to explain why 
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positive wages may prevail along with unemployment in the slack season. Since the exercises suggest that long 

term labour contracts (and therefore, rental contracts) are more likely to prevail in the presence of supervision 

cost and costs of negotiating labour contracts on a period-to-period basis 8, the chapter also identifies the 

conditions under which short period (such as daily) labour contracts may arise. 

 

The last chapter (VIII) attempts to throw light on how the alternative identification of the input-output relations, 

as well as the exercises on choice of labour contracts and wage determination, may be of relevance in both 

understanding a traditional agriculture economy and in formulating policies that would take into account the 

limitations set by the nature of technology. Since most of the exercises in chapters II to VII are based on the 

assumption that the economy produces a single crop, their validity in multicrop settings is discussed in chapter 

VIII. Another characteristic feature of the exercises is the absence of both durable and non-durable capital in the 

specification of the input-output irlation. The implications of their inclusion for both the assumption of fixity in 

technology and for the results obtained are discussed as well. The chapter is concluded by summarizing the 

alternatives suggested in the field of formal economic analyses of traditional crop economies. 

  

                                                           
7  Those who reside in the area of crop activities. 
8  Similar case may be made even in the case of a conventional production function. See Appendix F. 
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CHAPTER II 

 

A CRITIQUE OF THE CONVENTIONAL PRDUCTION FUUNCTION 

IN TRADITIONAL AGRICULTURE  

 

 

II.1  Introduction 

 

The pursuit of this chapter is to examine the appropriateness of using a conventional production function in (to 

be defined shortly) in understanding the * of a crop economy. On empirical grounds, the basic assumptions 

involved in the conventional production function are questioned. Since the relevance of the exercise is due to 

the importance placed in the production function in applied theory, the chapter also provides a background 

review of the development lit. 

 

A conventional production function defined for homogenous labour and land, is characterized in section II.2. 

The problems in aggregating operations-specific labour inputs are discussed in section II.3. Section II.4 

identifies the way in which such operations-specific labour inputs are incorporated in some of the literature.  

 

Whether labour is aggregated or not, the conventional agricultural  

production function assumes the presence of factor- substitution. In the case of aggregated labour, it is the 

substitution between land and labour, while in the literature that considers disaggregated labour inputs, 

substition between those operations-specific inputs is also  
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assumed. Section II.5 questions the appropriateness of this substitutability assumption in the context of crop 

production. While the problems in empirically verifying the existence of factor-substitution are discussed in 

appendices B and C, the discussion in the text points out the inconsistencies of the assumptions on 

factor-substitution with two observed phenomena. The latter include, the existence of unemployment, and the 

observed proportionality between output and land in the case of individual crops. Since ideas have a history of 

their own, section II.5 also provides a brief summary of the views expressed by some classical economists with 

respect to diminishing factor productivity, 

 

The third criticism relates to the case of uncertainty in labour use. The existing literature focuses only on output 

uncertainty despite the fact that uncertainty in labour use (especially in pre-harvest operations) is no less 

important in traditional crop production. It is argued in section II.6 that the inclusion of uncertainty associated 

with labour use would make it difficult to work meaningfully with a conventional production function. 

 

As noted earlier, the importance of the production function arises in its many applications in economic theory to 

understand agriculture and rural economies. A limited review of the development literature in section II.7 

illustrates the importance of the production function, while the final section (II.8) summarizes the discussion in 

this chapter to suggest why there is a need to search for an alternative identification of the input-output relations 

in crop production. 
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11.2The Conventional Specification of the Agricultural Production Function19 

 

The conventional approach in defining agriculture technology in mainstream economics has been through 

specification of a production function10. When only land, labour and a single output are considered, an often 

used production function may be expressed as; 

 

Q = f (X,L) (2.1) 

 

where, 

Q = output, in physical units, obtained at the end of production, 

X = land, usually identified as cropped area, and 

L = standardized labour days spent on all operations.  

 

The assumptions made on the functional form f in equation (2.1) are the following [to be referred later as 

(2.1.A)];  

(i) f is continuous in its arguments and is twice differentiable,  

(ii) fi ≥ 0, V i (i=1,2) in the relevant region, where fi is the 
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first- order partial derivative of f with respect to the i-th argument in f, and (iii) fii < 0, V i (i=1,2)', and f11f22 - 

(f12)
2  > 0, where fii is, the second-order partial derivative of f with respect to the i-th argument in f. 

 

The relation in equation (2.1) is considered to be a technical one so that fi is the marginal physical product of 

the i-th input. The third assumption therefore states the law of diminishing marginal physical product. An often 

used production function that fulfills all the above three assumptions is the Cobb-Douglas specification, 

 

Q = AXαLβ (2.2) 

 

where, A > 0, and 0 < α, β < 1. Such a formulation provides useful meanings to the parameters, since α and β 

respectively represent the output elasticities of X and L. 

 

Quite often, the theoretical literature makes the conceptually appealing distinction between the (work) effort 

that the labourers actually put into production and the number of labour days that they work11. For example, in 

explaining the possibly higher labour costs faced by wage farms than by family farms, it is postulated that hired 

workers may shirk i.e., may not put in the physically possible maximum effort. Given the distinction, output 

may be defined as, 

 

 

 
                                                           
9 The focus is on a single crop and on the engineering relations between physical quantities of output and inputs. The existing 

development literature often defines a production function for all crops in a season as well as for all crops grown annually. Problems 

of aggregation in value terms have not been addressed in this thesis. 
10 Some sociologists and economic anthropologists may adopt a broader definition of technology, and the Marxist notion of economic 

base" may go beyond the pure technical relations. Such a broader approach is not adopted here. Furthermore, while a fixed- coefficient 

technology may be viewed as one extreme form of a more generalized production function (e.g., CES production function), the 

degenerate function (i.e., the fixed coefficient technology) does not have the usual continuity property of the generalized function. 
11 It is the services of labourer that account for production and not merely the physical presence in the field. 
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Q = g (X,E)  (2.3) 

 

where, E is the total amount of effort, gi ≥ O, gii < O, Vi, and gij > O, 

 

Vi≠j, i, j=1, 2. 

 

It may be assumed that12, 

 

E = eL , e > 0  (2.3.A) 

 

where, e is the average amount of effort supplied on each labour day of 

 

work. Given (2.3.A), equation (2.3) may be rewritten as, 

 

Q = g (X, eL)  (2.4) 

 

For a given e, the above may be expressed as13' 

 

Q = f (X, L)  (2.1) 

 

The above simplification is possible only if L is considered to be homogenous in terms of effort14. Any exercise 

based on possible differences in effort level across farms may fall back upon equation (2.4) and express such 

differences in terms of variation in e. For the later in this text, e in equation (2.4) is assumed to be constant, 
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and equation (2.1) (along with the cited assumptions) is identified as the conventional production function with 

aggregated labour inputs. 

11.3 Problems in Aggregating Operation-Specific Labour Inputs 

 

In the conventional specification (i.e., equation (2.1)), the measure of total labour days (L) is obtained by 

aggregating labour days spent on various different operations15. However, the operations in crop production are 

distinctly separated over time16. Since the use of labour in different operations does not serve the same purpose  

                                                           
12 If ej is the effort per day of the j-th labourer (j-1,2,..,m) who supplies 

Lj  days of work, total effort E - ∑ejLj 
13 In micro models where e is not an endogeneous variable and equation (2.3) is of Cobb-Douglas type, one may contrast between pure 

wage farms(j=1)and pure family farms (J=2) by having different values for the efficiency parameter A in equation (2.2). This follows 

since, Qj = AXαEβ = AXα(ejL)β = AjXαLβ, where Aj = Aeβ
j, j=1,2. 

14 Note that L had earlier been defined as standardized labour days. 
15 Heterogeneity in labour inputs may also arise due to sex and age (or, experience). Since labour days with identical amounts of effort 

are assumed discussion abstracts from such heterogeneity. 
16 The only factor remaining constant over these operations is land as a stock concept. Since there are difficulties in measuring the 

flow of services from agricultural land (see Sen 1964), the stock of land is considered in empirical works as well as in the theoretical 

literature. 



and may not be related with output in the same way, the need to distinguish between labour inputs by specific 

operations has been increasingly recognized in Development literature17. 

 

In spite of the aforementioned recognition, both empirical estimation of agricultural production functions and 

the (applied) theoretical literature have mostly adhered to a specification that aggregates 
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labour18. In the presence of either perfect complementarity or perfect substitutability between operation-specific 

labour, and given the efficient choice of inputs, one may justify some form of aggregation of different labour. In 

the former case, fixed proportionality between different labour inputs allows one to construct a composite unit 

of labour. In the latter case, a composite unit of labour may be obtained by aggregating normalized labour, 

where the factors for normalization are given by the rates of technical substitution19. In either case, all results on 

appropriately aggregated L in equation (2.1) will have to be interpreted accordingly. 

 

The literature that recognizes the need to disaggregate labour (see section II.4) does not assume either of the 

aforementioned extreme relations between operation- specific labour inputs (i.e., the labour inputs are neither 

perfect substitutes nor perfect complements)20. Rather, it is suggested that the marginal product of labour in one 

operation may increase due to an increase in labour during another operation. Under such conditions, there 

would be a conceptual error in aggregating operation-specific labour activities, and results involving L 
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obtained from equation (2.1) may not be meaningfully related with any real world phenomenon21. Examples of 

such derivations include marginal product of labour (and the demand for labour based on it) and the wage rate. 

A similar problem arises if one attempts to formalize the implications of a technological change, since the latter 

ought to be associated with individual operations. Finally, the relation suggested between different operation- 

specific labour (i.e., positive cross- partials), may be shown to contradict the assumption of diminishing 

productivity of L in equation (2.1)22. 

 

 

 

 

                                                           
17 For example, in an attempt to reconcile between hiring (in) ofLabour by small farms during some operations and possible variation 

in wages faced by small and large farms, Sen notes that a "unit of labour at the time of harvesting is not replaceable by a unit of labour 

at a slack period”(Sen 1984, p. 58). See also Binswanger and Rosenzweig (1984), p. 13, Mazumder (1963) and Bardhan (1979). 
18 The only exceptions, to my knowledge, are Bardhan (1979) Bliss and Stern (1982), The former considers a two-stage production 

function In analyzing labour-tying arrangements. The latter considers post harvest operations in defining a technical production 

function, which will be discussed in chapter III. 
19 For example, in case of two operations, if contribution to output by one unit 

of L1 is always the same as that of v units of L2 (where v is a positive constant), then L may be defined such that L = L1 + L2/V 
20 See Sen (1966) and Bharadwaj (1974). In the context of a production function defined over land and operation-specific labour, such 

assumption is necessary to ensure stability condition. 
21 Suppose, Q-f(X-,L1,L1), where, X- is a fixed amount of land that provides a given output Q- for various mix of L1 and L2. If L = 

L1+L2, Q- may obtained from X- and more than one values of L. Moreover, no composite input for labour may be obtained in the 

absence of perfect complementarity or of perfect substitutability. In empirical works, L may still be used as a proxy (with appropriate 

interpretation) whose validity would depend on the degree of complementarity/substitutability. 

22 Suppose L = L1+L2 and . But ( )=( ).( ) = 
∂Q
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)=(∂2Q/∂L2),  which is negative by assumption 

(2.1.A). An increase in L may, however,  be interpreted as an increase in all operation-specific labour. Note That this would restrict 

one’s analysis of possible variations in labour inputs during different operation periods 



II.4 A Production Function with Operation- Specific Labour Inputs 

 

The literature does include at least two ways of incorporating operation-specific labour inputs in a production 

function. The first, due to Sen (1966)23, may be formalized as follows; 

 

Q = F(X,L1,L2)  (2.5) 
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where24 Fi>O, Fii<O, Vi =1,2,3; and the Hessian determinant of F is negative definite. 

 

An alternative is to consider a two- stage production. This may be expressed as, 

 

 Q = h(X, L1)        (2.6.a) 

 Q = m(Q1,L2)         (2.6.b) 

 

 

where Q1 is the output at the end of the first period. If both h and concave with positive first- order partial 

derivatives and are homogenous of degree one, it may be shown that the latter specification [i.e.,  (2.6.a) and 

(2.6.b)] is consistent with the former (2.5)25. If one considers fixed- coefficient technology in the second stage 

of production, as in Bardhan (1979), the required conditions on m (see footnote 17) may not be defined, and 

therefore equation (2.5) may not be derived from such a specification. 

 

For present purposes, I consider equation (2.5) as a modified version of the conventional production function. 

This specification allows one to look into operation-specific demands for labour and wage rates. It is, therefore, 

feasbile to address issues such as why wages may vary between 
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operations and what the implications of a change in technology (specific to an operation) are on the choice of 

factors and factor prices. However, on the issue of factor- substitution between land and labour (as well as on 

the question of uncertainty), the specification in (2.5) does not vary conceptually from that of (2.1). 

 

II.5 Some Questions on Current Perceptions about Factor-Substitution in Crop       

      Production26 

 

The root of current perception on factor- substitution (and diminishing factor productivity) in agriculture may 

be traced back to the writings of classical economists. Since they are often quoted in this regard, the first part of 

this section (11.5.1) briefly explores the idea as expounded in the writings of Turgot and Marshall. 

 

                                                           
23 See Sen (1984), p. 59. For simplicity, only two operations are considered when formal presentations are made. 
24 Partial derivatives of a function of two or more variables are specified by subscripts. 
25 Suppose, Q=m{h(X, L1)), L2} = k(X, L1, L2). It follows from the assumptions on (2.6.a) and (2.6.b) that ki>0 and kii<0, Vi =1,2,3. 

However k12 = k21 = m1h12 + m11h1h2, which is positive only if |m1/m11|>|h1h2/h12| (since m11 is negative). For a homogenous function 

of degree one, |h1h2/h12|=Q1 [see Henderson and Quandt (1980), p.112], while |m1/m11|>Q1 if the output elasticity of Q1 (in m) is 

positive but less than unity. 
26 Note that all references are made to production of a single crop. When there is choice among crops (that embody different 

techniques on the same input space) within the same cropping season, and the crops are mutually independent, substitution between 

crops (i.e., techniques) may be interpreted as substitution between factors. 



A more important rationale for the assumption on factor-substitution is due to often- found good statistical fits27 

to a Cobb- Douglas specification (of production function) in many empirical studies. Such studies also suggest 

that constant returns to scale are overwhelmingly 
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present in crop production28. It may, however, be argued that these results are also compatible with an 

underlying fixed- coefficient technology so that the "good fits" do not necessarily reflect factor-substitution. 

Since this aspect has already been addressed in Krishnaji (1981), the arguments are provided in Appendix B. 

 

While Krishnaji's exercise suggests that data generated from fixed- coefficient technology may provide good 

fits to a Cobb-Douglas specification, it is also possible that the reverse is true; that is, that profit maximization 

in the presence of perfectly competitive markets may generate data that support a fixed- coefficient technology 

even though the underlying technology is of Cobb-Douglas type29. This ambiguity in the interpretation of 

empirical results does not allow one to rely solely on empirical estimates of a production function30. The task is 

made more difficult due to the absence of acceptable model selection techniques31. Appendix C discusses some 

of the problems and presents summary results on input-output relations (in crop production), based on plot- 

specific data of some Bangladesh villages. 
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The brief remarks made above suggest that, on empirical grounds, it may not be possible to reject either the 

hypothesis of factor-substitution or that of "non- substitution". Therefore, the second part of this section (11.5.2) 

looks into some "stylized facts" of agriculture/rural economy to argue why different "facts" may not be 

simultaneously reconciled with an optimizing framework that assumes factor- substitution, 

 

II.5.1 Turgot and Marshall on Diminishing Factor Returns 

 

The classical economists discussed diminishing returns on agricultural land on three broad contexts: 

diminishing returns at the extensive margin, whereby new land brought under cultivation (combined with 

unchanged mix of non-land factors) was perceived to produce lower output; diminishing returns from 

improvements of a more permanent nature made on given land (e.g., better drainage), that I identify as long run 

diminishing returns at the intensive margin32; and short run diminishing returns at intensive margin, where 

output increases (beyond some point) at a diminishing rate with increased application of one variable factor to 

fixed amounts of the other factors. The issue of factor substitution in a short-run static context arises only with 

regards to the third category33. The following discussion, therefore, 

 

                                                           
27 A high adjusted R2 obtained for the regression equation is considered to be an indicator of good fit. One also requires "reasonable" 

parameter estimates. It is suggested in Appendix C that negative elasticity coefficients (that are not reasonable) are often not reported. 
28 Heady and Dillon (1964) and Nerlove (1965). 
29 Since profit- maximizing farmers equate ratios of marginal product of factors with relative factor prices, factor intensity would be 

same across all farms if they face same factor prices and have same technology 
30 Note that such ambiguity may arise even if one disaggregates operation-specific labour inputs. 
31 See Judge et al (1980), pp. 407 - 451, on problems in model selection. 
32 I call it "intensive margin" since an increase in the combined “factors of capital and labour" on a given unit of land increases output 

at a decreasing. rate. I am not aware of any mention of the distinction between “short run” and “long run” in the context of 

diminishing returns at the intensive margin. 
33 Suppose there are two factors in production, land and labour. If output may be increased (at a diminishing rate) by increased 

application of labour on a given unit of land, it is possible to obtain the same level of output from more than one mix of land and 

labour. 
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considers only this third category in the writings of Turgot and Marshall. 

 

In asserting the "obviousness" of factor-substitution in agriculture, the following passage from Turgot (1977) is 

often quoted34 ; 

 

Seed thrown on a soil which is naturally fertile, but has not been prepared at all, would be virtually a 

waste of expenditure. If the soil were tilled once, the produce would be greater; tilling it a second or a 

third time would not just double or triple, but quadraple or decuple the produce, which will thus increase 

in a much larger proportion than the expenditure, and this would be the case up to a certain point, at 

which the produce would be as large as possible relative to the advances. 

 

Past this point, if the advances are still further increased, the product will still increase but less so, and 

continuously less and less until an addition to the advances would add nothing further to the produce, 

because the fertility of the soil is exhausted and art cannot increase the product any further. 

 

As may be noted, the above quote suggests that there are certain operations in agricultural production, in the 

absence of which other operations would be fruitless. More importantly, output is said to vary due to variation 

in the number of times an operation or, different 
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operations are performed. The discussion is made only in the context of tilling. It may be noted that for 

operations such as sowing, planting and reaping, which are required to be performed only once, it is not 

possible to argue the case of diminishing productivity in terms of varying the number of times an operation is 

performed. 

 

One may observe a similar interpretation of diminishing returns (of the third type identified above) in the 

writings of Marshall, whose concern was, however, more with the long-run aspect35. It may be noted that 

Marshall, all through, considered diminishing returns to an increased application of "a combined dose of labour 

and capital"36. The only illustration of short-run diminishing returns at the intensive margin is based on a 

recorded experiment that considers number of ploughing and harrowings37. 

 

Given the brief record, one may conclude that both Turgot and Marshall identified operations and their numbers 

as the determinants of output in the short run (i.e., when quality of land is fixed by past investments on Marshall 

it). Their discussion also suggests that there is at least one operation in the crop production whose number may 

be varied to affect output. No 

 

 

                                                           
34 A.R.J. Turgot, "Observations on a Paper by Saint-Peravy on the Subject of Indirect Taxation" (1768), reprinted in Turgot (1977). 

Turgot questions Saint-Péravy’s assumption of proportional relation between total advances (i.e., total expenditures made on farm) 

and total product. There are two aspects of the criticism. First, advances, "which are only a form of expenditure, are not in themselves 

productive". The second aspect relates to the diminishing productivity of work done on a piece of land, which has (as Turgot 

mentions) only a limited fertility. See Turgot (1977), pp. 111-112. 
35 For exapmle, referring to the tropical districts in England, Marshall states, "returns to capital and labour are at first small, but as 

drainage progresses, they increase; afterwards perhaps they again fall off” (Marshall 1961, p. 158). See also the first paragraph in p. 

159. 
36 Marshall (1961), p. 153. For the general discussion, reference is made to pp. 150-160. 
37 ibid, footnote 1, p. 155. Note also that the reference is made to barley production. 



<28> 

 

remarks have, however, been made by the aforementioned economists on certain other operations whose 

number may not be varied. It is argued in chapter III that this lack of flexibility in case of certain operations 

runs contrary to the assumption of factor-substitution38. 

 

II.5.2 Some Insights on Factor-Substitution from Empirical Observations 

While the limitations on making inferences about factor-substitution from estimated Cobb-Douglas production 

functions in agriculture39 are discussed in appendices B and C, two empirical observations of a different sort 

may be cited here. First, it is generally accepted that open unemployment exists in traditional agriculture during 

certain (slack) operation periods whereas the labour market is tight in other (peak) operation periods40. The 

second observation suggests that there is no significant difference across farms of different sizes in output per 

unit of land for individual crops41. Since there is scope for 
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disagreement on the "facts" with respect to the of existence of unemployment, a brief discussion is in order 

before I examine the inconsistency between these observations and the assumption of a conventional production 

function. 

 

There is a voluminous literature on the problems of defining and measuring unemployment and 

underemployment42. For the purpose of labour market analysis, involuntary unemployment (or, 

underemployment) is defined (in economics) in terms of the existence of labourers who are wIlling to supply 

labour at the prevailing wage rate but are unable to do so (or, are able to do so only partially)43. A more 

common way to measure unemployment in less developed countries has been based on the assumption that each 

labourer is willing to supply a given number of man days (say, 250, 270 or 300) of labour annually. 

Unemployment is measured by deducting the number of days employed from the assumed potential supply44. 

Most studies adopting this approach show significant 
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unemployment rates and a distinct seasonal variation in such rates45. 
                                                           
38 One counter example on the intertemporal factor-substitution between operation-specific inputs is that of "vernalization", an 

agronomic practice whereby winter crops are obtained from summer planting. See Medvedev (1969), pp.12-17 and pp. 151-155 for 

more on the subject. Such technological changes are not addressed in this thesis. 
39 The conclusions reached also apply for all "continuous" continuous functions. 
40 In their review of literature on contractual arrangement in rural economies, Binswanger and Rosenzweig consider this to be a 

stylized fact and Rosenzweig 1984a, p. 1). 
41 This is a consensus reached in the Indian context after a long discourse on an inverse relation between farm size and land 

productivity (Rudra and Sen 1980, p. 393). See also Bharadwaj (1974), Rao (1967), Rudra and Chattopadhyay (1976). An exhaustive 

list of reference on Indian context may be found in Rudra and Chattopadhyay (1976). The difference in output per unit land between 

sharecropped land and owned land is also found to be insignificant when single crop is considered (Binswanger and Rosenzweig 1984, 

p.27). Berry and Cline (1979) also find little difference between productivity on owner-operated farms and under-tenancy in India (see 

p.127) 
42 For a review, see Masum (1982). See also Dovring (1967), Turnham and Jaegar (1971), Rao (1973) and Berry and Sabot (1978). 
43 A more frequently used concept in the development literature is that of "suplus labourer”. This is usually defined in terms of the 

existence of labourers in agriculture whose withdrawal would not reduce agricultural output. While some studies provide estimates of 

marginal product of labour to be positive (see Paglin (1965) on India and Hansen (1969) on Egypt), they do not suggest that full 

employment exists.  
44 This is commonly known as the labour utilization approach. 
45 See Buck (1930) on China, 1929-33, Warriner (1939) on pre-World War II Eastern Europe and Rosentein-Rodan (1943) on various 

parts of Europe. All these studies suggested that a large portion (about one fourth of agicultural labour remained idle over a substantial 



 

One may, however, argue that the labour utilization approach fails to allow for the actual willingness of workers 

to supply labour, and that the observed seasonal underutilization of a labourer is voluntary46. Thus the 

alternative suggested in the literature is to estimate labour participation in various seasons and estimate 

unemployment rates with the former considered as the base. It is generally agreed that the participation rates in 

agriculture decline significantly during the slack seasons. The explanation is often sought in terms of 

"discouraged worker hypothesis"47. Since use of semantics often obscure inferences from observed data, some 

further clarifications on the phenomenon of discouraged workers are provided below. 

 

If labourers are discouraged (participation rates decline) by (due to) lower wages, no case of involuntary 

unemployment may be made from the 
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estimates derived from the labour utilization approach. There are, however, problem in empirically verifying 

whether the decline in participation rate is caused by reduced wages or is due to lack of employment (i.e., of 

demand for labour). Studies on single villages suggest that wages vary across operation periods and so do 

participation rates (both being higher during peak operations and lower in slack operations). While such 

findings may be consistent with the "discouraged worker hypothesis", the unemployment rates are observed to 

be positive even when one considers the labour force in terms of reported participation (see Ahmed (1981) on 

Bangladesh). Furthermore, cross-sectional data across villages in West Bengal (India) suggest that even though 

participation rates vary significantly between seasons, their variations with wages are statistically 

insignificant48. 

 

The alternative explanation of discouraged workers is in terms of limited job opportunities, which raises 

problems in defining open unemployment: should one define it in terms of the participation rate that is affected 

by job availibilty or should one take account of the discouraged workers in estimates of unemployment rates49? 

While the issue of 
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unemployment is addressed again in chapter VII, it is argued below that irrespective of the way one estimates 

(or defines) unemployment rates, the presence of unemployed labourers (either involuntary or discouraged due 

to lack of job opportunities) and the observed proportional relation between land and output in a single crop 

system cannot be simultaneously, reconciled with the assumption of factor-substitution between land and labour 

(as in the case of a conventional production function). 

 
                                                                                                                                                                                                                        

period in a year (see also Raj (1959), Dovring (1967) and Rudra (1973) for evidence on India; and Habibulllah (1962), Hossain (1964) 

and Masum (1982) for evidence on Bangaldesh. 
46 Such a view is generally accepted in the case of urban labour market. 
47 Turnham and Jaeger identify the "discouraged worker hypothesis” in terms of reaction to a low income/poor job prospect situation. 

He also mentions of the "additional worker hypothesis" which postulates that as employment prospects/family income situation 

improves, participation rates would increase. See, Tunham and Jaeger (1971), p. 41. The latter is not applicable for explaining why 

participation rates decline during slack seasons when unemployment is quite visible in the countryside. 
48 Bardhan’s in depth study of labour supply in rural West Bengal (India) show significant seasonal variation in labour market 

participation (See Bardhan (1984), tables 1.1 and 1.2 pp 15-16). A similar study for six villages in semiarid tropics of peninsular India 

is also noted in Ryan and Ghodake (1984) (see p. 173 and tale 9.1 in p.172). Bardhan also finds the supply of labour to be insensitive 

to wages and suggests that demand conditions affect the supply. Analysing sample data of Bangladesh, Ahmed (1981) makes similar 

arguments. 
49 When Supply of labour is not independent of demand for it, the conventional definition of “involuntary unemployment” may not be 

appropriate in understanding employment problems in underdeveloped agriculture. 



Consider two types of farm both of which face the same technology that allows substitution between land and 

labour. The first type hires labour; and profit maximization implies that the marginal product of labour is 

equated with the real wage rate. The second type of farm is a prospective supplier of labour as well. Suppose the 

latter is unable to fully employ the labour in the slack season at the market wage rate. It is immaterial whether 

labourers are searching for jobs (and not getting them), or are discouraged (and therefore, withdraw from the 

hired labour market) for lack of job opportunities. As long as such labourers exist, gains could be made by 

employing them on the own farm if the marginal product of labour is positive. On two counts, the latter group 

of farms are expected to produce a higher output per unit of land than the former. First, more labour during the 

slack season means higher output. Secondly an increase in the use of labour in one period is expected to 

increase the marginal product of labour used in other periods (because cross partials are positive in (2.5)), 

thereby resulting in gains in output. Thus, given the assumption of factor-substitution smaller farms, which are 

prospective suppliers of labour 
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during the slack season, are expected to produce a higher amount of output per unit of land than the large farms 

who hire-in labour, This is, however, contrary to the second fact, which suggests that output per unit 4)f land 

does not vary across farms when a single crop is considered. 

 

It may be noted that the assumptions of profit maximization, a conventional-production function, and perfectly 

competitive Markets do allow one to provide a rationale for the observation of a proportional relation between 

land and output in individual crops. However, it is not possible to explain the existence of open unemployment 

within such a framework. The latter phenomenon may be explained by assuming market imperfections whereby 

prevailing wages do not clear labour markets. Such an assumption has been argued to be inconsistent with the 

former phenomenon (i.e., output is proportional to land for individual crop)50. This raises question on the 

validity of factor-substitution in crop production 

 

II.6 A Note on the Limited Perception of Uncertainty 

 

Since agriculture production is vulnerable to weather condition, uncertainties arising therefrom are often 

perceived to affect labour 
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arrangements in agriculture51. The most general form of the production function incorporating uncertainty may 

be expressed as52, 

 

Q = f (X,L,θ) (2.7) 

 

where, θ is a random variable, assumed to be independent of X and L, and has known mean and variance. 

 

                                                           
50 Rudra and Sen (1980) suggests that large farms may use more of non-labour resources while small farms use more labour resources 

so that outputs per unit of land do not vary across farms. In case of a single crop in a village, no strong case may be made for 

systematic variation in the use of non labour resources (see Rao (1967)). Moreover, it may only coincidental that imperfections in 

non-labour resources would exactly match imperfections in labour market. 
51 See Stiglitz (1974), Newberry (1977), Newberry and Stiglitz (1979) and Allen (1984). 
52 An often discussed (and assumed) output uncertainty is the multiplicative uncertainty, whereby; Q = θf(X, L). It may be noted that 

there are difficulties in assigning meaning to the partial derivatives in the presence of uncertainty since ex ante and ex post outcomes 

may differ. 



Irrespective of the functional form defined for output uncertainty, actual output is traditionally considered to be 

a random variable, whereas inputs are some kind of "sunk cost" that determine the mean value of output. This 

formulation follows from the assumption that 9 is Independent of X and L, As will be argued in the next 

chapter, farmers may have the option to adjust inputs (here, labour) as a response to adverse weather 

conditions4553. In the presence of such uncertainty it may not be possible to define stable parameters in a 

conventional production function. 

 

Consider a case where Q (amount of output) may be produced with X units 
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of land and L units of labour (days) under certainty. If there is adverse weather the same amount of output54 

would have to be produced by applying, say, L1 labour days on X, where L1 = ΦL >L and Φ is a random 

variable with finite mean and variance. Under such circumstance the parameters α and β in a Cobb-Douglas 

production function may no longer be considered to be stable55. This would severely restrict the use of such a 

production function (in the presence of input uncertainty) for prediction purposes, even if the relation is stable 

under certainty. 

 

II.7 Use of the Production Function in Development Literature 

 

The development literature includes a number of issues in which the character of input-output relations in 

agriculture matter significantly. They include56, (1) "labour surplus" models and explanations sought for the 

existence of surplus labour(er)57, (2) explanations of the alleged inverse relation between farm size and land 

productivity, (3) (a) efficiency of sharecropping and rationale for its existence, and (b) 
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explanation of why rental shares may have tended to be half the produce58. In discussing the literature on these 

issues, the focus will be on the role played by the assumption of diminishing labour productivity (on a given 

amount of land). The prevalent notion of uncertainty is of importance in modelling the choice of contracts, and 

accordingly, it has been addressed in the discussion on the subject. 

 

 

 

 

 

                                                           
53 Some of the existing literature refers to factor market uncertainty. It is, however, unclear how such uncertainty arises in a model that 

concerns with only output uncertainty (except when peak seasonjabour demand is assumed to be correlated with output). Weather 

conditions may also affect the amount of "effort" obtained in a labour day (i.e., e in equation (2.4) may be a random variable). 
54 The output could be less if uncertainty in labour use is expected to affect output adversely. 
55 Suppose, Q = AXαLβ = A’Xα’L1

β’. If L1=ΦL, A' must be equal to (A/Φβ) in order to obtain α = α’ and β = β’. Therer is no a priori 

reason to believe that the condition will always hold. 
56 An early literature on supply response in developing countries used a conventional production function in estimating supply 

elasticities. For a limited review of the literature, see Martin (1977), pp. 358-362. See also Johnson (1950), Cochrane (1955) and 

Johnson (1958). 
57 The term "labour" should equally apply to "effort", "labour day" and "labourer". However, “labour" is often associated only with 

"labour day" and the term "labourer" has often been used in the literature to distinguish from "labour". 
58 I do not include the growing literature on "interlinked contracts" since a partial review may do injustice to the various participants. 

These models quite often use the concept of "reservation utility" and allow a monopolist/monopsonist to find an optimal mix of leisure 

and effort of the less dominant party. It may be noted that a concave production function (in terms of effort) is important in various 

derivations of these models. 



11.7.1 Rationale for the Existence of Surplus Labour 

 

A crucial assumption in the Lewis model is that the "capitalist sector" Vaces an unlimited supply of labour at a 

wage rate that depends on the oonditions prevailing in the -subsistence sector"59. This assumption, however, 

raised concern regarding the applicability of conventional economic theory to the context of agriculture/rural 

economy60. In a setting of perfect markets (along with profit maximization and the 
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assumption of a conventional production function), surplus labour61 may exist if marginal product of labour 

(and therefore, wage rate) is zero. To my knowledge, no one considers this to be a plausible explanation of 

surplus labour62 

 

One explanation of surplus labour was sought in Eckaus (1955) by assuming fixed-coefficient technology. An 

alternative explanation of surplus labourers (not a surplus of labour days) was provided in Sen (1966)63. Sen’s 

model considers a family unit (whose members do not participate in the labour market) where the output 

produced by "working" members is distributed among all "working" and "non-working" members. A given 

amount of land is implicitly assumed so that output is defined to be a concave function of labour provided by all 

"working" members. In order to show how the assumption of diminishing marginal productivity of labour 

influenced the condition that Sen identifies for the existence of surplus labourer, I consider below a simpler 

version of the model. 

 

Suppose there are only two working members64. The family welfare function 
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is given to be additive in the individual utility functions65, 

 

U = U1(f(2L)/2, L¯- L) + U2(f(2L)/2, L¯- L)     (2.8) 

 

where, Ui is the utility function of the i-th working member (i=1,2)which is increasing in the amount of output 

the i-th member receives and in the amount of leisure (L¯-L) the individual consumes66. Since each individual 

puts in L amount of labour, output is a function of 2L. The equilibrium is given by, 

 

f1  = Ui
2/U

i
1 for i = 1,2        (2.9) 

 

                                                           
59 See Lewis (1954), p. 189; and Lewis (1972), p. 77. Even though Lewis does not equate "subsistence" with agriculture, in the context 

of South and Southeast Asian countries one may consider agriculture to be the major component of the "subsistence sector". 
60 See Fei and Ranis (1964). The importance of the assumption on the xhape of the production function (i.e., values of the parameters 

in a Cobb-Douglas production function) in the dualistic models of Lewis (1954), Fei and Ranis (1964) and Jorgenson (1967) is 

discussed in Singh (1975). 
61 If withdrawal of labour from a given sector does not reduce the output initially produced by that sector, surplus labour is considered 

to exist. One may, however, define surplus not only in terms of output, but also in terms of the welfare of labourers. 
62 See Paglin (1965) and Hansen (1969) for evidence on positive marginal product of labour in traditional agriculture of India and 

Egypt respectively. 
63 In restating his position, Lewis asserts (in Lewis 1972, pp 77-78) that his concern is with "the marginal product of a man", rather 

than for "the marginal product of a manhour". 
64 Assumption of positive number of "non-working" members is not essential for Sen's model. 
65 Individuals are assumed here to have identical utility functions so that the optimal labour supply (L) chosen is same for both. 
66 L¯ is the endowment of time, assumed to be same for both.individuals, that is, allocated between labour and leisure. 



where, f1 is the marginal product of labour. The second term of equation (2.9) is the ratio of the marginal 

disutility from labour and the marginal utility from consumption, identified in Sen (1966) as the "real cost of 

labour". Since the schedule for f1 is independent of the number workers, it may be shown that withdrawal of one 

worker will have no effect on equilibrium output if the schedule of "real cost of labour" is flat in the relevant 

region. Sen also discusses less restrictive assumptions that may allow the output to remain unaffected by the 

withdrawal. It may, however, be noted that any other assumption (constant or even, increasing) on the marginal 

productivity of labour would be consistent with a solution for (2.9) as long as the individual utility function was 

concave. Yet the focus of the discussion was based on the perception that f1 is decreasing. In the extreme case, 

when no 
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factor substitution is feasible, the model based on leisure (with a given amount of land) would be of no 

relevance67. 

 

II.7.2 Inverse Relation between Farm Size and Land Productivity 

 

When the data from Indian Farm Management Studies indicated that there was an inverse relation between farm 

size and land productivity, numerous attempts were made to explain why such a phenomenon might arise68. 

Without due consideration to possible variation among sample observations (especially among large and small 

farms) in terms of technology, choice of crops, and cropping intensity, the explanation was initially sought in 

terms of a conventional production function and labour market imperfections. This is briefly shown below. 

 

With factor-substitution assumed, a given amount of output may be produced by different mix of land and 

labour. Suppose, 

 

Q¯ = F(X1, L1) = F(X2, L2)       (2.10) 

 

 

where, X1> X2 and L1 < L2 . It therefore follows that, Q¯/X1 < Q¯/ X2 

in order to infer the inverse relation between farm size and productivity, it is assumed that due to labour market 

imperfection large 
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farms face a higher relative price of labour (to land) than that faced by small farms. 

 

As has been indicated in section II.5 (II.5.2), output is found to be proportionately related to land in the case of 

single crops (in a locality). Moreover, there is now a consensus that no universal relation between farm size and 

productivity exists69. Such a relation may vary between regions and also for the same region over time (the 

latter is often associated with technological change). It will be pointed out in chapter IV that any relation (in the 

aggregate) between farm size and productivity is compatible with the assumption of fixed-coefficient 

                                                           
67 In the absence of factor-substitution, leisure may still play a role only if land is allowed to vary. Since a fixed amount of labour is 

required per unit of land, the choice of land brought under cultivation would be affected by consideration for leisure. If land is fixed, 

total work be shared between "working" members even though each of them may underemployed. This also suggests that Sen's model 

cannot account for underemployment. See discussion in chaptner IV. 
68 See Sen (1962,1964) and Mazumder (1963). 

69 See Rudra and Sen (1980). 



technology for individual crops, This implies that an explanation of the l4ifinomenon does not in any case have 

to rely on the assumption of a conventional production function. 

 

II.7.3 Sharecropping and Rental Shares 

 

The recent discussion on sharecropping is much rooted in an earlier paper by Johnson (1950). Based on an 

assumption that sharecropping may be inefficient if the tenant is left to make all input decisions, Johnson 

identified various "techniques available to the landlord for enforcing the desired intensity of cultivation"70. This 

was further formalized by 
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Cheung (1969)71. The alleged inefficiency, often termed the "Marshallian inefficiency hypothesis" was based on 

a misinterpretation of Marshall72. It is shown below how the assumption of diminishing labour productivity is 

important to the perception that sharecropping may be Inefficient. 

 

If markets are perfect, under certainty, profit maximization by both owner-operated and tenant farms imply that, 

 

f2(X, L1) = (1- ρ).f2(X, L2) = w        (2.11) 

 

where, f2 is marginal productivity of labour, L1 and L2 are respectively labour used in owner farm and tenant 

farm, ρ is the share of output paid as rent, and w is the competitive wage rate. Since (1-ρ) < 1, in equation 

(2.11); 

 

w = f2(X, L1) < f2(X, L2)         (2.12) 

 

The above implies that the tenant farms do not equate marginal product of tabour with the latter's opportunity 

cost; and therefore, they are less production efficient than owner-operated farms. Furthermore, with f2 > 0 and 

f22 < 0, the above implies that, L1> L2. Therefore, the following holds; 

  

f(X,L1) > f(X, L2), for a given X        (2.13) 
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The above suggests that the owner-operated farms will produce more output per unit of land than the tenant 

farms. 

 

While one may, by assumption, allow sharecropping to be production-fficient73; this does not explain (or 

rationalize) its existence as long am there is an alternative contract that is equally efficient. A part of the 

literature therefore attempts to explain how extra advantages in sharecropping may arise. In models with 

certainty, rationale for sharecropping is more convincingly provided in terms of supervision cost and absence of 

                                                           
70  Johnson (1950), p. 118. 
71 A long list of reference on sharecropping may be found in Quibria and Rashid (1984) and in Binswanger and Rosenzweig (1984). 
72 This misinterpretation of Marshall is well noted in Jaynes (1984). See p. 52. 
73 See Jaynes' comment on Cheung's formulation that assumes landlord's ability to enforce desired labour intensity on tenant farms 

(Jaynes 1984). Note also that static efficiency in production is an issue only when there is factor-substitution. 



markets74. It will be argued in chapter IV that both of 11to explanations are compatible with an alternative (to 

the conventional production function) assumption (of fixed factor proportion) on agriculture technology. 

 

The models of sharecropping under uncertainty are due to Stiglitz (1974) and Newberry (1977) 75. A conclusion 

reached in the latter suggests that-von in the presence of output uncertainty, there is no extra advantage 1.0 

sharecropping since a mix of wage contract and fixed-rent contract may, be as efficient as sharecropping. 

Newberry (1977) also argues that in thei-orsence of either wage or rent uncertainty sharecropping will have an 
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advantage over a wage-rent equilibrium (to be defined in chapter IV). Since the perception of uncertainty in 

agriculture is traditionally confined to output uncertainty only, any explanation of wage and rent uncertainty 

would have to assume randomness in the supply side in relevant markets76. In this context, uncertainty in labour 

use may be of inlevance. This is discussed in chapter IV. 

 

Finally, brief comments may be made on attempts that have tried to explain why rental shares have frequently 

been observed to be half. One of them is Roumasset (1979) where a conventional production function is 

assumed. The bargaining theoretic model in Bell and Zusman (1976) a more generalized production function. 

However, the more interesting results provided by Bell and Zusman are based on the assumption of a 

Cobb-Douglas production function. While a critique of the "tont explanations of "half rental share" is provided 

in Appendix E, it is worth noting that the results obtained in the aforementioned two articles depend crucially 

not only on the assumption of a conventional Production function, but also on values of the technological 

parameters77. 
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11 8 Summary 

 

The first part of this chapter (sections 11.2 to 11.4) has attempted to.1mractrize the conventional production 

function. Arguments have also hoon made that a distinction between operation-specific labour inputs is 

iiecessary to make meaningful analyses. Section 11.5 has questioned the validity of the unqualified assumption 

that factor-substitution prevails in traditional agriculture. Since it is difficult to empirically establish an 

alternative hypothesis (say, fixed-coefficient technology) rejecting the assumption of a Cobb-Douglas 

production function, or vice versa, I have relied on the views expressed by classical economists iwito have often 

been quoted in support of the conventional production function) as well as on insights (on possible existence of 

factor4sibstitution) from observed phenomena. The classical literature suggests flint output in agriculture has 

long been perceived to be determined by the number of times individual operations are carried out, It has also 

1wen recognized that there are operations that must be carried out to onsure production. Since a large number of 

operations may only be carried mit once (under certainty), it has been suggested that substitution between land 

and labour may not be assumed for all operations. The second line of pursuit leads to the conclusion that the 

assumption of a conventional production function (with factor-substitution) is not compatible with the 

simultaneous observation of rural unemployment and fixed output-land ratio across farms. 

 

                                                           
74 See Quibria and Rashid (1986) that assumes absence of bullock market. See also Eswaran and Kotwal (1985) where non-tradability 

of managerial factor is considered to explain contracts. For models based on supervision cost, see Feder (1985). 
75 See also Stiglitz and Newberry (1979). 
76 Randomness may also arise on the demand side if the latter is correlated with output. However, the result (of extra advantage for 

sharecropping) does not hold if output is perfectly correlated with wage/rent.  
77 One exception is Hurwicz and Shapiro (1978), which is discussed in Appendix E. 



After a brief comment on the limited perception on uncertainty (in 11.6), 
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section II.7 outlined the importance of the assumption of a conventional production function in certain areas of 

the literature. It appears from lite literature that perceptions about technology (articulated in a concave 

production function) have been a major corner stone in economic theorizing. These have also been the basis of 

searches for rationalizing observed phenomena in agriculture/rural economies. In the process of enquiring into 

the literature, an interesting observation has been suggested without elaboration: some of the more acceptable 

explanations 4 4) served phenomena (e.g., the existence of surplus labour and the relationship between farm 

size and land productivity) do not require the assumption of a conventional production function. These will be 

elaborated in chapter IV, once an alternative formulation of the lwio output relation is suggested in the next 

chapter. 

 

An important issue that has so far been omitted relates to the determination of wages in traditional agriculture. 

Most problems faced by development economists in explaining observed phenomena in the agrarian economy 

may be related to the absence of a convincing model of wage determination. Thus, most exercises, whether 

related to sharecropping or to contractual arrangements, are partial analyses that consider (daily wage rates to 

be given. There is not much disagreement about the inappropriateness of competitive wage determination 

model (that derives demand for labour from a conventional production function) in the context of 

underdeveloped agriculture. While the theory of efficiency wage78 is consistence with the coexistence of 

positive wage and unemployment, it may 
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be refuted on the ground that the human body stores nutrients and, therefore, the relationship between 

nutritional intake and effort must be weak  over short periods (such as a day)79. Furthermore, as Rosenzweig 

(1987) suggests, the hypotheses (e.g., stability of the ratios of male to female wage rates across areas) drawn 

from the efficiency wage theory do not hold empirically in most studies80. Similar criticism may as well be 

made against the concept of subsistence wage theory if it is defined for short periods (e.g., a day)81. There has 

been increasing recognition that demand and supply play a role in the determination of wages in traditional 

agriculture82. It is also being recognized that the labour markets are not as imperfect as often assumed in the 

current literature83. Yet, much conceptual problems arise unless one delinks demand (for labour) from an 

assumption of diminishing marginal product of labour. 

 

All of the aforementioned discussion suggest the need to reconsider the 
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conventional assumption on production function (for traditional agriculture). This is pursued in the next chapter. 

                                                           
78 See Leibenstein (1957), Mazumdar (1959) and Stiglitz (1976). 
79  Bliss and Stern (1982), p.67. See also Bliss and Stern (1978) for an indepth study of the relation between wages and nutrition. 
80 Only in case of Sierra-Leone, Strauss (1986) finds output to increase at a decreasing rate with per-capita calorie consumption. While 

this may appear to confirm positive relation between nutrition and efficiency, Srauss reports that daily wage rates vary by seasons, by 

sex and by region, but not by the calorie demands of the performed task. 
81 One may, however, suggest an alternative interpretation of this criticism: if any consideration is made of nutrition and/or subsistence 

in the determination of wage, it is valid only over a longer period and, the wages have to be defined accordingly. Such a view is 

pursued in chapter VI. 
82 See Bardhan (1984) and Ahmed (1981). 
83  See Berry and Sabot (1978). 
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CHAPTER III 

 

AN ALTERNATIVE IDENTIFICATION OF TECHNOLOGY 

IN TRADITIONAL AGRICULTURE 

 

III.1 Introduction - Primacy of Operations in Agricultural Production 

 

The previous chapter identified several aspects in the conventional specification of a production function that 

were not in conformity with the reality of traditional agriculture. One was the failure to distinguish among 

operation-specific labour inputs, a failure which, as noted earlier, is increasingly being recognized in the 

literature. The assumption of factor-substitutability between land and operation-specific labour was also 

questioned. Finally, it was noted that the prevailing specification of uncertainty (i.e., output uncertainty only) is 

quite narrow and that other kinds of uncertainty (e.g., uncertainty with respect to the labour requirement to 

ensure certain operations) pervade lijiditional agriculture. The present chapter alters each of these features to 

provide an alternative formulation of the technology in traditional agriculture. 

 

Technologies, represented by input-output relations, are likely to vary between crops (e.g., wheat and rice) and 

between different varieties of a single crop (e.g., broadcast and transplanted varieties of rice). It would thus be 

difficult to claim generality in discussions of input-output relations in agriculture. The focus of this study is 

primarily on 
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traditional wet land rice cultivation of South and Southeast Asia where chemical fertilizer and pesticides are 

(were) not used84. In spite of this -41111W focus, it is hoped that the input-output relations identified are 

applicable for a wider set of situations. 

 

Two methods of stand establishment have been used in traditional wet land rice cultivation: broadcast and 

transplanting. I consider the latter since it is more commonly used at the present time85. The activities are listed 

below in order of the timing of their operations:  

 

(i) preparation of the seed bed - involves ploughing, tilling and watering the land (i.e., the small plot 

where seedlings are grown) am well as the use of organic manure;  

(ii) sowing;  

(iii) ploughing and tilling the land where the seedlings will be transplanted - dressing the top soil with 

organic manure is also involved;  

(iv) transplanting;  

(v) Weeding; 

(vi) reaping and transporting from the field; and 

(vii) drying, threshing and winnowing. 

 

 

                                                           
84 Presently traditional wet land rice cultivation is predominantly practiced in Bangladesh, east India and Burma. For various 

characteristics of this method as well as for other methods of rice cultivation practiced in Asia, see Appendix A, reproduced from 

Barker et al (1985). 
85 While both methods may be applicable in case of traditional societies all modern varieties of rice are grown by the method of 

transplanting. One reason lies in the extra time gained while seedlings are grown in a smaller plot. 
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The outcome of all these operations is paddy grains that have to be further processed before consumption. For 

present purposes, however, husking of paddy as well as possible parboiling prior to it are excluded from the 

discussion86. 

 

The approach adopted in this text emphasizes various operations involved in agricultural production. The basic 

presumption for the techniques Miller discussion is that output cannot be defined directly in terms of Milts of 

homogeneous labour days. Agricultural production requires a set of operations to be performed, and production 

is ensured by carrying out the appropriate number of each operation during the appropriate period of time87. 

These operations are distinguished widely by agriculturalists and agronomists and, as noted in the previous 

chapter, were highlighted in the writings of some classical economists. Definition of output in terms of the 

frequency of various operations, however, raises problems for economists who usually define technology in 

terms of labour units for the purpose of discussing labour markets and wage determination. Section 111.2 

details the relation between output and labour inputs (measured in units of labour days)88, while section 111.3 

explains why the possible 
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existence of factor-subsstitution may be ignored in formal (static) analyses.  

 

It was noted at the end of the previous chapter that there is no fully consistent story of how wages are 

determined in agriculture. The problem lies in reconciling open unemployment with positive wages during the 

qlack seasons. It is contended in this thesis that the total wage payment over a longer period (say, a crop year) is 

an important determinant of Supply of labourer (and thereby, labour) in both short term (say, a day or an 

operation period) and in long terms. Since the number of labourers attached to any one sector of the economy 

(at any point in time) is an important determinant of the supply of labour to that sector over shorter periods (say, 

a day), determinantion of wage payments for such (short) periods  would logically be preceded by the 

determination of wage payments longer periods89. A model that allows for such focus needs to determine the 

stock of labourers (attached to any one sector) endogenously and therefore, the number of labourers needs to be 

related to other variables in the model. 

 

In conventional production function framework, the relationships between land and labour (i.e., the land/labour 

ratio) is a variable whose 

 

 

  

                                                           
86 The suggested definition of output is narrow since it leaves out the hay that is obtained as a by-product. There are problems in 

aggregating paddy grains and hays. Moreover, most empirical studies identify paddy grains as the output. 
87 When an operation involves application of modern inputs (e.g., chemical fertilizer), quantities applied are also of relevance. This is 

ignored here due to the narrow focus. The compatibility of the suggested formulation in the presence of modern inputs is discussed in 

chapter VIII. 
88 In this text, "labour inputs" primarily implies effort. However, under certain assumptions, this may be expressed in units of labour 

days or of labourers. 

 
89 One may specify period-specific preferences (of prospective labourers) over income and leisure so that short period labour supplies 

may be defined. While such decision-making may be at work once a labourer commits to any particular sector, the choice of any one 

sector is likely to be based on decisions that take account of the anticipated annual income from alternative sources. Furthermore, 

since agriculture does not provide year-round employment, short period employment prospects (including the expected days of 

unemployment) are likely to be taken into account in such decision making. 
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chosen value is determined by the constraints faced by optimizing agents90. For example, a common argument 

is that a profit-maximizing farm,facing a higher effective price for labour, will choose a higher effective price 

for  abour ratio than one facing a lower effective wage. In most economic analyses, the relation between labour 

inputs and number of labourers (i.e., amount of labour supplied by a labourer) is also a choice variable 

determined by the preference (of a labourer) defined over leisure and remunerations of labour91. Since output 

may be varied by applying different amounts of labour on a given units of land (if the conventional production 

function holds), it is not possible to define a unique relation between land and labourer92. 

 

Given the input-output relations, to be outlined in section III.3, it is possible to relate the number of labourers 

with quantities of land and output under certainty) when a given amount of labour supply (in each operation 

period) by individual labourer is assumed. Sections 111.4 and III.5 identify these relations, which will underlie 

most of the exercises in later chapters. 
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The input-output relations under uncertainty are identified in section III.6, while the last section summarizes the 

discussion in this chapter. 

 

III.2 Relations between Operation, Output and Labour Under Certainty 

 

While empirical estimation of production functions are common, very little has been done by economists to 

study agricultural technology in a degree of detail that distinguishes between operations. Nor does one find 

much reference to the works of agriculturalists and agronomists in economic literature. One exception is the 

study by Bliss and Stern (1982) based on plot-specific data pertaining to a village in India. In their formulation 

of a "technical production function" (for wheat), Bliss and Stern depart from the conventional specification in 

two respects. First, they argue that "labour in terms of hours worked or number of people present should not 

enter production functions of the more 'technical, kind“93. The appropriate input measure, according to them, is 

the number of times each of the various essential tasks carried out by labour are performd. Secondly, Bliss and 

Stern identify only the pre-harvest activities (along with their timings) as possible explanatory variables for 

output, and suggest that "the post-harvest activity will depend upon the quanticity of wheat harvested rather 

than be an explanation of that 

 

 

 

 

 

                                                           
90  In case of profit-maximizing agents, the constraints are relative factor prices, In case of a Chayanovian family (as described in San 

1966), working members maximize a joint family welfare function, it is the of working members present to share the work as well as 

final output (for consumption). 
91 The time dimension of such preferences is often not mentioned. In many instances, they are implicitly assumed to be defined over a 

single day, 
92 The need to distinguish between labour days and number of labourers is well recognized in the literature on surplus labour. See Sen 

(1984), p. 58 and Lewis (1972), pp. 77-78. The relation between land and labourer, on the other hand, is hardly addressed in the 

theoretical literature even though empirical works often use land/labourer ratio to distinguish relatively land scarce economies from 

the land abundant ones. 
93  Bliss and Stern (1982), p. 169. Even though reference is made to wheat production, the remarks are equally valid for rice 

cultivation. 
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quantity"94. As long as the focus is on technical relations between physical quantities, reaping and post-reaping 

activities may not be considred as contributing to production since they do not increase the physical quantity of 

output95.  

 

To simplify Bliss and Stern's position, the farmer must carry out the harvest and post-harvest activities in order 

to obtain the output that is already in the field. All these operations may conceptually be identified as single 

operations and their numbers cannot be varied to affect output96. In this regard, there is a similarity between 

these (harvest and post-harvest) operations and some of the pre-harvest operations that have been ignored by 

Bliss and Stern. For example, labour activity required during transplanting depends on the number of seedlings 

to be transplanted and on the area of the land where they are transplanted. Under the ceteris paribus condition, 

the biological growth of the 
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seedlings is pre-determined, and the act of transplanting cannot affect the outcome97. More importantly, 

transplanting can be performed only once (under certainty) so that there is no scope to vary output by varying 

the frequency of this operation. If frequency of each operation is important fit the determination of output, a 

distinction in terms of pre-harvest and post,harvest appears to be conceptually less appealing compared to an 

alternative distinction whereby certain operations are identified whose numbers may be varied to affect output 

while (the numbers for) other operations are pre-determined. This distinction is elaborated further below. 

 

In terms of the time sequence, operations involved in the case of transplanted crops may be divided into two 

groups. The first includes the preparation of seed bed and sowing, that determine the quality (and quantity) of 

the seedlings grown. It also includes preparation of land (on which the seedlings will be transplanted) that affect 

the quality of plants (defined in terms of the number of grains they will bear) assuming that the seedlings are of 

a given quality. The second set of activities includes the rest of the pre-harvest activities (transplanting and 

weeding) and all post-harvest activities. While transplanting and weeding activities attempt to ensure healthy 

biological growth of the seedlings (given the quality of the seedlings and given the preparation of the land 

where they are transplanted), the latter activities (i.e., reaping and post-reaping) attempt to ensure the output that 

has already grown in the field. Thus, whatever flexibility exists in affecting output is confined 
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to the first type of activities only.  

 

 

                                                           
94 ibid, p. 244. A two-stage production function that considers Leontief technology to prevail in the second stage (as in Bardhan 1979) 

is conceptually similar to this proposition. The relation between poet-harvest activity and quantity of wheat was not tested by Bliss 

and Stern. However, they got a good statistical fit by linearly regressing output per unit of land on a number of variables of which 

timing of fertilizer use (i.e., whether used during sowing or not) and fertilizer tee top dressing) per unit of land were the most 

important. As for raising production (per unit of land) by increased application of labour, 4beIr query (based on interviews) led them 

to suggest that such scope was confined to weeding operation only (ibid, p. 279). 
95 If no losses are incurred in reaping, threshing and winnowing, one would not be wrong to say that the measured amount of paddy 

grains is the same as it was prior to reaping. In practice, post-harvest losses are measured from a similar perspective (see Greeley 

1987). 
96 One may consider threshing under traditional method to be an exception. There are, however, difficulties in defining the task 

involved a single threshing. 
97  Equal efficiency across farms is assumed in planting the seedlings 



Given the above identification, output under certainty may only be affected by varying the numbers in 

operations of the first stage only98 there are, however, two other ways that output may be affected that are not 

considered above. As noted in Bliss and Stern (1982), timings of operations are important determinants of 

output. This is discussed in section 111.4. Secondly, output per unit of land is expected to be related to spacing 

of plants. Once a crop is cultivated in an area for a number of years, however, farmers tend to adopt similar 

spacing pattern. For reasons to be provided in section 111.3, it is assumed that spacing of plants is identical in 

all plots of land (in a locality) on which the same crop is produced99. 

 

For simplicity in exposition, it is assumed that output may be affected by varying the number of only one 

operation (say, ploughing, identified below as the J-th operation) while the rest of the operations must be 

performed a given number of times100. Let sk be the number of times that the k-th operation is performed. If 

output is affected only by the 
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frequency of the j-th operation, then output per unit of land may be expressed as101. 

 

 

 
Q

X
 = S(sj) if sk ≥ s¯k, V k≠j, k = 1,...j-1, j, j+1… k;     (3.1) 

 

 

Where, s¯k is the required number of times that the k-th operation ought to be performed, and S is twice 

differentiable and concave. Note further that S is defined only for sj ≥ s¯j, where s¯j is the minimum number of 

times the j-th operation ought to be performed for output to be realized102. 

 

In order to relate labour (days) with each operation and with the other major factor land, the pre-harvest 

operations may be considered first. Operations such as sowing and ploughing involve human activity on land103. 

As noted by Bliss and Stern (1982), a fixed labour days of work is required to perform one such operation on a 

given piece of land104. In the case of weeding, labour days required would depend on the extent of weeds 

grown. If the extent of weeds in different fields were identical, 
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the labour requirement could also be identified in terms of land105. Finally, as mentioned earlier, labour used for 

transplanting will be positively related with the number of plants transplanted and the area of the land where 

                                                           
98 When operations are considered to be the determinants of output on a given unit of land, the act involved in any one operation is 

assumed to be homogeneous across farms. 
99 It is quite plausible that output per unit of land is a concave function of plant density (i.e., with congestion in spacing). One may 

therefore argue that there is scope for factor-substitution in transplanting. In general, empirical observations suggest that farmers in a 

locality tend to adopt similar spacing pattern. See Greeley (1987). 
100 For simplicity, the distinction between ploughings carried out on the seed bed and on land where the seedlings are transplanted is 

ignored. 
101 Even though sj is discrete, we may assume an operation to be performed only on a part of a given land. Thus, the assumption of a 

continuous function is not as severe as it may appear. 
102 Even if output may be affected by varying the number of times ploughing is performed, there is always a minimum number for 

ensuring production. 
103 In case of ploughing (and threshing), bullocks are also involved. 
104 The number of times that ploughing has to be carried out in a particular crop year may also be affected by past weather conditions. 

Note also that land quality is assumed to be homogeneous across farms. 
105 Problems in formally including weeding activity in an input-output relation are discussed in section III.3. 



they are transplanted. Since identical spacing of plants is assumed, a given size of land would only accomodate 

a given number of seedlings. Thus, labour required for transplanting would also be dependent on the size of 

land. It may, therefore, be concluded that given a piece of land, a fixed (number of) labour days (that are 

homogeneous in effort) of work would be required to perform each of the pre-harvest operations once. 

 

The perspective on the post-harvest activities posited in the existing literature is different from the relation 

outlined above for pre-harvest activities. As noted earlier, Bliss and Stern (1982) suggest them to be related to 

output, and Bardhan (1979) explicitly makes this assumption in modeling exercise. In practice, the act of 

reaping (and transporting) is however, related to the plants and may be expected to be independent of the actual 

output (i.e., paddy grains) the plants bear. Since uncertainty106 may affect output differently in different plots (of 

land), And since all plots of the same size are assumed to have an identical number of plants, labour required for 

reaping is likely to be explained better by land than by output. The same argument holds for threshing as well, 

since the latter act is on reaped plants in order to separate the 
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paddy grains from the hay107. Only in the case of winnowing, where paddy grains have been separated from the 

plants, would one expect a direct relation with output. Since the proportion of total post-harvest labour that is 

used for winnowing is quite low, one may consider harvest and Post-harvest activities (i.e., labour days) to be 

related to land rather than to output108. 

 

The discussion above suggests that given a piece of land, a given amount of labour for each operation is 

required. If an operation is repeated twice, the labour requirement is likely to double. Let lk be defined as the 

number of labour days required to perform one k-th type operation on a unit of land. If the k-th operation is 

performed sk times, total labour days required to perform the k-th operation on X units of land would be given 

by, 

 

 

 Lk =Xsklk,     V k,  k = 1, 2, … K      (3.2) 

 

 

there may, however, be economies of scale in labour use as the size of land increases. Thus, the required 

number of labour days for each operation (per unit of land) may be expressed as a function of land (X), 

 

 

 lk = lk(X), 1´k > 0 and l´´k <0      (3.3) 
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Even if (3.3) holds, output may be varied by varying the amount of land, but not by varying labour given an 

amount of land (except in the case of the j-th operation, of the type shown in (3.1))109. Therefore, 1k is 

considered to be given, as in (3.2). Upon substituting a., obtained from (3.2) into (3.1), the following may be 

obtained, 
                                                           
106 Reference is made to output uncertainty only. 
107 Note that the works involved in reaping and threshing are related to the number of plants. The average weight and/or volume of a 

plant may, however, vary between plots due to variation in the number and/or weight or grains in each plant. 

 

 108 Plot-specific data obtained for various crops in 11 villages of Bangladesh indicate that harvest and post-harvest labour inputs are 

tott.ter explained by land than by output (see Appendix C). 
109 Note that output per unit of land would be given while labour per unit of land decreases with increase in plot size. 



 

 

 
Q

X
 = S(Lj/Xlj) if Lk≥ L¯k) , V k≠j       (3.4) 

 

Alternatively110 

 

 Q= X. S(Lj/Xlj) if Lk≥ L¯k) , V k≠j      (3.5) 

 

where, L¯k = s¯ k l k X = b k X (say), V k (b k = s¯ k l k). Since s¯ k and l k are constant for each k, the bk' s may be 

considered to be constants for a given technology. 

 

III.3 A Case for Non-substitution 

 

The characterization of input-output relations in (3.5) allows a limited Scope for varying output by varying the 

application of labour. However, for most operations, such scope is absent. Therefore, derivation of a downward 

sloping labour demand curve (with finite slope) is not possible 
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for most operation periods from the construct in (3.5)111. For the same reason, attempt to relate wages with 

some notion of marginal product of Labour is meaningless in the case of these operations. This suggests the 

necessity to search for an alternative way to explain wage determination traditional agriculture as well as in 

explaining various other phenomena (e.g., various contractual arrangements) that have until now been based on 

a production function perceived to be continuous and concave. In order to completely abstract from any 

possible influence of factor substitution, the alternative chosen in this text is a fixed coefficient technology that 

allows for distinction among operation-specific labour inputs. One rationale for this simplification is provided 

below. 

 

Consider, for example, the extent of difference in output per unit of land due to possible differences in the 

optimal choice of the frequency of the j-th operation (where factor-substitution is possible) by different farms. 

In the case of profit maximization, the optimal of the J-th operation will be given by, 

 

 

 
S′

lj
 = wj          (3.6) 

 

where, wj is the daily wage rate during the period of j-th operation and S’ is the marginal increase in output due 

to performing the j-th  

 

 

 

 

                                                           
110 if lj is same at all levels of X's, the marginal product of labour used in the j-th operation will be independent of the size of land (X) 

since, δQ/δLj = X.S'.(l/Xlj) = S’/lj. Rather it depends on the number of the j-th operation in which this labour is being performed and 

the marginal  contribution of that particular operation to output. 
111 Note that with labour inputs being distinguished in terms of operations, the marginal contribution (to output) of labour in any one 

operation cannot be defined since there is perfect complementarity between various operation-specific labour inputs. However, for a 

composite labour input (that represents a given combination of labours in various operations), the marginal contribution to output may 

be defined which is constant up to a point for a given amount of land. 
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operation one more time. If the wages are normalized by output (Q), and I- AQ, (O<A<1), the above may be 

expressed as, 

 

 
S′

Q
 = A         (3.7) 

 

If, on the contrary, the frequency of the j-th operation is chosen to maximize output, the condition for such 

maximization would be given by, 

 

 S’ = 0         (3,8) 

 

It may be noted that as A approaches zero, S' in equation (3.7) also approaches zero. Thus, the difference 

between the optimally chosen sj diminishes between the two cases (i.e., under profit and output maximization) 

as A approaches zero. This suggests that with factor-substitution possibility confined to a limited number of 

operations (in our case, effectively, ploughing only) the cost of which (i.e., the cost of on such operation) is only 

a small fraction of total output, the differences in optimal input choice and therefore in output, are likely to be 

small between farms112, even though they (i.e., farms) may face different factor (here, labour) prices. It is 

therefore assumed that sj's do not vary substantially across farms to result in significant variation in output. In 

being consistent with the findings on output per unit of land (for Individual crops), the following simplification 

of (3.5) is 
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suggested113, 

 

Q = aX, if Lk ≥ bkX,   V k and a>0       (3.9) 

 

Note that the underlying technology is given by, 

 

Q = min. [ aX, aL1/b1,., aLk/bk]      (3.9.a) 

 

where there  are K number of operations. This is consistent with a production process that requires sowing, a 

minimum number of ploughing, transplanting, reaping and a minimum amount of threshing. All these must be 

carried out in order to realize the final output. The only exception is weeding which may not be carried out and 

yet some output may be realized114. However, as noted earlier, extent of weeds grown in field depend on 

weeding done on previous cropping season and on weather conditions that make it difficult to relate weeding 

activity with output within a general formulation. It is quite plausible that decision on weeding are based over a 

period that encompasses more than one crop season. Furthermore, in the case of traditional crops, the effective 

operation periods for weddings are long so that the family labourers may spread out their work and reduce 

                                                           
112 No evidence on possible range of values for A may be provided here. Nor is it possible to quantify the difference in output unless 

the functional relation between Q and sj is known. Intutive understanding suggests that A would be low which is consistent with the 

findings (referred to earlier) that output is roughly proportional to land for single crops. 
113 It may be noted that equation (3.7) could be expressed as the sum of two functions. The first term would depend on land (X). The 

second term could be a function of sj attaining a value of zero at the maximum. 
114 The possibility of varying output by applying labour during weeding has also been noted in Bliss and Stern (1982). 

 

 



dependence on hired labour. In the latter case, abstraction from peculiarities in weeding may not be 

unreasonable when the focus is on labour contract and wage determination. 
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III.4 Identification of Operation Periods 

 

It was mentioned earlier that the timing of agricultural operations is also an important determinant of output. 

There is an optimum time horizon tin be identified shortly) for each operation performed in agriculture. While 

for the most crucial act, sowing115, the time is dictated by weather conditions, the times for the operations that 

precede or follow it are also influenced by the timing of sowing. In order to be precise, the following may be 

defined; 

 

Y = {y |   y is a day in a calendar year), 

T"
k = {y | y 휀 Y, and k-th operation may be performed on day y), 

 T*
k = {y | y 휀 T"

k, and y are the days in which k-th operation is actually carried out by a farmer) 

 

In a locality, T"
k 's (i.e., operation-specific seasons) are expected to be defined for a particular crop. Assume that 

T"
i ∩ T"

j =∅, for i≠j; i.e., operation-specific seasons for a crop do not overlap. Furthermore, by definition, T*
k 

⊂T"
k .With these notions, the optimum time for the k-th operation may be defined as, Tk ⊂ T

"
k, and output on a 

unit of land is maximum if T*
k ⊂ T

"
k. 

 

In practice, T*
k is likely to vary between farms due to variations in land 
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type116, as well as due to differences in the constraints faced by farmers. One may perceive T*
k as a decision 

variable since a family farm may have an incentive to operate beyond Tk in order to make fuller utilization of 

their labourers117. There are at least two factors that may work against unbound spreading of labour. First, 

operations may have to be repeated in a "non-optimum" time horizon due to adverse weather. This would 

suggest that in the face of uncertainty (associated with labour use), farmers would tend to plan their operations 

to be carried out during the optimum period. Secondly, if the timing of operations significantly affects output118, 

there will be an incentive to confine operations within the optimum time period. It could be interesting to study 

how the choice of timing of operations reflect the optimum periods for operations (that are specific to land), the 

length of individual seasons (that are specific to a locality), and the decision maker’s participation in land rental 

and labour markets119. Such formalization, however, needs to be preceded by empirical queries that are 

presently lacking. For the purpose of relating the number of  

 

 

 

 

                                                           
115 In present days, where market for seedlings have emerged, the act of sowing may be bypassed by individual farmer. However, in 

Bangladesh, such practices are sought only when adverse weather necessitates 4aitsplanting operation to be repeated. 
116 For example, a low-lying land may have to be sowed earlier than a high land. 
117 Given the number of labourers, more land may be cultivated only by spreading out labour over a longer time horizon. 
118 It has been observed to be so in the results presented in Bliss and Stern (1982). 
119 As a suggestion, it may be argued that farming households who demand land in the rental market and supplies labour as well, may 

prefer to choose lands on which operations have to be carried out earlier (usually the low-lying lands with possibly lower expected 

productivity) in order to hire out labour in periods when the prospect of employment is It may be shown that presence of such 

decision-making tend to reduce the differences in equilibrium rents on different qualities of land. 
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labourers with land in the next section, a simpler assumption that the actual operations are carried out during the 

optimum time and that this is same for all lands in a locality is made. I identify the length (in number of days) of 

this optimal period for the k-th operation by Tk. 

 

 

III.5 :  Relation between Land, Labour and Labourer under Certainty 

 

To expound on how land, labour (measured in units of labour days) and number of labourers are related by 

technology (under the alternative formulation), the input-output relation suggested in this chapter (for certainty) 

may be restated, 

 

Q = aX, if Lk ≥ bkX V k =1,2..,k      (3.9) 

 

Where, Q is Output, Lk is standardized labour days required during the k-th operation, and a,bk>0. It was also 

noted that Tk is the length of time within which the k-th operation had to be completed. If Nk labourers are 

involved in performing the k-th operation on X units of land, the maximum number of labour days of work that 

they can do is NkTk (assuming all labourers work during all days of the k-th season). In order to ensure 

completion of all operations, the following condition should therefore hold120; 

 

 

NkTk ≥ bkX, Vk 

Or,  

Nk≥ (bk/Tk)X = nkX , Vk = 1, 2 , …, K    (3.10) 

 

 

 Where nk is the minimum number of labourers required to perform the k-th 
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operation on a unit of land. The above relation, however, identifies only the minimum number of labourers 

required to perform an operation. Observed Nk may be affected by various factors. First, by choice (or, due to 

sickness) a labourer may work only a limited number of days which is Less than Tk
121 . Where individual 

preferences are fulfilled, the decision on the supply labour (by a labourer) may be assumed to be made prior to 

the beginning of production (under certainty). This holds due to the absence of factor- substitution at the 

intensive margin. In traditional agriculture, the choice between leisure and labour is likely to be of limited 

Importance in the decision-making of labourers even though choice between alternative sources of income (and 

employment) is important. Thus, no effort has been made in this analysis to formally incorporate preferences of 

labourers over leisure and labour. More labourers may also be employed to complete an operation in a shorter 

period in anticipation that Tk may be smaller122. Finally, constrained by the availability of land and due to the 

lack of alternative job opportunities, more labourers than are technologically required, may have to be attached 

                                                           
120  Note that a given level of effort is assumed for each day of work. 
121 If prior information is available on it, the relation in equation (3.10) may be modified accordingly. In empirical works on actual 

supply of labour, sickness is often taken into consideration. 
122 Uncertainty associated with operation period has earlier been noted. Reference is made to a possibility that chosen Nk may be 

affected anticipated Tk, which is consistent with (3.10). In such case, underutilization of a labourer would be positively related with 

the degree of uncertainty in Tk. 



to a given ml it land. In such a case, work sharing may be practiced among the labourers even though each of 

them is effectively underemployed123. The  
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last case may, alternatively, be explained as one where the labourer is not conceptually) divisible. That is, a 

labourer engaged in agriculture especially, those on family farms) may not leave his/her residence (on a lay 

basis) to seek outside employment even though it is not technologically necessary to work on his/her own farm. 

Thus, the "number of labourers" (i.e., Nk) may only take discrete values, which in turn is to result in 

underutilization of labourer. It is shown in chapter IV that such inefficiency (i.e., underutilization of labourers) 

may be negatively related with farm size. 

 

The relation between the number of labourers and land, identified for operations, does not yet provide much 

insight into the long term supply Of labour(ers)124. It is, rather, necessary to relate land and labourer over a 

length of time and the latter needs to be defined in such a way as to capture all activities (in agriculture) that are 

being repeated (assuming static technology)125. In economies where crops produced have gestation periods126 of 

less than a calendar year, the length of the unit ... I may be equal to 365 days127. However, the year so defined 

may not 
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coincide with a calendar year. It is more appropriate to consider a period that commences with the first 

operation for a crop and goes until same operation (for the same crop) begins in the following year128. The 

length of this period may be identified as T. In a single crop economy, a crop year may be defined as Σ𝑘
𝑘

=1Tk and 

the period of crop activity (Ta) is identical with a crop year129. The period during which there is no crop activity 

may be defined as TK+i such that130,   

 

T = Ta +TK+1        (3.11) 

 

It may be noted that as an economy moves from single to multiple cropping, Ta increases at the expense of Tk+1. 

While total labour days (during T) increase, this transition may not involve an increased number of labourers131. 

One implication is that daily wages (in real terms) may decrease without (necessarily) a reduction in total wages 

received by a labour. On the contrary, the latter may increase if the (gains due to) increased employment 

outweighs the (losses due to) reduction in daily 

 

                                                           
123 One may, therefore, relate underemployment with the existence of labourer without resorting to the type of analysis carried out in 

Sen (1966). 

 124 Note that a technical relation between labour(er) and land provide not only the demand for labour(er), it also reflects the amount of 

land a labourer may potentially cultivate. See discussion on supply of laboour and labourer in III.1. 
125 The concern is with reproduction of labourer (and thereby labour) and definition of reproduction needs to identify periods between 

which labourers are reproduced. 
126 Identified as a crop year. 
127 In the presence of crop rotation, the period may be defined to cover a cycle. If proportions of land devoted to individual crops 

remain fixed in every year, one may, however, consider a year as the unit of time. 
128 Since reproduction depends on the remunerations received by labourers due to their participation in economic activities, a period is 

expected to cover all such activities that repeat over time. 
129 In case of multiple cropping (say, two crops such that crop years do not overlap), Ta would be the sum of the various crop years. 
130 For simplicity, I assume that there is no gap between two consecutive operations. 
131 This may be contrasted with the view posited in Boserup (1981). Boserup argues that more operations are involved due to multiple 

tip 1witIch is right) that needs more labour (which is also right) and therefore such technological change is associated with population 

change (which may not follow). See Boserup (1981), p. 45. 
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wages132. The example also suggests that total wages received during T is of more relevance than the daily 

wage rates in understanding the process by which labourers continue to supply necessary labour in the years to 

follow. Therefore, the long term supply of labour may only be related to total wages during T, which in turn 

may have implications for the determination of daily wage rates. The former relation is specified further in 

chapter VI to explain how rental shares may have been determined in a land-surplus economy. 

 

Whether it be a single crop economy or a multiple crop economy, the actual relation between land and the 

number of labourers over the period T depends on the nature and extent of development of the non-crop sector, 

both within and outside the rural economy. In the absence of any non- crop activity, a higher labourer/land ratio 

may have to be maintained to ensure crop production (see chapter V). As the non-crop sector develops, such 

requirements (depending on the nature of development in the non-crop sector) may be operation-specific rather 

than for whole of T. This perspective underlies most of the discussion to follow in later chapters. 

 

III.6 Input-Output Relations Under Uncertainty 

 

The identification in equation (3.9) assumes no weather related uncertainty. In crop production, some operations 

are conditional on the 
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state of nature. For example, weeding activity depends on the extent of weeds that grow in the field133. 

Moreover, certain operations such as sowing, ploughing and transplanting, may have to be repeated if weather 

conditions make the initial operations fruitless. Thus, required labour use in all pre-harvest operations may 

essentially be considered as random variables134. A second type of uncertainty, which is frequently discussed in 

the literature, is the output uncertainty given that inputs have been used. I refer to the former as arising from 

events to which farmers may respond by adjusting inputs (other than land), while no such adjustment may be 

made in the latter case. Thus, the following relations would be of relevance for decision-making, 

 

Q = θaX if         (3.12.a) 

 

Lp≥ ΦpbpX, Vp p = 1,…, P      (3.12.b) 

 

 

where θ and ∅p are random variables with finite means and variances, and there are P number of pre-harvest 

operations. It is quite likely that θ is correlated with ∅p‘s, since in spite of input adjustments all losses may not 

be recouped. Furthermore, a repeat operation is likely to be performed during a period which would otherwise 

not be optimum (in terms of the biological growth of the plants), and therefore, output is likely to be affected. In 

spite of these arguments, I avoid relating θ and ∅p in the above formulations since such subtle relationships will 

not be of 
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132 This raises question on the validity of exercises that attempt to relate trend in (daily) real wage rates with welfare of a labourer. 
133 Usually growth of weeds depends on weeding done in the previous -season, extent of ploughing (along with weeding) done in the 

current season, fertilizer use and randomness in weather. 
134 To my knowledge, this notion of uncertainty in input use has not been discussed in the existing literature. Discussion on wage 

uncertainty in Newberry (1977) refers to factor market uncertainty only. 



relevance for the analyses to be pursued in later chapters. 

 

In neither of the aforementioned cases of uncertainty are post-harvest labour requirements likely to be 

affected135. Thus, the relation in (3.9) still holds for harvest and post-harvest operations, that is; 

 

Lh ≥ bhX Vh h=1,… H      (3.12.C) 

 

Where, the subscript h stands for h-th harvest/post-harvest activity, and there are H such activities136. 

 

III.7 Summary 

 

Taking the approach adopted by most agriculturalists and agronomists, I have initially identified the operations 

involved in traditional rice cultivation. It has been argued that while most operations are essential for obtaining 

final output, the scope of affecting output by varying the number of individual operations is limited. Based on 

the assumption that labour days (that are homogeneous in effort) required to perform an operation is 

proportionately related to the frequency of that operation, labour requirements for the various operations are 

obtained. Since the purpose of an input-output formulation, in economic analysis, is to provide insights into 

product and factor markets (especially, in the determination of factor prices), a simpler version (of the 

input-output 
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relation) is suggested to abstract from any factor-substitution that may otherwise affect economic analyses. 

Such formulation under certainty is given in (3.9) while the formulations under uncertainty are given in (3.12.a) 

to (3.12.c). 137 Along with these, an agricultural technology is characterized by time periods available for 

performing various operations. The latter allows derivation of the labourer requirement (per unit of land) for 

various operations (see equation (3.10))138. The implications of this construct will, hopefully, be clear in the 

chapters to follow. 

 

  

                                                           
135 Except in case of winnowing, which has been mentioned to be related to output. However, due to its insignificance (as a proportion 

to total labour use), I ignore it. 
136 Note that P+H=K. 
137 There is a third type of uncertainty that may also be of relevance in the context of decision-making. One may consider the period 

1--i performing individual operations (i.e., Tk) to be a random variable. This is true especially for the reaping period. Note that labour 

(days) required to reap the harvest on a given piece of land is wit affected. Rather, sudden flood, rain or draught may necessitate 

quicker action in terms of increasing the intensity of labour use. Even l1loUgh occasional reference will be made to this type of 

uncertainty, I do not incorporate it in any formal analysis 
138 The underlying assumptions are discussed in sections III.4 and III.5. 
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CHAPTER IV 

 

SOME APPLICATIONS OF THE ALTERNATIVE FORMULATION 

 

IV.1 Introduction 

 

Fixity in technique, at least in the short run, is largely accepted among economists. Yet, there has been less 

effort directed to the incorporation of that assumption in static micro analyses, especially, in the field of 

agriculture/rural economy. Similarly, differences (in labour market conditions) between operation periods have 

often been cited to justify assumption(s) made in models, without much attempt to incorporate them into formal 

analyses.139 While a simpler approach in abstracting reality may more appealing, the discussion in this chapter 

will, hopefully, justify the need for a greater level of disaggregation140. 

 

It was argued in chapter II that the conventional production function for agriculture fails to account for 

simultaneous observations of unemployment and the proportional relation between output and land in case of 

individual crops. The unemployment issue is discussed further in section IV.2, along with the question of 

surplus labour. Proportionality between land and output follows directly from the input-output relation 
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suggested in chapter III. However, small farms, at least in the context have always been observed to apply 

higher labour inputs per unit of land. This is true even when a single crop is considered141. An explanation of 

this phenomenon is provided in section IV.3. 

 

A related empirical query that drew the attention of many development economists involves the relation 

between farm size and land productivity. Since technical efficiency is assumed in the production of a single 

crop, and given the assumption of fixed-coefficient technology, land productivity is expected to be identical 

across all farms (except for randomness). However, in the presence of multiple crops in a single cropping 

season, variation in the choice of crop (i.e., techniques) may lead to variation in land productivity (in the 

aggregate) across farm sizes. While most discussion in this thesis assumes that there is a single crop142, section 

IV.4 shows how the assumption of fixed-coefficient technology in individual crops may be meaningfully 

applied in a multi-crop context. An interesting proposition made in this section is that the choice of apparently 

"inefficient" techniques is consistent with behaviour by family farms143; and that small/family farms are more 

labour intensive than large/wage farms. It is argued that a wide range of relationships between farm size and 

land productivity may arise 

 

 

 

 

                                                           
139 The only exception, to my knowledge, is Bardhan (1979). 
140 There are two aspects of simplification in the case of a conventional production function. First, it is an aggregation over techniques 

that may not individually allow for factor substitution. Secondly, it aggregates operation-specific inputs. See discussion in chapter II. 
141 See Rudra and Sen (1980). 
142 Such an assumption is quite common in modelling of contractual arrangements 
143 The usage of the term "family farm" is often misleading since most farms depend on hired labour during peak operations. The use 

of the term in this text allows for such possibility unless otherwise stated. 
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due to such "inefficiency", even when other variables (e.g., differences in cropping intensity, quality of land and 

technology) are controlled. One major concern in this thesis is to show how labour contracts arise in traditional 

agriculture. The existing literature on choice of contracts (i.e between sharecropping, wage contract and fixed 

rent contract) identifies supervision costs and the presence of non-tradable factors as possible explanations for 

the existence of renting practices under certainty144, while sharecropping is argued to have risk-sharing 

advantages under uncertainty. It is shown in sections IV.5 and IV.6 how the assumption of a fixed-coefficient 

technology is compatible with such explanations. Since issues in later chapters are addressed within a 

framework that assumes certainty (in both output and input use), relatively greater attention is paid on the case 

of uncertainty in this chapter. Note that, given the assumption of fixed-coefficient technology, all contracts are 

production efficient. The focus of the discussion is therefore on the choice of contracts that maximize the 

expected utility of agents. An attempt is also made to relate the discussion with the current state of the literature. 

 

The objective of the present chapter is to outline various issues that may be addressed with an assumption of 

fixed-coefficient technology, and to suggest possible ways of doing it. Several issues are addressed within a 

framework of partial analysis, and no attempt is made to develop a 
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unified model. In the case of specific issues, the discussion is not always complete since the arguments are 

confined to a minimum number of variables. 

 

IV.2 Existence of Unemployment and Surplus Labour 

 

The Input-output relation was identified in chapter III (equation (3.9)) as, 

 

Q = aX, if Lk ≥ bkX,  V k = 1,…,K       (4.1) 

 

Where, Q, X and Lk are respectively output, land and homogeneous (in effort) labour days used in the k-th 

operation. If the time length of the k-th operation period is given by Tk the above was expressed in equation 

(3.10) as145 ; 

 

Q = aX, if Nk ≥ nkX,  V k = 1,…,K       (4.2) 

 

Where, Nk is the number of labourers engaged in the k-th operation and nk= (bk/Tk) when each of the labourers 

supplies labour (of identical efforts) on all days during Tk 

 

If equalities are considered in (4.1) and (4.2), Lk and Nk express the demand for labour and labourers 

respectively (associated with given 

 

 

 

 

 

                                                           
144 Most discussion on the subject address the issue by verifying if a contract or a mix of contracts are production efficient. Often 

arguments are made in terms of incentives that tenants may have under rental contracts. Since supervision cost arises due to lack of 

incentive on the part of wage labourers, the two cases are equivalent. 
145 Each labourer is assumed to work during each day of an operation period. 
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amount of land under cultivation) in different operation periods146. A complete explanation of unemployment 

and surplus labour should identify the supply of labour as well as the process of wage determination. This is the 

subject matter of chapter VII; here I abstract from these aspects and focus on a family unit, whose members 

supply labour only to the own farm, in order to discuss how unemployment and surplus labour may arise147. 

 

The family unit is assumed to operate on Xo land and has No labourers who engage in crop production148. If 

production is carried out by family labour only, production on all of the land, Xo may be assured only if, 

 

No ≥ njXo         (4.3) 

 

Where nj = max.(n1,n2, .... nK]. The extent of unemployment (in terms of labourers) during the period of the k-th 

operation is, therefore, given by149 

 

 

Uk = No - njXo         (4.4) 

 

As a variant of the above framework, one may introduce choice of efforts 
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that a family labourer is willing to provide during each operation period150. Effectively, this would imply that 

the labourers do not work on all days during an operation period151, and therefore, nk may be higher than 

presumed in the above formulations. To see how Sen's explanation of surplus labourer152 may be addressed 

within this framework, consider the   j-th operation, such that, No = njXo. Here, nj is defined for a given level of 

effort that individual working members choose (when the total number of working members in a family is No). 

If one of the working members is withdrawn, it is quite feasible that the remaining members may increase their 

efforts to ensure completion of the j-th operation with (No-l) workers. That is, even though (No- 1) < njXo, it is 

possible to reduce nj to say nj’
153, such that, (No-l) = nj’Xo. In such an event, labourers may be withdrawn 

without loss in output even though full employment (during the j-th operation period) prevailed initially in crop 

production154. 

                                                           
146 The demand is essentially for effort. For identical amounts of effort, demand for labour days is identified. Similarly, demand for 

labourers may be defined when identical number of labour days (during an operation period) is associated with each labourer. 
147 Since fixed-coefficient technology is assumed, the discussion, in general, will be valid for an aggregate crop economy. 
148 Prior decision-making may underlie the choice of Xo and No. 

 
149 Since labourers may only be measured in discrete numbers, the actual number of surplus labourers is likely to be lower than Uk. 

Note that the "no-work" time may be shared among family labourers, in which case underemployment would be observed. 
150 This would be similar to the formulation in Sen (1966). See chapter II. 
151 It is assumed here that effort level in each day of work does not change. Alternatively, one may consider the technology given by, 

Q=aX, if skLk ≥ EkX, Vk; where ek is the amount of effort provided in each day of work and Ek is the total effort required for 

completing the k-th operation on a unit of land. Thus, ek may be assumed to vary resulting in changes in nk where nk = (Ek/ekTk), 

assuming all labourers provide labour throughout Tk. 
152 See the discussion in chapter II. Sen argued that surplus labourer may exist even when marginal product of labour is positive[ Sen 

1966] 
153 That is, each existing member supplies more hours of work on each day and/or supplies more days of work in each operation 

period. 
154 Here, the concept of full employment is specific to the level of effort chosen by the working members. Note that it is possible to 

take account utility maximization by individual working members and derive condition (on preference) that will ensure cultivation of 

Xo units of land by (No-1) working members. 
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In the above discussion, No has been assumed to be the number of family labourers available in all operation 

periods. In practice, this may not be so. For example, there may be working members who go to school, but 

participate in operations that require more labourers (e. g. in harvesting). Similarly, some members may be 

engaged in non-crop activities and participate in crop production only during certain operation(s). Any measure 

of unemployment and/or surplus labour(er) would have to take into account such variation in the effective 

supply of labour(er) between operation periods. This aspect of labour supply will be considered in the 

discussion of labour contracts and of the factors underlying changes in such contract (chapters V and VII). 

 

IV.3 Efficiency in Use of Labourer and its Relation with Farm Size 

 

The assumption of factor-substitution in a conventional production function allows one to define a static 

concept of production efficiency that is often used to make comparisons between contracts and to reach 

affirmative conclusions on institutional arrangements. This is not possible (for analysis of single crop economy 

under certainty) with the suggested formulation where output is (posited to be) proportionately related to land as 

is labour input. However, a labourer, attached to land may not be fully utilized if the size of the operational 

holding is not in some exact proportion to the number of labourers attached to that land. Such underutilization 

may arise due to the labourers not being perfectly 
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mobile, or due to lack of alternative employment opportunities155. In the presence of several operations that 

require labourers in different proprtions to land, the complete elimination of inefficiency (i.e. complete 

utilization of a labourer) may not be achieved by any amount of land. Based on the assumption of a single 

operation, it is shown below that the ratio of labourers per unit of land is inversely related to farm size if the 

number of labourers can take only discrete values. 

 

Consider a number of households that are uniformly distributed in terms of their operational holding156. 

Suppose n labourers (where n>O) are technologically required per unit of land157. Thus, the number of labourers 

required for X units of land is given by, 

 

N ≥ nX          (4.5) 

 

However, N can take only discrete values (e.g., 1, 2, and so on). Thus, alternatively viewed, one labourer ought 

to be attached to land that is more than or equal to 1/n. In general, one would expect N labourers to be attached 

to land whose size lies in the range defined below158, 

 

 

 

  

                                                           
155 In general, there are two factors at work. The prevailing job structure may not permit the fullest utilization of labourers. Secondly, 

even if there is no structural rigidity, costs of physical movement and entering into new contracts are likely to be positive so that 

underutilization may arise. Possible imperfect mobility of labourers due to social inhibitions is not considered here. 
156 That is, if x is the size of operational holding and f(x) is the proportion of households owning operational holdings whose size is x, 

x is assumed to have uniform distribution, i.e., f(x) = constant. 
157 The distinction between operation-specific laboures would not affect the analysis, and therefore, it is ignored. 
158  N is assumed to be based only upon technological consideration. 
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[(N-1)/n] < X ≤ N/n       (4.6) 

 

Thus, the average operational holding for a size group that employs N labourers, would be given by, 

 

XN ≈ (2N-1)/2n        (4.7) 

 

Since N labourers are employed, the average number of labourers per unit of land for the size group will be 

given by, 

 

(N/Xn) = 2Nn/(2N-1) = 2n/[2-(1/N)]      (4.8) 

 

Since (N/Xn) is inversely related with N, and the latter is positively associated with land size, it follows that the 

number of labourers per unit of land decreases as land size increases159. 

 

The above holds for all operations considered separately. Note also that the inverse relation holds for any 

alternative identification of size groups. The assumption that the farms are uniformly distributed in terms of the 

operational holding is made only for convenience of exposition. The results are, however, independent of the 

distribution as long as smaller farms do not have operational holdings more in conformity with the 

technologically given land/labourer relation than do larger farms; there is no a priori reason to believe that this 

would be the case. 

 

While the number of labourers per unit of land may be negatively related with land, this alone does not explain 

why labour days per unit of land 
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varies between farm sizes160. However, due to errors in measurement and/or in reporting, labour days per unit 

of land is likely to be positively related with number of labourers per unit of land. For example, in farms with 

more labourers per unit of land, each of them may put less work per day than those on farms with less 

labourers per unit of land. Since the effective supply of labour (i. e., effort) by each labourer is difficult to 

measure, there is likely to be positive bias in the reporting of labour days on farms with greater number of 

labourers per unit of land. Such a bias is likely to be especially prevalent when only family farms are 

considered, as in the present exercise. In the presence of wage farms, the conclusion may not hold. However, if 

large farms hire wage labour while family farms are small, there is an extra reason to expect higher intensity of 

reported labour use in smaller farms (compared to the large ones)161. Since most farms in present day 

traditional crop economies hire outside labour during the peak operations, the aforementioned bias is likely to 

be absent in reporting labour days used in these operations. One possible test of the above reasoning, therefore, 

could be done by verifying if higher (reported) labour intensity arises for slack period operations and if labour 

intensities are the same across farms during 

                                                           
159 [d(N/Xn)/dN]  = -2n/(2N-1)2 < 0 . 
160 Note that the labourers considered may not be engaged in work during all days (as in the sense of full employment). One 

implication of the exercise is that the extent of inefficiency in the utilization of a labourer will decrease with large scale farming, 

whether it be under a commune or under a single operator. 
161 In the presence of economies of scale in labour use (see chapter III), small farms may be found to use more labour inputs per unit 

of land. Another explanation of why family farms may have higher intensity of labour use in the presence of multiple crops is 

provided in section IV.4 



 

<84> 

 

peak period operations162. 

 

IV.4 The Choice Under Multiple Crops - the Relation between Farm size and Land Productivity 

 

As noted in chapter II, the explanation of the alleged inverse relation between farm size and land productivity 

was initially sought (in the literature) by assuming profit maximizing farmers constrained by a conventional 

production function and facing an imperfect labour market163. In the presence of multiple crops in a single crop 

year, the technology underlying the production of each crop may be considered to be a “technique” and the 

"technology set" would consist of all such “technique ". Applying the duality theory, which assumes profit 

maximizing behaviour, one may identify the relevant technology set to be convex164. The technically efficient 

points (that would include combinations of various techniques i.e., mixing of crops), would be the boundary 

line, identified as an isoquant. It is therefore possible to argue that farms hiring labour will choose a crop (i.e., 

"technique") that requires relatively less labour compared to the crop chosen by a farm for whom opportunity 

cost of labour is below the market wage rate. Such reasoning, however, may ignore possible variation in the 

degree of labourer utilization in different operation periods. It is argued in this section that when the latter is 

taken into account, a 
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small firms may choose a crop that appears to be technically inefficient165. 

 

The most recent evidence from empirical studies suggest that the relation between farm size and land 

productivity can go either way. Explanations pertinent to any observed relation include: differences among 

various size groups of farms with respect to cropping intensity, crop choice, fertility of land and technology. 

The present section addresses only the issue of crop choice, and suggests that various relations between farm 

size and land productivity may result from small farms' desire for fuller utilization of their family labour and for 

reducing the cost of hiring labour during peak operation. As a corollary, it is argued that acceptability (or, 

non-acceptability) of new crops may be partly explained by their requirement of labourers in various operation 

periods. 

 

Consider a family with No labourers and X land to cultivate. There are two crops (identified by superscripts 1 

and 2), one of which will be chosen. For expositional simplicity, I consider only two operation periods of equal 

length166. Let Nk
j be the number of labourers required to perform the k-th operation for the J-th crop (k,J=1,2) 

on the assumption that all labourers supply labour throughout the operation periods. 

 

Further assume that; 

 

 

 

                                                           
162 See Appendix C for evidence on Bangladesh in this regard. 
163 See Sen (1962, 1964). 
164 For a discussion on duality, see Varian (1978). 
165 In the usual definition of technical efficiency, aggregated labour is an argument in the production function. For a given factor 

intensity (say, (X/L) =b), suppose Q' may be produced with X ≥ X’ and L ≥ bX’. In such a case, production of Q' with X’ and L = bX' 

would be identified as technically efficient. 
166 These simplifications do not affect the essence of the argument. 
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No > N1
1 > N2

1        (4.9.a) 

 

while, 

 

No < N1
2 < N2

2        (4.9.b) 

 

The above characterizations suggest that (No-N1
j) family labourers (or, an equivalent amount of labour days) 

remain unemployed during the first operation period if the J-th crop is chosen. However, during the second 

operation period, (N2
j-No) workers have to be hired167. If the daily wage rate is w and T is the length of each 

operation period (in days), then such hiring costs the family (N2
j-No)Tw. Given the conditions identified in 

(4.9.b), it is easily verified that the cost of such hiring is higher if the second crop is chosen. If output per unit of 

land168 is equal for both crops, choice of the first crop would maximize the family return169. Since no gainful 

employment for the unutilized labour is available during the first period, the condition in (4.9.a) does not affect 

this decision. 

 

Given the assumption of identical length of operation periods, if (N1
1- N2

1) is greater than (N2
2- N1

1), total 

labour days required in the production of first crop will be greater than for the second crop. Thus, given same 
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output on a given unit of land, the technique involved in the first crop still appear to be less (technically) 

efficient than that involved in the second crop. Yet, a farm may choose the "inefficient" technique in order to 

maximise net return. Figure 4.1 shows that LL is the "isolabour" curve in the space defined by labourer 

requirements in two periods, i.e., various mixes of N1 and N2 that give the same labour days in the aggregate. 

Consider the technique A on LL. Since any point in the open set ABC would lower the cost due to hiring, it 

would be preferred to A, given the assumption of the same output per unit of land. The conventional argument, 

however, considers output per unit of land to be higher for more labour-intensive technique along an isoquant. 

This would be so if, in Figure 4.2, technique B is chosen rather than A (on the isoquant Q = Q̅). It is being 

suggested that there may be a technique C (in figure 4.2) that produces the same output as B (or, D), and yet 

technique C may be chosen. It is true that Output per unit of land is smaller for C than for B (or, D). However, 

B may involve higher payments to hired labourers during the peak season. If this extra cost of hiring outweighs 

the gains in output (per unit of land), technique B may not be chosen when C is available. 

 

Several propositions follow from this inefficiency argument. First, for a given X, a wage farm (which employs 

only hired labour) will always choose among all techniques that produce an equal output per unit of land, the 

technique that requires the minimum number of labour days. On the other hand, small farms which are 

compelled to hire outside labourers in one period (but otherwise depend on family labours), may choose a 

 

 

 

 

 

                                                           
167 It is generally observed that even the small farms hire outside labour in at least one season (especially, during harvest). 

Furthermore, the presence of seasonal unemployment in traditional agriculture has already been noted in chapter II. 
168 Relative price of the outputs may be used to normalize. 
169 Choice of crops by small farms may also be affected by subsistence requirement. This is ignored here. 
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technique that requires more labour (days). Thus, a higher intensity of labour use is more likely to be observed 

for small farms when there is choice of crop. Second, since the chosen technique may lie in the apparently 

inefficient zone, land productivity may be higher or lower for smaller farms. As shown in Figure 4.3, the wage 

farms (which are likely to be large farms as well) choose technique A. If the small farms choose a technique in 

set C (or, D), land productivity would be lower for small farms (assuming output to be same under both 

techniques), whereas it will be higher if a technique is chosen in the set B. When the chosen technique lies in 

either B or C, labour per unit of land will be higher for small farms170 

 

Finally, the exercise has an important implication for the prospect of a newly introduced crop. A new crop may 

appear to be more profitable, but if it requires more labourers during the peak season, it may not be acceptable 

to the kind of farms described above. While other factors such as availability of modern inputs and credit, risk, 

etc., are of recognized importance in introducing new crops, the aforementioned aspects of labourer utilization 

and dependence on hired labour during the peak season need closer scrutiny. 

 

IV.4 Choice of Contract under Certainty 

 

Two factors often identified in the existing literature as explanations 
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of the existence of rental contracts are absence of certain market(s), and the presence of supervision cost in 

wage farms171. I consider below the applicability of the input-output relations discussed in chapter III, for 

addressing this issue. Two cases are treated in separate sub-sections and only the presence of non-tradable 

factor is considered in the former case. 

 

IV.5.1 Presence of a Non-Tradable Factor172 

 

In the presence of a non-tradable factor (such as, husbandry skill or draught power), it is argued that a 

profit-maximizing landowner (i.e., a prospective renter-cum-employer) will have the incentive to rent-out a part 

of his/her land. The rationale may be explained within a framework of conventional production function given 

by: 

 

q = f (X, L, Z)         (4.10) 

 

Where, Z is the non-tradable factor. Due to the assumptions made on the signs derivatives of the function f, the 

following condition always holds; 

 

f1(X¯, L¯, Z1) < f1 (X¯, L¯, Z2),  Z1<Z2     (4.11) 

 

                                                           
170 Only if the chosen technique lies in D does the labour intensity decrease vis-a-vis that of A. That such findings have not been 

observed in India needs further query. 
171 Often, these factors are cited to rationalize sharecropping. Such construcs, however, presume the risk-sharing advantage of 

sharecropping vis-a-vis fixed rent contracts. For a model incorporating supervision cost,See *(1985), while the model in Quibria and 

Rashid (1986) assumes absence of a market in draught power. 
172 This is not the same as "non-tradable goods" in trade literature. Incomplete factor markets or absence of markets may arise for both 

economic and non economic reasons 
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where f1 is the marginal product of land. For homothetic production functions, it is possible to show that the 

marginal product of land will be lower in farms with lower Z/X. Thus, a landowner, constrained by his/her 

endowment of non-tradable factor Z, will find it profitable to rent out a part of the land to a tenant when the 

latter is relatively well endowed with Z. 

 

The input-output relation suggested in chapter III may also be used to explain why the presence of non-tradable 

factor (other than land) provides a basis for rental contract. To show this, I abstract from differences in 

operation periods, and consider; 

 

Q = min. [aX, (a/b) L]       (4.12) 

 

Suppose, labour is a non-tradable factor, and consider a family owning X units of land and L labour (days). If 

X>L/b, there would be excess land that this family cannot bring under cultivation due to shortage of labour If 

there is a positive return from lease of land, this family will have an incentive to rent out the excess land to 

another family which owns relatively less land (i.e., for whom X<L/b). 

 

One may consider a third factor of production (e.g., draught power) that is not tradable. This factor may be 

related in fixed proportion with land (and labour) or, it may affect the values of the technological parameters 

[i.e., a and b in equation (4.12)]. In the former case, statement similar to the above may be made to explain why 

rental contracts dominate the latter case, if an increased application of this third 
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(non tradeable) factor increases the value of a and/or decreases the value of b, then a family owning relatively 

less of this factor will have the incentive to rent out a part of the land to a family who is well endowed with it.173 

 

While incomplete markets (or absence of markets) may explain the existence of a contract that is otherwise not 

expected, the validity of such an explanation may be questioned for the long run. If a landowner has to forgo 

potential income (by renting out land) due to not owning an adequate amount of draught power, there would be 

an incentive to accumulate that non-tradable factor in the long run174. The absence of such a trend, for a 

profit-maximizing farm, needs to be explained by showing that the cost of such accumulation (including 

maintenance of the factor) is higher for a prospective renter than it is for a prospective tenant175. Furthermore, 

the observed absence of a market may reflect a distribution of land (by operational holdings) through the rental 

market that corresponds to the ownership distribution of other resources. For example, a landowner who rents 

out land for some other reason may take 

 

 

 

 

 

                                                           
173 If two families are identified with subscripts 1 and 2, (Z2/X2) > (Z1/X1) would imply a2 > a1 and/or b2<b1. In the former case (i.e. a2 

> a1) total output on (X1+X2) will increase due to transfer of land from family 1 to family 2. In the latter case (i.e., b2<b1), incentive to 

rent out land may arise if family 1 depends on hired labour. 
174 Note that non-tradability implies an imperfect factor market so that income forgone may be greater than the cost of acquiring the 

non-tradable factor, atleast in the short-run. 
175 It is often argued that the opportunity cost of labour in small farms is lower (than that in large farms) so that cost of maintaining 

bullocks is also lower. Such arguments assume labour market imperfections without adequate explanation of them. 
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Account of the resource ownership of the prospective tenants. Thus, the absence of any specific factor market 

may not necessarily be the cause of the rental practices observed176. 

 

IV.5.2 Presence of Supervision Cost 

 

It is often the case that tenant farms employ family labour while prospective renters are assumed to have the 

choice of employing hired labor. Since the tenants receive a share of the output (under sharecropping) or receive 

the produce net of a fixed rent (under fixed rent contract), it is expected that they have no incentive to shirk 

from work. On the contrary, wage labourers, working for a daily wage on other farms, may shirk unless 

supervised. The extra cost177 due to supervision in wage farms provides the basis for landlords' willingness to 

forego a part of the output by renting out land178. 

 

The above-mentioned arguments may be shown to be compatible with the assumption of fixed-coefficient 

technology. It was mentioned in chapter II that it is the effort of labour, rather than physical presence of 
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labourers in the field, that account for output. However, a given level of effort per labour day was assumed and 

all formulations in chapter III were expressed in terms of this homogeneous labour (day). If effort is considered, 

equation (4.1) may be expressed as; 

Q = aX,  if ekLk ≥ EkX  Vk= 1,…,K      (4.13) 

 

where, ek is the amount of effort provided in a day of work during the k-th operation and Ek is the amount of 

efforts required per unit of land to accomplish the k-th operation. Suppose, ek
t is the amount of effort per unit of 

labour day in tenant farms. If wage farms require extra cost to ensure the same level of effort and if the marginal 

supervision cost increases with increase in the units of land under wage cultivation, it may easily be verified that 

the supply of land in the rental market is positively related with rent in spite of the fixity of technology179. If 

there was no supervision cost, a landowner (in the above example) would be indifferent between wage 

cultivation and renting out land as long as the wage cost was the same as the amount forgone under rental 

contract180. This would be true for any amount of land. Thus, even when it is otherwise gainful to practice wage 

cultivation, increasing (marginal) 

 

 

 

                                                           
176 In an in depth study of an Indian village, Bliss and Stern (1982) note that it is necessary to own draught power to be an eligible 

participant in the land rental market (as a tenant). See Bliss and Stern(1982) pp.99-104 
177 For an interior solution to the problem, it is often assumed that the marginal cost of supervision is an increasing function of (units 

of) land under wage cultivation (or in effort ensured from each labourer). 
178 One may also postulate that the tenant farms hire labour. If supervision cost (effort level) is lower (higher) due to a higher 

proportion of family labour(as in Feder 1985) and if tenant farms have a high proportion of family labour, the cost differential still 

remains. 
179 For a given level of effort ek

t the number of labourers required for each operation would be given by, Lk = (Ek/ek
t)X = bkX. Total 

return to the landowner from wage cultivation and renting out land will be; II=aX-wX∑bk – C(X) + R(X-X) where  X is the amount of 

land under wage cultivation X is the total land owned and R is the fixed rent per unit of land. The first-order condition of 

maximization is given by ∂π/∂X = a - wX∑bk – C’–R = 0, [∂2π /∂2X <0, since C” > 0]. By totally differentiating the equation with 

respect to X and R one may obtain; -C"dX-dR-0. Thus, dX/dR =-C<0. That is, the supply of land in the rental market (X-X) increases 

as rent increases. 
180 This is so when fixed-coefficient technology is considered. 
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cost of supervision sets a limit on the amount of land that a landowner may be willing to retain under wage 

cultivation. Alternatively, it rationalizes why land may be rented out due to the presence of supervision cost181. 

 

A more general analysis of supervision cost may be made by assuming ek to depend on the cost incurred by a 

landowner and the amount of land under wage cultivation. A profit-maximizing landowner would, under such a 

case, make optimal choices of the cost and the amount of land to be kept under wage cultivation. This would, in 

turn, determine the level of effort (per unit of labour day) in wage farms182. A complete analysis, however, 

would require identification of the supply (of effort) behaviour of the tenant-cum-labourer on a tenant farm, as 

well as on a wage farm. Since an extra cost (due to supervision) would always be involved in wage cultivation, 

landowners will have the incentive to rent out land. 

 

IV.6 Choice of Contract Under Uncertainty 

 

IV.6.1 Introduction - a Brief Review of the Literature 

 

The explanation of sharecropping (SC) is due to its risk sharing advantage that may arise in the presence of 

output uncertainty. It has, 
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However, been argued in Stiglitz (1974) and in Newberry (1977) that a mix of wage contract (WC) and fixed 

rent contract (FRC) is equally efficient as a crop sharing contract183.  Newberry (1977) shows that presence of 

wage and/or rent uncertainty may provide an extra advantage to sharecropping, while Newberry and Stiglitz 

(1979) add a few more factors to the list: sharecropping provides incentives to tenants, economizes on 

information and acts as a means of screening workers of different capabilities. 

 

In an economy where transactions in land and labour mostly occur among residents of a single village (who 

have known each other for a long time)184, and where the same crop(s) is (are) produced over a long time; it is 

unlikely that a prospective renter-cum-employer will lack information on either potential output or on the 

capabilities of individual workers. The present section, therefore, looks into the risk sharing aspect of various 

contracts. 

 

With a conventional production function under certainty, production under both WC and FRC will be efficient 

when markets are perfect. In the absence of costs (such as supervision cost and cost due to negotiating 

contracts), the two contracts will therefore be equivalent. Under output 

 

 

 

 

                                                           
181 A complete discussion incorporating the supply of labour (to wage farms) and demand for rental land is not pursued here 

 
182 If the level of effort ensured from each day of work is given by E = g(X, C) and if g1<0, g2>0, g11<0 and g21>0 then the supply of 

land in the rental market may be shown to increase with increase in rent. 
183 Stiglitz (1974) considers multiplicative uncertainty, while Newberry (1977) considers a general form of output uncertainty. Allen 

(1984) relaxes the assumption of constant returns to scale. Because of the assumption of factor-substitution, the question of rationality 

is posed terms of production efficiency (or. more generally, in terms of Pareto optimality) of a contract. 
184 Quite often, outside labuorers are employed for reaping, and the rationale (of crop sharing) in terms of information may hold in 

such a case. 
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uncertainty, production will still be efficient under both contracts, at least, in an ex ante sense. However, 

employers bear all the risks under WC while tenants bear all the risks under FRC. Thus, a mix of the two 

contracts enables risk sharing. Newberry (1977) defines such a contract (i.e., a competitive wage-rent 

equilibrium) and proves that it exists. The competitive wage and rent defined by Newberry reflects the marginal 

productivities of labour and land, and not the choice of contracts by individuals maximizing expected utility. 

Thus, the model in Newberry (1977) essentially considers agents who choose an optimal mix of contracts, given 

the wage and rent; and these factor prices are determined a priori in terms of marginal products of land and 

labour185. In other words, agents' attitudes towards risk do not affect the determination of rent and wages, but 

affects only the mix of contracts chosen. Newberry (1977) also assumes that a landlord can enforce labour 

intensity (i.e., labour/land ratio) in a SC. Since the choice of intensity takes into account the gains to be made in 

alternative arrangements (and thereby, of intensities chosen under WC and FRC), it has been to show that a SC 

equilibrium is equally efficient as a wage rent equilibrium (i.e., a mix of WC and FRC). 

 

While production (in Newberry's model) may be equally efficient under all contracts (by assumption), the 

equivalence between contracts may not necessarily hold true. Newberry proves that the wage-rent equilibrium is 
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Constrained Pareto efficient, where the latter is defined on the basis of agents' maximization of state-specific 

utilities. Since the concept of risk embodies a subjective element that is abstracted in terms of expected utility 

(EU), it is worth questioning if the competitive equilibrium, as identified in Newberry (1977), also maximizes 

EU of individual agents. If not, the agents may choose one contract rather than another (or, a mix) and the 

prices (wage, rent and rental share) may not be same as those suggested by Newberry. An example is provided 

in appendix D to show that the optimal mix of contracts (that maximizes the expected utility of agents) may be a 

corner solution (i.e., either WC or FRC) When factor prices are set a priori in accordance to their marginal 

products. In the exercises to follow, it is presumed that agents’ attitude towards risk affects factor prices that are 

simultaneously determined with the choice of contracts186. 

 

The above issue raises an important question: if SC is at all equivalent to a mix of WC and FRC (in terms of 

EU), why is it so? This is addressed in the next part of this section (IV.6.2), but with the alternative assumption 

on technology (i.e., fixed factor proportionality, as identified in chapter III). In a model with two families whose 

preferences are defined over consumption, various contracts may be considered in terms of the choice made by 

the group187. It is shown that in 
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Such an ordering, SC lies intermediate between WC and FRC for a given set Assumptions  made on individual 

preferences (over consumption)188 Based on the betweenness argument in ETJ theory, SC may therefore be 

shown to be equivalent to a mix of WC and FRC. However, as long as one of the other two contracts is most 

                                                           
185 Note that the optimal choice of factor intensity remains invariant to the state of nature when only output uncertainty is considered. 

Thus, wages and rent remain unaffected by uncertainty in the model. 
186 Even though Newberry recognizes that actual wages and rent depend on attitudes to risk (Newberry 1977, p.591), he does not 

probe the implications of this fact for his model. 
187 Note that prices associated with each contract is allowed to vary that takes account of indivdual preferences. Similar to the 

determination of equilibrium price(s), a single contract may be the outcome of market interaction. This is identified here as the group 

choice. This is not the same concept as that of group preferences appearing in welfare economics. 
188 Conditions are also identified under which such ordering of group choice does not hold 



preferred, such equivalence does not rationalize why SC may exist. Instead, one would observe either WC or 

FRC, depending on the configuration of various attitudes towards risk. 

 

An a priori definition of wage-rent equilibrium in Newberry (1977) precludes addressing the possibility that 

either wage or fixed-rent contract may be the preferred choice. Since a mix of WC and FRC is argued to be 

equally efficient as SC, Newberry looks into whether and how wage and rent uncertainty may provide further 

rationale for SC. It is shown that an equilibrium with SC will be efficient under wage (or rent) uncertainty while 

a wage-rent equilibrium is not so unless wages are perfectly correlated with output. Sources of such 

uncertainties may be sought in product market variations, which have however been ignored in this text. When 

wage uncertainty arises in the peak operation periods, where the labour requirement is often posited to be 

proportionate to output189, wage uncertainty is likely to be perfectly correlated with output uncertainty. Given 

the technology identified in chapter III,  
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in the light of the discussion to be made in IV.6.2, the third part in this section (IV.6.3) looks into the choice of 

contracts in the presence of uncertainty in labour use. It is shown that (with no output uncertainty) SC and FRC 

are equivalent, while WC is at least preferred when at least one of the families is risk averse while the other is 

not a risk 1over. 

 

The discussion on choice of contracts under the two types of uncertainties (in IV.6.2 and IV.6.3) is undertaken 

separately for convenience of exposition; the implications are then summarized in IV.6.4, which also provides a 

further comparision between SC and FRC in the context of a traditional agricultural economy to suggest why 

SC may have been more prevalent. First, it is reasoned that rents are likely to be paid during harvest due to 

storage cost. Such a payment arrangement is then assumed, to show why landowners may prefer sharecropping 

in order to increase the share of rental income vis-a-vis interest income in total output 

 

IV.6.2 Choice of Contracts Under Output Uncertainty 

 

Consider two families: 1 has some labour (≥b) that may be either hired out or employed on land rented-in (from 

family 2)190 ; and 2 owns a unit of land that may be cultivated by wage labour (supplied by family 1) or may 

be rented out to family 1. Utility functions for the two families are 
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given by191: 

 

Ui
j = ui(Qij),  Vi =1,2 and Vj = w, s , f;      (4.14) 

 

Where Qij is the output received by the i-th family under the J-th contract and the options include a wage 

contract (w), sharecropping (s) and a fixed rent contract (f). The families are assumed to be "non-risk lovers” so 

that that ui’>O and u1”≤ 0. Furthermore, it is assumed that in the presence of uncertainties, both families 

maximize expected utility from outcomes in different states of nature. 

 

In the discussion on output uncertainty, technology is identified to be192 

                                                           
189 See Bardhan (1979, 1984) and Bliss and Stern (1982). 
190 There may be surplus labour. However, shortage is ruled out since the labour required is b. 
191 I abstract from leisure on the assumption that marginal utility of leisure is zero in the relevant range. 
192 Note that there is one unit of land (i.e., X=1). 



 

Q = θa, if L ≥ b        (4.15) 

 

where θ is a random variable with E(θ)= l. Both families are assumed to assign probability p (O<p<l) to the 

outcome θ=θ1 and (1-p) to the outcome θ=θ2, where θ1>θ2. Finally, I define w, ρ and R to be respectively the 

wage rate, the rental share and the amount of fixed rent; both w and R are assumed to be measured in output 

units. 

 

Expected utilities of family 2 (i.e., renter-cum-employer) under the three alternative contracts are given by; 

 

EU2
w = pu2(θ1a-wb) + (1-p)u2(θ2a-wb)     (4.16) 
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EU2
s = pu2 (ρθ1a) + (1-p) u2 (ρθ2a)       (4.17) 

 

EU2
r = u2(R)         (4.18) 

 

In order to identify the conditions under which family 2 will be indifferent among all three contracts, I make 

some digressions. 

 

Since the family is "non-risk lover", the following relationships hold; 

 

u2 [p (θ1a-wb) + (1-p)(θ2a-wb)= u2[aσ-wb]≥ EU2
w   (4.19) 

 

u2 [p ρθ1a + (1-p) ρθ2a] = u2 [ρaσ] ≥ EU2
s    (4.20) 

 

where, σ = [ρθ1 + (1-p)θ2]. It may be verified that the p which equates EU2
w and EU2

s lies in the range defined 

below193: 

 

1-(wb/θ1a) > ρ > 1- (wb/θ2a)      (4.21) 

 

So that the following hold;  

 

θ1a-wb > ρθ1a        (4.22.a) 

 

θ2a-wb < ρθ2a        (4.22.b) 

 

The last two equations demonstrate that, 

 

aσ-wb  ≥  ρaσ ≥ R       (4.23) 

 

The reasons are evident in Figure 4.4, that assumes the family to be risk averse, In the case of a risk neutral 

family, the equalities hold in

                                                           
193 Define pl-l-(wb/θ1a) and p2 -1-(wb/θ2a), so that EU2

W may be expressed as, pu2(plθ 1a)+(l-p)u2(p2θ2a). Since θ1>θ2, pl> p2w. If p>p1 

>p2, sharecropping would given a higher return* (compared to wage contract) in both states so that EU2
S>E2

W. If p<p2<p1 the opposite 

would be true. Therefore, for indifference between the two contracts, pI>p>p2 must hold. 
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Figure 4.4 

 

 

Note: OA = θ2a-wb , OG = θ1,a-wb, 

OB = p θ2
a  , OF = p θ 1a 

OC = R , and 

(AE/AG) = (BD/BF) = p (probability of good harvest). 
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equation (4.23). 

 

The conditions, under which family 2 is indifferent among all three contracts may, therefore, be expressed as; 

 

 aσ-wb = ρaσ + d1
2 (4.24.a) 

  

 aσ-wb = R + d2
2 (4.24.b) 

  

 ρaσ = R + d2
2 - d

2
1 (4.24.c) 

 

where, d2
1 ≥ d2

2≥ 0 are proxies for the degree of risk aversion, and they take higher values for families that are 

more risk averse. 

 

Similarly, the conditions under which family I is indifferent among all three contracts may be identified. 

Expected utilities under various contracts are given by; 

 

 EU1
w = u1(wb) (4.25) 

 

 EU1
s = pu1{(1-ρ)θ1a) + (1-p)u1(1-ρ)θ2a} (4.26) 

0 
Q 

G F E D C B A 

U(Q) 



 

 EU1
f = pu1(θ1a- R) + (1-p)u1(θ2a-R) (4.27) 

 

 

Since, the family is "non-risk lover", the followings hold; 

 

 u1[p(1-ρ)θ1a) + (1-p)(1-ρ)θ2a] = u1[(1-ρ)aσ] ≥ EU1
s  (4.28) 

 

 u1[p(θ1a- R) + (1-p)(θ2a-R) = u1[aσ-R] ≥ EU1
f (4.29) 

 

As in the case of family 2, it may be shown that194; 

 

 (1-ρ) θ1a < θ1a – R, and (4.30.a) 
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(1-ρ)θ2a < θ2a – R       (4.30.b) 

 

Therefore, the following holds; 

 

aσ-R ≥ (1-ρ)aσ ≥ wb       (4.31) 

 

The conditions for indifference among various contracts may therefore be expressed as; 

 

aσ-R = (1-ρ)aσ + d1
1        (4.32.a) 

 

aσ-R = wb + d1
2        (4.32.b) 

 

(1-ρ)aσ = wb + d1
2 - d

1
1       (4.32.c) 

 

where, d1
2≥d1

1≥0 are proxies for the degree of risk aversion (for family 1). They take the value zero when the 

family is risk neutral.  

 

Equations (4.24.a) to (4.24.c) and (4.32.a) to (4.32.c) may be used to identify the conditions under which a 

given contract may be preferred to another by both families. Suppose family 2 is indifferent among all three 

contracts such that relations in equations (4.24.a) to (4.24.c) hold. This would imply the followings; 

 

aσ-R = (1-ρ)aσ + d2
2 - d

2
1 ><  (1-ρ)aσ + d1

1    (4.33.a) 

 

aσ-R = wb + d2
2 ><  wb + d1

2      (4.33.b) 

 

(1-ρ)aσ = wb + d2
1 ><  wb + d1

2 - d
1
1     (4.33.c) 

 

 

                                                           
194 Suppose,(1-ρ)θia= θia-Ri, i=1,2 since θ1>θ2, R1>R2. For a case of indiffference R must be suce that, R1>R>R2.  



When the landowner (i.e., family 2) is risk neutral and the tenant-cum-labourer (i.e., family 1) is risk averse; 

d2
2=d2

1= 0 and d1
2=d1

1=0. Under such circumstances, for a given (w, ρ) at which family 2 is indifferent 

between a wage contract and sharecropping, family 1 prefers 
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the former. Therefore, for every ρ and a corresponding w, there is some 휀1 > 0, such that at w- 휀, family 1 still 

prefers a wage contract and family 2’s EU will be increased. Similarly, for a given (ρ,R) at which family 2 is 

indifferent between sharecropping and a fixed rent contract, family 1 prefers the former, so that at some rental 

share ρ - 휀2 (휀2>0), both will prefer sharecropping. The preference ordering for the two families (when 

tenant-cum-labourer is risk averse and renter-cum-employer is risk neutral) may, therefore, be identified as 

follows: a wage contract will be preferred to sharecropping and the latter will be preferred to a fixed rent 

contract. On the contrary, if the landowner is risk averse and the tenant-cum-labourer is risk neutral, a fixed rent 

contract would be preferred to sharecropping and the latter would be preferred to a wage contract. 

 

In the aforementioned extreme cases, sharecropping always lies in between a wage contract and a fixed rent 

contract in the group choice. It is therefore possible to find an appropriate mix of wage contract and fixed rent 

contract that will be equally preferred to sharecropping. This does not, however, explain why sharecropping 

may be chosen, since in each separate case there is another contract (either WC or FRC) that will provide higher 

(expected) utility to both families. Furthermore, it may be verified that there is a region of relative risk 

averseness of the two families where sharecropping may not be an intermediate choice. The equations (4.33.a) 

and (4.33.c) suggest that such situations arise when either, 

 

 

 d2
2 - d

1
2 > d1

1 while d2
1 < d1

2 - d
1

1 (4.34.a) 
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or, when;  

 

 

d2
2 - d1

2 < d1
1 while d1

2 > d2
1 - d1

1      (4.34.b) 

 

 

IV.6.3 Choice of Contracts Under Uncertainty in Labour Use 

 

I assume that output is certain so that the technology is identified by; 

 

Q = a, if I ≥ Φb        (4.35) 

 

Where, Φ is a random variable with E(Φ)=l. As before, I consider a discrete   case, and assume that p is the 

probability that Φ=Φ1 and (1-q) is the probability that Φ=Φ2. Furthermore, family 1 is assumed to own at least 

Φ1b labour (Φ1>Φ2). 

 

Since there is no output uncertainty, both FRC and SC give a certain return to both families, and they are 

equivalent when R = ρa. I, therefore, compare WC with SC only. Expected utilities under the two contracts for 

family 2 are given by; 

 



EU2
s = u2(ρa)        (4.36) 

 

EU2
w = pu2(a-Φ1wb) + (1-p)u2(a-Φ2wb)    (4.37) 

 

Similarly, for family 1, these are given by; 

 

EU1
s = u1[(1-ρ)a]       (4.38) 

 

EU1
w = pu1(Φ1wb) + (1-p)u1(Φ2wb)     (4.39) 
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Since the individuals are "non-risk lover", the following holds; 

 

u2(a – wbσ’) ≥ EU2
w       (4.40a) 

 

u1(wbσ’) ≥ EU1
w       (4.40.b) 

 

where σ’ = pΦ1 + (1-p)(Φ2) 

 

Similar to the arguments presented in IV.6.2, it may be shown that family 2 is 

 

Indifferent between the two contracts when, 

 

a – wbσ’= ρa + d’2, d
’
2≥0      (4.41.a) 

 

and family 1 is indifferent between the contracts when, 

 

wbσ’= (1-ρ)a + d`
1, d

`
1≥0      (4.41.b) 

 

But for w and ρ that that fulfills (4.4l.a), 

 

wbσ’= (1-ρ)a + d`
2 ≤ (1-ρ)a + d`

1      (4.42) 

 

If one of the families is risk averse while the other is "non-risk lover",d`
1+d`

2>O. Thus, for a given w and ρ at 

which (say) family 2 is indifferent between the two contracts, family I will prefer SC. Similar in earlier 

arguments, there exists an 휀 >0, such that a rental share ρ - 휀 will make both families better off under SC. 

 

IV.6.4 Summary - A Further Explanation of Sharecropping in Traditional crop Economy 

 

It has been argued above that there is a logical problem in the way 
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uncertainty has been dealt with in the literature on choice of agricultural contracts. When agents' attitude 

towards risk (captured by their expected utilities) affects choice of contracts, it has been suggested that these 

attitudes should be reflected in the demand for and supply of various contracts. The latter, in turn, would affect 

the prices (i.e., wage, rent and rental share) associated with various contracts so that such prices may not 



correspond to the marginal products of individual factors. The assumption of fixed-coefficient technology rules 

out possible differences in production efficiency under alternative contracts. However, attitudes towards risk, 

abstracted in terms of preferences defined over consumption, remain relevant to the choice of -contracts, as 

discussed in IV.6.2 and IV.6.3. The results and their implications are summarized below. 

 

The exercises carried out above considered a renter-cum-employer and a renter-cum-labourer. If two types of 

uncertainty are considered separately and one allows for two configurations of attitude towards risks (i.e., one is 

risk averse while the other is risk neutral), there could be four possible combinations of attitude to risk. When a 

landowner is risk averse while the tenant-cum-labourer is risk neutral, FRC is the most likely outcome in the 

presence of output uncertainty while WC would be least preferred. In the presence of uncertainty in labour use, 

both FRC and SC are equally likely while WC is less likely so, In general, therefore, FRC is a more likely 

outcome when the landowner is more risk averse. This is consistent with empirical observations that old and 

retired people (who want an assured income) 
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tend to rent out land under FRC195. However, a more common postulate in the economic literature is that 

prospective tenants are more risk averse and landowners are risk neutral. In such a case, SC is a more likely 

outcome when compared to FRC since the former is preferred in the presence of output uncertainty. The choice 

between SC and WC is not, however, explicit from the exercises. If one allows for uncertainty in getting 

employment (see discussion in chapter VII), SC is the more likely outcome. 

 

The above discussion suggests that under some conditions, the presence of uncertainty in output and in labour 

use provides a rationale for the existence of SC. While the contrast between various contracts has so far been 

made in terms of agents' risk averseness, an alternative rationale for the choice of sharecropping may be 

provided when output is uncertain. The exercise requires the assumption that rent payments are made during 

harvest. It is first argued that in the production of a single staple crop, if the tenants receive subsistence income, 

payments to the landlord out of current produce minimize storage cost. In such a case, there is an incentive to 

make rent payments immediately after harvest. Given this payment arrangement, it is then shown that in the 

presence of "money lenders" who are not themselves landowners, there are extra incentives (for landowners) to 

choose sharecropping over fixed-rent contracts. The rationale runs as follows: the extent of borrowing needed 
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by the tenants during deficit period is relatively greater under fixed rent contract, so that for given interest rates 

the share of interest income in the gross output is higher, which in turn implies that share of rent will be lower. 

 

Consider a single landlord and a single tenant who gets only enough for subsistence. Suppose production begins 

at time to. The length of the production period (i.e., from the beginning of the first operation till the end of the 

last operation) is given by Ta . There is also a time lapse of Tn between the end of one production period and the 

beginning of the next production period. Suppose, Ta+TK+l= T̅. Thus, production commencing at to harvested at 

time to+Ta and production of the next crop begins at time to+T. Subsistence consumption for the periods to to 

(to+Ta) and (to+Ta) to to+T are respectively C1 and C2. Under certainty, it is assumed that the rent196 is such that 

Q = R + C1 + C2, where Q and R are respectively output produced by the tenant family and the rent (in kind) 

paid to the landowner. If rent is paid during harvest [i.e., at (to +Ta), (to+T+Ta) and so on] the maximum amount 

                                                           
195 For rural Malaysia, Bailey notes the following: "Older landowners Ott liave small but fixed needs prefer the fixed rental system as 

it 11olln the risk element attendant upon share-cropping arrangement." See 6#11my (1983), p.36. 
196 Since certainty is assumed in this case, the same rent may be obtained under both fixed rent contract as well as under 

sharecropping. 



of output that the tenant family had to store is C1 + C2. If this amount is consumed by the tenant family 

uniformly over the period between two harvests, the solid line in Figure 4.6 shows the amount of output to be 

stored (by the tenant family) at different points in time. By making a similar assumption that all rents are 

uniformly consumed by the landowning family, the storage requirement for the latter is shown by the solid line 

in Figure 4.6. If rent had to 
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Figure 4.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6 
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be paid prior to the commencement of production, say at times to, (to+T)and so on, a tenant family would have 

to pay rents from previous harvest which had 0,1,li had to be stored by the tenant family as well. The storage 

requirements by a tenant family and the landowner are shown respectively by the dashed lines in figures 4.5 and 

4.6. It is obvious that while the landowner would have to maintain identical storage facilities under both 

payment arrangements, the tenant would have to maintain a higher storage capacity if the rent payment was 

made prior to harvest [assumed to be at to, (to+T), etc]. Even if possible economies of scale in storage are 

ignored the aggregate cost of storage would be higher in the event a society practices rent payment prior to 

harvest. Thus, as long as the payments are in kind, and no other factor offsets the gains made in reduced storage 

requirement, one would expect the rent payment to be made immediately after harvest. 

 

In order to show the extra advantage of sharecropping over fixed-rent contract, it is assumed (as in the above) 

that the subsistence consumption of the tenant during Ta and TK+l are respectively C1 and C2. A Discrete case of 

output uncertainty is considered and it is assumed that p is the subjective probability that the output produced by 

a tenant family will be Q1 while (1-p) is the probability that the output will be Q2 in the absence of any third 

party (i.e., an independent money lender), fixed rent (R) is assumed to be determined by the following 

condition, 

 

pQ1 = (1-p)Q2 = C1 + C2 + R = Q      (4.43) 
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An equivalent rental share (ρ) would then be197 

 

ρ = R/Q           (4.44) 

 

 

It is easy to verify that the tenant family would face a deficit in the case of a bad crop (say, Q2), while it will 

have a surplus if the harvest is good (Q1). However, the extent of both deficit and surplus would be relatively 

lower under sharecropping than it would be under a fixed-rent contract198. While a surplus may enable better 

living if no previous debt had to be repaid, a deficit necessitates borrowing. Let the rate of interest charged on 

such borrowings199 be r. In the presence of borrowings during deficit equation (4.43) would have to be 

redefined as follows, 

 

p[Q1 – R - C1 - C2] = (1-p)(1+r)[ C1 + C2 –(Q2 –R)]     (4.45) 

 

It may be verified that under ceteris paribus conditions, r and R would be negatively correlated. The same 

would be true if one considered the rental share ρ instead of R. Thus, in the presence of borrowing, some rent 

would have to be foregone in order to share the surplus with interest income. However, in the presence of 

sharecropping (instead of fixed rent contract), since the extent of both deficit and surplus are lower the share of 

surplus going to interest income would also be 

 

                                                           
197 Both agents are assumed to be risk neutral. Relation between R and ρ in the presence of risk aversion has been discussed earlier. 
198 See Figure 4.4 in IV.6.2. 
199 Time reference is immaterial for the present purposes. The exercise presumes an imperfect credit market since the tenants borrow 

when in deficit, but cannot lend when they have a surplus. In a closed agriculture based economy, since the surplus is enjoyed by all, a 

demand for credit is unlikely to exist when there is good harvest. 
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lower. To show this, I assume for simplicity that p = 1/2, and that equations (4.43) and (4.44) hold, so that R= ρ 

[(Q1+Q2)/2]. Let the surplus and deficit of a tenant family be denoted respectively by S and D. While they are 

identified for sharecropping by subscript 1, those under fixed-rent contract are identified by subscript 2. Thus, 

 

 D1 = C1 + C2 - (1-ρ) Q2 (4.46) 

 

 S1 = (1-ρ) Q1 – C1 – C2 (4.47) 

 

 D2 = C1 + C2 – (Q2 –R) (4.48) 

 

 S2 = Q1 – R – C1 – C2 (4.49) 

 

It may be verified that, 

 

 D2 - D1 = R - ρQ2 > 0, and   

      

 S2 - S1 = ρQ1 – R >0   

 

Furthermore, since R= ρ [(Q1+Q2)/2], 

 

 D2 - D1 = S2 - S1 > 0 (4.50) 

 

If (4.45) with p=1/2 holds, then, 

 

 D2 (1+r) = S2  (4.51) 

 

By substituting (4.50) in the above equation, it may be shown that, 

 

 D1(1+r) = S1 – (S2 - S1)r < S1  (4.52) 

 

The above shows that if a landlord and a tenant would otherwise be indifferent between sharecropping and 

fixed-rent contract for a given mix of R and ρ and if the interest rate (r) is such that the tenant may only 
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finance the debt (during "bad" harvest) with the surplus from a "good" year there will be net surplus for the 

tenant under sharecropping. 

 

The distribution of surplus between interest and rent will have bearings on the choice of rental contract as long 

as it is not the same individual for group of households) who receives both types of income. It thus appears 

from the above exercise that if the creditor class is separate from the renter class, the latter would have an 

incentive to rent out land under sharecropping200. This would be more so if there are extra costs involved in 

transactions in the credit market. 

                                                           
200 Both Bhaduri (see Bhaduri 1973) and his critics (e.g., Mitra 1980 make the common assumption that it is the same class who rent 

out land as well as lend out credit. For the South Asian sub-continent, there is enough historical evidence of a "money-lending" class 

that was distinct from the landowning class. 
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CHAPTER V 

 

AN INTRODUCTION TO LABOUR CONTRACTS IN TRADITIONAL AGRICULTURE 

with some historical evidence 

 

V.1 Introduction 

 

Attempts to understand contracts201 in the recent literature on agriculture and the rural economy are primarily 

motivated by an intellectual urge to explain why those contracts exist. These attempts try to explain contracts as 

outcomes of the economic motives of various agents in a society, as opposed to viewing them as set by 

custom202. The conditions identified for the choice of a particular contract vis-a-vis another also allow one to 

derive hypotheses on how contracts may change when one or more of the underlying conditions change. There 

are at least two reasons why the study of such changes may be of interest. First, due to the involvement of two 

or more groups of people in a contract, changes in 
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contracts may reflect possible political alliances203. The second is due to relevance of such study in policy 

formulation. I provide two examples to elucidate the latter. Consider an extreme case where initially all labour 

contracts in agriculture are seasonal but later, are changed to permanent contracts over a crop year (say, due to 

introduction of new crops). In the former case, if the number of labourers involved in seasonal contracts varied 

between seasons, one would expect seasonal migration of labour. When all labour contracts turn out to be 

permanent, such seasonality in migration would not be observed over a crop year. Prior knowledge about the 

incidence of various contracts may be of relevance to policy makers who are concerned with the extent of 

over-crowding in cities due to migration. A second example relates to the discussion of optimal contracts. A 

particular contract may be more desired either on efficiency grounds, or on grounds that it is consistent with the 

distribution objectives of the policy makers. It is, therefore, necessary to understand how various contracts arise 

and why they may or may not be desired and/or efficient (inefficient)204. The literature on contractual 

arrangements in agriculture/rural economy that compares sharecropping, fixed rent contracts and wage 

contracts, has 

 

 

                                                           
201 Many economists prefer to use the term "transaction" rather than “contract” (see Mitra 1980). i will use the latter term in the text. It 

is also worth noting that contracts, such as sharecropping, are viewed by many social scientists as institutions. 
202 Bardhan may be quoted in this context : "Institutions in the factor markets of an agrarian economy, like that of labor-tying, 

sharecropping and interlinking of land and labor contracts with credit, cannotjust be taken as I frozen' data from history…” (Bardhan 

1984, p.1) 
203 If survival of landless labourers depend on ensuring land through rental contract or by ensuring employment in other farms, 

contracts may affect voting patterns. The relation between the incidence of various contracts and political alliances, however, depends 

on many other factors. 
204 Since short run efficiency is not at issue, I do not discuss I do not discuss it. However, contracts may have long term implications 

for investment and growth. 
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already been cited in the previous chapter205. One common aspect of all the aforementioned contracts is that 

they involve transactions in labour206. Thus in a broader perspective, they may be identified as different types of 

labour contracts. While this is often recognized, its implications have hardly been pursued, as further explained 

below207.  

 

Wage contract, sharecropping and fixed rent contracts may be distinguished in at least two ways. First, the 

duration of the contracts varies. For example, a wage contract may employ labourers on a daily basis, whereas a 

rental contract may do so over a crop year208. Secondly, the contracts often contracts often vary in the nature of 

payments involved. One distinction involves the mode of payment. For example, payment under wage contract 

whether in cash or in kind, is unattached to the actual output produced, whereas payment under sharecropping is 

attached to output. A 
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second distinction is in terms of factors for which payments are made. Payment under wage contracts always 

involves remuneration for labour only, whereas net receipts by a tenant under rental contract may, for example, 

involve payments to non-tradable factors under certainty a risk premium under uncertainty. The existing 

literature on agricultural contracts gives more emphasis to the non-labour characteristics of rental contracts. 

While factors such as the absence of markets, the presence of supervision costs and uncertainty have 

implications for the choice of contract, the choice of a rental contract may also be made due to agents' 

preference for a longer term labour contract. Rental contracts may also arise when shorter period labour are not 

feasible. The discussion in the present chapter as well as in those to follow considers only labour contracts, and 

takes account of the job specificity and mode of payment in distinguishing between various labour contracts. 

 

The adoption of a non-conventional production function makes it difficult to address some issues in a way to 

make the exercises comparable to existing explanations. While the main arguments are developed on the basis 

of the technology identified in chapter III, frequent digressions link them to the literature. Section V.2 identifies 

various types of labour contracts that may arise in a single crop economy due to the assumption of 

fixed-coefficient technology. It is also shown how wage contracts,sharecropping and fixed rent contracts may 

be related to the defined categories of labour contracts. In section V.3, I digress to look into the phenomenon of 

"permanent labour"; it is argued that the 

                                                           
205 Examples include, Cheung (1969), Bardhan and Srinivasan (1971), Raqibuzzaman (1973), Stiglitz (1974), Newberry (1977), Lucas 

(1979) and Stiglitz and Newberry (1979). A second body of literature focuses on interlinked contracts, mostly on the interlinkage 

between credit and rental contracts. Examples include, Bhaduri (1973), Braverman and Stiglitz (1980), Mitra (1980) and Braverman 

and Srinivasan (1980). 
206 Most models on contractual arrangements assume as one actor the tenant-cum-labourer. Thus, in the absence of factors other than 

land and it wage contract and labour, a wage product (sharecropping or fixed rent two alternative means of employing labour. 
207 Newberry recognizes that all "share contracts are for one year or crop season, and are thus more like labour contracts". However, 

he asserts that fixed rent contracts are typically for a long period [see 1977, p.585). This assertion does not have any empirical basis, at 

least in the context of present Bangladesh agriculture. 
208 A tenant may engage in wage contract (i.e., hire daily labourers) in which case, a rental contract is not equivalent to employing 

labourer over a crop year. I abstract from this possibility in the discussion on labour contract. 
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technology (as identified in chapter III) allows for a minimal number of I)permanent labourers even in the 

absence of uncertainty and market imperfections. Section V.4 extends the discussion in V.2 to suggest why, 

from the perspective of a single farmer as well as of an agricultural community at large, there are incentives to 

adopt shorter period contracts. Some historical evidence on various types of labour contracts that had prevailed 

in South and Southeast Asia are provided in section V.5. The section also presents evidence on how various 

societies (both in Europe and in Asia) ensured a supply of temporary labourers to agriculture. The concluding 

section summarizes the discussion in this chapter and introduces the exercises to be carried out in the next two 

chapters. 

 

V.2 Types of Labour Contracts in Traditional Agriculture 

 

The number of labourers required to perform the k-th operation on X units of land was identified in chapter III 

to be209: 

 

Nk= nkX Vk = 1,2,…, K       (5.1) 

 

Given the above identification, labourers are, in general, expected to be hired for one or more operations. 

Since two operations for which a labourer may be hired will not necessarily be consecutive in time, duration of 

contract has a different meaning in this context. It would be appropriate to identify such contracts as 

operation-specific. I define 
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such a contract more formally below. 

 

suppose, S=(1,2,...,K) is a set of integers that identify different operations. There will be a finite number of 

non-null subsets of S if K is finite, Let each of these subsets be denoted by j and let J = (J). A j-type labour 

contract may now be defined as one whereby a labourer is required to perform j subset of operation(s)210. The 

subset may include only one of the K operations. It may also include all operations (in which case j=S). 

 

Each j-type labour contract defined above may be distinguished in terms of the mode of wage payment 

involved. Two extreme cases of payments are: a fixed payment, either in cash or in kind; and payments in 

shares of output. Thus, two broader types of labour contract may be defined. The first is Rj-type contract, where 

labourers are hired to perform j subset of operations for a wage payment of Rj. The set of all such contracts is 

denoted by (Rj). The second set of labour contracts may be identified as (λj), where a λj type contract is defined 

in terms of the share of output λj received by labourers for performing the j subset of operations. 

 

The above identification allows one to address most (non-interlinked) labour contracts observed in traditional 

agriculture. For example, a 

 

 

 

 

 

 
                                                           
209 Note that each labourer is assumed to work on all days during an operation period. 
210 I abstract from uncertainties in output as well as in labour use. 
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sharecropping arrangement, that is a purely labour contract211, would be a λj contract, where J = S. The same 

would be the case for labourers hired during harvest for a share of the output, except that j would include only 

harvest operation(s). Examples of Rj type contracts would include various "piece rate contracts" that are often 

observed in traditional agriculture212. 

 

It is worth noting that in the presence of certainty in both output and in labour use, fixed payments in kind 

would be no different from payments in shares of output213. There are, however, factors other than uncertainty 

that may influence the choice of form of payment. For example, in the production of non-staple crops, labourers 

may not be willing to receive a share of output due to the transaction costs involved in converting it to cash and 

hence to food, etc.214 In such cases, Rj-type contracts are more likely outcomes. Even in the case of staple crops, 

a landowner may have an incentive to distribute the wage payment over a crop year so that the labourers do not 

have too large a fund at any point in time, and are thereby restrained from searching jobs elsewhere. Since 

output cannot be 
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measured (or divided in some proportion) prior to reaping, payments under λj-type contracts can only be made 

during harvest. Thus, the j subset of operations for which such a contract is negotiated is likely to include 

harvest (or, at least reaping) operation. On the contrary, it is gonerally observed that contracts for pre-harvest 

operations only are of Rj type. 

 

The choice of form of payment may also be affected by the presence of uncertainty and by agents' attitude 

towards risk. In the presence of output uncertainty, the contrast between (Rj ) and (λj) is analogous to that made 

between wage contracts and sharecropping in chapter IV. Incorporation of uncertainty in labour use, however, 

requires a narrower definition of j-type contracts. If a j-type contract does not require the labourers to repeat an 

operation even if it must be done due to adverse weather, the contrast between (Rj ) and (λj) is similar to that 

between wage contract and sharecropping as discussed in IV.6. On the contrary, if labourers are required to 

perform the repeat operations (if necessary), there is no difference between (Rj ) and (λj) unless there is also 

output uncertainty. 

 

The above remarks are meant to suggest that many labour contracts observed in traditional agriculture fall into 

the two broader categories distinguished. An advantage of considering such operation-specific labour contracts 

is that the coexistence of different types of contract for 
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different stages of crop production on a single plot may be explained215. Such mixing of contracts, commonly 

observed in traditional agriculture, cannot be addressed with a conventional production function that aggregates 

operation-specific labours and/or fail to incorporate uncertainty associated with input use. 
                                                           
211 In such case, output retained by a tenant reflects only wage payment. It may be noted that the above categorization of labour 

contracts reflects only the demand side as constrained by the technology. Choice of any one or a set of contracts needs to be explained 

by taking into account of the supply side as well. This is pursued in chapter VII. 
212 For evidence on such contracts in Bangladesh agriculture, see Islam and Rahman (1986). Evidence on West Bengal, India, may be 

found in Bardhan and Rudra (1980a, 1980b). 
213 That is, Rj = λjQ, for all j휀J, where Q is the amount of certain output 
214 The transaction cost involved with such exchanges is likely to be higher for marginal participants in product markets. 
215 For example, pre-harvest operations may be performed by hiring labourers on a fixed payment while harvest labourers 

may be hired for a share of output. 



 

Besides sharecropping, three other contracts are often mentioned in the literature. They include, wage contract, 

fixed rent contract, and “permanent labour contract". I discuss the last in the next section, while the first two are 

briefly discussed here, 

 

The existing literature typically uses the term "wage contract" as a daily labour contract characterized by a 

given wage payment that is not directly related to output216. In terms of the mode of payment, such a contract is 

similar to a Rj-type contract. If there are operations that are performed in single days, (daily) wage contracts 

would arise as subsets of (Rj). The (daily) wage contracts may also arise due to discreteness in labourers as 

discussed in section IV.3. To explain this, let me define I=(1,2,…,I). If Nk = nkX is such that, i>Nk>(i-1), where 

i,* it is possible that (i-1) labourers are hired for the whole operation period while [Nk-(i-l)]Tk labour days of 

work will be availed 
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by employing labourers on a daily basis217. For most of the analyses to follow, I will consider the daily wage 

contract to be a subset of (Rj)
218. 

 

While (daily) wage contracts and sharecropping may be related respectively to (Rj ) and (λj) type contracts, this 

is not so obvious in the case of fixed rent contracts. The latter involve fixed payments made to the landowner 

while the produce net of rent is received by the tenant. Under certainty, an Rj-type contract is equivalent to a λj 

type contract,and  a sharecropping arrangement would be equivalent to a fixed rent contract219.  When such 

certainty does not prevail, a fixed rent contract embodies labour contract as well as a risk premium; the 

prerequisite for a fixed rent contract to arise is that there exists tenants who are willing to bear the risk. 

Historically, such a development is a more recent phenomenon (at least in grain production with its short 

gestation periods) and I will refrain from discussing it. 

 

To summarize this section, (Rj) and (λj) type contracts are defined that are equivalent under certainty. While the 

discussion on choice of contract under under uncertainty throws some light on possible contrasts between (Rj ) 

and (λj), the fixed rent contract may not be addressed (in this 

 

<127> 

 

framework) in the presence of output uncertainty. Historical evidence, to be presented in section V.5, suggest 

that λj- type contracts were more prevalent in the traditional agriculture of South and Southeast Asia. Most of 

the discussion will, therefore, presume prevalance of λj type contracts, even though Rj may be used, under 

certainty, for convenience in notation. 

 

 

 

 

                                                           
216 While referring to the daily labour contract as identified in the literature,the term "wage contract" may often be 

mentioned. Otherwise, the text uses the term "labour contracts" along with identifying the time dimension of it. 
217 Note that Nk = LK/Tk, and (i-1) labourers provide (i-l)Tk labour days of work, where Tk is the length of the k-th operation period. 

Beside * two aspects cited, the choice of wage contracts may also arise due to factors influencing the supply of labour on family farms 

as well as on other farms. 
218 Daily labour markets in the crop sector may also arise due to the existence of similar market conditions in the non-crop sector. See 

the discussion in chapter VII. 
219 In such a case, wages received by a tenant will be Q-Rj, where j=S 



V.3 Labour-Tying, Contract and Permanent Labour 

 

The discussion in the previous section suggested that labour contracts extending beyond a single day or beyond 

one operation are economically feasible even under certainty. The existing literature, however, tends to assume 

that wages are determined in daily labour markets220, and attempts to explain the existence of long term labour 

contracts as outcomes of market imperfections. One explanation of labour-tying arrangements comes from 

Bardhan(1979). There, labour tying (or, the category called “permanent labour") arises as an outcome of a 

monopsonist's decision in the face of a tight labour market in one of the two seasons221. While such * response 

due to uncertain labour market cannot be ruled out, it is argued below that labour may be hired on a permanent 

basis (i.e., for more* than one season) even in the absence of uncertainty in some * specific labour market. The 

section concludes by showing how the * uncertainty on the incidence of permanent labour may be expressed* in 

the presence of a technology as identified in chapter III. 
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consider a family with Nf family labourers and cultivating X units of land. As does Bardhan (1979), I assume 

only two operations. Let Nk (k=1,2) be the number of labourers required to perform the k-th operation on X 

units of land of land, and let N1 (=n1X) < N2 (=n2X)222. If N1>Nf, the family * would/should/could hire (N1-Nf) 

labourers in both operations and hire an extra (N2-N1) labourers during the second operation. Thus, permanent 

labourers may be employed in spite of any uncertainty in labour market(s). 

 

The above argument suggests that a prospective employer (in the example) would be indifferent between hiring 

any number of permanent labourers less than or equal to N1-Nf (including the possibility of no permanent 

labourer). However, if there is extra cost in negotiating with labourers, it is more likely that N1-Nf labourers will 

be hired on a permanent basis. In such a case, the number of permanent labourers hired will be negatively 

related to the number of family members engaged in agriculture * and it is positively related to land under 

cultivation (X). This is consistent with empirical observations made on the issue. The exercise also suggests that 

the empirical verification of labour-tying contracts arising from some other factors (such as, tight labour market 

in one season) needs to demonstrate a number of permanent labourers greater than that identified above (i.e., 

N1-Nf)
223. This aspect is pursued further 
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below. 

 

For simiplicity in exposition, consider Nf=O, and let Rk be the total wage present to a labourer for performing 

the k-th operation (k=1,2), while R12 is the total wage paid to a labourer who contracts to perform both An 

employer has the option to either (i) hire N1 labourers for the first operation and hire N2 labourers for the second 

operation,or ii) hire N12 (≥N1) labourers for both operations224 and hire an extra (N2 N12) labourers during the 

second operation. He/she will be indifferent between the two choices if; 

                                                           
220 See Bardhan (1979) and Binswanger and Rosenzweig (1984a). 
221 See aslo Bardhan (1984), pp. 67-69 
222 Alternatively, the number of labourers required to perform the second operation on a unit of land (n2) is greater than that required 

during the first operation (n1) 
223 The first exercise only shows that the family (in the example) still be indifferent between hiring (N1-Nf) permanent labourers and 

hiring the same number separately (beside N2-N1)in two operation periods. A second model discussed by Bardhan (1984) considers 

wage uncertainty (see pp 71-77). The comparative static results obtained there are due to the assumption that the peak season labour 

requirement is proportionately related to (uncertain) output 
224 As argued earlier, in the presence of extra costs due to negotiating contracts N number of permanent labourers (with N f = O) are 

likely to be hired. In the presence of uncertainty, N12 may exceed N1. 



 

N1R1 + N2R2 = N12R12 + (N2 – N12)R2   (5.2) 

  

The above may be rearranged to show that, 

 

(N12/N1) = R1/( R12 - R2)     (5.3) 

 

It, therefore, follows that N12 = N1, when R12 = R1 +R2; and N12>N1, when R12 < R1 +R2. If each prospective 

labourer is certain of earning R1 and R2 from his/her participation in, respectively, the first and second 

operation225, and if a prospective employer does not perceive the cost to 
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be higher than that given by the left hand side of equation (5.2), N12 will not exceed N1. If, however, a labourer 

faces uncertainty (say, in getting employment throughout the two operation periods), his/her expected wage 

income (say, ER1+ER2) will be lower than (R1+R2), while the cost to an employer would not change. In such a 

case, for some R12, such that (ER1+ER2)<R12< R1 +R2 it would be beneficial for both the employer and the 

labourer to agree on a permanent labour contract. Alternatively, an employer may face uncertainty and his 

expected cost may be higher than that reflected (R1 +R2)
226. In such a case also, the incidence of permanent 

labour conracts may exceed the limit set by the technology (i.e. , N12 will be greater than N1)
227 

 

V.4   General Tendency of Labour Contracts 

 

The previous section argued why a long-term labour contract may arise given the assumption that short-period 

labour markets prevail. However, there is no a priori reason to suggest that shorter period labour markets in 

agriculture are more to be expected than longer period ones. While a more complete discussion on the 

development of labour markets in 
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agriculture is left for chapter VII, the present section argues that, given a static technology (as defined in chapter 

III), there are advantages to shorter period contracts. The section is concluded by briefly identifying some 

factors that may partially offset this tendency. 

 

As in the previous case, I consider crop production to be characterized by two operations, so that; 

 

Q = aX          (5.4.a) 

Nk= nkX k = 1,2 and n2>n1       (5.4.b) 

 

where, Q and X are respectively output and land, and nk is the number of labourers required to perform the k-th 

operation on a unit of land. 

                                                           
225 Since less labourers are required during the first operation, all labourers may not equally participate in crop activities during both 

1VOIAtions. The implications are pursued in chapter VII. 
226 As Bardhan assumes, there may be a loss in output if labourers are not available at the appropriate time even though such tightness 

does not affect wages and the expected income of a prospective labourer. 
227 The exercise is based on a partial analysis and no attempt has been made to obtain an exact equilibrium solution for the number of 

permanent labourers. Rather, it is argued that there is a non-null set of values that R12 may take which will make both parties better 

off. It may be verified that from the perspective of an employer, the marginal cost of hiring permanent labourer beyond N is R12 –

R2>0. For risk-averse employers, marginal gains are expected to decrease with increases in N12. Thus, the demand for permanent 

labourers would be negatively related with R12. 



 

I consider a family with Nf family labourers and assume that there is scope to vary the amount of land under 

cultivation. If all operations are performed by family labourers, the maximum amount of land that this family 

may cultivate is given by228 

  

X2 = Nf/n2         (5.5) 

 

The family may also choose to cultivate an amount of land that would fully employ family labourers in both 

operation periods and necessitate hiring of labourers during the second operation. This amount of land is given 

by; 

 

X1 = Nf/n1         (5.6) 
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The family will choose to cultivate X1 if the net return from it is higher than that under the former (i.e., 

cultivating X2). That is, if; 

 

aX1 – λ[(N2
1 – Nf)/N2

1]aX1 > aX2     (5.7.a) 

 

where λ2  (0< λ2 <1) is the share of output (harvested by the hired labourers) that is paid to the hired labourers. 

Upon substituting (5.5), (5.6) and N2
1

 = n2X1, the above may be expressed as229; 

 

n2>n1         (5.7.b) 

 

which always holds. This suggests that a family with surplus land will have an incentive to cultivate land 

beyond the limit set by its own labour resources so that a separate labour market in the second operation 

emerges230. 

 

The above analysis may be extended to economies where farming households have to pay rents (say, to a king). 

When rents (as shares of output) are on net produce (i.e., net of the amount to be paid to temporary labourers), 

the condition in (5.7.a) may be expressed as, 

 

(1-ρ){aX1 – λ[(N2
1 – Nf)/N2

1]aX1} > (1-ρ)aX2    (5.8) 
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Where, ρ is the share of net output to be paid by the farming household. In such case, the previous argument 

still holds since (5.7.b) follows from (5.8) However, if rent is on gross produce, the condition required for 

cultivating land beyond the limit set by own labour resources is given by,  

 

ρ < (1 – λ2)[1 – (n1/n2)]      (5.9) 

                                                           
228 This would effectively mean that (Nf-n1X2)=(n2-n1)X2 labourers  would remain4 unutilized during the first operation. 

229 Equation (5.7.a) may be expressed as [1 – λ2(1- Nf/ N2
1)] > [X2/X1]. Or, [1 – λ2(1 - n1X1/n2X1)]> [X2/X1]= [n1/n2]. This may be 

expressed as [1 – λ2]> [(1 – λ2) (n1/n2)]. Note that λ2<1 is assumed. If R2 is the wage payment per labourer in second operation, the 

condition will be given by, a>n2R2. 
230 The above may also be explained by assuming a given units of land for the family. In such a case, there would always be incentives 

to employ unutilized labourers elsewhere, so that different numbers of labourers are attached to different operations. 



 

While the last condition suggests an interesting conflict between rental income and wages paid to temporary 

workers when the receipient of rent is willing to bring more land under cultivation231, the implications of it are 

not pursued here. As will be noted later (in section V.5), rental shares were based on net produce in pre-British 

India. Thus, the implications of (5.7.a) and (5.8) are discussed below. 

 

Given the abstraction based on two operations only, two general observations may be made. First, in terms of 

the participation, the technology provides the basis for two kinds of laboring classes in crop production: those 

who participate on a regular basis and those who do so partially232. Secondly, even in an economy with family 

farms, there are incentives (on the part of farming households who are regularly attached 
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to land either on their own farms or on land rented-in) to maintain a class landless labourers who would 

participate in agriculture only temporarily. 

 

The exercise also suggests that, in the absence of non-crop activities, for a given number of labourers N, only 

X= N/n2 units of land may be brought under cultivation, and a labour contract with these N labourers may only 

be defined for a whole crop year233. If, however, a non sector develops so that there are labourers who may 

participate temporarily during the peak operation, an individual farmer as well as The agricultural community at 

large will have an incentive to opt for individual operation labour contracts (at least for the peak operation). One 

would, therefore, expect a historical tendency for labour contracts to be more narrowly defined. That is, longer 

period labour contracts are likely to be replaced by shorter period contracts with the development of a non-crop 

sector. 

 

The above assertion holds on the assumption that technology and labour force are static and that the non-crop 

sector develops in such a way as to allow for temporary participation in crop production. Suppose technology 

changes in a way so that n1 increases (in the example provided above). In such a case, a greater number of 

labourers may be employed in both operations, and therefore the incidence of long term contracts may 
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increase see section V.3). Alternatively, if increases in the labour force are not adequately absorbed in the 

non-crop sector, or if changes in the non-crop sector reduce the availability of temporary labourers, the trend 

towards shorter period labour contracts may be reversed234.  

 

                                                           
231 Note that the rental share ρ has to be lowered in equation (5.9) if λ2 increases and vice versa. 
232 Indian historians often debate whether a distinct class of agricultural labourers emerged only after the establishment of British rule, 

or whether their origin may be traced back to the first century of Christian era (see Chattopadhyay 1985). The exercise in this section 

suggests that presence of landless labourers who are only temporarily attached to crop activities may be a sign of prosperity since it 

indicates presence of non-crop activities where these labourers may be engaged during slack seasons. 
233 Since all 9 labourers are necessary to cultivate the land, it may not be possible to discriminate between two sets of labourers: those 

who are required in both operations and those who are required only in one operation. The issue is discussed with greater details in 

chapter VII. 
234 Increased pressure on land due to population increase may cause greater uncertainty in obtaining stable employment, and thereby 

reduce the total wage income expected by individual labourer. As suggested in section V.3, this would cause increased incidence of 

permanent labour. 

 



A final qualification should be added to the result obtained in this section. One underlying assumption is that 

land is homogeneous so that, for a single crop, operation periods are identical for all farming units.235 However, 

land of different elevations may exist within a single village and therefore, operation periods, specific to 

different types of land may vary236. If no overlapping prevailed among these land-specific operation periods, a 

farmer could choose an appropriate mix of different types of land in order to spread out his labour throughout 

an operation that is valid for the whole village. If, however, there are overlaps among these operation periods, 

an individual farmer will be unable to ensure greater utilization of his (or family) labour even if there be an 

option to operate on various types of land237. Therefore, 
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farmers whose crops ripen later may provide labour to fields (cultivated by others) where the crops ripen earlier 

and vice-versa. This would provide a basis for mutual exchange of labour among farming households and 

thereby, reduce dependence on outside labour, even during the peak season238. 

 

While distribution of land by elevations may explain the existence of labour exchange in a locality at any point 

in time, this cannot explain changes in the extent of such cooperation (since elevations are unlikely to change 

over time). However, labour exchanges may also arise where there is greater variation in crops chosen in a 

locality during same cropping season and crop specific operation periods overlap only partially. For example, 

crops grown on two pieces of land (with same land elevation) may have different operation seasons that 

partially overlap. Thus in the presence of multiple crops, crop-specificity of seasons needs to be taken into 

account as well. 

 

V.5  Historical Evidence on Labour Contracts in Agriculture 

 

Based on the technology identified in chapter III, it was suggested in section V.2 that labour contracts in 

traditional agriculture may be defined for operations rather than for days. Section V.4 extended the argument 

and suggested that labour markets are likely to be more narrowly defined with the growth of non-crop sector. 

The latter discussion also 
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pointed out that the existence of landless labourers who participated temporarily in the crop sector might be an 

indication of a prosperous economy. A detailed empirical study of these issues is beyond the scope of this 

thesis239. The first part of this section cites evidence on temporary labourers in crop production, while the 

second part looks into types of labour contracts. 

 

V.5.1 Evidence on Temporary Labourers in Agriculture 

 

There is ample evidence to support the proposition that there is at least one operation in traditional agriculture 

that requires participation by a great many workers. Even in the context of present-day agriculture in many 

                                                           
235 See chapter III. 
236 For example, crops of different fields may ripen at different times. 
237 Consider two types of land; an operation must be performed on the first type in days 1 to 5 and in days 3 to 7 on the second type. 

Since works need to be done on both types of land during days 3 to 5, choice of one type of land may preclude a farmer from 

operating on the second type. However -, mutual exchanges of labour may be possible among farmers operating on different types of 

land during days 1, 2, 6 and 7. Note also that inability to spread out labour may also arise due to shortage of land. 
238 38 Variation in crop seasons may also prevail among neighbouring villages so that labourers may be temporary in the context of 

one village while they may be permanent for the aggregate economy (i.e., both villages). 
239 It is also doubtful if appropriate time series data are available for* any one region 



underdeveloped countries, harvest is unanimously identified as one such season. Here, I cite some evidence 

from different parts of the world. 

 

The following passage from Morgan (1982) shows how grain production in England during mid-nineteenth 

century depended crucially on seasonal supply of labour from outside240: 

 

What distinguished the harvest in the middle years of the nineteenth Century was not only the fact that 

the entire rural population and even townspeople were involved but the magnitude of that involvement. 

Because of the increase in the corn acreage greater than ever before or since, the harvest field, with a 

rural population still growing, was unprecedentedly crowded. These harvests of the 'Golden Years' were 

the culminating point of an 
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agricultural revolution, basically one in land utilisation and production, not in the gathering processes. It 

was not only the increased yield of grain but the increase in straw production that presented new problems. 

The period of harvesting remained the same; the time scale of growth, fruition and decay remained the 

same. The same vagaries of nature and weather were still outside man's control; but the cutting tools 

available were still those of subsistence farming. The harvest fields in the past had also been crowded but 

not on the same scale, and whenever the harvest had been previously in jeopardy legal compulsion could 

bring out the labourers from town or village whatever their trade or calling. 

 

Similar evidence is found elsewhere as well. Bennet's description of eighteenth century Oudh (in India) tells us 

how the rules of distribution ensured participation during harvest by those who were not regularly engaged in 

agriculture241. In a study of the French peasantry of the seventeenth century, Goubert mentions the following242; 

 

Because there were no machines, there were some times of year when farmwork had a kind of precedence, 

when the size of the task to be carried out, and the urgency of it, required a large quantity of manual 

labour: the harvest always one such, of course, and in many places there was also the vintage, and 

haymaking. From the end of May until October men, women, and children from all parts of the country, 

and from the town as well (people left the towns of aoust(August) which was synonymous with harvest), 

converged on the harvests. 

 

The importance of harvesting, even at present, in the Central Plain of Thailand is noted in Piker and College 

(1983). In a study on rural Malaysia, Bailey identifies the transplanting season to be more critical 
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In the production of high-yielding varieties243. It is, however, noted that in the case of traditional varieties 

harvesting requires more workers 244. In an interesting study of labour contracts in Java, Van Der Wolfff 

mentions the ngrampiiang workers who were called to reap the harvest that could not be done by the regular 

workers 245. All these Studies suggest that the harvesting operation in traditional agriculture 246 was the one 

requiring most workers 247. 
                                                           
240 Morgan (1982), p.14. The period refered to above is the one prior to the introduction of mechanized harvesting. 

241 See W. Neale, Reciprocity and Redistribution in the Indian Village, in Halperin & Dow (1977), pp.147-163. Neale refers to W.C. 

Bennet, Final Settlement Report on District Gonda (Allahabad,1878), pp. 48-49. 
242 Goubert (1986), p.100. 
243 See Bailey (1983), p. 56. 
244 Ibid, p.60. 
245 Kolff (1936), p.9. The study was based on five sawah complexes in South Java through repeated visits during 1922 and 1936. 

Furthermore, practices in late nineteenth century were captured by interviewing old persons. 



 

Some of the passages cited also mention how labour mobilization was made possible. For England, Morgan 

mentions the legal compulsion that "could hiring out the labourers from town or village whatever their trade or 

Calling". A more concrete description of the micro scenario of fourteenth century England is provided in 

Fordham and Fordham (1925) 248. 

 

All peasants held their land on condition that they paid tribute to the lord of the manor in produce, such 

as corn, honey, wool or butter, as well as working on the lord's lands for a certain number of days in the 

year according to the custom of the manor. ... The thirty-acre man would, as a general rule, have to work 

for two or even three days in every week on the lord's land, ..and for more 
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days during harvest time. 

 

The conttar or five-acre man would work, as a rule, one day a week only, for his lord, though more 

during the harvest. 

 

Freemen were not bound to work regularly for the lord except during harvest . . 

 

The contract was less formal in the case of French peasantry. Referring to the segneur Goubert (1986) 

mentions249: 

 

He or his spokesman announced the ban, the start of the harvest, particularly the grape harvest; his 

grapes were always picked and pressed first and his wine sold first, from a position of a monopoly (the 

right of banvin). 

 

In the case of Europe where the lords (in England) and seigneurs (in France) had their own land under 

cultivation, the approach to labour specialization was dictated by the relative strength of the interest groups. The 

coexistence of labour exchanges among the peasants with their obligatory participation on the lord's land is 

quite plausible. Yet the population regularly attached to agriculture was not sufficient to reap the harvest in 

time. As Morgan says, legal measures had to be taken to ensure labour supply from outside. 

 

While more recent evidence on many South and Southeast Asian countries suggests the dependence of 

agriculture on a peak-season labour supply from the non-rural sector, the historical evidence does not 

necessarily support such a view. For example, in the case of the Indian subcontinent, people engaged in 

non-crop rural activities, participated during the 

 

 

                                                                                                                                                                                                                        
246 As well as in agriculture where mechanization had taken place in the harvest operations, with subsistence techniques prevalent in 

harvesting, as in mid-nineteenth century England. 
247 The reason could not be put as well as in an article of 1889 which mentions: "A field of wheat left uncut a day too long may have 

two bushels an acre blown out of it by a high wind .. ."(Bailey 1983, p.22). 
248 48. Fordham and Fordham (1925), pp.14-15. 
249 Goubert (1986), pp.167-168. 
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harvest operation and their payments for labour in both crop and non-crop activities were tied. An alternative 

means of mobilizing peak-season needs was through the mutual exchange of labour, more often observed in 

some Southeast Asian countries. Some evidence along these lines are presented below. 

 

Practices in eighteenth- century Gonda (in Oudh, India) are described by * as follows250: 

 

From the standing crop of each cultivator the watchman, the blacksmith, the carpenter, the herdsman, the 

priest, and often the cultivator himself cut a twentieth of a bigha. Next, the crop was harvested and 

threshed by the whole community, the grain from the fields of each cultivator being heaped in a separate 

pile on the community threshing floor. 

 

Bailey (1983) mentions how farm families in Malaysia cooperate between themselves during seasons of peak 

labour demand251. More concrete evidence in Java may be found in the following two passages cited from Kolff 

(1936)252 

 

Cereals .. react much more sensitively to the periodicity of the climate and are only reapable for a short 

time. In addition, there in the fact that the diet becomes dependent in the main on one crop ' It therefore 

becomes of importance to plant it widely and to make a success of each crop. To this latter end close 

attention must ho paid to seasons. The volume of work implied by this requirement, cannot possibly be 

carried out by the family alone and help must be “called in some other way from the outside. 
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In those old days of which we are now speaking a labour agreement with a third party bore the character of 

a mutual provision of help. All the villagers were at the same social level; they were all of them peasants, 

all owned ground and the prosperity of the various families did not vary greatly. Therefore if one of them 

had help necessary he asked his fellow villagers, invited them to help him. His immediate neighbours were 

more readily available for this purpose than kinsfolk that lived at a greater distance from him. Outside the 

village itself only blood relations would ever be risked. Such invitations were always accepted because the 

community feeling of the villagers was so strongly developed, and was stimulated by the realisation that 

each in his turn would need such help from his neighbours. He that gave heed to the call made on him had, 

then, the right at the time when he needed it to receive the support of him, whom he was now helping. As a 

result of the relationships existing between the people wages were not paid by one to the other but he was 

entertained. This system was called sambatan. 

 

The evidence presented above suggests that there is at least separation in crop production that required extra 

labourers. However, the source of these labourers and the way they were mobilized varied among economies. In 

the cases of England (in mid-nineteenth century) and France (seventeenth century), these were people otherwise 

engaged in the non rural sectors; and mobilization in the former case was through legal enforcement. In 

contrast, peak-season labour in pre-British India was provided by people primarily engaged in non-crop rural 

activities, whereas mutual labour exchanges were more frequently observed in some southeast Asian countries. 

                                                           
250 Halperin and Dow (1977), p. 153. A bigha is a measure of land, varying from a quarter of an acre in Bengal to two-thirds of an acre 

in U.P., India. 
251 See Bailey (1983), pp.57-60. Three forms of cooperation are identified: Tolona-menolong, Pinjam Orang and Ketua Pinjam. 

Oran&. 
252 52.  Neale (1977), p.6 and p.9 



A plausible explanation of this difference may be suggested. In the case of the European countries, the urban 

sector was relatively more developed so that temporary labourers would be drawn from rural sectors253. In 

contrast, urban development was limited in South and 
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Southeast Asian countries. In India, the non-crop activities were mostly village based, and the farming 

community received goods and services from non firming farming community; the payments to the latter were 

made during harvest. The distribution practice cited earlier from Neale (1977) was, a therefore a rational choice 

to make this payment and ensure labour being harvested.  Finally, the mutual exchange of labour, frequently 

mentioned for some Southeast Asian countries, may be due to their geographical conditions, discussed in 

section V.4. 

 

1.1.2 Evidence on Labour Contracts in Traditional Agriculture 

 

In a particular socio-economic setting one or more of the contracts, identified in section V.2, may exist. In order 

to provide evidence on prevalence of λj type contracts in traditional societies, I look into labour arrangement 

observed in some of the agricultural societies referred to earlier. 

 

The most interesting study, to my knowledge, is that by Kolff (1936) on this254. The case of sambatan , 

exchanges of labour between farming households  has already been mentioned. Referring to earlier times, Kolff 

mentions two other types of labour contracts: the pakehan and ngrampijang 
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systems 255. Under the former, workers (primarily women) who "helped with planting out", acquired "the right 

to take part also in the reaping crop receive part of the yield as their wage"256. The latter system is described by 

Kolff and followers;257 

           

In addition to the former planters, use was also made at the time of harvest, which as here performed is a 

very time-consuming process, of reapers more loosely connected. They, too, received a bawon, reward 

in paddy that was a certain fraction of what they cut. This class of reaper, in contrast to the group that 

worked on the pakehan system, could only claim compensation for the help given at that time. For that 

reason their share in the yield was smaller. 

 

In the early part of this century, the kedok system came into being practiced in some parts of Java. As Kolff 

mentions258: 

 

The word "kedok" actually means a dyked off section of a sawah, one of the squares in the great 

chess-board effect presented by an extensive irrigated rice field. The system of that name is one whereby 

                                                           
253 One contrast between mid-nineteenth century England and seventeenth century France is worth noting. In the former case, legal 

measures were called for to mobilize labour that may reflect possible conflicts between the development in urban-based sectors and 

agricultural production. The latter case is similar to that prevalent in many developing countries where the mobility of labourers 

between sectors is voluntary.  
254 I cite the study more frequently since its focus was exclusively on labour arrangements and on their changes in a pre-selected 

region. 
255 See Kolff (1936), pp.11-16. 
256 The weeding was done by family labour and if required, by male villagers under sambatan system. 
257 Kolff (1936), p.15. 
258 58. Kolff (1936), p.17. 



an agreement is entered into between the owner of the ground and some second party amounting to this, 

that in one or more of these sections or kedoks the latter agrees to attend to certain definite jobs against 

payment in the form of a fraction of the product that is grown on the land he works. This system is 

differentiated from that of share tenancy...in that in the latter case all the work done on the particular 

piece of ground must be done by the tenant. 

 

"In some places where the kedok system was introduced much later, the obligations set upon the tenants were of 

a much extended nature. In the changed situation, the task of pulling up the seedlings in the nursery beds, 

transporting them to the kedok and laying them out ready for planting and, at times, a large portion of the work 

of preparing the 
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ground were added to the already included tasks of planting, weeding and reaping. In general, however, the 

agreement was that the ploughing and harvesting should be done by the landowner.259  The ngrampijang system 

is compatible with the kedok system since the tenant/labourers would sublet part of their work during harvest. 

Still later, in the 1920's, labour contracts based on a single pre-harvest operation emerged in the rural economy 

of Java. Kolff explains this in terms of temporary monetization of the rural economy that eroded in the 1930's 

when incidence of long-term labour contracts again increased. 

 

While kolff identifies both pakehan and kedok as forms of labour agreements.260, Bailey (1983) considers 

similar systems currently prevalent in Malaysia to be forms of sharecropping: bagi dua and bagi tiga .  These are 

described in the following261: 

 

Most commonly with bagi dua all expenses of production are shared evenly by tenant and owner, and 

the crop is divided evenly in the field. .. it is the responsibility of the land-owning family to harvest its 

share of the crop; alternatively, the family may hire someone (more than likely the tenant family) to 

harvest for them at a rate of 20 gantang of rice for every 100 gantang harvested, or 25 gantang if the rice 

is delivered to the owner' storehouse. 

 

In most cases of bagi tiga, the owner of the land supplies all inputs, prepares and seeds the nursery, and 

often maintains the crop once it is transplanted, while the tenant does all the transplanting and his 

one-third share of the harvest (with the possibility of harvesting the owner's portion at the standard rates 

noted above). 
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I am not, aware of any study on India similar to that for Java. However, the available evidence suggests the 

presence (in pre-British India) of crop sharing arrangements between ryots (i.e., those with operational rights on 

land), the king and various other occupational groups and rent collecting hierarchies262. 

 

The evidence cited so far suggests predominance of λj type labour contracts in traditional agricultural 

economies of South and Southeast Asia. An interesting aspect to be noted is the historical change in j and λj (as 

in Java), and the coexistence of contracts with different j and λj (as in present day Malaysia), 

 

                                                           
259 ibid, pp.19-20. 
260 Kolff, however, occasionally refers to workers under the kedok system as tenants. 
261 Bailey (1983), pp.36-37. It may be noted that bagi tiga in Malaysia is similar to the pekehan system in Java. 
262 Some evidence on India are presented in chapter VI. 



V.6  Summary 

 

The discussion in the present chapter was initiated by referring to the development literature on wage contract, 

sharecropping and fixed rent contract. It was mentioned that one common element in all these contracts is that 

they involve transactions in labour. While most modeling exercise incorporate this aspect, the absence of 

operation specific labour input in the specification of a conventional production function does not allow one to 

analyze the implications of this common aspect of contract choice. Thus, sharecropping may only be 

rationalized in terms of factors such as, absence of markets, presence of uncertainty, etc., and not because 

agents may have a preference for longer term labour contracts (or that shorter period labour contracts are not 

feasible). In this 
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context the following observation by Bytes is worth noting263; 

 

..sharecropping has existed since remarkably early times..; has been extremely widespread geographically, 

has shown an often astonishing historical contiuity and tenacity; has, in some pre-capitalist/pre-socialist 

societies, such as China and Turkey, displayed a capacity to disappear and re-appear. 

 

The last noted aspect is quite puzzling to many historians; possible explanations may lie in changes in the 

non-crop sector and/or in preference for various time-specific labour contracts. 

 

The discussion of chapter IV tried to show how the technology identified in chapter III is compatible with many 

of the explanations of contracts provided in the existing literature. The present chapter looked primarily into 

certainty models and derived the implications of differences in technologically required numbers of operation 

specific labourers on labour contracts. While a brief discussion alluded to choice of forms of payment the focus 

has been on the operation-specificity of such contracts.  It is argued that, in general, there is a tendency for 

labour contracts to be more narrowly defined with the development of non-crop sectors. However, as the 

historical evidence suggests, it is necessary to identify the nature of the development of the non-crop sectors in 

order to understand changes in labour contracts in agriculture. Labour contracts (and therefore, rental contracts) 

may not be meaningfully understood in a closed model of single crop economy that reduces the non crop sectors 

to an assumption of given opportunity cost of labour either in terms of a wage rate or a given reservation 

utility). The relation between labour contracts in agriculture and the development of 
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non crop sectors is further probed in chapter VII. 

 

It should be noted that, as with many partial modelling exercises, I have explained from discussing the process 

of wage determination. Such a discussion is complicated by the interaction between labour contracts and the 

development of the non-crop sector. However, as the historical evidence suggests, λj type contracts were more 

prevalent in the traditional agriculture of South and Southeast Asia. An economy may, therefore, be 

characterized by the presence of labour contracts covering the whole crop year, where the non-crop sector either 

does not exist or does not affect the choice of such labour contract. Since this is equivalent to an economy with 

sharecropping, the process of wage determination is the same as that of rental share determination.  Referring to 

the Indian sub-continent, a model along these lines is developed in chapter VI, while a general framework of 

wage and labour contract determination is suggested in chapter VII. 

                                                           
263 Byres (1983a), p.32. 
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CHAPTER VI 

 

DETERMINATION OF TENANT'S SHARE 

IN A LAND-SURPLUS ECONOMY 

 

VI .1 Introduction 

 

It was noted in the previous chapter that a sharecropping arrangement is one form of labour contract. Thus, 

shares of output retained by the tenants include imputed wages that they might otherwise have received in the 

wage labour market. The present chapter looks into a pure sharecropping economy to suggest a model of such 

wage determination. 

 

A number of attempts have been made by economists to model the determination of rental shares and to explain 

why a 50:50 split may be the dominant one. Given the differences in economic and social context within which 

sharecropping arises and where rental shares (or, more appropriately the share received by the 

cultivators/tenants) happen to be half the produce, it may not be feasible to develop a single universally 

applicable model to determine rental and/or tenant's share. Selecting models that attempt to explain a rental 

share equal to half the produce fail to take account of historical specificity264. Furthermore, in any of these 

models, the equilibrium rental shares depend crucially on the values assumed for technological parameters. 

Even though the 
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Influence of technology may not be ruled out, the evidence seems to suggest greater similarities across regions 

in the shares received by the cultivators than could easily be explained by similarities in technologies, especially 

in land productivities265 2. While a critical review of these models is made in Appendix E, the present chapter 

develops a model of distribution that is more appropriate to the context of pro British India. Section VI.2 briefly 

reviews observations on rental shares, sections VI.3 to VI.5 present historical evidence underlying, and the 

formal model is presented in section VI.6. The model assumes (i) the existence of surplus land and (ii) incentive 

by the king/landlord to ensure increased supply of labour266 to enhance land revenue/rent. It is also assumed that 

the long term supply of labour depended on the amount of output received by the cultivators/tenants267. The 

assumptions, in a dynamic optimization framework, allow one to derive the share of output offered to the 

cultivators/tenants as well as the associated rate of increase in labour supply (which is same as the rate of 

population growth in the model) that will maximize the king/landlord's long term net return from land. The 

tenant's share thus determined is shown to depend on certain demographic variables (i.e., on the way human 

reproduction is related with consumption). Since early agricultural societies are expected to have exhibited 

greater similarities in such demographic 

 

 

 

                                                           
264 Reference is made to Bell and Zusman (1976), Hurwicz and Shapiro fWg), and Roumasset (1979). 
265 Land productivities are more likely to have varied widely between regions 
266 The term "labour" is used to include labourer as well. 
267 It may be noted that the relation between labourers and land (as well as output) is made possible due to the assumption of fixed 

coefficient technology and finite operation periods. See the discussion in chapter III. 
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Characteristics than in technologies, it is hoped that the model provides a likely explanation of the observed 

similarities in tenant's share in early agricultural societies. The chapter is concluded by discussing some broader 

implications of the model, that may be of relevance in historical evidence pertaining to the Indian sub-continent. 

 

VI.2   Observations on Rental Shares 

 

The claim that rental shares in agriculture societies have widely been observed to be half the produce should not 

be uncritically accepted. In societies where property rights are well defined, a rental contract involves the 

transfer of operational rights on land from a landowner to a tenant for a definite period stipulated in the contract. 

In such contracts, rent is identified as the payment received by the landowner has to the transfer268. Since it is a 

bilateral contract, a 50:50 split is a possibility. In many societies, cultivators paid rents to a king269, but there 

were other economic (and social) groups, besides the king and the cultivators, who also claimed a share in the 

final output270. To cover such societies the concept of rent cannot be made specific to any one notion of rights. 

Furthermore, with more than two parties, a 50:50 
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split is not possible271. Thus, any claim on observed distribution must be interpreted in accordance with the 

context to which the reference is made. 

 

Available evidence, however limited it may be, suggests that sharecropping existed in many parts of the world 

during the pre-Christian era and that it still exists in many agricultures272. However, evidence on the distribution 

of the final product is not very clear cut. Studies on contemporary economies suggest that a 50:50 split appears 

to be a relevant arrangement in some regions273, while in other regions it is not. In general, rental contracts have 

become more complicated with increasing use of modern inputs (e.g., chemical fertilizer, pesticide, and 

mechanical irrigation) and the rental share received by a landowner has a tendency to increase with the 

introduction of technologies that raise land productivity274. Any claim that a 50:50 split characterizes rental 

contracts in most contemporary cases, even when the focus is exclusively on relatively backward economies, is 

yet to be empirically justified. 

 

 

 

 

 

 

 

                                                           
268 Rent, identified here, is due to land. If tenants own non-tradable factors (e.g., husbandry skills and draught power) that are in 

limited supply the share retained by the tenants may include rent due to these factors. All reference to rent in this text is made to the 

receipt either by a Landowner or by the king/state as land revenue. 
269 Because of the context, I do not use the term "tax" here.  
270 Reference is made to intermediaries involved in rent collection. 
271  For the same reason, the notion of "fair" distribution (in terms of identical shares to all parties) is not consistent with either half 

rental share or with half share to the cultivators. 
272 See Bytes (1983a), p.32, quoted in chapter V. 
273 See, for example, Bell (1977). 
274  In the presence of modern inputs, effective sharing of gains and losses may not be same across regions even though sharings of 

output may be similar. This is due to possible variation in cost sharing arrangements. However interesting the latter may be, issues 

related to such sharings are not discussed in this text. 
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There are broadly two types of historical references on rental shares. One involves contracts where landowners 

are identified as one of the two parties; property rights may thus be assumed to be well defined. In the second 

type, cultivators are said to have paid rents to a king or to an intermediary. Citations on rental shares under the 

metayage system in France and under the mezzadria arrangement in Italy, fall under the first type. Even though 

claims have often been made that a 50:50 split was commonly observed in aforementioned contracts, Byres 

argues that the share received by the landowner was often higher275. Examples of the second type include 

references to pre-British India. In most such cases, historical texts mention shares received by kings in different 

periods, most often falling below one half276. There is, however, evidence to believe that the cultivators in many 

parts of the Indian sub-continent did receive half the output277. 

 

VI.3 The Assumption of Surplus Land 

 

The concepts of "land surplus" and "land scarcity", encountered frequently in the development literature to 

categorize economies, are mainly relative measures. For example, from a series of observed 
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Land/labour ratios any one is arbitrarily chosen to distinguish between “relatively land-scarce" and "relatively 

land-surplus" economies. Such relative measures are not, however, helpful in micro-theoretic exercises that 

look into a single economy. An alternative approach may define land surplus in terms of marginal product of 

land being zero, as in the case of defining labour surplus. Since conventional economic analyses associate 

marginal product of land with rent, the possible existence of surplus land is seldom addressed in the explanation 

of rental share. In contrast to the aforementioned two approaches, the land-labourer relations outlined in chapter 

III allows for defining surplus land for a given stock of labourers. In the absence of non-crop activities, the 

maximum units of land that may be brought under cultivation is given by the land-labour ratio during the peak 

operation period278. Historical evidence on India is cited below to make a case for the assumption of surplus 

land. 

 

One of the earliest documents available for the South Asian sub-continent is Kautilya’s Arthasastra, written 

during 321-296 B.C. One of Kautilya’s instructions for the Superintendent of Agriculture was as follows279 : 

  

                                                           
275 Byres (1983a), pp.16-21. 
276 See Mookerji (1940) for information on such rental shares. A more commonly observed share that prevailed over a long period is 

one-sixth. Similar evidence is also found for the payments made by the hektemoroi in Ancient Greece (594-593 BC). In citing the 

latter evidence, Byres questions whether one-sixth was too low a share. Such discussion presumes, without probing, that the 

distribution was between two parties only. 
277 See, for example, Islam (1985b). 
278 It is also possible to define surplus land in the presence of non crop activities. However, this would require prior identification of 

the mechanism whereby labourers are allocated in the two sectors during different periods in a crop year. 
279 Kautilya (1961), pp. 128-129. It is not clear whether the practice of half rental share emerged outside the domain of king and such 

offers had to be made for bringing crown land under cultivation, or if it has a solution arising only in the context of crown land. The 

labouring class, who were offered a lower share, included primarily the slaves and the “prisoners [Kautilya (1961), p.127]. Kautilya. 

expressed preference to sattle this labouring class in the new areas, which may be interpreted as a move from a "slave-based 

agriculture" to a "sharecropper (ryot)-based agriculture” 
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fields that are left unsown (vapatiriktam, i.e. owing to the inadequacy of hands) may be brought under 

cultivation by employing those who cultivate for half the share in the produce (ardhasitika); or those who 

live by their own physical exertion (svaviryopajivinah) lony cultivate such fields for 1/4 th or 1/5 th of the 

produce grown; or they may pay (to the king) as much as they can without entailing any hardship upon 

themselves (anavasitam bhagam), with the exception of their own private lands that are difficult to 

cultivate. 

 

The above suggests that there was additional non-cultivated land that brought under cultivation. Similar 

evidence is also found for the medieval period (extending up to the fifteenth century). Mookerji sites Moreland's 

Cambridge History of India to make the following remark280: 

 

Land revenue administration was governed by the central fact of the agriculture of those days that the 

supply of land was much larger than the demand for it. Therefore, the aim of administration was to keep 

peasants on land, not to turn them off it. A peasant was not displaced as long as he did his duty. Even 

when he failed to do it, It could not be displaced without a substitute being found. When land was waiting 

for cultivators, an inefficient cultivator would be better than none. Thus occupancy right emerged as a 

matter of course and became customary. 

 

One may, however, propose a distinction between "land under cultivation" and “land to be brought under 

cultivation". Thus, a model incorporating the capital market could explain why and how new lands may have 

been brought under cultivation. However, such a distinction does not seem to be necessary in the context of the 

present exercise, where a single landlord/king gets all the surplus. A simpler model may incorporate the 

distinction between cultivable land and potentially cultivable land by assuming there are costs to bringing new 

land under 
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cultivation. More importantly, there is evidence to suggest that even if only cultivable land is considered, Indian 

society periodically went through labour shortages. In an attempt to estimate the total population of India in 

different periods, A.D.Gupta concludes that281, 

 

It is possible that population of the order of 100 million were attained by India during the peaks of the 

country's ancient and medieval periods under Chandragupta Maurya (300 B.C.), Asoka, Chandragupta II 

Vikramiditya (A.D. 400), Harsha (A.D. 650), Akbar (A.D. 1600) and his immediate successors, with 

population dwindling during the intervening unsettled periods. 

 

The “peak” periods, identified above, are likely to have been characterized by full utilization of cultivable land. 

However, the interim phases, characterized by surplus land, appear to have been more prevalent in terms of 

time282. Evidence of such surplus is also documented for Bengal after the famine of 1770-72. "It was officially 

                                                           
280 Mookerji (1940), p.30. 
281 p. 425. A.D. Gupta, Study of the historical demography of India, pp.419-435, in Glass and Revelle (1972). Ladurie (1977) descibes 

a similar pattern of population change for France during 1300-1715 A.D. 
282 It is quite possible that the area under cultivation had expanded between two consecutive peak periods. With constant population 

size, this would imply that technological changes had enabled a labourer to cultivate more land. I assume such technological changes 

to take place only during the peak periods. 

 



estimated at the time of Permanent Settlement that about one-third of the cultivable land of Bengal was lying 

waste"283. 

 

A view shared by many historical demographers is that the population in early agriculture-based societies, after 

reaching some maximum, always 
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dwindled284. Thus, two phases kept recurring; one, characterized by surplus land, and the other by the full 

utilization of land. The latter phase was, most probably, characterized by greater instability (both political and 

economic) and the outcomes of such dynamics are not easily predictable285. It is, therefore, difficult to 

conceptualize this phase prior to comprehending the more stable periods that spanned a longer time horizon in 

the history of India. In modelling distribution, the focus is on this period of relative stability286, characterized by 

surplus land. 

 

VI.4 The Decision-Maker and his/her Long-Term Motive 

 

A second assumption of the model expounded here involves the land market, whose structure appears to have 

been greatly influenced by the ownership distribution of resources. The assumption of a perfectly competitive 

land rental market (in the limit), in Roumasset (1979), cannot be justified historically. Nor may one provide 

historical evidence to support the symmetric power relation assumed in the bargain-theoretic model of Bell and 

Zusman (1976). The assumption of monopoly power made by Hurwicz and  
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Shapiro (1978)287, is more plausible, irrespective of the assumption one makes on the controversial question of 

the existence, or non-existence, of “private property” in pre-British India288. One may consider the ryots the 

direct producers whose "right" to cultivate the land is conditional upon payment of rent to the king. 

Alternatively, one may consider an intermediary class (whether it be a rent collecting authority, such as the 

jagirdars, or individuals with legal rights on land) who collect rent from the ryots (or the tenants, in case of 

landowners) and pay a certain amount to the king/state. The difference between the two regimes lies in the 

distribution of surplus (rent). The latter regime is more likely to be characterized by conflicts over this 

distribution289. However, in the presence of surplus land and given a rental share, revenue from land may only 

be increased by bringing more land under cultivation; all rent-collecting groups would thus appear to have a 

                                                           
283 Islam (1985a), p.68. Islam refers to Cornwalis' Minute, 18 I#VLember 1788. Fifth Report. 1812, Appendix 5, 

284 This is in contrast to levelling off as in the case of recession depicted for business cycles. 
285 It is quite plausible that the advent of fuller utilization of potential cultivable land was characterized by increased private ownership 

on land (rather than the state/king being the sole collector of rent) decentralization of political power, and changes in technology and 

labour arrangements in agriculture. This phase, most likely, ended in wars between localized powers, famine (caused either by war, or 

by a reduction in the share of output received by the direct producers, or both and possibly, in movements of population to new 

settlements. 
286 Stability is both with respect to long-term changes in demographic variables as well as in the sphere of politics. 
287 For a critique of the three models, see Appendix E. 
288 There has been much controversy over the issue of private property in India. The existence of an intermediary class collecting 

revenue on behalf of the state/king, and the intermediary class as the legal owner of land, may be considered as two phases in the 

development of "private property". The conditions under which the latter might materialize and the reasons why the process faltered in 

India is a subject matter of political and economic history of India, not taken up here. 
289 When there is an intermediary group who collect rent/land revenue from the cultivators and pay a fixed amount (of tribute) to the 

king, this intermediary group is likely to indulge in appropriating excessive rents from the cultivators and/or engaging in war with the 

king in order to avoid paying the tribute. 



common interest in ensuring stability. Therefore, in the abstract model, I consider a single king/landlord who 

receives rent (or, land revenue) from the cultivators. 
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An asymmetric power relation (between the king/landlord and the cultivators is assumed, so that the motive of 

the king/landlord is the determining factor in the model. The earlier citations from Kautilya(1961) and Mookerji 

(1940) suggest that the decision maker was eager to bring more land under cultivation and realized that this 

could be done by ensuring an increased supply of labour to land. The technology for crop production, identified 

in chapter III, also suggests that only a given amount of land could be cultivated by a labourer290. Alternatively, 

given the number of workers, only a certain amount of land may be brought under cultivation291. Thus, in a 

closed economy, more land may be brought under cultivation only by increasing the size of labour force which, 

as will be argued, requires growth of population. 

 

Thus, in summary, the decision-maker considered in the model is a king/landlord who is endowed with surplus 

land. The king/landlord is assumed to maximize his/her long-term return from land. More land may be brought 

under cultivation, and therefore, more revenue may be earned (for a given rental share), only by ensuring an 

increased supply of labour. The final piece of information that allows the king/landlord to choose an optimal 

cultivator’s share is the relationship between that share and the rate of population growth (equal to the rate of 

labour force growth in the 
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model). This is discussed in the following section. 

 

VI.5 Determinants of the Longt-Term Supply of Labourers 

 

Both Marxist and the Neoclassical theories of population recognize the specificity of the law of population. 

According to Karl Marx, "every special historical mode of production has its own special laws of population, 

historically valid within its limits alone"292. This is emphasized again by the Soviet authority on demography, 

D.I.Valentey293, 

 

Population development is a historical concept. At each historical stage the development of a population 

proceeds with a greater or lesser degree of intensity and undergoes specific changes in its manifestation 

conditioned by the mode of production. This fact is of paramount importance for the methodology of the 

cognition of the laws governing population, since mankind lives in various social conditions, which are 

changing and following one from another in historical sequence. 

 

Patterns of population development are organically linked with the system of economic laws obtaining in 

a given social formation. 

 

                                                           
290 Since it is assumed that there is no non-crop activity, the relation between land and labourers may be assumed to be 

given by the maximum number of labourers required (during the peak operation) for a unit of land. 

 
291 It is quite plausible that a landlord/king with surplus landlord/king with surplus land could desire to increase the 

land/labourer ratio. However, the maximum is set by the technology which is assumed to remain same. 
292 Marx (1977), vol. 1, p.592. 
293 Valentey (1980), p.15. 



Recognition of economic factors in the choice of number of children has become widespread in Western 

economics294. The determinants identified by the two schools are not identical; nor are the analytical 

frameworks. The Marxists refer to modes of production and, as Valentey mentions, patterns of "population 

development are organically linked up with the system of economic laws". On the contrary, Becker (1975) 

applies neoclassical choice theory. Unfortunately, the "system of economic laws" 
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applicable to pre-industrial agricultural societies is yet to be articulated in the Marxist literature, nor has an 

attempt been made (to my knowledge) in the neoclassical tradition to pick up the assumptions appropriate to 

such societies. Therefore, the commonality of the two schools -- that population is endogenously determined -- 

is emphasized here295. A hypothetical exercise is considered below to identify the variables influencing the 

outcome. Some evidence from history is provided to show why these explanatory variables may take different 

values, and thereby to suggest a tentative relation between them and population growth. 

 

Consider a male-female couple as a unit which lives T years and starts participating in the labour force at the 

age of t. It is assumed that there are no "retired people" in the society. This would imply that this unit works for 

(T-t) years. For simplicity of initial exposition, it is also assumed that adulthood (in terms of participation in the 

labour force) coincides with the onset of the unit's potential for human reproduction, so that such reproduction 

is also carried out over (T-t) years. Given these assumptions, a zero rate of growth of the labour force296 would 

imply that one unit (i.e., a pair of humans) is replaced by 
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another unit of age t at the time of the former's death since the timing of death is assumed to be the same as that 

of quitting the labour force. Strictly speaking, things could not work out quite this simply since the typical unit 

would have children of different ages297. However, the resulting unevenness can be thought of as averaging out 

and a zero labour force growth rate (when a parent unit is considered) may be defined to imply that the sum of 

the ages of all surviving units (each unit consisting of a male-female pair) equals t when the parent unit expires 

(at age T). If this sum is greater than t, the growth in labour force would be positive298. It is assumed that n units 

are born and the birth of these units are equally spaced over (T-t) years. The gap between births of two units two 

units may, therefore, be defined as299, 

 

t* = (T-t)/n       (6.1) 

 

Since not all children born survive to adulthood, population growth (and thereby, growth in the labour force) 

reflects the probabilities of survival. The probability that a unit born will survive to reach adulthood is defined 

                                                           
294 For example, see, "An Economic Analysis of Fertility", in Becker (1975), pp.171-194. 
295 Such views are also common among historical demographers. Boserup mentions that population "change is one of the determinants 

of technological change, and technological change is a determinant of demographic change"(Boserup 1981,p.ix). Similarly, Dumond 

mentions that,”population growth should not be considered an independent variable, for population growth and the expansion of 

subsistence techniques are interrelated"(p.286. D.E.Dumond, "Population Growth and Political centralization", in Spooner (1972), 

pp.286-310). 
296 This may be identified as "zero population growth", or as "simple of reproduction labour(er)”. 
297 A unit is all through considered to be a pair of human and it is assumed that on an average, the society produces equal number of 

both sexes. 
298 This is equivalent to "positive rate of population growth", or, viewed alternatively, this may be termed as "expanded reproduction 

of labour(er)". The case of absolute reduction is not dealt with since that is not considered as a desired choice in the historical setting 

discussed 
299 Since a unit consists of a pair of opposite sexes t* is twice the average time between two births. 



here as p. Furthermore, for simplicity in exposition it is assumed that those who reach adulthood die only at T 

years of age. Thus, the expected number of living units from the first 
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birth 300 is p, and the expected age of this unit when the parent unit expires will be p[T-t-t*/2]. Thus, the 

expected sum of the ages of all units would be; 

 

p[T-t-t*/2] + p[T-t-t*-t*/2]+…+ p[T-t-(n-1)t*-t*/2] 

= np(T-t) – (pt*/2)[1+3+…+(2n-1)] 

= np[T-t-t*/2] 

 

Let r be defined such that (r-1) is the rate of growth in labour force. The following, therefore, holds; 

 

np[T-t-t*/2]= rt r≥0      (6.2) 

 

The growth rate301 in labour force would be zero if r =1, while it would positive if r > 1. Under the ceteris 

paribus condition, a decrease in the spacing of birth (i.e., a decrease in t*) would imply an increase in n which 

would increase the value of r. An increase in the probability of survival would also increase r. If the expectancy 

of working life increases T-t would increase; and for a given spacing of births (t*), n would either remain 

constant302. In both cases, r would decrease303. 
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The above discussion suggests that population growth, and hence the growth rate of the labour force, is 

positively related to the probability of survival (p), life expectancy (T) and the fertility rate (n). These variables 

are likely to be affected by the level of consumption of an initial population304. In an economy where the 

majority are engaged in producing a single staple crop, the growth rate in labour force will be affected by the 

share retained by these cultivators. This relation provides a basis to link population growth with the economic 

laws that determine the distribution of output305. 

 

Here is evidence to support the assertion that population growth is related to economic laws that determine 

distribution. Consider two hypothetical communities, both of which are endowed with abundant land. In one 

case, the direct producers may be the Indian ryots paying a share of their output to a king. The second 

community may be more 

 

 
                                                           
300 For the purpose of conceptualization, one may take the extreme position that all births are of twins, one from each sex. 
301 It may be noted that growth rates are defined over generations, that is, over T-t years. 
302 If reproductive age increases with T, n would increase. Otherwise, n would remain constant. 
303 However, if the reproductivity age began later than working age (eg. due to late marriage) or if the parent unit had to retire earlier, 

the value of r would decrease. 
304 More recent demographic studies take account of many other variables, such as, education, participation of women in labour force, 

and existing social security and welfare mechanisms. Most such variables are absent in the historical setting that is being referred to 

here. It however, worth mentioning that empirical studies on contemporary developing countries suggest that the direct effect of 

income on utility is positive (See Bulato 1984, pp. 10-12). 
305 It is often suggested that demographic factors are culturally *. For example, the unique marriage pattern that had become *active in 

Western Europe by the seventeenth century, is claimed "to have been a product of both rational elements in Western European culture 

the prevailing institutional arrangements associated with that culture” (Spengler 1972, p. 87). The explanation remains incomplete 

unless one explains why "culture" causes a particular phenomenon in a * period rather than in previous periods. If it is due to changes 

in "culture" of the same community over time, then such changes need to be explained. 
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democractic, with all output retained by individual producers. The laws of population are likely to differ 

between the two communities, with population growth probably higher in the second one. Examples of this 

latter type may be the immigrant communities to newly discovered land Birdsell suggests that the first 

immigrants to Australia may have come close to the maximum reproduction rate306. 

 

In the case of Pre-British India, there is ample evidence to suggest that population size responded to changes in 

shares accruing to the king. Mookerji (1940) mentions the Khalji tyranny during the early fourteenth century 

when the state's share was raised to half the produce *in land307. The resulting crisis was ended by Tughlaq 

(A.D.1321) who reduced the share to 1/10 or 1/11 of the gross produce. As Moreland sites308: 

 

These measures resulted in ruined villages restored, waste land reclaimed and area under cultivation 

extended. 

 

To summarize, it is argued (i) that population growth, and therefore, gowth of the labour force, depends 

crucially on the consumption bundle received by the majority of the population; and (ii) that the share (of 

output) received by the cultivators (the majority) is the outcome of 
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decision-making specific to the ownership distribution of resources and/or political structure309. The historical 

setting for pre-British India is only a special case of this. While in the short run, the decisions may be affected 

by variables such as the cost of financing a war, the focus of what follows is on the long-run. 

 

Section VI.6 The Model and Its Implications 

 

Based on the discussion in the previous three sections, the following assumptions may be made to characterize 

the process determining the share (of output) received by the cultivators in pre-British India310:  

 

i) there was surplus land, 

ii) monopoly power prevailed and the monopolist wanted to maximize the long-term return from land; 

and  

iii) the rate of growth of the labour force was positively related to the share of output received by the 

producers since they constituted the majority of the population. 

 

These assumptions are formalized below in an attempt to show how the shares offered to the cultivators may 

have been determined. 

 

                                                           
306 See Welinder (1979), p.46, who refers to p.67 in J.B.Birdsell, Some population problems involving Pleistocene man, Cold Spring 

Harbor ; symposium on Quantitative Biology 22, Baltimore. 
307 Mooker 1 (1940), p.27. 45 
308 Moreland (1960), p.139. Since intermediate class existed during the period referred to, nothing may be concluded about the actual 

share .retained by the producers 
309 Dumond recognizes this interrelationship and provides a model to highlight the linkages (see footnote 32 for reference). However, 

he does not discuss how the distribution of output is determined. 
310 A fourth assumption is that the direct producers in these societies paid rent in kind. This was possibly true even after the state/king 

in the latter part of the medieval period began to introduce cash. See Mookerji (1940), pp.41-43 for historical evidence on such 

attempts. Islam (1985b) suggests that the rural economy was not yet monetized in 19th century India and rent payments were mostly 

in kind. 
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The fixed-coefficient technology in crop production identified in chapter III suggests a unique relation between 

land and labourers in each operation. Furthermore, it was argued in chapter IV that in the absence of alternative 

activities, the land-labourer relation for a crop year is given by the maximum number of labourers required to 

cultivate an amount of land. Here I consider such an economy and assume that one working unit of people is 

necessary to cultivate X units of land on which q units of output can be produced. Suppose, ρoq (0<po<l) is the 

amount of per unit consumption required to maintain a static supply of labourers311. Thus, landlord would be 

receiving the same amount of return from land over all future generations if ρoq is offered to the working unit. 

Suppose, initially there is one working unit only; and wρo (w>0 and 0<wρo<l) is the share of output offered to 

this unit by the landlord. As before, r denotes the rate of growth of the labour force. Since ρo is given for a 

community, r will be greater, equal to or less than unity when w is greater, equal to or less than unity. I consider 

a more general relation between r and w312; 

 

 

r = r(w), r’ >0 and r’’ ≤ 0        (6.3) 

 

Since there is surplus land and the total land under cultivation depends 
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on the size of the labour force, the long-term return to the king/landlord depends on the rental share received as 

well as on the rate of growth of the labour force. If wρo share of the output is offered to the “sharecropper” 

r=r(w) workers would be available in later periods, producing rq, and the return to the landlord would be313;  

 

 R = r(1 – wρo)  (6.4) 

 

 

Given a knowledge of the relationship (6.3), ρo and q, the landlord chooses that w which maximizes the value of 

R. The solution would be provided by the following first-order condition314:  

 

 
𝜕𝑅

𝜕𝑤
= r’(1 – wρo)q – rρoq = 0  (6.5) 

 

for an exact functional relation in (6.3), one may find the optimal value if w((i.e., w*) and thereby, the optimal 

growth in labour force [i.e., w*)] as well as the share received by the cultivators (i.e., w*ρo)before considering  

plausible relations between r and w, some implications of the equilibrium condition in (6.5) are discussed 

below. 

 

By totally differentiating (6.5), the following may be obtained, 

                                                           
311 That is, if a working unit received poq amount of output, it will be by another working unit at the time of death (which is same as 

retiring from the work force). It may be noted that with ρo>1, agricultural settlements (depending exclusively on crop production) 

would arise. 
312 r' and r" are respectively the first and second-order derivatives of r with respect to w. Note that the cultivators are offerd a share of 

output which is w times the share required for ensuring static supply of labour. 
313 No time preference for the king is assumed. In reality, an individual king may not be expected to maximze R. However, equation 

(6.4) identifies the long-term return on land, so that solutions obtained by maximising R may be reached through a long learning 

process. 
314 Note that ∂2R/∂w2 = r” (1- wρo)q – 2r’ρoq which is negative since *r’=0 and r" (second-order derivative of r) is unlikely to be 

strictly negative. 



 

r”(1- wρo)dw – r’ρodw –r’wdρo –rdρo – r’ρodw = 0      (6.6) 
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Here, d stands for "change in". Upon rearranging, the above may be expressed as,  

 

∂w/∂ρo = [r’w + r]/r”(1-wρo)- 2r’ρo] < 0     (6.7) 

 

Since ρo is the share of output required (to be given to cultivators) for a static long-term supply of labour(er), it 

will be higher in regions where either land productivity is low or where more labourers are required to cultivate 

a given amount of land (or, both)315. The relation obtained in (6.7), therefore, suggests that lower rates of 

growth of the labour force (and of population) will be observed in regions with less fertile land. This is 

consistent with our common sense perception about historical trends in population of agricultural societies. 

 

A second implication relates to possible variations in shares offered to cultivators in different regions. If one 

assumes a subsistence level of consumption applicable to cultivators of regions with differing land fertility one 

would expect, under monopolistic rent determination (in a single period setting), a higher share (of output) to be 

received by cultivators in regions of lower fertility. The relation in (6.7), however, suggests that there would be 

greater incentive to maintain a higher rate of population growth where ρo is low (i.e., in regions where land is 

more fertile). This would tend to reduce differences in rental shares (i.e., in wρo) offered to cultivators across 

regions. 
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A final implication of the model relates to the notion of subsistence. That the latter is dependent on size of 

family and, in turn, on the rate of population growth needs no further justification. The model determines the 

subsistence level by endogeneously determining the rate of population growth316 

 

It had been noted earlier that r takes the value unity when w is unity. Since, ρoq is the amount of consumption 

required to maintain a static supply of labourers. Furthermore, r>1 when w>l, and r<1 when w<l. Thus, one 

plausible relation between r and w may be as follows317, 

 

r = wα 0 ≤ α ≤ 1   (6.8) 

 

Equation (6.5) may then be expressed as, 

 

αwα-1(1- wρo) = wαρo (6.9) 

 

Upon rearranging, this gives, 

 

w = α/(1+α)ρo (6.10) 

 

                                                           
315 The factors determining the value of ρo include, (i) an absolute level of consumption that is primarily determined by biological 

requirement (ii) output per unit of land, and (iii) technically required land/labour ratio. The last two may be identified in terms of 

labour productivity. 
316 When the cultivators receive ρow share of the output, they may ensure {r (w) -1} rate of growth of labour force. Alternatively, they 

may sustain a family size that is compatible with such rate of growth in population.  
317 It may be verified that for a>0, r is positive (negative) when w positive (negative). 



and the optimal rental share is given by, 

 

wρo = α/(1+α) (6.11) 
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The last relation shows that under the aforementioned conditions the share offered to the cultivators is 

independent of technological parameters. In the extreme case, when α is equal to unity, the optimal received by 

the cultivators would be half the output, 

 

VI.7  Summary 

 

The model suggested in the previous section is specific to a land-surplus agricultural economy where a single 

interest (that of the landlord/king) determines economic and demographic variables. In spite of its 

inapplicability to the determination of wage/tenant's share and demographic characteristics of a present-day 

society, the model provides several useful insights, briefly reviewed below. 

 

First, the model is one possible way to make explicit, for a crop economy, the generally recognized interlinkage 

between economic and demographic aspects of a society. It also links the long term supply of labourers(ers) 

with the determination of the wage (tenant's share). 

 

Aside from these economic-demographic links, the important issue addressed in this chapter is the 

determination of tenant's share. It has been argued that in many historical contexts a view of 50:50 split is not 

appropriate because there may be more than two parties claiming a share in the output. The focus has been, 

therefore, on tenant's share in the output. There are several aspects to be noted in regard to the optimal share of 

output offered to the tenants. First, the outcome that the 
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tenants receive half the product, is a possibility. However, it has not been possible to empirically verify the 

extreme condition under which such an outcome is possible318. Secondly, irrespective of the actual outcome on 

tenant's share, an explanation has been provided as to why such shares across regions of different land fertility 

may have been similar. Such similarity arises due to the (optimally chosen) growth rate of the labour force (and 

population) being positively associated with higher land fertility (a result in the model), where the former is 

assumed to depend on the share of output received by the tenants. In this context the definition of "subsistence" 

has been further qualified. Conventionally, habits and customs are identified to underlie the 

“subsistence”(consumption) in any society and a given family size is implicitly assumed (since the rate of 

population growth is not formally endogenized). In the exercise presented in the previous section, the definition 

of ρo takes into account the influence of habits and customs that may vary across regions. However, ρo is a 

subsistence share associated with zero Labour force growth rate, while the optimal tenant's share derived in the 

model is a subsistence share that corresponds to the optimally chosen (by the landlord/king) Labour force 

growth rate. 

 

As mentioned, the model is specific to a given historical context, and therefore, may be of use to economic 

historians in that field. Since most underdeveloped agriculture of today is characterized by land scarcity and 

 

                                                           
318 In this context it has been suggested that currently observed output sharing arrangements may reflect past practices if adjustments 

to changes in economic conditions were possible to be made by varying other terms and conditions (such as, in cost-sharing 

arrangements). 
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The latter phenomenon is historically associated with the way the non-agricultural sector developed, it is not 

possible to abstract the process of wage determination in simpler terms. Accordingly, no attempt has been 

made to do so in this thesis. Instead, the following chapter looks into labour contract and wage determination 

in the crop sector, in a partial setting where wages in and labour absorption by the non-crop sector are given. 
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CHAPTER VII 

 

AGRICULTURAL LABOUR CONTRACTS IN THE PRESENCE OF 

NON-CROP SECTOR 

 

 

VII.1 Introduction 

 

It was suggested in chapter V that choices and changes of labour contracts in the crop sector should not be 

analyzed without prior understanding of how that sector is affected by the non-crop sectors319. It also argued 

that both wage contracts and sharecropping involve transactions in labour, and that choice of sharecropping may 

arise due to either a preference for a longer term labour contract, or because shorter period labour contracts are 

not feasible. The objective of this chapter is to identify some conditions under which such long term contracts 

may arise in the crop sector. 

 

One simple case is when short term contracts cannot be defined. It is argued in section VII.2 that the 

time-specificity of labour contracts in the crop sector corresponds to the time-specificity of labour markets in 

non crop sectors when agricultural labourers participate temporarily in the latter. Thus, labour contracts may 

change due to changes in non-crop 
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activities which are independent of the agents' choice. 

 

The second case considered involves the choice of labour contracts when short period contracts are feasible. It 

is shown that in the presence of full employment of labour and costless mobility of labourers, both an employer 

and a labourer in the crop sector will be indifferent between short and long term labour contracts (VII.3.1). 

However, in the presence of costly labour mobility it is shown in section VII.3 that a full employment 

equilibrium may involve preference for longer term labour contracts (VII.3.2). The section also looks at choice 

of contracts when members of landowning families participate in non-crop activities (VII.3.3). 

 

It was noted earlier that the existing literature on contracts in agriculture and and rural economy assumes a 

given wage rate and looks into the non-labour aspects of alternative contracts. The focus here is on the labour 

component of a contract, and therefore it is necessary to understand how the wage associated with various 

labour contracts gets determined. Since labour contracts and wages in the crop sector are affected by wages and 

the scope of temporary participation in non-crop sectors, a meaningful general equilibrium analysis of wage 

determination becomes difficult320. However, the two exercises in section VII.3 (VII.3.1 

 

                                                           
319 A complete understanding would require identification of linkages in all spheres (e.g., in the product, capital and labour markets), 

many of which have often been discussed in development literature. Since this t1ferature generally treats technology in crop 

production differently from the precedences in this text, the focus has been on the extra dimension in sectoral linkages, arising due 

to operation specificity of labour requirement. 
320 It may be noted that the long term supply of labourers may not be formulated in the simple terms possible for a closed single crop 

economy in chapter VI. The difficulties arise due to the facts that (i) labour processes in non-crop sectors, in the short run, is likely 

to run contrary to the to the objective of ensuring long run supply of labourer. 
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and V11.3.2) are in this tradition where wages tend to equalize across sectors. In most other exercises, I assume 

either a subsistence annual wage (income) or a given wage in the non-crop sectors. 

 

In an economy where landowning families do not participate in the crop sector labour, long term labour 

contracts are shown to be at least as preferred as short term contracts (section VII.3). Indifference among 

various time specific labour contracts essentially arises due to the assumption of competitive labour and land 

rental markets, whereby the cost of hiring labourers (in output units) is equated with the amount of output 

retained by a tenant on a given piece of land. In the presence of supervision cost on wage farms, a rental 

contract (which is a long term labour contract in the present context) would then be more attractive. If wages 

paid to hired labourers is less than the amount retained by tenants under a rental contract, one might explain the 

coexistence of wage contracts and rental contracts in terms of increasing (marginal) supervision cost321. 

However, with wages higher than the tenant's income, an equilibrium could be defined since a 

tenant-cum-labourer would then prefer to work on wage farms (rather than renting-in land) while landowners 

would prefer to rent out all their land. Rather than providing an equilibrium model to explain the coexistence of 

various contracts, it is argued in section VII.4 that this phenomenon (of mixing contracts under certainty) may 

arise temporarily due to lack of adjustment in the rental market. 
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Most of the discussion in this chapter is based on the assumption that the non-crop sector has the flexibility to 

absorb labourers on a seasonal basis and that all labourers are fully employed. Based on conclusions reached in 

section VII.3 (especially, VII.3.2), the last section (VII.4) considers why unemployment with a positive wage 

may be a long run equilibrium phenomenon. As a corollary, it is argued that excess demand for land in the 

rental market may be consistent with such an equilibrium. 

 

VII.2 Dependence of Wages and Labour Contracts in the Crop 

Sector on the Development of the Non-Crop Sectors 

 

A single crop agriculture is considered and the crop production is assumed to involve two operations that 

require respectively n1 and n2 labourers per unit of land (n2>n1). It is argued below that a labour contract with 

associated wage may only be defined for individual operations if non-crop activities exist. 

 

In an economy with only a single crop activity, cultivation of a unit of requires n2 labourers. However, (n2-n1) of 

these labourers remain unutilzed during the first period. Consider a landowner who is confronted by these 

constraints in a closed economy where non-crop activities do not exist. Any wage arrangement would have to 

take into account all n2 labourers are required to ensure production, while only n1 of them are required during 

the first operation. Two questions faced by this landlord include: (i) what possible criteria may be used to 

choose n1 of the n2 labourers for the first operation?; (ii) this done, 
 

 

                                                           
321 See the discussion in chapter IV. 
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is it possible to identify wages for performing each of the two operations? 

 

There are at least two ways in which early agricultural societies may have resolved the first question. A landlord 

may have chosen to rent out a unit of land to a labouring family of n2 labourers, with the family deciding on 

how to allocate the work load (among its members) in the first period322. Alternatively, each labouring family 

may have been assigned a given (number of) labour days of work in the two periods323. In either case, however, 

may payments be associated with the work in individual operations324. 

 

Note that it is the assumption of technical fixity that underlies the aforementioned underutiliztion of labourers 

and the associated difficulties in defining operation-specific wage payments. Introduction of non-crop sectors 

that employ the slack season excess labourers change the situation and permit the definition of 

operation-specific wage payments325. Consider the following simple example. The labourer who 
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participates in crop activity during both periods is assumed to receive the same annual income as one who 

participates in non-crop activity during the first period and in crop activity during the second period. The 

income of the former (i.e., a "permanently attached labourer") is therefore given by; 

 

R1 + R2 = I      (7.1) 

 

Where Rk is the wage received by a labourer for performing in the k-th operation (k=1,2), and I̅ may be 

assumed to be either subsistence annual income for a labourer, or a competitively determined annual wage326. 

Similarly the second type of labourer (i.e., a "temporarily attached labourer") will receive; 

 

W1 + R2 = I      (7.2) 

 

for given I and W1, R1 and R2 may now be defined; 

 

R1 = W1  ,and       (7.3.a) 

R2 = I - W1        (7.3.b) 

 

 

The above formulations highlights the two necessary conditions for determining absolute wage levels associated 

with individuals operations. First, during the lean season, labourers (otherwise engaged in the crop sector) need 

gainful participation in non-crop activities. Secondly, the wage determination process in the two sectors results 

in an equilibrium annual wage for each labourer. In general, wage payments for each of the 

                                                           
322 If there are Nf working members in a representative family, Nf/n2 units of land could be rented out to this family. 

 
323 The first phenomenon was observed in India (see chapter VI), while the second was more common in the English Manorial system 

(see Fordham and Fordham 1925). 

 
324 In the first case, the labouring family (i.e., a tenant) receives the net of rent. In the second case, payments could be a fixed amount 

during harvest, or the labouring family could be given a plot of land whose produce it could retain. 

 
325 In a way the preseace of a non-crop sector (that absorbs excess labourers) replaces the role played by a conventional production 

function (in formal analysis) in ensuring full utilization of labourers. 
326 See section VII.3. 
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K operations may be defined separately if labourers are able to participate in non-crop activities during the K-1 

(relatively) slack periods. The proposition, if extended, suggests that daily labour markets may arise in the crop 

sector if there are daily labour markets in the non-crop sectors and if agricultural labourers are able to 

temporarily participate in them. 

 

The discussion on the first type of economy where non-crop sector does not exist (or does not affect the 

outcomes in the crop sector), suggests that labour contracts for individual operations may not be defined, in 

which case an outcome of  long/short period contract is not possible327. This allows for an interesting 

proposition to explain why sharecropping may have disappeared and reappeared again in many societies. 

Historically, non-crop sectors may not have developed along a linear path. Rather, it is quite plausible that wars 

and famines, in places and at times, may have destroyed whatever non-crop activities were present328. In such 

instances the reappearance of longer term labour contracts (say, in the form of of sharecropping) is a logical 

outcome that is independent of agents` choice329. 

 

<181> 

 

VII.3 Choice of Labour Contracts in the Presence of Non-Crop Activities 

 

The above consideration of an economy with a non-crop sector assumed all labourers to be attached to crop 

activities in one or both periods, while the non-crop sector was assumed to be absent in the second period. Since 

non-crop activities emerged in many societies within the domain of crop activities330, such an assumption may 

approximate some historical reality. In most contemporary societies, the non-crop economy has attained a 

seperate existence, and in many, the dynamics of the non-crop sector have largely dictated the long-term trends 

in the crop economy. This latter state is, however, less characteristic of the economies identified currently as 

underdeveloped. The static pictures to be presented in this section will often refer to these opposite settings even 

though the focus will be on the latter.  

 

First, an economy is considered where non-crop activities exist during both operation periods. Labourers are 

assumed to be perfectly (and costlessly mobile between sectors and full employment is assumed to prevail in 

both periods. It is argued that, given these assumptions, both employers and labourers in crop sector will be 

indifferent among various types of labour contracts. The second model retains the assumption of full 

employment, but assumes positive costs of labour mobility. In this setting (other conditions unchanged from the 

previous one), longer term labour contracts are likely to be preferred by both employers and  

 

 

 

 

                                                           
327 That is, short period labour contracts are not in the choice set. 
328 In modern times, an inflow of cheap goods may also destroy local non-crop activities. 
329 An analogous trend was noted in chapter V for rural Java during the early part of this century. Referring to Kolff (1936), it was 

noted that labour contracts for single pre-harvest operations emerged temporarily with the monetisation of the rural economy in the 

1920's, which again again disappeared in the 1930's. 
330 For example, activities of blacksmiths, weavers, etc. were meant to the perpetuation of crop activities. 
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labouring families. Finally, a tentative framework is suggested for choice of labour contracts when prospective 

employers in the crop sector (as well as the labourers) participate in non-crop activities. 

 

VII.3.1 An Economy with Perfect Labour Mobility and Full Employment 

 

The crop sector is assumed to be characterized by production on X units of land that requires N1 (=n1X) and N2 

(=n2X) labourers respectively in the  first and second operations. The non-crop sector (Y) is assumed to have 

the flexibility to absorb any number of labourers at varying wages The demand (function) for labourers by the 

non-crop sector is initially considered to be the same in both periods, and is given by; 

 

DY
K = g(Wk) g’ < 0 for k = 1,2 (7.4) 

 

In the short period (say, a crop year), the number of labourers in the economy is fixed at N̅ (the same for both 

periods). Since the demand for labourers by the crop sector during the k-th period is fixed (Nk), wages in the 

two periods, for both crop and non-crop activities, are determined by following condition; 

 

DY
K = N̅ - Nk k = 1,2 (7.5) 

 

Perfect mobility between sectors implies that, 

 

Wk = Rk k = 1,2 (7.6) 
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Furthermore, it may be verified that W2=R2>W1-R1 since (N̅-N1)>(N̅-N2) and g'<0. The implications of this 

are discussed briefly below. 

 

As noted above, perfect mobility of labourers and the flexibility of the non-crop sector to absorb any number of 

them ensure equality of period-specific wages between sectors. Even though labour contracts are defined for 

individual operations, an employer may choose to rent out land. Let R12 be the amount received by a single 

labourer for performing both operations (1/n2) units of land331. An employer, hiring labourers for production on 

a unit of land, would be indifferent between operation -specific labour contracts and a contract for both 

operations if,  

 

n1R1 + n2R2 = n2R12    (7.7) 

 

wherem n2R12 is the payment to a tenant family (with n2 members) for supplying labour on a unit of land in both 

operations. It may be verified that a labouring family (with n2 working members) will be indifferent between 

such contracts as long as it has the scope to employ the excess labourers in non-crop activities during the first 

period. The proposition follows from the following332. 

 

n2W1 + n2W2 = n1R1 + (n2 – n1)W1 + n2R2 = (n2 – n1)W1 + n2R12  (7.8) 

 

where the first term defines the family income if all members participate 

                                                           
331 Since, N2=n2 X>N1 , a single labourer can perform both operations on at most (1/n2) units of land. 
332 The first equality follows from equation (7.6), while the second equality follows from (7.7) 
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In non-crop activities only. The last two terms in (7.8) define income 

 

When (n2 – n1) labourers participate in non-crop activities during the first period. While the second term holds 

for operation-specific labour contracts, the last term holds when the family engages in rental contract. 

 

The above suggests that in the presence of perfect Labour mobility across sectors and full employment of 

labourers, both employers and labourers in the crop sector will be indifferent between short term and long term 

labour contracts under the conditions identified above333 

 

Since a great deal of flexibility is assumed on the part of the non-crop sector, it is quite plausible that firms in 

that sector will be eager to benefit by employing more during the first period when labourers are available at 

relatively lower wages. This suggests that the productive structure of the non-crop sector is likely to be affected 

by the seasonality of the crop sector. It also suggests that in economies where such complementarity emerges334, 

wage variation between operation periods is likely to be reduced. 

 

Finally, it may be noted that the assumption of a non-crop sector providing temporary employment in 

accordance with the needs of the crop 
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sector may not hold for many economies. As the non-crop sector undergoes industrial development and an 

increasing need for specialized labourers, it may be increasingly characterized by regular employment. Unless 

innovation in the crop sector reduces the seasonality of its demand for for labourers, as indicated in section 

VII.2, shorter period labour contracts may then not not arise. 

 

VII.3.2 Choice of Labour Contracts in the Presence of 

 

Costly Labour Mobility335 

 

When it is costly to move between sectors, the relation between crop and non-crop sector wages depends on the 

residence of prospective labourers. Various possibilities are discussed prior to identifying conditions under 

which a long term labour contract (which is same as a rental contract in the exercises to follow) may be chosen. 

 

As in the previous exercise, two operations are assumed. Let c be the cost to a labourer, of a (one way) trip from 

the location of one activity to that of another336. Labour markets are assumed to exist in the non-crop sector in 

both periods. Let Wk be the k-th period (k=1,2) wage in this sector that ensures full employment of labourers. 

Assume further that X units of land are under cultivation, so that, Nk (=nkX) labourers are 

 

 

                                                           
333 Note that Labour markets are assumed to be perfectly competitive in the sense that all labourers are employed, not necessarily 

during all days in a year) and no uncertainties prevail. 
334 That is, greater demand for labourers by the non-crop sector in a period when there is less demand by the crop sector. 
335 The cost is associated with the mobility of a labourer rather than with labour Day. Based on the flow of labour input from an 

Individual labourer, such cost may be associated with a day of labour. 
336 There are other costs (including non-monetary ones) that may be associated with mobility of labourers. The present exercise 

abstracts from such costs 
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required in the crop sector during the k-th period. 

 

It is evident that the wage offered by employers in the crop sector must ensure an adequate supply of labourers 

(i.e., Nk) in the two periods. Depending on the stock of "resident labourers"337, three possible wage regimes 

might arise. These are briefly discussed before looking at the choice of labour contracts. 

 

let N be the number of resident labourers. If N>N2, a resident labourer will be indifferent between supplying 

labour to crop activities and to non-crop activities, when338 ; 

 

Wk = Rk – 2c k = 1,2 (7.9) 

 

At the opposite extreme, when N<N1, the employers would have to offer wages (in both periods) over and 

above those offered in the non-crop sector in order to attract "non-resident labourers". Assuming no underlying 

preference to live in one or the other area, the "non-resident labourers" would be indifferent between working in 

crop activities and working in non-crop activities, if 

 

Rk - Wk + 2c , for k-1,2. (7.10) 
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 It is worth noting that, in the former case (i.e., equation (7.9)), 

 

R1 + R2 = W1 + W2 – 4c < W1 + W2     (7.11) 

 

so that resident labourers would have an incentive to move out permanently(i.e., N would tend to be reduced). 

On the contrary, in the second case (i.e., equation (7.10)), 

 

R1 + R2 = W1 + W2 + 4c > W1 + W2     (7.12) 

 

so that N would tend to increase. Given such tendencies339, the value of N is likely to lie in an intermediate 

region, whose implications are discussed below. 

 

Let N be such that N2>N>N1. In this case the crop sector wage during the first period(i.e., R1) must be high 

enough to imply indifference of the resident labourers (between crop sector and non-crop sector employment), 

while indifference of non-resident labourers must be considered in setting second period wage (i.e., R2). The 

equilibrium conditions in the labour markets may then be identified as follows340; 

 

R1 = W1 – 2c         (7.13.a) 

R2 = W2 + 2c        (7.13.b) 

                                                           
337 A "resident labourer" is defined as one who resides in the locality where crop activities are carried out, so that no 
extra cost (due to travel) has to be borne for supplying labour to crop activities. 
338 In this case, non-resident labourers are not required to perform crop activity (even during the peak operation), nor 
would they have Incentive to do so. 
339 Various other factors, such as expectations about the future, are, likely to influence the determination of N. They 
are not, however, addressed in this text. 
340  Note that, W1 + W2 = W1 + R2 – 2c and R1 + R2 = W1 – 2c + R2 



 

Given the above conditions, a labourer will be indifferent between 
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alternative choices of residence since, 

 

R1 + R2 = W1 + W2   (7.14) 

 

N may thus lie in any of the three ranges described. This raises a problem on the part of an employer in the crop 

sector. Since the latter would be unwilling to move from a wage regime as described by (7.13.a) and (7.13.b) to 

one described by (7.10), there would be an incentive for him/her to ensure that N≥N1. Offering a higher R1 (i.e., 

R2>W2+2c) could not ensure this, since net income would be the same (W1+R2-2c) to both a non-resident 

labourer supplying labour to the crop sector during the peak period and a resident labourer. Furthermore, 

 

W1 + W2 < W1 + R2 – 2c = R1 + R2   (7.15) 

 

so that there will be excess supply of labour in the crop sector during the peak season and R2 will decline. 

However, offering a higher R1 (say, W1>W1-2c), with R2=W2+2c, would ensure this result for two reasons. 

First, a resident labourer seeking employment in the non-crop sector during the first period will have the same 

annual income as a non-resident labourer, since23341 

 

W1 – 2c + R2 = W1 + W2  (7.16) 

 

However, a resident labourer, who gets employment in crop activities during both periods, will have a higher 

income than a non-resident labourer, since 
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W1 + R2 > W1 – 2c+ W2 + 2c = W1 + W2      (7.17) 

 

To summarize, three wage regimes have been described and it has been argued that the extreme ones (i.e., 

equations (7.9) and (7.10)) are unlikely to prevail in the presence of non-crop activities that ensure full 

employment of labourers. While a wage regime, described by (7.13.a) and (7.13.b), is a possibility it has been 

noted that R1 is likely to be greater than W1-2c and the equilibrium number of resident labourers will tend to 

exceed the number of labourers required during the slack season342.  

 

The latter characterization, as expressed in (7.16) and (7.17), suggests that. a resident labourer (or, a labouring 

family) faces uncertain income in the first period. The fortunate ones would get employment in crop activities, 

while the less fortunate would have to seek employment in the non-crop sector. A labourer who assigns positive 

probability to the latter outcome, would therefore be willing to accept a rental contract that will ensure his/her 

employment (or, part-time employment) in the crop sector during the first period. It is argued below that for any 

set of operation-specific wages R1 and R2, there always exists an amount to be paid to the tenants, R12 per each 

labourer required during the peak operation, such that both a labouring family and a prospective employer- 

                                                           
341 Note that N>N1 so that there would be positive number of such labourers.  
342 Many empirical studies suggest that participation of non-resident labourers in peak operations is quite common in 
contemporary traditional agriculture, while there is unemployment during slack operations. This implies that the value of 
N is such that N2>N>N1. 



 

 

 

<190> 

 

cum-renter will prefer rental contract to operation-specific labour contracts. 

 

An employer-cum-renter will prefer a rental contract on a unit of land if, 

 

n1R1 + n2R2 > n2R12 (7.18) 

 

Suppose, p is the probability assigned by a labouring family to the outcome that first period employment will 

have to be sought in the non-crop sector. In the absence of a rental contract, the expected income of a family 

with n2 working members, will be; 

 

Ip = pn2(W1 – 2c) + (1-p)n2R1 + n2R2  (7.19) 

 

If a unit of land is rented by this family, the expected income will be given by; 

 

Ir = n2R12 + p(n2-n1)(W1-2c) +(1-p)(n2-n1)R1 (7.20) 

  

 

The family will prefer a rental contract if Ir>Ip. The condition may be then expressed as; 

 

n2R12 > n1[p(W1 - 2c) +(1-p)R1] + n2R2 (7.21) 

 

The second term is less than n1R1 + n2R2 provided W1-2c < Rl, so that there salsts an R 12 whereby; 

 

n,Rl+n2R2 > n2R12 > nl[p(W,-2c)+(l-p)Rl+n 2 R 2  (7.22) 

 

The above suggests that in case W1-2c < R1 there exists a rental 
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contract that will be preferred to operation-specific labour contracts by both parties343. 

 

 

V11.3.3       Participation of Landowning Families in the Non-Crop Sector 

 

and Its Implications for the Choice of Labour Contracts 

 

The exercises in the previous sub-sections assumed that landowners do not participate in any labour activities. 

While such landowners may exist, it is more often the case that members of landowning families also 

                                                           
343 It is worth noting that the labouring family in the example would prefer to rent in (n2/n1) of land so that 
employment of all n2 members could be ensured in crop sector during the first period. This would imply that the tenant 
family hire labourers during the second period, which is consistent with most empirical observations. 



participate in labour activities, especially, in the non-crop sector344. Such participation is likely to affect the 

demand for different types of labour contracts. This is discussed below. 

 

A few examples may be provided to highlight how participation in the non-crop sector by landowning families 

may affect labour contracts in the crop sector. In an extreme case, landowning families may change residence 

permanently in order to engage in non-crop activities; such families are more likely to prefer rental contracts345. 

A second group may still reside in the rural area (where crop activities are carried out), but with some 

 

<192> 

 

of their members attached to non-crop activities. In the event that these families want to retain a greater part of 

the crop produced by employing family labourers on their own farms (if it is feasible for the non-resident 

members to return to the farms during peak operations), there will be less incentive to rent out the land. A third 

category of landowners includes those who reside in the locality and engage in non-crop activities that are 

locally based. In this case also the choice of labour contracts would be affected by the desire of family members 

to supply labour to family farms. 

 

Two aspects may be noted in the examples provided above. First, each labourer has an opportunity cost 

determined by wages and employment opportunities in the non-crop sector346, as well as by preferences over 

income and non-income activities347. Secondly, for non-resident members of a resident landowning family, cost 

is likely to be associated with mobility of the labourer; while for non-resident families, there will be the costs of 

hiring a supervisor in case wage cultivation is to be carried out. Given the results obtained in VII.3.2, 

non-resident families are likely to prefer rental contract since an extra supervision cost is involved under short 

period labour contracts. In the second example, the cost of mobility as well as the nature of participation in the 

non-crop soctor are of importance. A higher cost (probably associated with 
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distance) is likely to reduce the incentive of non-residents to return during peak operations. Furthermore, certain 

activities in the non-crop sector may require year round attachment without the assurance of holidays during 

peak operation period, while some other activities may have more flexibility. In the former case, participation in 

crop activity by non-resident members may not be feasible. This may be compared with the last example where 

mobility between sectors implied no cost and where hocalized non-crop activities were more likely to be 

complementary (in time) to seasonalities in crop activities. 

 

The aforementioned arguments show how the demand for various time-specific labour may be influenced by the 

nature of participation in the non-crop sector. In the previous part of this section, it was argued that in the 

presence of equilibrium wages (and full employment), both a landownder and a labourer would be indifferent 

between short- and long-term labour contracts when there is no cost to mobility. The discussion in the present 

part suggests that resident landowners may prefer short period labour contracts in order to ensure employment 

of family labourers, while the incidence of rental contracts is likely to increase with the number of non-resident 

                                                           
344 Historically such participation may arise due to factors such as modern education, the aspiration to avail modern 
amenities of life (e.g., newly introduced consumer goods) and the need to cope up with meager assets depleted 
through inheritance. 
345 This is often identified as "absentee landlordism". However, wage cultivation may be practiced by appointing a 
manager to supervise production. 
346 It is not only the nominal income but also the nature of participation in the non-crop sector. 
347 Leisure is too narrow a category to cover such activities. $other, all activities that do not provide immediate income should be 

included. Examples include political and social activities as well as schooling. 



landowners and with costs of mobility. Since skewed ownership distribution of land is likely to be associated 

with the existence of two distinct classes (i.e., one who owns land but does not participate in crop sector labour 

and another which provides labour), rental contracts are more likely to arise in such a 
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situation348. On the other hand, under the less skewed distribution that is associated with a greater number of 

small owners, short period labour contracts are more likely. 

 

Given an identification of the supply and demand sides of the labour market, it is possible to frame the choice of 

labour contracts in terms of interrelated markets of various time specific labour inputs. Since a competitive 

wage determination under full employment would require a high degree of flexibility on the part of the 

non-crop sector, no attempt has been made to develop a rigorous framework in this direction. 

 

VII.4 An Explanation of Short Period Labour Contracts 

 

In the presence of certainty in a production process that requires only land and labour, it has been argued that 

rental contracts are at least as preferred as short period labour contracts (see VI1.3.1 and VII.3.2). Thus, the 

presence of factors such as supervision costs in wage farms, transactions costs involved in negotiating with 

labourers on a period-to-period basis, and a relatively greater distaste for labour by the members of landowning 

families (compared to prospective tenant-cum-labourers), would all suggest that rental contracts may be 

preferred to short period labour contracts. This calls for an explanation of why short period 

 

<195> 

 

labour contracts arise349. It was argued in the previous section (see VII.3.3) that landowning families might 

desire to ensure employment of family labourers in the crop sector and therefore might not rent out land. It was 

also argued in chapter V that wage contracts may arise due to discreteness in the number of labourers. This 

section provides a further explanation of short period labour contracts in terms of lags in in market adjustments. 

Rather than proposing a formal model, the arguments are outlined. It is proposed that, in the presence of lags in 

market adjustments, asymmetric information about possible outcomes of new technology and product market 

variability may increase the incidence of short period labour contracts (i.e., reduce the incidence of rental 

contracts. 

 

In the presence of two operations, there may be three different contracts350: a labourer may be hired to perform 

the first operation, there may be hiring during the second operation, and finally, land may be rented out. In an 

equilibrium (as outlined in VII.3.1), a tenant-cum-labourer would be indifferent between supplying labour in 

operation-specific labour markets and renting-in land. Similarly, a landowner would be indifferent between 

hiring labourers for individual operations on some part of the land and renting it out. The factors underlying 

such an 
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348 Since there is extra cost due to supervision and contract negotiations in the case of short period labour contracts. 
349 It is argued in Appendix F that the presence of daily labour contracts may not be reconciled with a conventional production 

function unless explanations are sought in the ways non-crop sector affects the outcomes in the crop sector. 
350 A labourer may also be hired on a daily basis and total employment in an operation period may be less than the maximum. Such 

cases are abstracted from since equilibrium would have to take into account of the probability of getting employment. 



 

equilibrium include agents' preferences, opportunities in the non-crop sector, technological parameters and 

product prices. If these factors do not change for a long period, one would observe a group of landowners who 

rent out all their land while some others may rent out a part and cultivate the rest with family and/or hired 

labourers. There may be others who do not rent out at all. Similarly, there may be tenants who do not have to 

hire out labour, while some others may have to hire out part of the family labour. There may also be a group of 

labourers who live only by hiring out labour. Even though underlying demand and supply conditions may have 

determined an initial equilibrium, stability in those conditions is likely to result in a segmentation into various 

labour (including land rental) markets, so that changes in one market may not immediately be accounted for in 

another market. I will consider a few examples to argue why the incidence of short period labour contracts may 

increase in economies undergoing changes. 

 

Suppose the non-crop sector is suddenly unable to absorb as many labourers as before, so that labour becomes 

cheaper in the crop sector. This would imply a higher return to wage cultivation than anticipated. If the tenants, 

especially those who do not participate in the labour market, do not perceive these changes (changes that would 

affect their alternative income as labourers), they may not be willing to accept a lower share of the output. Such 

resistence is feasible, at least in the short term, when some landowners continue to rent out land at the initial 

rent since they may not be aware of the changes in market conditions. Meanwhile the landowners who are 

aware of those changes prefer wage 
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cultivation rather than renting out land. 

 

A similar situation may arise if there is an increase in the price of output or if new crops are introduced that 

change the land/labourer and output/land ratios. In the previous case, if changes in wages lag behind changes in 

prices, wage cultivation would be more profitable given the initial rent. A tenant farmer who does not market 

the retained produce may perceive no change, whereas a landowner who is aware of the changes in the product 

and labour markets would move into wage cultivation. As for newly introduced crops, the two parties may not 

perceive the possible technological relations in a similar way. A resident landowner is more likely to be aware 

of the possibilities than a tenant farmer. In such a case if the landowner expects a better return by cultivating the 

new crop while the tenant is unwilling to accept changes in the rental share, wage cultivation is also likely to 

increase. 

 

In all the above examples, wage cultivation may increase due to a lack of adjustment in the land rental market. 

The underlying factors are, however, changes in technological and market conditions, and such changes may 

last over a long period351. When they settle down, that is, when a new set of technological relations are 

identically perceived by both landowners and tenant-cum-labourers, under stable market conditions, the 
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incidence of wage cultivation is likely to decrease352. 

 

VII.5 Unemployment and Positive Wages 

 

                                                           
351 For example, pockets of Bangladesh rural economy has been continuously experiencing such changes since the 
introduction of high-yielding varieties of rice during the sixties. 
352 Note that dependence on temporary labourers during peak operations may still continue to persist. 



In the discussion so far, full employment of labourers in both periods have been assumed. That is, in a simple 

economy where there are two operation periods that constitute a calendar year353, each labourer has been 

assumed to be employed during all days in the two periods. The discussion in sections VII.2 and VII.3 suggest 

that this is feasible only when a non-crop sector exists that has the flexibility to absorb all excess labourers from 

the crop sector. In the absence of such flexibility, one would observe unemployment in the crop sector. This 

section attempts to provide a consistent story to suggest that under certain conditions, unemployment may exist 

in slack seasons with positive wages, and that such unemployment combines characteristics of the voluntary and 

the involuntary. 

 

Consider two types of labourers in a two-sector economy. The first group includes migrant labourers who 

participate in peak season crop activity at wage R2 per labourer354. The second group of labourers is regularly 

attached to either crop sector or non-crop sector activities. Suppose I 
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is the annual income available in the non-crop sector so that a resident labourer would work in the crop sector if 

the same income is assured by working for the two periods. Note that such a decision would have to take 

account of possible unemployment during the slack season. It was argued earlier that the 

landowner-cum-employer has an incentive to maintain the number of resident labourers such that N2>N>N1, 

The choice of N may also be affected by uncertainty associated with the supply of peak season labourer. Since 

work is available during the peak season, each of the resident labourers needs to be assured of (I-R2) income 

from employments in the slack season. However, on an average, each of the resident labourers will get only 

(N1/N)T1 days of work during the lean season, which is less than T1 (since N>N1). That is, the wage rate for 

each day's work would have to be at least ((I-R2)/N1T1]N, which is positive if (I-R2)is positive. 

 

In the above case, there is an equilibrium annual wage income I and an equilibrium wage R2 for migrant 

labourers that implies a positive wages during the slack season even in the presence of unemployment. An 

obvious question is whether such an equilibrium can be sustained? In the short run, a labourer may be willing to 

accept a lower wage if it increases slack season employment enough to compensate for the lower wage355. Such 

a move would also be beneficial to the landowners in the short run. However, such a move by individual 

labourers and its acceptance by some 
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landowners would imply that some other labourers would be employed less days at a lower wage356.In the long 

period, the number of resident labourers (N) would decrease which may not be desirable to the landowners for 

reasons mentioned earlier. While market forces that reflect short term optimization by individuals may not 

ensure such an equilibrium (with positive wage but unemployment), the above discussion suggests why 

collective pressures may be resorted to in order to ensure long term stability in wages and employment. Thus 

with N>N1, reflecting the aggregate need of prospective employers, there would always be positive wages 

associated with unemployment. 

 

                                                           
353 Note that T1+T2=Ta and Ta+Tk+1=T̅, and it is assumed that Tk+1=0. 
354 This group may include students, labourers in the urban informal sector crop sector labourers from distant villages where the 

operations seasons vary, etc. 
355 If L is the number of days employed in slack season and w is the daily wage rate, the condition would be given by dL/dw > -(w/L), 

where d stands for "change in". Structural rigidities may not allow such condition to be fulfilled. 
356 In order to ensure I to each of the labourers, the employers would have to distribute the slack season work load accordingly. Thus, 

individual labourers may not have the scope to influence the market to begin with. 



It is worth noting that individual labourers choose crop sector activities voluntarily and take account of possible 

unemployment in the slack season while making that decision. In this long term sense, unemployment is 

voluntary. However, in the short term, such individuals would be eager to get employment for all days in the 

slack season at the going wage rate, in which case the unemployment is involuntary357 

 

  

                                                           
357 This may be compared with Bardhan's finding on labour supply behaviour in West Bengal (India), where supply is interpreted as 

responding to demand conditions (see Bardhan 1984). 
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CHAPTER VIII 

 

CONCLUSION 

 

VIII.1 Introduction 

 

It would be too ambitious to probe every area of development economics where the framework suggested in this 

study might be applied. The first part of the present chapter provides a summary of the various issues d1scussed 

so far (see section VIII.2). The rest extends the discussion in several directions that are briefly outlined below. 

 

Except for one part of chapter IV where the choice of apparently inefficient techniques was argued to be 

consistent with optimizing behaviour of farms, the thesis has confined itself to the case of a single crop 

economy. Exercises carried out in this context, and under the arguably correct assumption of fixed-coefficient 

technology, cannot be assumed a priori to be valid when there are multiple crops or inputs other than land and 

labour. Since the technology for a single crop may be Identified as a technique (i.e., a point in the technology 

set defined over the input space), in the presence of more than one crop, a case for factor-substitution may be 

made in the aggregate (where changes in input composition have to be realized through changes in crop 

composition). Based on the "inefficiency argument" (see chapter IV), it is explained in section VIIIA why the 

derivation of an aggregate (concave) production 
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Function may not be appropriate for economies where small farms have utilized family labour in one period and 

depend on hired labour in another period. Furthermore, it is argued why the framework (suggested in this thesis) 

in terms of labourer requirements may be of help in the analysis of wage determination. 

 

The specification of input-output relations in this thesis abstracts from the presence of factors other than land 

and labour. While historically, primacy of these factors may remain unquestioned, presence of other 4twable 

and non-durable factors in present day rice economies are no less significant. Such factors include bullock 

power, pesticide, chemical fertilizer and irrigation; machines are also important in advanced rice economies and 

many non-rice economies. Implications of their inclusion for the assumptions and conclusions in this thesis are 

discussed in section VIII. 4. 

 

I discuss in section VIII.5 some policy implications of this thesis, many of which are drawn directly from the 

assumptions on technology. A major focus of this section has been on the employment problems in traditional 

agriculture and on ways to reduce such problems. Since this is closely related to induced technological changes 

(especially, through production of new crops) in crop sector and on the development of non-crop sector, these 

are also discussed. 

 

The important objective of the thesis has been to identify new issues raised by the alternative assumption on 

technology, as well as to better 
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explain some issues raised in the existing literature. Since some of the issues relate to formalizing labour market 

problems, they may be of relevance in the application of economic theory to that area. Section V11t.6 

summarizes these aspects to identify the areas where the framework may provide useful insights. 

 

The chapter is concluded with a discussion on the broader limitations arising due to the exclusive focus on 

economic variables in this thesis as well as due to the restrictive assumptions involved on such v4rLables. 

 

V111.2 Summary of Previous Chapters 

 

The thesis originated in my doubts as to the appropriateness of a conventional production function in economic 

analyses of a traditional non-crop economy. The important role of the conventional production function in 

analysis of a traditional agriculture/rural economy was reviewed in chapter II, and major problems with that 

characterization of technical relationships were identified. Three modifications were suggested: (i) that labour 

used in crop production be distinguished according to the operation involved; (ii) that uncertainty in labour use 

(especially in pre-harvest operations) be recognized, together with output uncertainty, as a factor in 

decision-making; and most importantly, iii) that for most operations, substitution between land and labour may 

not be possible in the short run. The difficulties in empirical tests for the existence of factor-substitution (against 

the alternative hypothesis 
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Of “non-substitution") have been outlined in appendices B and C. Chapter III therefore discussed the various 

processes involved in the production of wetland rice to suggest why the assumption of a fixed-coefficient 

technology is a reasonable approximation. An important dimension included in the definition of technology was 

the duration of different operation periods. The latter permitted the definition of operation-specific requirements 

of labourers for given amount of land, which were then used in the exercises that followed. 

 

While the assumption of a fixed-coefficient is nothing new development literature, its application in 

microeconomic analysis of traditional agriculture is rare. The latter part of the thesis includes discussion, both 

of issues addressed commonly in the literature, and of issues generated by the change of assumption. Given the 

significantly different assumptions employed, it has often been difficult to relate any of the analyses with the 

existing literature. And quite often new terms had to be introduced in order to distinguish them from prevailing 

perceptions. Most references to the existing have been confined to chapter IV. Attempts were made in that 

chapter to show how the reformulation may be applied to address development literature as the relationship of 

land productivity and labor intensity to farm size, and the choice of contracts under both certainty and 

uncertainty. 

 

A major departure is, however, made in chapters V to VII, where I define issues in terms of the framework 

suggested in chapter III. The focus of 
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these chapters was primarily on the labour transactions embodied in various agricultural contracts, and the 

discussion abstracts from technological uncertainties (discussed in chapter IV). Chapter V introduced various 

types of labour contracts and provided historical evidence in support of the classification made. Furthermore, a 

conceptual distinction was made between temporarily attached labourers and those who are permanently 

attached to land. With these initial characterizations, two different types of crop economies were considered in 

the next two chapters. 

 

Chapter VI addressed the question of how tenant's share in output may have been determined in a sharecropping 

economy with surplus land. The model has no apparent relevance in understanding how rental shares are 

determined in present-day economies, unless past practices have survived due to adjustments in other 

dimensions of contracts358. Rather, the intent have been to explain why shares may have been similar across 

various early agricultural societies. At the level of formal analysis, the exercise is designed to provide a link 

between demographic variables (especially, the rate of population growth) the level of subsistence and the 

distribution of total output. Such relations are, however, specific to the economy  

considered, and the greater difficulties in developing a compatible framework applicable in the context of 

present day economies have been noted. Finally, the exercise provides a plausible explanation of the 
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Puzzle of half rental share that some development economists have pondered over359. 

 

In present-day economies, demographic variables are unlikely to be related to only consumption, which 

includes an increasing number of items other than food. Moreover, the assumption of surplus land is no longer 

appropriate for most traditional economies. In the first part of chapter VIl, the characteristics of labour contracts 

in a closed crop economy had been noted, while the rest of the analyses included the non-crop sector that 

significantly affects the outcome of the crop economy. The contrast between the two settings provides a clue to 

the understanding of labour contracts in crop production. It is argued that long term labour contracts (a special 

case of which is the rental contract) may arise due to the absence of a non-crop sector that absorbs excess 

seasonal labourers in crop economy. In the presence of non-crop sectors, long term labour contracts may arise 

due to uncertainty about employment. The model endogeneously generates such uncertainty when there are 

costs to moving between sectors. While the formal analyses have assumed two types of participants -- 

landowner-cum-employer and tenant-cum-labourer -- it has been discussed how the various characteristics of 

the landowners especially in terms of the latter's participation in the non-crop sectors affect the incidence of 

various types of contracts. The chapter also provides an explanation of why unemployment may be an 

equilibrium 

 

 

                                                           
358 For example, the labourer's share in output may have remained half while the job specification and cost sharing arrangements have 

changed. Collateral in the form of cash advances made may also have been introduced in the sharecropping arrangements. 
359 Note, however, that the view of a 50:50 split has been questioned on the ground that in many societies, more than two parties may 

have claimed a share in the output. The present text therefore looked into participant’s share rather than rental share. 
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phenomenon (that coexists with a positive wage) and why such an equilibrium is inherently unstable so that 

social norms may arise to enforce it. 

 

VIII.3       Implications of Multiple Crops and Technological Chance 

for the Suggested Input-Output Relations 

 

Most exercises in previous chapters assumed a single crop economy, and the technological relations were 

identified by the following set of relations360; 

 

Q = aX , if Lk ≥ bkX       (8.1.a) 

 

Nk ≥ nkX = (bk/Tk)X       (8.1.b) 

 

T̅   = Ta + Tk+1, Ta = ∑kTk k = 1,…, K     (8.1.c) 

 

Where, Q, X and Lk are respectively, output, land and standardized (i.e., homogeneous in effort) labour days 

required for the k-th operation im X units of land. Tk is the length of the k-th operation period and the number 

of labourers required per unit of land (nk) is derived on the assumption that each labourer works on all days 

during an operation period. It is also assumed that operation periods do not overlap, so that the length of a crop 

year (Ta) is the sum of all operation periods361. Finally, T̅ may be assumed to be a year and Tk+1 the period of 

"no crop 
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activity". Given these relations for a single crop, the present section discusses various extensions in terms of the 

cropping pattern and/or changes in technology. The focus is on the validity and/or limitations of our framework 

in such settings. More possible settings may be identified in which land and labour are the only factors of 

production: (i) change from one crop to another, or changes in the technological parameters defining the 

production of a single crop362, (ii) possibility of producing more than one crop in a single cropping season, and 

(iii) presence of more than one cropping season so that two or more crops may be produced on the same land in 

a year. The validity of our framework under these settings are discussed separately below. 

 

VIII.3.1 Change in Crop 

 

Me relations in equations (8.1.a) to (8.1.c) define a, bk and Tk as technological parameters specific to individual 

crops. These parameters in turn affect the values of Q, nk (and Nk) and Tk (and Tk+1). The implications of such 

changes in the parameters are briefly discussed below. 

 

The biological life of a new crop may shorten so that the value of T a will decrease. This would imply an 

increase in Tk+1 which is the period 

                                                           
360 For the "if" condition in (8.1.a), the underlying relations may be expressed in terms of effort. Further discussion on the latter is 

made in section VIII.5. 
361 The periods of "no activity" between two periods with activities May also be assumed to be an operation period for which bk=nk=O. 

Alternatively periods of “no activity” 
362 A single crop economy is still considered even though farmers may have the option to produce the old crop or produce the same 

crop with the old technique. The first case is then equivalent to the second case. 
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duing which labourers permanently attached to land are available for participating in non-crop activities. 

 

Changes in Ta are likely to involve changes in the Tk, which in turn have implications for the requirements of 

labourers. It may be noted that the operation-specific labourer/land ratios (nk) has emerged as an important 

measure in several exercises of previous chapters. There are two reasons why nk may change363. First, the value 

of Lk may change, and for given operation periods the direction of such changes will be inversely related with 

changes in the value of nk. Secondly, operation periods may change so that, for a given Lk, nk would increase 

with decreases in the value of Tk. 

 

Since a new crop embodies different values of the technological parameters, no changes are necessary in the 

analyses made so far. However, the above discussion suggests a way to study the implications of introducing a 

new crop. In contrast to the factor endowment approach that consumes a homogeneous labour input, it is 

suggested that the implications of technological change and/or a newly introduced crop should be studied in 

terms of labourer requirements during different operation periods. 
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VII.3.2 Choice of Crops in the Same Cropping Season 

 

The presence of multiple crops in the same cropping season is conventionally viewed as various techniques in 

the same technology set, The fixed-coefficient technology identified for the production of a 41ngle crop may 

then be considered as a technique, If there are more than one technique (or, crops) to produce, a technology set 

for a given (normalized) output would be defined as the set of all input mixes (associated with various 

techniques) that produce this output. Given such 4 technology set, application of duality theory allows one to 

derive a convex set, whose boundary points, identified as the isoquant, is considered to be the relevant part in 

decision making. Noting this process of aggregation in the presence of multiple crops (techniques), two areas 

are identified where our framework has some validity. 

 

Let us suppose that the assumptions (to be discussed shortly) underlying the derivation of a concave production 

function (i.e., a convex isoquant) Are valid. Given expected wages, profit maximizing farmers choose crop 

combinations that are (economically) efficient in the use of factors. Thus operation-specific labour demand 

functions will be negatively related with (expected) operation-specific wages. However, given our 

characterization of labour supply that depends on the flow of labourers between sectors, it may not be possible 

to obtain an equilibrium wageemployment solution defined over wage-labour days space. The dependence (if 

labour supply on demand for labour is substantiated further below. 

 

<211> 

 

consider the demand for and supply of labour during the slack period. Suppose demand for labour increases due 

to a decrease in wages. If the stock of labourers remains constant, the number of days that each labourer is 

employed would increase. However, total slack period income may increase, remain constant or decrease as the 

elasticity of demand is linear, equal to or less than unity. The latter suggests that increases labour supply may be 

associated with lowering of wages since labourers are concerned about the income over a longer period. This is 

not to suggest that an equilibrium wage-employment cannot be worked out. However, such a solution would 

                                                           
363 A third possible reason may lie in the extent of uncertainty Associated with the length of operation period. For example, the 

decision on the number of labourers to be engaged in any operation may be affected by the perception about such uncertainty. 



require prior identification of the relations between the flow category "labour days" with the stock category 

“labourer” along all the points on an isoquant, which has not been attempted here. 

 

Another fundamental problem, however, arises in considering the relevant technology set to be convex for 

economies where producers are faced with unemployment of their own family labour. Note the following line 

of reasoning. Producers are assumed to choose techniques that maximize their profits and in the formulation of 

the profit function, members of the producers' families are assumed to be fully employed (i.e., the labour market 

is assumed to clear at positive wages). With these assumptions, the relevant technology set may be identified to 

be convex, from which the case of factor-substitution follows. A production function capturing the relevant part 

of the technology set is then used to address issues of unemployment, the fallacy in this reasoning arises from 

using a construct (i.e., a conventional production function) to refute a proposition (that 
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labour is fully employed) while development of the construct itself has been based on the validity of the 

proposition! 

 

In the aforementioned context, an alternative approach in identifying the relevant technology set has been 

suggested in this thesis. In economies where land is owned by families which are not concerned about 

employing their own labour in crop production, an aggregation in terms of a convex technology set (whose 

efficient points are given by a convex isoquant) is a valid approach. However, as has been argued, this is not so 

in economies where small landowners are faced with unemployment of own family labour during slack seasons 

and have to bear the cost of hiring outside labourers during peak seasons. While the decision-making process 

has been identified, it needs further inquiry to reach a general stimulation (that would be more amenable to 

mathematical exercises) for identifying the relevant technology set in such economies364. 

 

VIII.3.3 Multiple Cropping 

 

When two or more crops are produced on the same land in a year, the combinations of crops that may be 

produced are likely to be constrained toy soil conditions and by the timing of the production periods associated 

with each crop. In any case, one may consider each feasible combination as single technique. The previous 

discussion on obtaining an aggregated 
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Production choice set and on labour supply therefore remain valid. 

 

VIII.4 Presence of Inputs Other than Land and Labour 

 

Thus far our characterization of the technology in crop production has Included only land and labour in the 

input set. One may rightly argue that the use of bullocks cannot be ignored when referring to traditional rice 

cultivation practices in Asia. Furthermore, since the sixties, many of the South and Southeast Asian rice 

economies have been experiencing increased application of the bio-technology that uses high-yielding varieties 

of seeds, chemical fertilizer, pesticide and involves regulated Irrigation. Presence of machineries in advanced 

rice economies and in non-rice economies also deserve some comments to place the work in this thesis in a 

broader context. It is therefore necessary to consider whether the relations between land, labour, labourers and 

output, as postited in chapter III, need any revision to be applicable in these contexts. 
                                                           
364 Note that the technology set can no longer be defined in (X,L) space. Rather, the number of labourers required in different 

operations constitutes an important dimension in defining such a set. 



 

VIII.4.1 Presence of Non-Durable Factor 

 

The assumption of fixed-factor proportion may not hold in the presence of inputs such as fertilizer and 

pesticide. Studies by agriculturalists and Agronomists suggest that output per unit of land increases at a 

deocreasing rate with the increase in application of these inputs 
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(considered separately) on a unit of land365. If one of these inputs, say chemical fertilizer, is denoted by Z, the 

aforementioned relation may be expressed by the following; 

 

Q/X = g(Z/X) , g’<
> 0, for (Z/X) <

> (Z/X)* and g” < 0   (8.2) 

 

In the above formulation, (Z/X)* is the fertilizer per unit of land that is expected to give the highest output per 

unit of land, and it is the dose that is often prescribed to the farmers. 

 

There are two possible ways in which the presence of the aforementioned inputs may affect the relations in 

(8.1.a) to (8.1.c). First, the value of a in (8.1.a) will be affected by the choice of (Z/X). Secondly, since the use 

of these inputs requires a certain amount of (complementary) labour, the relation in (8.2) suggests that this fact 

introduces some scope for substitution between land and this type of labour. In the former case (where a is 

affected), the relationships in (8.1.a) to (8.1.c) involving labour and the number of labourers are not affected, 

and the choice of the optimal (Z/X) may be separated from the rest of the exercise. As for the latter case, the 

relations in (8.1.a) to (8.1.c) would be a reasonable approximation to the true ones as long as the amount 

(number) of labour(ers) associated with the use of Z is small. While the latter aspect is a matter of empirical 

enquiry, it is generally observed that fertilizer use is affected by the price of fertilizer and 
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by the timely availability of both credit and fertilizer366. I am not aware of any study suggesting that such usage 

has been affected by wages. 

 

I have adhered to the view that only physical quantities of inputs enter in input-output relation; the market value 

of them enters in the constraints that the farmers face. The differences in initial endowment, if resources and in 

the access to credit and input markets affect the outcomes in the land rental market. Two scenarios may be 

conceptualized; (1) modern inputs are used in all land in a locality, and (ii) some farms tine modern inputs while 

others do not use them. In the former case, diffrential labour requirements during different periods in a year may 

ho worked out as described in the text. The wage determination process in the presence of the non-crop sector 

(as described in chapter VII) would still apply; and so is the argument for the coexistence of positive wages 

with slack season unemployment. The question, however, remains on the contribution of output (net of wage 

payments and cost of purchased inputs) between the owner of land and the owner of money capital. Two 

possibilities may arise: (i) there is a given opportunity cost of money capital whose flow into the crop sector is 

not hindered by any factor and such flow is not affected by the consideration to ensure employment, (ii) slip 

credit market is not equally accessible and participation in such market by tenant-cum-labouring families arise 

due to the urge to ensure own employment through renting land. Given an interest rate on borrowings, rental 

shares are likely to be higher in the latter case 

                                                           
365 See Bliss and Stern (1982). Timing of the application of fertilizer is also relevant, which may have implications for credit policies 

to support adoption of new crops that use this input. 
366 See Bliss and Stern (1982). 
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A more realistic scenario in the South Asian context is the coexistence 0 various techniques, i.e., some 

producing traditional varieties while others producing high-yielding varieties. This is due to the existence of 

large proportion of small farms who hire out labour as well as depend on outside labour during the peak 

operations. Except for the reason cited in chapter IV ( that the cost of hiring labour associated with a new 

technique does not outweigh the gains to be made through increased output), if the credit and input markets 

were equally accessible, one would expect all farms to produce high-yielding varieties if it is profitable to 

one. In the absence of equal access to these markets, small farms (with relatively less access) will be unable 

to adopt the new technique; and they will be unwilling to rent it to a farmer who adopts such technique due to 

uncertainties in employment prospect. 

 

In either of the cases outlined above, labour requirements during various periods may be worked out and the 

exercise in chapter VII is not affected. Some qualifications, however, need to be made regarding the 

incidence of various contracts. As discussed in the text, the incidence at rental contract crucially depends on 

the nature of the land-owning class. The immediate impact of introducing high-yielding varieties that are 

profitable but require greater access to money capital, is likely to be a reduction in the incidence of rental 

contract since many landowners may find it more lucrative to cultivate land with hired labour instead of 

renting it out367. It is also possible that the incidence of rental 
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contract remains as before; the bulk of the rented land being received by a few well-to-do farmers who have 

relatively greater access to money capital, forcing the poor farmers to participate in hired labour market. In 

either case, a greater proportion of land would depend on hired labour and therefore, the incidence of permanent 

labour is expected to increase. 

 

VIII.4.2 Presence of Durable Capital 

 

One durable factor that is used in traditional rice economies is the bullocks. Participation of bullocks in crop 

production is mostly confined to ploughing, tilling and threshing; the bullock power being measured in 

standardized bullock days. It has generally been observed that there is strong complementarity between bullock 

use and land. In the presence of such complementarity, a second set of constraints (in terms of bullock power 

requirement per unit of land) may be added to the relation in (8.1.a). The inclusion would allow one to look into 

the market of bullock power in a way similar to that for labour. 

 

As for durable capital, I view it as a physical unit which has to be purchased at some price. It has an expected 

life over which its performance may not be identical. One may work with expectations once the 440 of such 

capital (to be identified as "machinery") goes beyond a crop year. I focus on only a single period case. 

 

As noted in chapter II, one needs to identify the operation for which a  
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machinery is used so that changes in labour requirement may be appropriately worked out. In the specification 

of input-output relations, the inclusion of machinery involves a given amount of output per unit of land. As 
                                                           
367 Note that lack of adjustments in one or more markets may provide rationale as to why wage cultivation would be more gainful to a 

landowner than a rental contract. See discussion on short period labour contract in chapter VII (section VII.4). 



discussed for the case of fertilizer in VIII.4.1, there are two types of labour requirements: labour used in 

conjunction with the m4chinery, and the other without it. Given a machinery in use, quantities ~lf 

operation-specific labour requirements of the latter type may be identified. In this case, the exercises in chapter 

VII along with the 41neussion on the incidence of labour contracts and the distribution of list output between 

owner of land and owner of capital, in the context of fertilizers and pesticides, would hold. The possible impact 

of introducing machinery on wage determination and on the extent of seasonal unemployment may determined 

by identifying the operation(s) for which it [a used and how such use changes the output per unit of land and the 

operation-specific land/labour ratios. 

 

The machinery is, however, not divisible; and there is a prescribed land 4ioa for which a machinery performs 

best. In the presence of small farms such of whose plots are scattered over a wide area, there are problems in 

organizing production to enable better utilization of machineries. The latter requires organization of the farming 

households whose proper (functioning is likely to be endangered due to asymmetric power relation (arising 

from land ownership) among the participants. 
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VIII.5 Policy Implications 

 

The discussion in this thesis has been primarily addressed to economists In the field of agriculture/rural 

economy rather than to practitioners. However, to the extent that development planning is affected by 

economists' views about the world, the work has some policy relevance. Such relevance follows mainly from 

the assumptions on technology and the discussion of the decision-making of small farms in the presence of 

unemployment. Furthermore, the linkage of crop and non-crop sectors in the labour market, as outlined in 

chapters V and VII, is of importance in addressing employment problems. 

 

One attractive policy conclusion from the alleged inverse relationship beetween farm size and land productivity 

was that redistribution of land in favour of the small farms will increase total output. The assumption of 

fixed-coefficient technology for single crops, however, suggests that m) such case may be made. For the same 

reason, sharecropping may not be claimed to be less efficient than other forms of contract. However, 

desirability of any particular ownership distribution of land and/or of any labour contract may be evaluated in 

terms of two other criteria: (i) variation in long term investment in land, and (ii) variation in labourer utilization 

resulting in different numbers of labourers required in the aggregate crop economy. The former has not been 

dealt with in this thesis. The second case arises because of discreteness in the number of labourers, which has 

been shown to result in more labourers required per unit of land when the farm size is small. Such 

underutilization of 
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labourers would be less under large scale farming and/or if cooperation existed among farmers in the exchange 

of labour368. 

 

Nowadays, crop economies are more characterized by multiple crops and policy makers look for ways to 

introduce high-yielding varieties. In this context, the small farmers' decision-making process (as described in 

chapter IV) is of relevance. The exercise in IV.4 suggested that small farmers are likely to choose a crop mix 

that will involve more labour per unit of land and lower output per unit of labour compared to large farms (who 

hire labour in both seasons). However, land productivity may be higher or lower depending on the available 

                                                           
368 Nurkse (1953) mentions that underutilization of labour may be induced through reorganization of production. 



technology set. Two policy Implications of the exercise are: (i) land redistribution may enable greater 

absorption of labour (and thereby ease problems of undesired rural-urban migration), but it does not necessarily 

ensure increased output per unit of land; and (ii) research efforts to develop new varieties must take into account 

the operation-specific labour absorption, capacity of a variety, as well as the yield factor. 

 

In previous chapters, unemployment has not been treated as an outcome of 4ti institutionally set wage, nor has 

the observed decline in the labour participation rate during the slack seasons been interpreted as an Absence of 

involuntary unemployment. Rather, unemployment has been seen Am rooted in the nature of crop production 

technology and in the absence of an appropriate non-crop sector. Given this perception there are, 
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broadly, two areas where policy makers may intervene to reduce employment problems. 

 

First, one may consider changes that would reduce the absolute number of labourers required in certain labour 

intensive operations in the crop sector. For example, mechanized cultivation may displace labourers that are 

otherwise permanently attached to crop sector369. However, without alternative areas to absorb the excess 

labourers, policy makers in most underdeveloped countries would be hesitant to adopt policies that displace 

permanently attached labourers in the crop sector. An alternative way, at least hypothetically, could be to 

choose a mix of crops (within a single cropping season) that would reduce the gap between the number of 

labourers required during various times of the year. A related option is to introduce crops that will permit 

multiple cropping as well as reduce the length of slack seasons370. More importantly, since the economies under 

discussion depend on outside labour during the peak operation periods so that their periodicity affects the labour 

market in the non-crop sector as well, it is worth looking into the prospect of introducing labour displacing 

technologies for peak operations. 

 

The last remark runs contrary to the conventional argument that economies well endowed with labour should 

look for more labour intensive technique. 
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In this context, an observation may be made with respect to the Introduction of bio-technology and population 

growth. It has often been found that the new varieties of rice (introduced by the International Rice Research 

Institute) that require significant inputs of fertilizer and irrigation, also require more labour and labourers 

(compared to those tinder traditional varieties) even during the peak operations371. In many countries, 

population programmes intended to reduce the population growth rate substantially coincided with the 

introduction of the new varieties of rice. However, at least in the South Asian sub-continent, the population 

programmes are generally believed to have failed. It is quite plausible that population growth in agricultural 

societies has been affected by labourer requirements in the crop sector, especially during the peak operations. In 

order to ascertain whether such a relation exists, it would be interesting to obtain data on changes (over time) in 

the peak season labourer requirements of different crop economies and statistically test whether population 

growth rates (across those economies) are positively related to such changes. 

 

                                                           
369 This may not eliminate the seasonality in employment and the related seasonal unemployment. However, it would reduce the 

participation of labour in crop sector, making such seasonal unemployment less alarming in the aggregate (as in the case of most 

advanced economies). 

 
370 For example, introducing crops that have lower gestation (fruitition) period. 
371 The operation periods associated with the new varieties are shorter compared to those of the traditional varieties. 



Desired technological innovations often cannot be achieved, partly because of the limits imposed by natural 

conditions. This is especially true for wetland rice cultivation where mechanization of harvesting activities 

(especially reaping) is difficult due to soil condition. While efforts should be made to reach the boundary set by 

such limits, a more 
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Important area to act on is the development of the non-crop sector372. The discussion in chapter VII identified 

two broader categories of non-crop vectors that are relevant for understanding the labour market in the crop 

sector. A non-crop activity that is spatially apart from the region of crop activities and/or employs only 

permanent labourers, is unlikely to ease the seasonal unemployment problem in the crop sector. On the other 

hand, a non-crop sector that absorbs labourers temporarily and is in close proximity to the region of crop 

activities would do a better job in this regard. The argument has implications for two kinds of policies: short 

term programmes by both government and non-government agencies to alleviate rural poverty, and the 

government's industrial policy. These are discussed below. 

 

As for programmes of the former type, those that promote slack season economic activities are likely to be more 

effective (and more acceptable (o the rural population at large)373. With respect to the latter, the policy issues 

are often phrased in terms of heavy vs. light industries, Industrial concentration in a few pockets of the country 

vs. regional, dispersion of industries, and urban vs. rural industrialization. In general, industrial growth in a few 

urban centres is unlikely to ease the 
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unnemployment problems, at least in the short term374, The alternative is to achieve regional dispersion of the 

industrialization process and to emphasize activities that provide secondary employment to labourers during the 

slack seasons, 

 

While industrial policies that take account of seasonal unemployment problems in the crop sector may be 

desirable at an initial stage, one may argue that the industrialization policies chosen without consideration for 

(or with less emphasis on) the crop sector needs, would be more dynamic and would make way for necessary 

changes in the crop economy. The experiences of the late comers in the industrialization process do not, 

however, provide basis for much enthusiasm for such policy. Especially, in populated countries, short term 

problems associated with the policy are enormous. Moreover, high unemployment in the crop sector and over-

crowding in industrial centres that are likely to be associated with the "all industrialization policy", may make 

the transition (whereby crop sector adjusts, without state intervention, in accordance with industrial growth) 

politically unfeasible. 

 

Some final comments may be made with respect to the implications of our construct for planning purposes. In 

economic planning, input-output 

                                                           
372 The importance is also due to the historical observation that much of the endogeneous changes in crop sector are influenced by 

changes in the non-crop sector. 
373 An interesting example is the recent success of Grameen Bank Prakalpaa (i.e., Rural Bank Project) in Bangladesh, that organizes 

rural1mor and provides them with credit to engage in activities (such as, food processing, petty trading, rickshaw-pulling) that are 

mostly done during the slack seasons. 
374 It is also quite likely that heavy industries employ labourers on a permanent basis, whereas certain types of light industries that are 

affected by the seasonality, either in the supply of raw materials (as in the case of Jute manufacturing) or in the demand for product (as 

in the case of textile produced for mass consumption); are likely to employ labourers during slack seasons in the crop sector. 
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modelling is commonly used375. In such models, the major link between sectors involves the output of one 

sector entering as an input in another sector. This thesis emphasizes the need to identify the time-specific 

labourer requirements, both within a cropping season and across seasons (in a year), that characterize a given 

crop mix. At the micro planning Level, such information would help to better understand the short term 

problems of unemployment and the problems associated with migration376. It would also justify the adoption of 

appropriate measures to counter such problems. Furthermore, as noted earlier, such information may be used to 

decide which crops are more acceptable to the farmers377. 

 

VIII.6 Implications for Formal Analyses 

 

The major focus of this thesis has been on the analytical approach to understanding a traditional crop economy. 

Some of the results have been noted in the previous sections, including the implications of an alternative 

decision-making process by small farmers in the traditional crop economy and the implications of sectoral 

linkages through the labour 
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market378. One aspect of these sectoral linkages, discussed in chapter VII, is that the historical trend of labour 

contracts in the crop sector is associated with the nature of non-crop sector development. Finally, a model for 

explaining the coexistence of unemployment and positive wages have been provided in chapter VII. One aspect 

of the framework that permits the aforementioned exercises is the inclusion of the category called "labourer". 

On the demand side, a technologically defined minimum number of labourers was identified for different 

operations (see chapters III and V). On the other side, the flow of labourers between sectors was orgued to be 

dependent on expected annual income (see chapter VII). The present section further elaborates on the 

significance of this construct for formal economic analyses of the labour market. 

 

In the application of economic theory to analyses of labour market, it has; been conventional to include "labour 

days" in a production function and to consider daily wages as determined in the daily labour markets. there has, 

however, been an increasing recognition that various aspects a1leged to be deviations from the norms expected 

in a Walrasian system of labour contracts may not be explained within a framework using endogeneous labour 

days as the labour input category. If one defines input (and thereby, profits) to be a function of labour days and 

if all laour days receive the same payment, there is no room to distinguish 

 

  

 

                                                           
375 Often CGE (computable general equilibrium) models are in use. Some such models allow for factor-substitution and consider 

aggregated tabour when dealing with the crop sector. 
376 A knowledge of the flow of labourers between different localities may help in taking appropriate measures in the field of transport 

and communication as well. 
377 A further implication of recognizing the presence of uncertainty In pre-harvest operations is the possible desirability of having an 

Inventory of seeds and of producing excess seedlings in state-owned plots In order to meet emergency needs. Such measures may 

greatly reduce the adverse effects of weather on annual output. 
378 Such linkages may also provide a better understanding of the impact of displacing indigenous industries (rural based industries) 

with cheap imported goods (urban based industries). This may be of special interest to economic historians who are keen on analyzing 

the impact of colonization that was followed by ruining of local industries(e.g. , the textile factories in Bengal). 
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between labour inputs differing whether in quality, in effort, or in timing. Thus, issues normally posed in terms 

of principal-agent problems (that include moral hazard as well as adverse selection problems) cannot be 

addressed within this framework, since they need to distinguish between different quality-labourers and allow 

for the possibility that supply of effort (in each labour day) is endogeneously determined. The move to include 

level of effort in formal analyses is therefore well justified and allows us to consider various firm/farm specific 

problems in negotiation of labour contracts. This advance does not, however, provide a satisfactory explanation 

of the wage determination process in the context of a crop economy. It is suggested that the inclusion of 

"labourer" may be important in this regard. 

 

Consider a simple case where effort is observable and payment to a labourer is made in accordance with the 

effort provided. The first obvious question involves the time frame for which the demand for and supply of 

effort are defined? It may be a day, a year, or some other period379. An employer's demand may be for work on 

a given number of days in a year, a given number of labour days of work on each of those days, and a given 

number of hours of effective work (i.e., effort) from each labour day's work. Similarly, a labourer may choose 

to work a given number of days in a year and provide certain hours of effective work during each day of such 

work. In which time frame do wages (whether defined for some unit of effort, for a day's work, or for a year) 

get determined. It is quite probable that all of the time frames are relevant 
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and one cannot be separated from the other. This is especially so from the perspective of the labourer who has 

to choose a sector of employment that may not provide year round employment. As has been suggested in 

chapter VII, a labourer would take into account the possibility of unemployment and choose among options 

mainly on the basis of expected annual income. The stock of labourers having been determined in this way then 

determines the short period supply of labour days, one of the determinants of short period wages. More 

importantly, whether it be the supply of effort or the supply of labour days, it is the labourer who is the supplier. 

Thus, inclusion of the category "labourer" in the analysis seems relevant. 

 

It is worth noting that other than suggesting a way to relate effort, labour days and number of labourers in the 

context of crop economy, no attempt has been made here to combine all three dimensions together, Thus, the 

exercises with respect to choice of contracts under certainty involved the dimensions of effort and labour days, 

those for uncertainty used labour days, and the determination of tenant's share in chapter VI and most exercises 

in chapters V and VII were in terms of number of labourers. Only in the explanations of wage determination in 

the crop sector and of the coexistence of unemployment and positive wages, were Nome hints made with 

respect to the relation between the annual wage of a labourer and the daily wage. The analysis of the 

relationship remains incomplete, however, and much work needs to be done in this field. 

 

                                                           
379 See Appendix F for similar arguments with respect to labour. 
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VIII.7 Limitations of the Study 

 

It was noted in the introductory chapter that results derived in economic analyses are rooted in the assumptions 

made and therefore the relevance of such analyses are constrained by the restrictiveness of the assumptions; this 

thesis is no exception. In this light, limitations of the present study in the two broad areas addressed, 

specification of input-output relations and labour contracts in traditional agriculture, are outlined in this section. 

 

VIII.7.1 On Input-Output Relations in Crop Production 

 

Two important shortcomings in the traditional theory, as applied in the context of agriculture in developing 

countries, have been identified in this thesis. They include, the conventional production function that ignores the 

distinction between operation-specific inputs and assumes factor substitution in static analyses, and the 

presumption that spot markets are the norm. While the latter requires probings that are beyond the scope of this 

thesis, the former has been discussed at length in chapters II and III, and in appendices B and C. Since the need 

to distinguish between operation-specific inputs is often recognized in the literature, and the conventional 

wisdom largely favours the existence of factor-substitution; the work in this thesis needs to be placed in the 

larger context. 

 

It may be noted that the assumption of a simple production process which 
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involves land and labour, has been for the purpose of simplification; and such practice is common among 

economists in the field. Implications of including durable and non-durable capital have been briefly discussed in 

section VIIIA. The discussion, however, posited fixed relations between land and labour. One may raise 

questions on the rigidity of such assumption; especially when possible existence of factor-substitution in certain 

operations has been recognized in this thesis (see chapter III), And when many researchers on agriculture (e.g., 

Heady 1952) suggest the existence of factor substitution between land and the composite unit of non-land 

resources that include labour as well. The latter case of factor substitution may arise in the presence of multiple 

crops (as discussed in section VIII.3) as well as when decision-making on the choice of techniques is made over 

a longer time horizon (as in the case of planning). 

 

On the first issue where there is scope for factor substitution in limited number of operations, it was argued in 

chapter III why the Assumption of fixed-factor proportion may be a reasonable approximation. Even if one 

allows for factor substitution in one operation, wage determination during operation periods with no scope for 

factor substitution may not be adequately addressed with the conventional framework. That the assumption on 

technology is specific to a special kind of economy has been already noted. Its validity in some other crop 

economies has not been verified in this thesis. In this regard, an observation may be made. Other than in 

economies where mechanization has been adopted in all operations, crop production is generally 
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characterized by seasonality that is conceptualized by economists in terms of variations in labour and other 

non-land markets. The concepts of "peak" and "slack” seasons are often used to characterize such seasonalities; 

labour being relatively scarce and wages being relatively high during the peak seasons. While the wage 

variations may be rationalized in terms of differences in marginal productivities of various operation-specific 

labour, the generally accepted perception of "relatively abundant" labour during the slack seasons and 

"relatively scarce" labour during the peak seasons is not consistent with the assumption of factor substitution 

across operations380. Given such settings, the assumptions in this thesis may not be unreasonable. However, in 

order to accomodate possible existence of factor substitution in certain operations, the framework needs further 

modifications. One possible approach may be to define a range of values that nj (i.e., number of labourers 

required per unit of land in operations where factor substitution is possible) may take. This has not been done in 

this thesis. 

 

While scope for factor substitution may be limited in case of a single technique such possiblity may arise in the 

aggregate when there is choice of crop or when there is scope to substitute labour with machines. The possible 

validity of a convex technology set in the aggregate had been recognized in section VIII. 3. In such cases it was 

suggested that the 
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analyses in this thesis have to be supplemented by exercises on prior decision-making on the choice of crops. 

That is, based on expected prices of output and factors, farmers choose the mix of crops to be produced; and 

given each mix of crops, labourer requirements during various times In a year may be identified. The present 

work remains incomplete in the sense that such prior decision-making has not been incorporated in the formal 

analyses381. 

 

While the empirical validity of an aggregate production function of the conventional type has riot been 

questioned, certain limitations of its practical usefulness has been noted in this thesis. For example, in 

understanding the unemployment problems in agriculture for the purpose of policy formulation. If one 

recognizes the need to disaggregate labour by the operations they are used for, the task of aggregation becomes 

difficult unless one specifies operation periods382. In spite of these difficulties, an aggregate production function 

of the conventional type may be of use in comparision of economies since wage variation across operations are 

not at issue in such analyses. Moreover, due to complementarity between operation-specific labour inputs and 

due to 

 

 

                                                           
380 Even in crop production where substitution among operation specific labour may exist, the demand for outside labour during 

harvest is quite common. One example is the sugarcane production in Cuba where 4tudents are mobilized to participate during 

harvest. 
381 Since many of the wetland rice economies are characterized by the presence of large proportion of small farms who depend largely 

on family Labour, the thrust of the arguments in the text (see chapter IV and section VIII.3) had been to show why "inefficient" 

techniques may be chosen by optimizing farmers. 
382 For planning purposes, if the number of crops and/or techniques available are limited, comparisons of costs and benefits associated 

with each technique may provide greater insights without involving more cost compared to that of an aggregated production function. 

Note that, aggregate labour use needs to be calculated based on data obtained for labour used in various operations and crops. 
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variation in the general wage levels across economies use of an aggregate production function may be 

appropriate. 

 

VIII.7.2 On Labour Contracts 

 

Since much of the focus of this thesis has been on the current approaches In the literature on agriculture in 

developing countries, the urge to fully understand the reality has been largely overshadowed. This is especially 

true in the analysis of labour contracts. The focus had been primarily on time-specific labour contracts in a 

competitive setting. While the importance of non-crop sector in shaping such contracts has been noted, the 

explanations of wage determination process and the coexistence of unemployment and positive wages in terms 

of technological rigidities may appear to be narrow; especialy when institutional factors ,are important 

determinants of labour contracts. A brief discussion on such factors is therefore warranted. 

 

Two important aspects of institutions that have not been given adequate treatment are the ownership distribution 

of land and the ownership 41stribution of capital. For a given technique, the ownership 4tstribution of land does 

not affect total output due to the assumption of fixed-coefficient technology. However, when it comes to the 

dynamics of capital accumulation and its intrusion into the crop economy, ownership distribution of land is 

likely to be of importance. Some of the 'Aspects were discussed in chapter VII to suggest how participation of 

landowning class in non-crop activities may affect the incidence of 
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 various contracts. However, it falls short of identifying the various dimensions of the relationship between the 

ownership distribution of land and labour contracts. 

 

The personalized nature of many labour contracts has also been ignored in this thesis. That kinship relations 

influence labour contracts, is recognized by social and economic anthropologists; thus suggesting vertical 

integration that is alleged to hinder the formation of class alliance. Unfortunately, it was not possible to focus on 

such issues in this thesis. 

 

Finally, labour types characterized by sex, age and skill have been Ignored in this thesis. While those by age and 

skill may be subsumed tinder the assumption of homogeneous labour in terms of effort, this is not necessarily so 

in case of sex-type labour. In this regard, the contrast in the participation of women in work force in South Asia 

and in the countries of Southeast Asia is worth noting. In most regions of India and Bangladesh, women 

participate in only post-harvest operations (e.g., threshing, winnowing and husking). It is puzzling that women 

have minimal participation in reaping operation even when outside labour has to be hired. In contrast, until the 

turn of this century, Javanese women did the tilling and reaping while the males participated only in weeding 

activities. Moreover, payments were made to the women for work done by both them and their male folks. The 

scenario has however changed during the first part of this century. One needs more than economics to explain 

such phenomena. The work in this thesis assumes a given norm regarding 
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the participation of different sex-type labourers and does not explain how such norms arise. 

 

V111.3 Concluding Remarks 

 

In spite of the various limitations, the present work will hopefully contribute in the context of the economic 

literature on agriculture in developing countries. The literature cited in this thesis has appeared over the last 

three decades or more. Several trends in the writings of development economists on agrarian issues are worth 

noting. Until about the mid-sixties, they tended to emphasize sectoral linkages in the analysis of problems of 

agriculture and in design of policies. Moreover, their concerns were more with dynamic change than with static 

efficiency. Since the sixties, there has been a marked increase in the application of microeconomic theory to the 

agrarian field. In most of the recent applied theory literature, the non-crop sector has been relegated to the role 

of defining an opportunity cost of labour in agriculture. The apparent irrelevance of many such analyses has 

raised skepticism among more empirical researchers and policy makers as to the use of conventional economic 

theory in the context of traditional agriculture. While fortunately, members of the latter group are guided by 

pragmatism, quite often ad hoc explanations are sought for both observed economic phenomena 4S well as for 

policies prescribed. It is hoped that this thesis will help to bridge certain gaps between these two types of 

development economists currently concerned with traditional agricultural economies. 
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APPENDIX A 

 

General Types of Rice Production Systems Used in Asia in the 1980s 

  

Characteristics Dry land 

rice 

Wetland Rice 

Traditional Transitional 

labour- using 

Transitional 

capital- using 

Modern  

labour- using   

Modern  

capital-  

using 

 

Rice area/farm 

(ha) 

1-3 1.5 0.1-3 1-10 0.1-2 0.1-2 

Crop duration 

(days) 

150-250 150- 250 110-150 110-150 80-120 80-120 

Degree of water 

control 

None Little Moderate Moderate High High 

Power for land 

preparation a 

F/H H/A H/A P/T A P/T 

Method of stand 

establishment b 

B B/T  B/T B/T T T 

Nutrient supply c F/O 0 O/C O/C O/C C 

Plant Protection 

chemicals 

None None None Modest Modest High 

Reaping d F/H F/H H H H H 

Threshing e H/A H/A H T H/T T 

Predominant 

disposal 

Subsistence Subsistence Market Market Market Market 

Production Per 

ha (metric tons) 

0.8 1.5 2.5+ 2.5+ 4.0+ 4.0+ 

 

Areas Border Lower Sri Lanka Central China high Taiwan, 

where hills Burma, NE Java, China Luzon, W. & stable South 

Important of S.& SE 

Asia 

Thailand, 

Bangladesh, 

Eastern India 

 W. Malaysia, 

C. Thailand, 

N. India 

Yield areas, 

Japan and 

Taiwan prior 

to WWII 

 

 

Korea, 

Japan 

Notes:     
a  F = burning of forest cover; H = human labour; A = animal power; P = powere tiller; T = 4-wheel tractor.  
b  B = broadcast; T - transplanted.  
c  F = burning of forest cover; O=organic manures; C=chemical fertilizer.  
d  F = cutting with finger knife; H = hand reaping with sickle. 
e  H = human; A - animal; T - power thresher. 

 

Source: Barker et al (1985), Table 3.2, p. 28. 
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APPENDIX B 

  

An Alternative Interpretation of Empirical Results  

on Estimated Cobb-Douglas Production Function 

 

The following note is from Krishnaji (1981), where it is argued that fixed-coefficient technology may generate 

data that provide good statistical fits to a Cobb-Douglas specification. It is thus concluded that good fits to a 

Cobb-Douglas production function do not necessarily rule out the possibility that the underlying technology is 

of fixed-coefficient character. The inputs considered are land (X) and labour (L), which combine together to 

produce output (Q). 

 

The Cobb-Douglas production function is expressed as, 

 

 Q – constant Xα Lβ (B.1) 

 

and the fixed-coefficient function as, 

 

 Q = min. [AX, BL] (B.2) 

 

It technical efficiency in the case of (B.2) is assumed, then, 

 

 Q - AX - BL  (B.3) 

 

Finally, when (B.3) holds, the following relation holds for all values of 𝛼,  

 

 Q – AXαX1-α = AXα (BL/A)1-α) = constant Xα X1-α (B.4) 
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It is thus shown that on the assumption of technical efficiency and prevalence of constant returns to scale (i.e., α 

+ β = 1 in equation (B.1)), (B.2) may be expressed as (B.1). That is, data generated by (B.2) could give a good 

statistical fit to (B.1). 

 

In (B.4), α may take any finite value, including negative ones. Krishnaji, therefore, shows why data generated 

from (B.2) may yield a values of a and P which look "sensible", i.e., O< λ, β<l. The equation (B.2) may be 

expressed as, 

 

Q/X - min. (A,BL/Xl) (B.5) 

Denoting logarithms by lower case letters, (B.5) is equivalent to, 

 

q-x - b + (1-x), if 1-x < a-b  (B.6.a) 

 

= a otherwise. (B.6.b) 

 

Similarly, if α + β = 1  (B.1) may be expressed as, 

 

q-x - c + (1 - α) (I-x)  (B.7) 



 

If (B.6.a) holds, 𝜕(q-x)/𝜕(l-x)  = 1; otherwise it is zero. Thus, with observations randomly distributed around the 

technically efficient points, the average slope would lie between zero and unity383. That is, (1- α) in (B.7) would 

be less than unity (and positive). 

 

Since the above assumes a random distribution of sample observations 
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around some technically efficient points, Krishnaji (1981) considers a stochastic version of fixed-coefficient 

technology to show that when the range of variation in input ratio and input-output ratios is narrow, a Cobb-

Douglas production function with constant returns to scale fits the data well. This suggests that the estimated 

parameters convey no knowledge (the input ratio variation being small) about substitution possibilities. It is also 

shown that the Cobb-Douglas approximation remains robust for certain kinds of mixed data (across villages) 

and all observations, including occasionally found negative exponents, are shown to be consistent with fixed-

coefficient technology. 

 

While Krishnaii's exercise relates fixed-coefficient technology directly with a Cobb-Douglas specification of the 

production function, it is also possible to show that the fixed-coefficient technology may generate data that will 

give good statistical fit to a C.E.S. production function with the substitution parameter equal to zero, that is, 

supporting a Cobb-Douglas specification of the production function384. A simple version of the C.E.S. 

production function is given by, 

 

 

Q – [δX-β 
+ (1-δ)L β]-1/ β (B.8) 

 

Suppose equation (B.3) holds so that, 

 

Q = AX =AX [δ + (1-δ) (A/B)-β]1- β  (B.9) 

 

This is so since (A/B)- β = 1 when β equals zero, so that the term inside 
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[ ] equals unity. Upon rearranging, equation (B.9) may be expressed as, 

 

Q - A[δX-β + (l-δ) (AX/B)-β]1-β (B.10) 

 

From (B.3), (AX/B-L; therefore equation (B.10) is same as (B.8). It therefore follows that a fixed-coefficient 

technology may generate data that would provide a good statistical fit to a C.E.S. production function provided 

the estimated value of β is not significantly different from zero. 

 

                                                           
383 Since technical efficiency is characterized by AX-BL, randomness Implies that observed X-O(B/A)L, where E(8)-l and 

Var(B)>O. 
384 Further discussion on the C.E.S. (constant elasticity of tiubstitution) production function and on its estimation are made in the 

Appendix C. 
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APPENDIX C 

 

Limitations of Statistical Techniques in the Estimation of  

Factor-Substitution - Some Empirical Results 

 

The first part of this appendix discusses two main problems that may have to be faced in empirically verifying 

alternative premises, especially those involving the nature of technology. The objective is to identify the current 

limits to our knowledge in the field385, as well as to rationalize the approach adopted in the text. The second part 

presents summary results of statistical analyses of production data obtained from some Bangladesh villages. 

 

C-1 Limitations in the Estimation of Factor-Substitution 

 

The first problem arises out of the conditional status of almost all hypotheses in the field of economics. In our 

case, the intention is to identify a technical input-output relation. Yet observed data are the outcomes of 

decision-making by agents who face both technical and market constraints. No hypothesis on technical relations 

can therefore be tested without specific assumptions on decision-making and on market structures. 
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This is noted as well in a survey by Fuss at al;386 

 

The outcome of a specific test of hypothesis depends in general on both the validity of the hypothesis 

under examination and the validity of the maintained hypothesis. 

 

The second problem relates to the choice of one relation (i.e., model) over an alternative one. In the language of 

econometrics, there are two dimensions of this problem. The first involves the choice of the appropriate set of 

regressors, while the second is concerned with the choice of functional form. With the conventional 

specification of a production function, the determinants of output include land (X) and aggregated labour (L). 

An alternative specification may include operation-specific labour instead of L. A third specification may 

involve only land as the explanatory variable387. The choice among such specifications is further complicated 

when functional forms are considered as well. It is unfortunate that available test-statistics for model selection 

are not without fault. The state of art in this field is well reflected in the following remark made in Judge at al 

(1980)388; 

 

Someone once said that econometrics is a curious set of recipes. Nowhere in the subject areas of 

econometrics is this proposition more true than it is for the problem of statistical model selection.  

 

An overview of some model selection procedures is presented in Judge et all (1980) for both nested and non-

nested models. It has been shown there 

                                                           
385 As Judge et al (1980) note, "it is very important to know the limits of our knowledge so that we do not feel comfortable 

in our state fit ignorance and do not continue to fool ourselves and perhaps others." t 11. 442). 
386 p.223. Fuss,M.,D.McFadden and Y.Mundlak, "A Survey of Functional Forms in the Economic Analysis of Production", in Fuss 

and McFadden (1978). 
387 Since the focus is on traditional agriculture, capital is not included in the discussion. 
388 Judge et al (1980), p.442. For an overview on model selection .1tocedures, see pp.719-777. 
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that most of the available criteria389 for nested models may be reduced to R2 (or adjusted R2) criterion. 

However, none of these test statistics have known small sample properties. As for the non-nested models, tests 

based on Cox (1961,1962) very often lead to ambiguous results390. 

 

One may suggest testing of a more general form of production function once the set of regressors is 

appropriately identified. A list of such general forms of production functions may be found in Fuss at al (1978), 

as well as in Intrilligator (1978). As noted in the former391, 

 

Most of the flexible functional forms developed in the literature can be viewed as linear-in-parameters 

expansion which approximate an arbitrary function. ... A common method of generating parsimonoius 

flexible forms is by use of a Taylor's series expansion to second-order about a point x*. ... A problem 

which arises when we consider parsimonious flexible functional forms as approximations to true 

functions is the accuracy of the approximation.  

 

Taking note of the above, I look into some further details of the C.E.S. (constant elasticity of substitution) and 

the translog production functions. The latter is more frequently used in empirical research, and the estimated 

parameters are interpreted by approximating the C.E.S. production function into a translog production function. 
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In the case where output (Q) is determined by land (X) and labour (L), the C.E.S. production function may be 

written as392; 

 

Q = A [δX-β + (1-δ) L-β]-h/β (C.1) 

 

In the above, A is the "efficiency parameter", 5 is the "distribution parameter", h is the "returns-to-scale 

parameter", and P is identified as the "substitution parameter". The degree of generality (in the C.E.S. 

production function) is achieved through the "substitution parameter",6. It may be shown that (C.1) 

approximates a Cobb-Douglas production function as 6 approaches zero, while it tends to a Leontief technology 

as fl goes to (plus) infinity393. 

 

A direct estimation of 0 in the C.E.S. production function may be made through the use of a nonlinear 

estimation technique394. In practice, the complexities of nonlinear estimation are often eased by making 

behaviourial assumptions that provide constraints (i.e., another equation that may be estimated) in terms of 

factor price395. For cross-sectional data from a single village (and for a single crop) the factor prices are 

expected to be the same for all sample observations, raising the problem 

                                                           
389 Residual error sum of squares rules considered include adjusted R2, Amemiya’s prediction criterion (PC) and Mallow's criterion (C 

Furthermore, some of the information criteria are also considered. 
390 For non-nested hypothesis testing, see Pesaran (1974) and Pesaran and Deaton (1978). As Judge at al note, in such tests each of the 

models (hypotheses) H i is considered equally. "Tests of each pair of hypotheses are made, and in each case, a check is made to see if 

the performance of H against the data is consistent with the truth of H [p.436, Judge at (1980)]. 7 Fuss et al (1978), pp. 232-233. 
391 Fuss et all (1978), pp.232-233 
392 See Kmenta (1970). The same notations have not, however, been maintained. 
393 See Varian (1978), pp.17-20. 
394 Discussion on different techniques in nonlinear estimation may be found in Judge at al (1980), pp.727-763. 
395 For example, assumption of profit maximization alone with perfect factor and product markets provide the first-order conditions 

where (unobservable) marginal products are expressed in terms of (observable) prices. 
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of under-identification396. Beside the problems in computation, statistical inference for nonlinear models has 

only an asymptotic justification. 

 

An alternative way to estimate the parameters in a C.E.S. production function is through the use of a Translog 

production function. In the two factor case, this may be written as; 

 

In Q =α1 + α2 1n X + α3 ln L + α4 [ln X - ln L]2  (C.2) 

 

Based on Taylor's series expansion, it may be shown that (C.2) is a second-order approximation of (C.1) as 0 

approaches zero397. The usual procedure of obtaining such an approximation has been through transforming 

equation (C.1) to, 

 

Q/X = AXh-l [δ + (l-δ) (L/X)-β]-h/β (C.3) 

 

Taking logarithms of both sides gives, 

 

ln(Q/X) = lnA + (h-l)lnX -(h/β)ln[δ+(l-δ)(L/X)-β]  (C.4) 

 

A Taylor's series expansion is obtained for the last term to show that as # approaches zero, equation (C.4)) 

approximates (in the second-order) to398; 
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ln(Q/X) = lnA + (h-l) lnX + h δln (L/X)  -  (1/2)h βδ (l-δ) [ln (L/X)]2   (C.5) 

 

Rearranging (C.5), one may obtain, 

 

InQ = lnA + hδlnL + h(1-δ)lnX - (l/2)hβδ (l-δ)[ln(L/X)]2,   (C.6) 

 

which is the same as equation (C.2). The parameters in (C.2) may therefore be related with those in (C.1) in the 

following way399 

 

A = antilog α1, 

𝛿 = α2 / (α2+ α3)'   (C.7) 

h = α2+α3, and 

𝛽 = 2 α4 (α2+ α3)/ α2 α3 

 

Tests of significance for estimated P (the "substitution parameter") are often carried out on the basis of 

estimates obtained from regressions on (C.2)400. Beside the questionable reliability of such test statistics in 

                                                           
396 See Desai (1976), p. 114. 
397 See Griliches and Ringstad (1971), p.8. 
398 One may as well work with Q/L as the dependent variable. It may too noted that the empirical literature ignores the issue of 

choosing a final regression equation that will provide better estimates of the C.E.S. parameters. 
399 See Kmenta (1971), p.463. 

 



small sample cases, their validity may be questioned on two grounds. First,, the relation between the parameters 

in (C.1) and those in (C.2) holds only when the approximation is good, i.e., when 0 approaches zero. Thus, 

conclusions on the value of 6 may be reached only when the estimated 6 is statistically insignificant while at the 

same time the regression equation provides a good fit to the data. If the value of underlying ~ is significantly 

different from zero, the relations (as Identified above) are themselves weak. This would, however, likely be 
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reflected in a poor fit to the regression. Secondly, the inclusion of [InX - lnL]2 raises the problem of 

multicollinearity. An obvious outcome of it is the high standard error of estimated parameters. The result of any 

singular test on P is therefore likely to be biased towards P being equal to zero401. 

 

It has been suggested above that any conclusion on P being statistically insignificant needs to be supported by 

both insignificance of P and a good statistical fit to the regression equation under consideration. In this context, 

one may raise questions on the validity of estimates (and tests based on them) from regressions run for equation 

(C.2). It may so happen that (C.2) provides a good fit to the data (i.e., F-statistic are significant) while (C.5) 

does not (i.e., F-statistics are insignificant). Since the approximation is obtained for ln (Q/X), parameters in 

equation (C.1) may more appropriately be estimated from regressions pertaining to (C.5). Any inference on the 

presence of factor-substitution (i.e., 6 tends to zero) would require a good fit to (C.5) and also tests on based on 

the regression results from (C.5) should support the hypothesis that β=0. 

 

C.2 Empirical Results on Some Bangladesh Villages 

 

In order to test for various specifications of a production function, some crop and plot-specific data, collected 

from Bangladesh villages, 
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were analyzed. The data were originally collected for an evaluation of the Food for Work program in 

Bangladesh. Information on crop production was obtained through a repeated questionnaire survey of sample 

households during three cropping seasons402. These data were processed for 11 villages and covered 

information on 11 different crops403. In total, there were 30 sets of crop and village specific data. The number of 

observations in a data set404 ranged from 10 to 40, the average being 23. Results reported below are based on 

ordinary least squares regressions. 

 

C.2.1 Comparisons among Loglinear Specifications 

 

Three specifications considered include405, 

 

In Q = αo +α1 In X + α2 In L (C.8) 

                                                                                                                                                                                                                        
400 Note that the error term is ignored for convenience. 
401 Since estimates of the parameters A,𝛿,h and 𝛽, as well as their standard errors are calculated from the estimates of 𝑎𝑖’s and their 

standard errors using the relations outlined in (C.2) . 
402 See BIDS and IFPRI (1985a, 1985b) for more on the choice of sample villages and sample households. The disaggregated data on 

input use were not utilized in the original study. 
403 The crops include Local Aus, Broadcast Amen, Local Transplant Aman, Local Boro, Irri Aus, Irri Boro, and different high-yielding 

varieties of Transplant Amen. Not all of these crops were reported to be produced in each of the villages. 
404 Observations on all plots in a village that produced the same crop constituted a data set. 
405 For convenience, the error term is ignored. 



In Q = αo +α1 In X + α2 In Lp (C.9) 

In Q = αo +α1 In X + α2`2 In Lp + α3 In Lh (C.10) 

 

where, Q is output, X is land, L is aggregated labour days, Lp is pre-harvest labour days and Lh is labour days 

for reaping and post-reaping activities, In terms of R2, the relative performance of the different 
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specifications are presented in Table 1. The results may be summarized as follows406 ; 

 

(C.8) = (C.9) in 24 cases, (C.8) > (C.9) in 4 cases and (C.8) < (C.9) in 2 cases;  

(C.8) = (C.10) in 20 cases, (C.8) > (C.10) in 6 cases and (C.8) < (C.10) in 4 cases; 

(C.9) = (C.10) in 18 cases, (C.9) > (C.10) in 7 cases and (C.9) < (C.10) in 5 cases.  

 

In none of the cases did the difference in R2 among any two of the three specifications exceed .02. It may also 

be noted that in 9 cases for specification (C.8), one of the output elasticities (𝑎𝑖) was negative. 

 

C.2.2 Land as the Single Explanatory Variable 

 

The following specification was considered for comparison with (C.8), 

 

Q - αo + α1 X;  (C.11) 

 

the results of which are presented in Table 2. In terms of P2, it was found that (C.11) - (C.8) in 3 cases, (C.11) > 

(C.8) in 14 cases (the difference ranging between .01 and .25) and (C.11) < (C.8) in 13 cases (the difference 

ranging between .01 and .07). Furthermore, in only three cases was αo in (C.11) found to be statistically 

significant. In all 

 

                                                           
406 The comparisons are made upon obtaining R2,s upto two decimal points. 
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Table 1 Comparison of R2's in Alternative Specifications of Loglinear Production function 

 

Adjusted R2 for regression equations 

Crop Village (C.8) (C.9) (C.10) Sample size 

 

Local Aus Bandabil 0.72 0.69 0.72 27 

   Gobindapur 0.77 0.79 0.78 17 
 

Broadcast Bandabil 0.93 0.93 0.92 15 

 Aman Harispur 0.98 0.98 0.98 20 

   Patgari 0.98 0.98 0.98 28 

   Rajarampur 0.91 0.91 0.90 24 
 

Local T. Birat 0.97 0.97 0.97 23 

 Aman Chasapara 0.81 0.79 0.78 10 

   Gobindapur 0.97 0.97 0.97 12 

   Taliamara 0.95 0.95 0.95 17 
 

Local Boro Charkhamer 0.97 0.97 0.97 25 

 Gobindapur 0.57 0.59 0.71 15 

 Rajarampur 0.95 0.95 0.95 22 
 

Irri Boro Gobindapur 0.90 0.90 0.89 26 

 Illaspur 0.87 0.87 0.87 29 

 Patgari 0.98 0.97 0.99 13 

 Rajarampur 0.94 0.94 0.95 33 

 Rowtora 0.99 0.99 0.99 21 
 

China Boro Chasapara 0.98 0.98 0.98 32 

BR3 Boro Chasapara 0.97 0.97 0.96 26 

Chandina. Boro Chasapara 0.96 0.96 0.96 14 
 

T.Aman (Irri) Chasapara 0.94 0.94 0.94 28 

 Harispur 0.98 0.98 0.97 21 
 

BR4 T.Aman Bandabil 0.86 0.86 0.86 23 

 Chasapara 0.89 0.89 0.89 26 

 Harispur 0.99 0.99 0.99 20 
 

T. Aman (Pajam) Chasapara 0.95 0.95 0.95 26 
 

Irri Aus Bandabil 0.84 0.83 0.83 19 

 Charkhamer 0.97 0.97 0.97 29 

 Harispur 0.96 0.96 0.96 40 

 

Note:   Equation (C.8) is ln Q – αo+ α1 ln X + α2 ln L,  

                equation (C.9) is 1n Q – αo + α1  ln X + α1 ln Lp, and  

                equation (C.10) is ln Q – αo + α1 ln X + α2 ln Lp + α3 Lh . 
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Table 2 Regression Estimates: Q = αo + α1 X 

 

 

Crop Village ^𝑎𝑜    ^𝑎1      R2 

 

 

 Local Aus Bandabil -0.80 (0.50) 0.14 (7.58) .68 

  Gobindapur 0.82 (1.84) 0.05 (7.19) .76 

 Broadcast Bandabil -1.83 (1.18) 0.25 (11.98) .91 

 Aman Harispur 0.66 (0.56) 0.23 (21.01) .96 

  Patgari -0.79 (0.67) 0.26 (40.35) .98 

  Rajarampur -1.26 (1.03) 0.20 (14.67) .90 

 

 Local T. Birat .0.86 (0.38) 0.21 (29.88) .98 

 Aman Chasapara 1.36 (1.10) 0.19 (8.09) .88 

 Gobindapur 1.01 (0.60) 0.23 (19.29) .97 

 Taliamara -0.42 (0.18) 0.20 (22.30) .97 

Local Boro Charkhamer -1.48 (1.75) 0.30 (41.30) .99 

 Gobindapur -0.96 (1.22) 0.13 (7.97) .82 

 Rajarampur 0.64 (0.78) 0.29 (22.61) .96 

 

Irri Boro Gobindapur -2.85 (1.34) 0.52 (11.24) .83 

 Illaspur 0.76 (0.44) 0.33 (15.69) .90 

 Fatgari -2.94 (0.84) 0.73 (15.06) .95 

 Rajarampur 5.72 (2.34) 0.47 (14.74) .87 

 Rowtora 1.61 (1.11) 0.52 (67.41) .996 

China Boro Chasapara 2.80 (1.99) 0.43 (32.02) .97 

BR3 Boro Chasapara 1.02 (0.71) 0.50 (27.23) .97 

Chandina Boro Chasapara -0.61 (0.19) 0.46 (12.65) .92 

T.Aman (Irri) Chasapara -2.04 (0.91) 0.33 (15.44) .90 

 Harispur -4.80 (0.76) 0.52 (18.48) .94 

 

BR4 T.Aman Bandabil -0.95 (0.45) 0.35 (12.90) .88 

 Chasapara -3.51 (2.45) 0.36 (21.20) .95 

 Harispur -0.07 (0.08) 0.48 (70.48) .996 

 

T.Aman (Pajam) Chasapara -1.76 (1.55) 0.33 (25.39) .96 

Irri Aus Bandabil -1.89 (1.67) 0.25 (13.32) .91 

 Charkhamer 0.48 (0.41) 0.46 (43.31) .96 

 Harispur 1.50 (1.07) 0.35 (40.20) .98 

 

Note: The figures in the parentheses are absolute values of the t-statistics. 
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other cases, it was not statistically different from zero, suggesting a proportionate relation between land and 

output. 

 

C.2.3 Estimation of the Substitution Parameter 

 

Following the arguments in section C.1 of this appendix, regression analysis was done for (C.5), the results of 

which are presented in Table 3. In only one out of 30 cases was the F-statistic found to be statistically 

significant (at F-.90) and the same case gave an estimated value of the substitution parameter 𝛽 that is 

significantly different from zero. This may be contrasted with the finding that F-values are high in the case of 

(C.2). 

 

C.2.4 Determinant of Reaping and Post-Reaping Labour Days 

 

For reaping labour (L3), the following two specifications have been compared in Table 4, 

 

L3 = αo + α1 X  (C.12) 

L3 = αo + α1 Q (C.13) 

 

In terms of R,2, (C.12) = (C.13) in 3 cases, (C.12) > (C.13) in 23 cases (the difference ranging between .01 and 

.28) and (C.12) < (C.13) in 4 cases (the difference ranging between .01 and .05). In only one out of 30 cases was 

αo in (C.12) found to be significantly different from zero, suggesting a proportionate relation between land and 

reaping labour. 
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Table 3 Estimates of the C.E.S. Parameters, Equations (C.2) and (C.5) 

 

Crop Village A δ h β F 

Local Bandabil 0.50 -2.25 1.01 0.41 1.44 

Aus  (1.19) (1.16) (7.94) (1.32) [21.61 

 Gobindapur 0.11 0.18 1.04 -1.64 3.46 

  (2.46) (0.26) (6.57) (0.17) [19.9] 

Broad. Bandabil 0.17 1.40 1.07 -1.36 2.10 

Amen  (4.01) (7.84) (16.85) (3.36) [98.1] 

 Harispur 0.29 1.19 0.96 -1.28 2.05 

  (4.12) (3.56) (29.06) (0.93) [293.71 

 Patgari 0.06 4.02 1.02 -0.27 0.99 

  (0.37) (0.79) (38.32) (0.69) [494.81 

 Rajarampur 0.16 0.64 1.10 -0.70 0.48 

  (2.11) (1.32) (11.47) (1.17) [72.81 

Local Birat 0.09 2.61 1.00 -0.32 5.11 

T.Aman  (3.94) (5.36) (27.92) (4.47) [421.9] 

 Chasapara 27.52 -5.48 1.14 0.12 4.54 

  (0.17) (0.56) (4.75) (0.92) [10.9) 

 Gobindapur 0.49 0.89 0.83 -4.41 3.42 

  (1.71) (0.68) (14.85) (0.13) [108.2] 

 Taliamara 2.91 -2.93 1.17 0.21 2.49 

  (0.27) (0.70) (17.60) (0.72) 1103.31 

Local Charkhamer 0.28 0.77 1.03 -0.95 0.35 

Boro  (4.47) (2.52) (19.54) (1.21) [243.0] 

 Gobindapur 0.12 0.55 1.02 -0.99 0.42 

  (1.11) (1.30) (3.40) (0.77) [7.31] 

 Rajarampur 0.67 -0.51 1.07 1.48 0.35 

  (0.62) (0.21) (15.37) (0.21) [125.4] 

Irri Cobindapur 0.12 1.16 1.34 1.24 5.00 

Boro  (1.73) (1.89) (10.14) (0.50) (70.4] 

 Illaspur 0.47 0.81 0.92 -2.35 0.78 

  (3.28) (3.27) (12.47) (2.11) 162.31 

 Patgari 0.58 0.76 1.07 -0.19 1.54 

  (2.38) (0.73) (17.40) (0.02) [133.0] 

 Rajarampur 0.66 1.30 0.93 -0.83 1.38 

  (5,84) (6.89) (19.54) (1.15) (172.3] 

 Rowtora 0.49 1.12 1.03 -6.31 0.49 

  (6.95) (1.82) (30.24) (0.25) (502.91 

China Chasapara 0.59 0.95 0.95 -1.50 1.89 

Boro  (9.62) (6.84) (39.12) (0.95) [631.2] 

BR3 Boro Chasapara 0.58 0.79 1.00 -1.14 0.04 

  (3.24) (1.23) (23.43) (1.00) [227.9] 

Chandina Chasapara 0.28 2.19 0.98 -0.46 0.19 

Boro  (0.31) (0.37) (16.15) (0.29) [103.81] 
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Table 3 (continued) 

 

Crop Village A δ h β F 

 

T.Aman Chasapara 0.20 1.22 1.06 -0.62 0.48 

(Irri)  (0.43) (0.31) (17.27) (0.47) [148.6] 

 Harispur 0.43 1.03 1.02 -4.29 0.31 

  (5.15) (11.58) (24.26) (0.29) [254.7] 

BR4 Bandabil 0.24 0.89 1.09 -0.04 0.30 

T.Aman  (2.72) (3.28) (10.17) (0.01) (44.51 

 Chasapara 1.25 -2.43 1.04 0.44 1.47 

  (0.93) (1.16) (12.59) (1.16) [77.0] 

 Harispur 0.46 0.78 1.03 -1.70 0.35 

  (2.38) (0.59) (36.17) (0.45) [635.1] 

T.Aman Chasapara 1.52 -1.74 1.11 0.39 1.56 

(pajam)  (0.21) (0.22) (16.30) (0.27) (136.5] 

Irri Bandabil 0.13 1.36 1.14 -5.11 4.89 

  (2.11) (1.39) (8.88) (0.36) [32.2] 

 Charkhamer 0.80 -0.42 1.04 2.32 1.04 

  (1.93) (0.42) (30.47) (0.42) [314.6] 

 Harispur 0.56 1.04 0.91 -1.98 2.95 

  (7.38) (6.88) (25.41) (0.38) [306.1] 

 

Note The F-values quoted without parentheses are from regressions on Translog functions with ln(Q/X) as the 

dependent variable (i.e., equation (C.5)). Those inside [ ]'s are from regressions with lnQ as the 

dependent variable (i.e., equation (C.2)). Figures in the ()'s are the absolute values of t-statistics. Figures 

in the ( )’s are the absolute values of t-statistics. 
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Table 4 Regression Estimates: L3 – αo + α1 x 

 

Crop   Village   α^0  α^1   Adj R2 R2 in (C.13) 

 

Local Aus Bandabil  .573 (0.85) .108 (14.26)  .89 .61 

  Gobindapur  .732 (l.35) .091 (10.60)  .87 .76 

Broadcast Bandabil  2.399 (l.77) .120 (6.54)  .75 .66 

Amen  Harispur  -.443 (0.73) .172 (31.04)  .98 .93 

  Patgari   .103 (0.26) .128 (59.33)  .99 .98 

  Rajarampur  -1.389 (0.92) .155 (9.22)  .78 .81 

Local T. Birat   -.957 (l.67) .061 (33.70)  .98 .96 

Amen  Chasapara  .183 (0.68) .123 (23.57)  .98 .88 

  Gobindapur  1.636 (l.39) .104 (12.14)  .93 .93 

  Taliamara  -.800 (2.24) .062 (44.29)  .99 .96 

Local Born Charkhamer  .033 (0.02) .158 (12.75)  .87 .89 

  Gobindapur  .637 (l.44) .117 (13.21)  .93 .65 

  Rajarampur  -.193 (0.77) .141 (35.40)  .98 .94 

Irri Boro Gobindapur  .019 (0.07) .144 (25.42)  .96 .80 

  Illaspur  -.808 (l.50) .178 (26.69)  .96 .79 

  Patgari   1.460 (l.28) .152 (9.57)  .88 .93 

  Rajarampur  .040 (0.19) .170 (62.02)  .99 .85 

  Rowtora  .642 (l.06) .147 (45.84)  .99 .99 

China Boro Chasapara  -.070 (0.18) .131 (34.56)  .97 .94 

BR3 Boro Chasapara  .312 (0.62) .130 (20.09)  .94 .94 

Chandina  

Boro  Chasapara  1.568 (l.05) .121 (7.19)  .80 .72 

 

T.Aman (Irri) Chasapara  .132 (0.34) .128 (35.18)  .98 .90 

  Harispur  3.718 (l.32) .153 (12.06)  .88 .87 

 

BR4 T.Aman Bandabil  -.514 (0.91) .157 (21.89)  .96 .90 

Chasapara  -.228 (0.48) .137 (24.19)  .96 .93 

Harispur   .026 (0.07) .172 (63.72)  .995 .99 

T.Aman 

(Pajam) Chasapara  -.082 (0.17) .130 (23.72)  .96 .97 

 

Irri Aus Bandabil  -.081 (0.31) .118 (27.15)  .98 .92 

  Charkhamer  -.285 (0.31) .131 (15.98)  .90 .87 

  Harispur  .426 (0.42) .132 (20.82)  .92 .86 

 

 

Note: L3 is reaping labour in days. Equation (C.13) is L3= αo+ α1Q. Figures in the parentheses are absolute 

values of t-statistics. t (.975,38)=2.02, t(.975, 8)=2.30, t(.95, 38)=1.69, t(.95,8)=1.86. 
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Table 5 Regression Estimates: L4 = αo+ α1X 

 

Crop Village ^ αo ^ α1 Adj R2 Adj R2 

 

 

Local Aus Bandabil 0.951 (2.70) 0.045 (11.46) .83  .72 

 Gobindapur 1.341 (2.77) 0.051 (6.64) .73  .62 

 

Broadcast Bandabil 1.443 (1.52) 0.075 (5.81) .70  .61 

Amen Harispur -.261 (0.27) 0.091 (10.47) .85  .80 

 Patgari 0.283 (0.68) 0.100 (44.42) 99  .97 

 Rajarampur 0.488 (0.71) 0.039 (5.15) .53  .60 

 

Local T. Birat -.485 (0.83) 0.059 (32.17) .98  .97 

Amen Chasapara -.290 (0.68) 0.084 (10.15) .92  .92 

 Gobindapur -.129 (0.10) 0.058 (6.50) .79  .84 

 Taliamara -1.973 (1.67) 0.078 (16.43) .94  .88 

 

Local Boro Charkhamer   1.566  (3.68)* 0.027  (7.21)  .68   .68 

 Gobindapur - .744   (0.87)  0.128  (7.48)  .80   .59 

 Rajarampur  0.054   (0.20)  0.055  (13.01)  .89   .87 

 

Irri Boro Cobindapur 1.660 (3.42) * 0.073 (6.97) .66 .58 

 Illaspur 0.530 (1.60) 0.038 (9.33) .75 .73 

 Patgari 1.182 (0.92) 0.112 (6.26) .76 .87 

 Rajarampur 0.071 (0.62) 0.058 (38.67) .98 .88 

 Rowtora 1.123 (1.15) 0.076 (14.82) .92 .94 

China Boro Chasapara 0.707 (1.05) 0.070 (10.92) .79 .79 

BR3 Boro Chasapara 0.048 (0.11) 0.075 (13.93) .89 .83 

Chandina Boro Chasapara 0.046 (0.08) 0.074 (10.81) .90 .90 

 

T.Aman (Irri) Chasapara 0.351 (0.77) 0.063 (14.61) .89 .76 

 Harispur 2.339 (1.63) 0.090 (13.92) .91 .89 

BR4 T.Aman Bandabil -.392 (1.01) 0.099 (20.09) .95 .81 

 Chasapara 0.658 (1.92)+ 0.060 (14.61) .89 .83 

 Harispur 0.090 (0.55) 0.099 (78.91) .997 .99 

T.Aman(Pajam) Chasapara 0.236 (0.89) 0.061 (19.91) .94 .89 

 

Irri Aus Bandabil 1.094 (2.00)+ 0.052 (5.76) .64 .69 

 Charkhamer 0.869 (1.06) 0.061 (8.32) .71 .74 

 Harispur 0.865 (1.40) 0.061 (15.67) .86 .81 

 

Note:  L4 is post-reaping labour in days. Equation (C.15) is L4 =αo+ α1Q. Figures in the parentheses are 

absolute values of t statistics. Those with * are significant at 95%, while the ones with + are significant 

at 90% level of significance. 
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A similar comparison was made for post-reaping labour (L4), 

 

L4 = αo+ α1X (C.14) 
L4 = αo+ α1 Q (C.15) 

 

It was found that (C.14) - (C.15) in 4 cases, (C.14) > (C.15) in 20 cases (the difference ranging between .01 and 

.21) and (C.14) < (C.15) in 6 cases (the difference ranging between .01 and .12). In five cases was αo in (C.14) 

found to be statistically different from zero. 

 

The findings presented in this appendix suggest that a proportionate relation between land and output, as posited 

in the text, is a reasonable one. Moreover, harvest and post-harvest labour is found to be proportionately related 

to land which is in conformity with the arguments made in the text. Since pre-harvest labour has been found to 

be unrelated with land or output, no evidence on it has been presented here. A comprehensive analysis of the 

nature of uncertainty associated with such labour was not possible. However, preliminary analysis of the data 

suggests large random component associated with the use of pre-harvest labour. 
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APPENDIX D 

 

Competitive Eguilibrium Under Uncertainty  

– A Critique of Newberry's Approach407 

 

As noted in the text, Newberry (1977) defines a competitive (wage-rent) equilibrium under (output) uncertainty 

in terms of agents' choice of optimal mix of (wage and fixed-rent) contracts that maximize their state specific 

utilities. It had also been noted that the same maximization principle leads to the optimal choice of factor 

intensity and that factor prices (i.e., wage and rent) are set in accordance to the marginal products (of labour and 

land) at that factor intensity. The factor prices, thus determined, do not take account of agents' attitude towards 

risk. The latter is possible when equilibrium is defined in terms of agents' maximization of expected utilities. 

The present note shows that a wage-rent equilibrium (with positive shares of wage and rental contracts) may not 

be defined when agents maximize expected utilities. It is further shown why prices of factors may deviate from 

those defined in terms of their marginal products, and why a single contract (i.e., no mixing) is a more likely 

outcome. Since Newberry suggests that leisure may be ignored in the preference system and that his exercise is 

compatible with the case of fixed factor endowments408, such a case is considered here for simpler exposition. 
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Consider the technology to be given by, 

 

Q – e XαLβ (D.1) 

 

where, Q, X and L are respectively output, land and labour; and θ is a random variable with E(θ) = l. For an 

easy exposition, it is assumed that α = β = 1/2. Suppose, there are only two agents: 2, who owns a unit of land 

and no labour, and 1 who owns a unit of labour409. Competitive equilibrium as defined by Newberry (1979) 

suggests that factors are paid in accordance with their marginal products. Since, in aggregate, there is one unit 

of land and one unit of labour, full employment of both the factors implies that the wage rate is 1/2, and so is the 

rent per unit of land410. 

 

Suppose, Ti (0<Ti<1) is the proportion of land chosen by the i-th agent under WC and (1-Ti) is the proportion 

under FRC. If both agents assign probability q (O<q<l) to the outcome θ= θ1 and probability (1-q) to the 

outcome θ= θ2, expected utilities of the agents are given by; 

 

EU2 =  qu2[T2(θ1-1/2)+(I-T2)
1/2]+(I-q)u2[T2(θ2-

1/2)+(I-T2)
1/2I 

 

qu2[T2(θ1-1)+1/2] + (I-q)u2[T2(θ2-1)+1/2]   (D.2) 

 

and, 

EUI =  qu1[(1-T1)(θ1-
1/2]+T1/2]+(I-q)u1[(1-T1) (θ2-

1/2)+(T1/2] 

 

                                                           
407 Reference is made to Newberry (1977). 
408 ibid, p.591. 
409 Both of the agents could be assumed to own positive amount of both factors. This would complicate the solution 

without providing extra insight into the problem being discussed. 
410 Since factor intensity will be (X/L)-l, and marginal products of both land and labour at that intensity is 1/2 
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= qu1[θ1-1/2-T1 (θ1 -1)] +(1-q)u1 [θ2 -1/2-T1(θ2-1)] (D.3) 

 

Both agents are expected to maximize their expected utilities in choosing the optimal Ti's. The first order 

conditions for maximization are given by; 

 

 qu2 (1) (θ1 -1) + (1_q) u2 (2) (θ2-1) = 0   (D.4) 

 

 qu1 (1) (θ1 -1) + (1_q) u1 (2) (θ2-1)=0    (D.5) 

 

where, ui’ (J) is the marginal utility from consumption by the i-th agent when θ = θJ (I, j = 1,2).. Thus, for a 

given T to be chosen by both agents, when the wage and rent are a priori fixed, the following condition has to 

be fulfilled411; 

 

 [uì(1)/ uì(2)] = [u2 (1)/u2 (2)] = [(1-q) (θ2-1)/q (θ1-1)]   (D.6) 

 

Since the variables in the first two terms represent preferences of two individuals, there is no assurance that the 

two terms will be equalized in a region defined by 0<T<1, and even if they do, the last equality may not be 

fulfilled412. This suggests that the competitive equilibrium identified in Newberry (1979) is not, in general, 

consistent with EU maximization413. The problem lies in not allowing wage and rent to adjust in response to 

agents, preference for one contract rather than another. 
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This is substantiated further below. 

 

One plausible case under which the last term in equation (D.6) may take the value unity is when q=1/2 and θ1-

1=1-θ2, When the latter holds, both agents will have higher consumption in state I (i.e., when θ=θ1) as long as 

the Ti's are positive. For the second agent (i.e., the landowner), this implies that marginal utility from the first 

period's consumption is lower than that from the second period. It may, therefore, be verified that an increase in 

T2 (i.e., an increase in the proportion of land under WC) will reduce his/her total expected utility. Alternatively, 

this suggests that, if necessary, the second agent will be willing to accept a lower rent in order to put all land 

under FRC. An opposite case may be made for the first agent (tenant-cum-labourer) who would prefer (under 

the assumption of full employment) WC and therefore may offer labour at a lower wage (or, accept FRC at a 

lower rent).  

                                                           
411 Furthermore, λ2 = 1-λ1 should hold for the markets to clear. 
412 It may be verified that the second term in equation (D.6) takes the maximum value of unity when λ2=0, while the first term takes 

the maximum value of unity when 𝜆2=1. Thus, a value greater than unity for the last term in (D.6) is not compatible with the 

equalities. 
413 This is in spite of the assertion made by Newberry that maximization of EU is only a special case of the assumption made on 

preferences in his paper (Newberry 1977, p.588). 
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APPENDIX E 

 

Models Explaining the Half Rental Share 

 

Three articles, to my knowledge, attempt to model why rental shares may be half the produce. They are, Bell 

and Zusman (1976), Roumasset (1979) and Hurwicz and Shapiro (1978). The models presented are reviewed 

briefly here, to show their limitations. 

 

Bell and Zusman (1976) provide an interesting critique of both the competitive and the monopolistic models of 

rental share determination414. Their own model considers a single landlord with n prospective tenants. The 

labour market is assumed to be competitive so that the prospective tenants have the option to avail themselves 

only of wage income (where wages are given exogeneously). The problem as formalized assumes (n-1) tenants 

to be on contract (with the landlord) at a rental share i. There is an extra plot that the landlord may rent out to 

the n-th tenant at a rental share r, or may rent out among the existing (n-1) tenants at i. Returns to the landlord in 

the two cases are respectively Y2 and y2. Return to the prospective n-th tenant is Yl if a contract is negotiated. 

Otherwise, it is yl (i.e., only wage income). Solution to the bargaining problem is obtained by maximizing the 

value of, 
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 N = (Y1 –y1) (Y2 – y2)    (E.1) 

 

Symmetry is invoked (i.e., r=r) to obtain solutions for rental shares under alternative assumptions on the 

elasticity of factorsubstitution. Beside claiming that the half rental share dominates in the case of Cobb-Douglas 

technology, Bell and Zusman show that positive rental shares are compatible with zero marginal productivity on 

land. 

 

As in other exercises on bargaining, the solutions obtained in Bell and Zusman (1976) are specific to 

conjectures made. Bell and Zusman adopt Nash's method which assumes symmetry of players. Such a power 

relation between the landlord and the tenants is questionable415. Furthermore, there are problems due to 

invoking the symmetry consideration in the solution procedure. As Quibria and Rashid point out, "if symmetry 

considerations are important, then any r whatever will be perpetuated; on the other hand, if symmetry is not 

important, then how does a landlord manage to keep identical tenants on identical plots satisfied with different 

share rates'416. 

 

In Roumasset (1979), there are two types of agents: landowners who rent out land, and tenants who rent-in land. 

The problem of finding a mutually 

                                                           
414 The first is due to Bardhan and Srinivasan (1971), while the second approach is due to Cheung (1969) and Newberry (1973a, 

1973b). As Newberry has shown, the former has an equilibrium only when the marginal product of land is zero so that positive rental 

share cannot be determined. As for the second approach, Bell and Zusman consider the enforceability of the minimum labour 

intensive provision of the contract to be dubious. For a more emphatic critique of Cheung's approach, see Jaynes (1984). 
415 Upon comparing the solutions obtained under various technologies, Bell and Zusman conclude that an "increase in the wage rate 

improves the bargaining strength of the tenant and thus tends to lower the rental share" (p.585). Quite surprisingly, this does not show 

up in the formulation for Cobb-Douglas technology. In the latter case, the rental share depends on the elasticities of output (with 

respect to land and tabour). 
416 Quibria and Rashid (1984), p.108. 
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agreeable share rate is identified as similar to that of finding the core of a two-person game. Roumasset shows 

that possible values of r (rental share) get fewer and fewer as the number of both tenants and landowners 

increase, and the equilibrium rental share settles (i.e., the core shrinks) very quickly at (to) 0.5. 

 

The solution in Roumasset (1979) assumes that the output elasticity of land is 0.5. It is known that the core of 

an economy shrinks to the cometitive equilibrium as the number of agents becomes large. To show how the 

solution obtained in Roumasset (1979) is inherent in the output elasticity assumption, consider a Cobb-Douglas 

production function; 

 

Q = AXαLβ,   (E.2) 

 

where, Q, X and L are respectively output, land and labour, with A, a and j6 positive parameters. In a simple 

real model, competitive equilibrium would imply that the marginal product of land be equal to rent (normalized 

by output). Thus total rent, as a share of output, from X units of land, will be; 

 

r = αAXα-1Lβ.X/Q = α                                                  (E.3) 

 

It is, therefore, obvious that the core in Roumasset (1979), with an assumption of a-0.5, shrinks to 0.5 when 

number of agents increase417. 
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Hurwicz and Shapiro (1978) considers the determination of rental share as a principal-agent problem. The 

model considers a single landlord, who rents out land. Since output depends on effort and the worker's effort is 

not observed by the landlord, the reward offered to the worker is defined as a function of output. It is assumed 

that output is homogeneous (function) in effort, and the worker's (indirect) utility belongs to a class of functions 

that are additive in utility from output and disutility of effort418. The latter is assumed to be quadratic in efforts. 

As a special case, Hurwicz and Shapiro show that with rewards proportionately related to output419, a reward 

function that offers the worker half the produce dominates other payoff functions. The authors also show that 

among a class of payoff functions (both linear and non-linear), the one offering half the produce dominates over 

other payoff functions for a wide range of disutility functions420. 

 

The formulation in Hurwicz and Shapiro (1978), in terms of a principal-agent problem is appealing, since the 

posited relation between a "landlord" and a "worker" is a better approximation to this aspect of early 

agricultural societies8. However, as recognized by the authors, the 

                                                           
417 Quibria and Rashid (1984) note that application of the DebreuScarf core equivalence theorem in obtaining the solution in 

Roumasset (1979) requires identical agents to receive identical allocations in the core, and this may not be satisfied if the number of 

landlords are even (odd) while the number of tenants are odd (even). 
418 The indirect utility function is given by, u(y)-p(y)-O(y), where y is output and p(y) is the reward function. Since disutility is an 

increasing function of effort and output is homogeneously related with effort, 0(y) represents the disutility expressed as a function of y. 
419 The reward function considered is p(y) = ky, k>O. 
420 Hurwicz and Shapiro also consider the possibility that the first agent (i.e,, "landlord" in the example) may be viewed as the 

government. 
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solution (i.e., p * (y)=ky=y/2) "does not yield an allocation that is Pareto optimal for the worker and the 

landlord”421. The authors, however, do not discuss the underlying factors for such an outcome. In this regard, it 

is worth noting that the linear payoff functions considered include only those where rewards are proportionately 

related to Output. In order to pursue the problem, the following reward function may be considered; 

 

 p(y)=α+ky where a is a real number.  (E.4) 

 

Since the worker maximizes, 

 

 α+ky-αy2    (E.6) 

 

the optimally chosen y is given by; 

 

 

 k - 2ay=0       (E.7) 

 

 Or, y = k/2o.   (E.7) 

 

The landlord, therefore, maximizes, 

 

 

 Π(α,α,k) =(k/2α)-α-k(k/2α)    (E.8) 

 

The first-order conditions of maximization are given by; 

 

  
∂Π

∂a
= −1 < 0,  and     (E.9.a) 

 

 

  ∂Π ∂k = (
1

2a
) − (

k

a
) = 0,⁄     (E.9.b) 

Or, k = 1 2⁄ . 
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The above exercise suggests that the landlord may increase profit by charging an extra fee over and above the 

half rental share (since (1-k *) -1/2, and 𝜕II<0]. The solution to a in equation (E.4), however, remains 

indeterminate unless one assumes a given "reservation utility" (or some other notion of opportunity cost) to set 

the minimum that ought to be offered to the worker. 

 

                                                           
421 Hurwicz and Shapiro (1978), p. 184. 
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APPENDIX F 

 

Daily Labour Markets in Agriculture 

- An Anomaly in Production Function Analysis 

 

In discussion of the labour market in traditional agriculture (or, in rural economies), references are often made 

to the time specificity of labour contracts. When one attempts to rationalize the existence of longer term labour 

contracts, it is presumed that short period (or, daily) labour contracts are more likely than longer period 

contracts. Moreover, in the often made contrasts between wage contract, sharecropping and fixed-rent contract, 

there is a tendency to view wages as daily wage rates that get determined in daily labour markets. At a formal 

level, markets may be defined only if one is able to define a commodity as well as its supply and demand. In a 

profit-maxizing model, demand for labour is a derived demand that depends on how labour is specified in a 

production function. The production function most often used in the literature considers one homogeneous 

labour for the whole crop year; it is argued in this note that the expectation of daily labour markets is not 

consistent with this specification of the labour input in a conventional production function. The arguments also 

hold when operation-specific labour inputs are considered except when operation periods are single days. 

 

In the context of traditional crop production, output is assumed to be functionally related with land and labour. 

Time enters both in the 
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specification of labour and in the specification of the production function. Since much confusion may result 

from ignoring the distinction, I discuss both cases of specification briefly. 

 

The general practice, in the literature, is to identify the labour input with "labour days"422. Since it is the flow of 

(labour) services that affects output, one needs a unit to measure that flow. Unfortunately, "effort" cannot be 

measured in the same way as a fluid substance (e.g., in cubic feet). A day of labour is chosen as a measure on 

the assumption that different labourers (as well as same labourer at different times) provide identical amount of 

"effort" in a day's work. Thus, the factor identified is "labour day", where "labour" is the physical quality of the 

factor and "day" is the measure of the quantity of "labour". 

 

The element of time is also involved in the specification of a production function. Crop production is carried out 

over a long period, identified here as a crop year. If output is defined as the product of homogeneous "labour 

days" (beside other non-labour factors), one may only derive a demand for "labour days" that applies over a 

crop year. If, alternatively, operation-specific "labour days" are treated as heterogeneous factors in a production 

function, one may obtain demands for "labour daysO that are specific to different operation periods, Thus, the 

time dimension in the demand for "labour days" depends on how one specifies the production function. 

 

 

                                                           
422 Often "effort" is included in a production function instead of "labour days". I consider standardized "labour days" that are 

homogeneous in “effort”. 
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While the time dimension of the demand for "labour day" depends on the way one specifies a production 

function, for an analysis of labour market one needs to identify its supply along with a time dimension 

consistent with the way demand is defined. I consider two possible ways of defining the time dimension of 

labour supply. In the first, the supply of "labour days" is defined for the whole crop year: labourers who 

participate in crop production are assumed to do so for the whole crop year. A second way to specify labour 

supply may be by identifying period-specific supply functions for mutually exclusive sub-periods (say K of 

them, IC>I) within a crop year. In the extreme case, K may be large enough to define each sub-period as one 

day. Rather than defining the "wage" as a daily wage rate and the "labour market" as a daily labour market 

where the wage gets determined, it is shown below that various possible outcomes may be derived from 

different combinations of demand for and supply of "labour days". 

 

I first consider the case where the demand for "labour days" is derived from a production function specified in 

terms of homogeneous I'labour days" applicable for the whole crop year. Broadly, two possible outcomes may 

be defined depending on the nature of supply. If labour supply is also defined for a crop year, one may define a 

market for "labour days" that is valid over a crop year. An equilibrium in such a market would define payments 

for a "labour day" and the total "labour days" of employment over the crop year. The point emphasized here is 

that wages are determined based on demand for and supply of labour over a crop 
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year423. The choice of contract is briefly mentioned later. 

 

A second possibility arises when the supply of labour is defined for different sub-periods (say, operation 

periods) within a crop year while the demand for labour is specific to a crop year. In such case, market 

equilibrium would be achieved for a crop year when the aggregate supply of "labour days" (i.e., the supply 

obtained by aggregating periodspecific supplies of "labour days") is equal to the demand for "labour days" over 

the crop year. The equilibrium wage rate (i.e., payment for a "labour day") thus obtained would determine the 

equilibrium level of employment in each of the sub-periods. The wage rates in all sub-periods would be 

identical since, otherwise, an employer would find it gainful to hire labourers (i.e., buy I'labour days") during a 

period when wages are lower than some other periods. 

 

Even though the production function used in theoretical literature specifies one homogeneous I'labour day", it is 

generally recognized that operation-specific I'labour days" are more appropriate in the context of crop 

production. In such a case, demand for "labour days" is specific to operation periods and wages are determined 

in markets defined for these operation periods (provided supply may also be defined accordingly). Even though 

such a construct allows one to explain why variation in wages between operation periods may arise, the factors 

behind the possible 

                                                           
423 One may identify the payment for a "labour day" as a daily wage rate as long as it is noted that the wage rate is not determined in 

the daily labour market. Thus, "daily wage rates" may be defined even though daily labour markets cannot be defined. 
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emergence of daily labour markets remain unexplained424. 

 

Since a production function with day-specific "labour days" as heterogeneous factors is hardly practicable, it is 

difficult to derive a demand for "labour days" on a daily basis. On the supply side, if one relies on an income-

leisure model (or, some variant of it), day-specific supplies are equally difficult to derive since preferences are 

unlikely to be defined on a daily basis. Thus, the markets for 'labour days" in which wages are determined may 

not be defined on a daily basis. This does not, however, rule out the possibility that "labour days" are purchased 

and sold on a day-to-day basis. For example, in the case where demand is defined for an operation period, the 

price of a "labour day" is determined in the market defined over that period. Yet, an employer may hire 

labourers (i.e., buy "labour days") on a daily basis. He/she may also hire one or more labourers for the whole 

operation period if the labourers are willing to supply "labour days" on different days within the operation 

period as wished by the employer. If the latter condition is fulfilled, hiring on a daily basis is equivalent to 

hiring for a longer period (i.e., either for a crop year, or for an operation-period). However, in the presence of 

transaction costs (i.e., costs involved in negotiating labour contracts), longer period labour contracts are more 

likely to be the outcomes. The latter may also be expected if there are uncertainties in period-specific labour 

supplies. It is, therefore, necessary to explain why daily labour contracts arise if one 
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adheres to a conventional production function425. 

 

 

                                                           
424 In most cases, operation periods exceed one day. 
425 The rationale for the existence of shorter period labour contracts, given the assumption of fixed-coefficient technology, are 

discussed in the text. 
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