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ABSTRACT 
 

Aims: The aim was to estimate the output supply and input demand elasticities of maize, jowar and 
bajra production, using the restricted normalised translog profit function, for the major producing 
states of India (Andhra Pradesh, Maharashtra and Rajasthan).   
Study Design: A stratified multi-stage random sampling design was adopted for carrying out the 
sampling.  
Place and Duration of Study: The study pertains to cross sectional plot level data for the period 
2013-14 and 2017-18. The study is based on secondary data, collected from Directorate of 
Economics & Statistics, Ministry of Agriculture, Government of India.   
Methodology: For the present studied crops (maize, jowar and bajra), those states were selected 
which covered maximum area, i.e, 85% of the total area under the cultivation. Socio-economic data 
of farmers such as age, sex, level of education, occupation, size of landholding were collected. The 
translog profit function approach was used as the econometric technique to estimate output supply, 
and input demand functions. Labour, fertiliser and seeds are taken as variable inputs. Statistical 
software STATA version 16 was used for the analysis.  
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Results: The results suggest that the changes in market prices of inputs and output significantly 
affect the farmers’ profits, crop produce supply and the use of resources in the cultivation of these 
crops. The supply elasticities of maize, jowar and bajra with respect to its own prices are positive 
and statistically significant indicating that increase in support prices can boost the supply of these 
nutri-grains and farmers profits. Labour demand for these crops in the country is elastic and 
significant to its own price.  
Conclusion: During both the periods, 2013-14 (typical monsoon year) and 2017-18 (drought year), 
the elasticities derived are statistically robust as almost all of them carried compatible signs and in 
line with the theory. Promoting these crops can contribute to labour absorption.  
 

 
Keywords: Normalised translog profit function; input demand; output supply; elasticity; crops. 
 

1. INTRODUCTION 
 
Coarse cereals or nutri-cereals are valued due to 
multi-purpose use as it has rich nutritional 
content with protein, vitamin, mineral, iron and 
folate [1]. It is used for feed and fodder use in 
India and other developing countries, providing 
food and nutritional security and maintaining 
livestock economy [2]. These crops are primarily 
grown in semi-arid tropical regions of Asia and 
Africa [1] under rain-fed farming systems, and 
they require little input cost and cultivation cost 
[3,4], which can increase the income of the 
farmers. Major coarse cereals cultivated in India 
are maize, jowar (sorghum), 
oats (jai), barley (jau), pearl millet (bajra), finger 
millet (ragi), and small millets (kodo millet 
(arikalu), foxtail millet (kauni), little millet (Kutki), 
proso millet and barnyard millet (sanwa). More 
than 90% of coarse cereals are produced in 19 
leading states, namely Rajasthan, Maharashtra, 
Karnataka, Uttar Pradesh, Madhya Pradesh, 
Gujarat, Andhra Pradesh, Haryana, Bihar and 
Tamil Nadu states [5]. Coarse cereals mainly 
spread in Rajasthan (area of 71.93 Lakh ha.), 
followed by Maharashtra (59.33 Lakh ha) and 
Andhra Pradesh (12.45 Lakh ha) [5]. Further, 
India stands in the 4th position in the                    
production of coarse cereals globally [5], 
contributing 17% to the national food grain 
basket [5]. But regrettably, these coarse cereals 
have been pushed out of the food chain over 
time.  
 

Despite their nutritional benefits and easy 
environmental conditions of cultivation, the yield 
of coarse cereals is limited in India due to their 
lower demand in the market [1], resulting in lower 
consumption of coarse grains in rural (5%) and 
urban areas (3%) [2]. Maize is an exception from 
other coarse cereals in yield, commercialisation, 
and demand [1], as it is included in the national 
policy schemes. One of the advantages is that 
maize cultivation has increased by 83% 

compared to all coarse cereals (bajra, jowar 
etc.), which declined by 40% [5].  
 
Except for maize, national policies towards major 
coarse cereals have not been effective like they 
are for wheat or rice, and hence they do not 
generate revenue [6] and do not encourage small 
farmers to cultivate these coarse cereals. For 
example, coarse grains such as bajra, jowar 
have not been included in the public distribution 
system (PDS) [2], and are not part of the Green 
Revolution to meet the food security of the nation 
[1] whereas maize is included in the PDS. 
Further, the Commission of Agricultural Costs 
and Prices (CACP), Government of India, based 
on the cost of cultivation estimates announces 
the Minimum Support Price (MSP) for the 
farmers, which then the State government decide 
and adopt at their level under the ‘The 
Agricultural Produce Market Committee (APMC) 
Act". Under this Act, state governments establish 
markets (mandis) for regulated trade of 
agricultural commodities through APMC’s to 
prevent exploitation of farmers by traders. 
Although there are 23 crops (including coarse 
cereals), that are listed under the Price Support 
Scheme (PSS), but the MSP is adequate only for 
four crops; that is, wheat, paddy, cotton 
(modestly) and sugarcane [7].  
 
The sensitivity of farmers to output and input 
prices, as formulated by policy instruments, 
determines the profitability and sustainability of 
farming in a country [8]. The rising input costs 
and demand-supply shifts in agricultural 
production and price fluctuations are harmful to 
small and marginal farmers (like bajra, jowar 
millet cultivators), which form a majority in India 
[5,9,10,11]. To the best of our knowledge, there 
are limited study from India estimate the coarse 
cereals' (maize, bajra, jowar) input demand and 
output supply elasticities during monsoon and 
drought periods. The main objective of the 
present study is to estimate input demand and 
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output supply elasticities of three coarse cereals, 
namely maize, jowar and bajra, in the major 
producing states of India i.e., Andhra Pradesh, 
Maharashtra and Rajasthan, respectively, for the 
year 2013-14 and 2017-18. The study uses the 
Seemingly Unrelated Regression Equations 
(SURE) framework.  This study uses the 
disaggregated, rich but untapped data collected 
from the Directorate of Economics & Statistics, 
Ministry of Agriculture, Government of India 
database. Further, the current study will help in 
providing a comprehensive picture of the coarse 
cereals for the last decade. It measures the 
impact of vital inputs such as the value of seeds, 
fertilisers, labour, and others on output price and 
supply changes. Moreover, the study estimates 
the own and cross-price demand elasticities for 
variable inputs. Furthermore, the study also 
focuses on the importance of output prices 
(MSP) for coarse cereals and how it can benefit 
the farmers and the country's nutritional security.  
 

2. MINI-REVIEW  
 

2.1 Restricted Normalized Translog 
Profit Function-A Flexible 
Econometric Method  

 
In the literature, various econometric methods 
have been used to estimate the price elasticity of 
input demand and output supply for major crops 
[12,13]. It has been found that the Cobb Douglas 
production function (CD) approach, based on the 
assumptions of a unitary elasticity of substitution 
(with constant returns to scale subject to the 
separability of inputs that are highly restrictive in 
nature), yields invalid elasticities that may not be 
able to explain the real relationship between 
inputs and output [14]. Moreover, elasticities are 
also estimated through production functions with 
variable elasticity of substitution (VES), constant 
elasticity of substitution (CES), and the nested 
CES production functions. Although these are 
considered better than the CD form, but are 
based on restrictive assumptions. Some authors 
have used the translog cost function approach to 
develop input demand and output supply 
elasticities [15,16,17]. Studies have also used 
the profit function to estimate factor demand and 
output supply parameters [12,13,18]. Among the 
various functional forms, a flexible structure 
[19,20,21]  such as translog, normalised 
quadratic and generalised Leontief is usually 
preferred. The production function approach is 
appropriate to estimate elasticities if the inputs 
used in the production system are exogenous. 
However, in reality this may not be true. Although 

variable inputs in the farm sector can be weakly 
termed to be exogenous, the fixed variables such 
as land, irrigation facilities, etc. may be 
endogenous. In order to overcome the problem 
of endogeneity of the important input variables, 
researchers have preferred the cost function 
approach over production function. However, the 
cost function approach has its own limitations. 
The cost of variable inputs is exogenous if 
market conditions are perfectly competitive. In 
real life, this condition may not hold true. In the 
cost function approach, variables of quality 
cannot be included, though it has implications for 
the cost structure. A more accommodative 
approach, i.e., the profit function approach is 
preferred to estimate input demand and output 
supply elasticities [22]. Lopez [21], stressed on 
the merits of using a profit function as compared 
to a cost or revenue function, because it avoids 
inconsistencies due to simultaneous equation 
problems. Therefore, profit function is used to 
derive input demand and supply response 
functions and apply Hotelling’s Lemma to derive 
elasticities [23].  
 

2.2 Factors Affecting Profitability in 
Maize, Jowar and Bajra Production 

 
Although literature from India on elasticities on 
input demand and output supply for production of 
two main crops i.e, wheat and rice, are widely 
available [12,24,25,26,27,28]  but there are very 
limited literature on maize, sorghum (Jowar) and 
pearl millet (bajra) using various econometric 
methods such as Cobb-Douglas cost function 
and others [29,30,31,32,33]. Various price and 
non-price factors were reported, affecting the 
profitability in Maize, Jowar and Bajra Production 
using exclusively translog profit function. Few 
studies that used translog profit function for 
Maize, Jowar and Bajra are discussed below. A 
study conducted in Nigeria reported that profit 
efficiency in maize production can be improved 
with improvement in the level of education of 
farmers [34]. Further the authors stated that low 
productivity in maize production has led to 
increase in the price of maize [34]. No use of 
fertilizers, no use of improved seeds and 
increased price of the inputs were few factors for 
low productivity of maize [34].  A study in Ghana, 
Africa, reported that profitability of maize 
production were adversely affected if prices of 
relevant inputs such as pesticides, fertiliser, 
herbicides, labour and seeds increased. Poor 
access to resources for farmers in maize 
production results in increased maize price. 
Additionally, in maize production, profit efficiency 
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was influenced by education [35]. Whereas in 
Bangladesh, the profitability of maize production 
depended on the land availability/holding and 
smooth functioning of the labor market [36]. In 
Jowar (Sorghum) production, increase in wage 
rates reduces the Jowar supply as reported by 
Bapna & co-authors (1984). 
 

3. METHODOLOGY  
 

3.1 Data Sources  
 
The database on “Comprehensive Scheme for 
Studying the Cost of Cultivation of Principal 
Crops in India” was used for the current analysis 
for the year 2013-2014 and 2017-2018 
[37,38,39]. The latest plot level data on maize, 
jowar and bajra crops is available for the year  
2017-18 from Directorate of Economics & 
Statistics, Ministry of Agriculture, Government of 
India, no plot level data available after year 2017-
18 for the studied crops.   
 

3.2 Study Design  
 
A stratified multi-stage random sampling design 
was adopted for carrying out the sampling. A 
statistically representable sample from 19 Indian 
states, on selected crops was considered for the 
survey. Sampling design details are mentioned at 
the Ministry of Agriculture, Government of India 
[37].  
 

3.3 Data Collection  
 
Data on inputs and output in physical and 
monetary terms for estimation of the cost of 
cultivation per hectare and production per quintal 
of principal crops was available in the database. 
For the present studied crops, those states were 
selected which covered maximum area, i.e, 85% 
of the total area under the cultivation. The data of 
the socio-economic details of the farmers such 
as age, sex, level of education, occupation, size 
of landholding etc, information on the net sown 
area, irrigation type, soil type, seasonality of 
crops, the quantity of the produced crops and 
inputs (labour, fertilisers, seed, machinery 
utilised etc) were also collected [37,38,39].  
 

3.4 Econometric Analysis  
 

To estimate various input demand and output 
supply elasticities in the current study, a 
generalisation of the normalised restricted 
translog profit function mentioned by Sidhu and 
Baanante [12], was applied. Translog form of the 

profit function is a flexible functional form, not 
imposing "a priori" restrictions on the production 
function associated with it. This function is as 
follows:  
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where  
 

γih = γhi for all h, i, and it is the first-degree 
homogenous function of prices of all variable 
inputs and output.  
π* = restricted profit: i.e., total costs of 
variable inputs are deducted from the total 
value of output and normalised by Py the 
price of output;   
Pi * = price of the variable input Xi normalised 
by Py;  
Zk = kth fixed input; i = h = 1, 2, 3, ... , n +  k 
= j = 1, 2, 3, ... , m;  
ɛ = error term, which follows normal 
distribution with constant variance. 
ln = natural logarithm and  
α0, αi, γih , δik ,  βk,  and Φkj are the 
parameters to be estimated.  
 

Differentiating equation (i) with respect to 

normalised factor price of that input   
  and the 

price of output generates a system of variable 
input/profit ratio and an output/profit ratio.  
 
From the translog profit function (i), the share 
equation can be written as  
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       quantity of input i used in production,  

      
  
    

π 
    denotes the share of 

expenditure of i
th
 variable input in the 

normalised restricted profit. The ratio of the 
value of output to normalised restricted profit 

can be written as    
 

  . Differentiating 

equation (i) with respect to     
           

generates the variable input profit ratio 
functions and an output/ profit ratio function.   
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Estimations for the variable input demand and 
output supply elasticities can be obtained from 
the model [12].   
 
The own price elasticities for the variable input 
demand is  
 

          
     

    

  
                          (iii) 

 
The cross-price elasticities of input demand is  
 

          
   

    

  
                                    (iv) 

 
The cross price elasticity of demand for input i 
with respect to output price    (   ) is  
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Output supply elasticities with respect to output 
price and prices of input variables evaluated at 
given levels of output variables can also be 
written as linear functions of the restricted profit 
functions parameters. The elasticity of output 
supply (    ) with respect to the ith variable input 
price is  
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The own price elasticity of supply       is     
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3.5 Empirical Specification  
 
The normalised restricted translog profit function 
is specified as:  
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quality +    type of irrigation         (viii) 

 
where  
 
restricted Profit (     (for each crop) used in the 
analysis is estimated as the value of output 
deducted from variable input costs normalised by 

output price. This restricted profit is defined as a 
function of variable input prices normalised by 
the output price, fixed inputs such as crop area, 
value of machinery normalised by output price, 
educational level of the farmer and two dummy 
variables, i.e., type of irrigation and quality of soil.   
 
In our study, there are many farmers with 
negative returns from farming activities. This 
situation is more prominent for farmers growing   
jowar and bajra. In the empirical specification, 
the logarithmic values of restricted profits are not 
defined. In order to accommodate omitted 
information, the restricted profit has been 
rescaled as              (   represents 
restricted profit) to overcome the loss of 
information due to the negative values of 
restricted profit figures [40].   
 

  
  =  price of labour input (variable in 

nature), defined as the wage rate per hour 
normalised by the value of output. The wage 
rate is obtained by dividing total expenditure 
on labour*

1
 per farm by the quantity of labour 

including family, hired and attached labour. 
  

  = defined as the price per kg of fertiliser 
normalised by the price of output and is 
obtained by dividing total fertiliser costs per 
farm by the quantity of fertiliser used.  
  

  = defined as the per kg price of seeds 
normalised by the price of output (obtained 
by dividing total seed costs per farm by 
quantity of seeds used).  
The three fixed inputs   , defined in the 
specification of the profit function are: 
Z1 = land input measured as hectares of crop 
grown per farm,  
Z2 = value of capital equipment and the 
machinery used for crop production per farm 
measured in rupees and  
Z3 = measured as the average years of 
schooling of family member above 13 years 
of age in the farm family.  

 
Besides, two dummy variables such as soil 
quality (clayey and loamy soil are considered to 
be more fertile and takes the value 1; other soil 
take the value zero) and type of irrigation used 
(all types of irrigation such as well, canals, etc., 
take the value 1; otherwise, zero). 
    
The parameters α  α                are to be 
estimated and subscripts L, F and S stand for 
labour, fertiliser and seeds respectively. 

                                                           
*

1
 Total expenditure on labour includes wages of family 

labour (imputed), attached labour and hired labour. 
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Following equation (ii), Si functions for labour, 
fertilisers and seeds are arrived at by 
differentiating the normalised restricted translog 
profit function (viii) as shown below  
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  +         
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                                       (xi) 

 
where              are quantities of labour, 
fertilisers and seeds respectively. The model, 
consisting of the normalised restricted translog 
profit function (viii) and Si functions (ix), (x) and 
(xi).  All the analysis was carried out using the 
Statistical software STATA version 16. 
 

4. RESULTS AND DISCUSSION 
 

The elasticities were computed for output supply 
and input demand regarding own price, cross-
price, input price and output price with respect to 
certain factors such as labour, fertiliser and seed 
used in maize, bajra and jowar cultivation in 
Andhra Pradesh, Rajasthan and Maharashtra 
states of India. Further, the difference in trend or 
magnitude of elasticities during 2013-2014 and 
2017-2018 in cultivation of maize, bajra and 
jowar was also estimated. The econometric 
technique used in our study was the translog 
profit function approach that applies Hotelling’s 
Lemma to derive elasticities, as also preferred by 
others [19,21,41].    
 

It may be noted that researchers often met with 
estimation problems such as heteroscedasticity, 
while analyzing agricultural profits explained by 
major inputs such as labour, fertiliser, seeds and 
others. This may be due to the existence of 
larger variations in income by farmers who may 
have incurred higher amount of expenditure on 
the inputs mentioned above than those farmers 
who have invested less on them. Moreover, we 
use the logarithmic transformation in the analysis 
which often minimizes heteroscedasticity related 
problems. It is assumed that as the analysis is 
being done for the cross-sectional data the 
problem arising out of serial correlation may not 
be a serious issue. It has been assumed that 
error terms of the profit function used in the study 
have constant variance with mean 0. Therefore, 
it is considered that the profit function employed 

in the analysis follows normal distribution for all 
the crops. Similar studies have also employed 
the same model specifications [12,42]. 
 

Descriptive statistics of factors in profit function 
analyses of the studied major coarse cereals are 
shown in Table 1. During 2013-2014 and in 
2017-2018, the number of farmers with negative 
profit was maximum for bajra, followed by jowar 
and maize crops. This indicated that maize had 
emerged as a profitable crop based on the 
average per farm net returns compared to jowar 
and bajra because reduced cost of fertiliser and 
seeds helped to increase profit in maize 
cultivation. During the year 2013-14, average 
restricted profit was found highest for maize 
followed by jowar and bajra; while in the year 
2017-18, the average restricted profit was found 
highest for bajra followed by maize and jowar 
(Table 1). The average input costs for labour, 
fertiliser and seeds were maximum for maize 
during 2013-2014 and 2017-2018. The average 
crop area (in hectares) under cultivation was 
highest for maize followed by bajra and jowar 
during 2013-2014 and 2017-2018. The cultivation 
area for all three crops did not exceed 2 
hectares, indicating the engagement of small 
farmers in the cultivation of these crops. No 
difference was found in the education level of 
farmers engaged in the cultivation of maize, bajra 
and jowar from 2013-2014 to 2017-2018 (in 
terms of number of years) (Table 1). 
 

Further, the estimates of the translog profit 
function and the demand equation for labour, 
fertiliser and seeds for maize, bajra and jowar 
crops during the year 2013-14 and 2017-18 were 
presented in Table 2a and Table 2b. 
 

For maize, the coefficient of the squared term of 
both fertiliser and seeds was found negative and 
significant and with no change from the year 
2013-14 to 2017-18, indicating that reduced cost 
of fertiliser and seeds helped increase profit in 
maize cultivation. Similarly, the coefficient of 
interaction term of fertiliser and seed was also 
found negative and significant. No change was 
found in the coefficient of interaction term of 
fertiliser and seed from 2013-14 to 2017-18 
(Table 2a and Table 2b), suggesting that 
persistently reduced input cost of fertiliser and 
seed is necessary for profitable maize cultivation. 
Further, the coefficient of the squared term of 
land measure and squared term of machinery 
were found positive and significant, indicating 
that a decrease in land measure and decrease in 
value of machinery will decrease profit in maize 
cultivation (Table 2a and Table 2b). 
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Table 1. Descriptive statistics of factors affecting profit function analysis of three major grains 
cultivated in the year 2013-2014 and 2017-2018 

 

 Year: 2013-14 Year: 2017-18 

Maize Bajra Jowar Maize Bajra Jowar 

Andhra 
Pradesh 

Rajasthan Maharashtra Andhra 
Pradesh 

Rajasthan Maharashtra 

Number of 
observations  

194 378 227 114 314 137 

Number of 
observations with 
negative profit 

2 (1.03%) 189 (50%) 63 (27.7%) 9 (7.90%) 275(87.58%) 75 (54.75%) 

Restricte
d Profit 
per ha  
(in Rs) 

Mean 4573.63 145.33 391.19 6491.47 9572.01 2382.8 

Min -1281 -3351.8 -891.07 2.5 0.47 3 

Max 20840.7 4299.11 13944.2 18670.4 51734.9 9571.33 

Mean Output price 
per ha (in Rs) 

12.24 11.37 16.64 16.09 17.6 50.05 

Average 
cost per 
ha (in 
Rs) 

Labour 18559.8 10193.2 7624.73 22331.7 19201.3 18247.2 

Fertiliser 7488.73 480.09 1621.95 8729.76 961 2832.78 

Seeds 4647.99 762.75 429.41 5280.01 1115.25 567.47 

Avg crop area (ha) 1.15 0.94 0.71 1.41 1.09 0.59 

Avg education 
(years) 

6.12 4.96 6.67 6.28 4.5 6.1 

Source: Author’s calculations 

 
For bajra, no association was found between the 
cost of input variables, i.e., labour, fertiliser, 
seed, land measure and value of machinery with 
a profit of bajra cultivation during the year                 
2013-14 and year 2017-18 (Table 2a and Table 
2b). 
 
Although, for jowar, there was no association 
found between the cost of input variables, i.e., 
labour, fertiliser, seed, land measure and value 
of machinery with a profit of jowar cultivation 
during the year 2013-14, a noticeable change 
was observed during the year 2017-18. During 
2017-18, the coefficient of input cost of labour 
was found positive and significant, indicating that 
profit in jowar cultivation is dependent on the 
change in the wage rate. Further, the                       
coefficient of interaction term of labour and 
fertiliser and the interaction term of labour and 
seed were found negative and significant, 
indicating that reduced fertiliser and seed                     
cost will increase profit in jowar cultivation (Table 
2b). 
 

The input demand and output elasticities were 
estimated for maize, bajra and jowar during 
2013-14 and 2017-18, as shown in Table 3a and 
Table 3b.  

4.1 Output Supply Vis-à-vis Output Prices  
 
4.1.1 Maize 
 
Response of output supply to the price of maize 
was estimated to be 0.85 and 2.34, which are 
positive and statistically significant for the years 
2013-14 and 2017-18. The output supply has 
nearly doubled for the unit increase of the price, 
i.e., 0.85 in 2013-14 to 2.34 in 2017-2018 (Table 
3a and Table 3b). 
 
4.1.2 Bajra  
 
During 2013-14, the elasticity of output supply to 
its price was estimated at 2.65, and statistically 
significant. However, there was an approximately 
three fold increase in bajra output, i.e., 7.75 from 
2013-14 to 2017-2018 for one unit of increase in 
output prices (Table 3a and Table 3b). 
 

4.1.3 Jowar  
 

During the year 2013-14, the response of output 
supply to the price of jowar was estimated at 
2.98, which is statistically significant. However, it 
increased to 4.70 from 2013-14 to 2017-2018 
(Table 3a and Table 3b). The increase of 1%              
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in the price of jowar will increase output by 
4.70%. 
    
Results suggest that compared to the year 2013-
14, the output of maize, bajra, and jowar are 
more than double in 2017-18 when there was a 
1% increase in the price of these crops. 
Furthermore, higher crop price support will 
encourage farmers to produce more.    
 

4.2 Output Supply Vis-à-vis Input Prices 
 

The results showed that an increase in wage rate 
mainly decreases the output supply of all three 
crops, i.e., maize, bajra and jowar (Table 3a and 
Table 3b). The decreasing trend on the output 
supply of maize, bajra and jowar crops with 
respect to a 1% increase in wage rate was found 
double for maize and jowar and triple for bajra 
from 2013-14 to 2017-2018.  

 

Table 2a. Parameter estimates with translog profit approach for maize, bajra and jowar in 2013-
14 

 

  Maize 
(Andhra Pradesh) 

Bajra 
(Rajasthan) 

Jowar 
(Maharashtra) 

ln π* Coefficient  t-Stat Coefficient  t-Stat Coefficient t-Stat 
ln PL -0.54 -0.85 -1.21 -0.41 0.86 0.70 
ln PF 0.17 0.94 -0.49 -1.61 0.45 1.05 
ln PS 0.12 1.11 -0.95 -1.57 0.03 0.15 
ln PL * ln PL 0.20 0.70 -0.74 -0.57 -0.13 -0.17 
ln PF * ln PF -0.19

***
 -6.09 0.08 1.15 0.08 0.59 

ln PS * ln PS -0.07
***

 -3.93 0.08 0.87 -0.04 -1.05 
ln PL * ln PF 0.03 0.42 -0.11 -0.90 0.16 0.63 
ln PL * ln PS 0.06 1.17 0.50

*
 1.79 -0.02 -0.25 

ln PF * ln PS -0.03
*
 -1.84 0.08

**
 2.36 0.03 0.52 

ln PL * ln Z1 -0.02 -0.18 -0.16 -0.38 -0.05 -0.15 
ln PF * ln Z1 0.00 0.01 0.06 1.07 -0.11 -0.90 
ln PS * ln Z1 0.00 -0.10 -0.04 -0.49 -0.07 -1.27 
ln PL * ln Z2 0.05 0.61 0.09 0.22 -0.09 -0.38 
ln PF * ln Z2 0.01 0.29 0.00 -0.07 -0.02 -0.21 
ln PS * ln Z2 0.00 0.23 0.03 0.46 0.04 1.22 
ln PL * ln Z3 0.01 0.37 -0.02 -0.38 -0.04 -0.82 
ln PF * ln Z3 0.00 0.13 0.00 0.43 0.01 0.41 
ln PS * ln Z3 0.00 0.42 -0.01 -0.70 0.00 -0.72 
ln Z1 -0.70 -1.24 0.52 0.55 -0.10 -0.12 
ln Z1 * ln Z1 0.47

***
 2.93 0.13 0.53 0.05 0.17 

ln Z2 -0.60 -1.34 0.01 0.02 -0.48 -0.72 
ln Z2 * ln Z2 0.14

***
 2.87 0.03 0.23 0.07 0.50 

ln Z3 0.07 0.97 0.02 0.17 -0.01 -0.06 
ln Z3 * ln Z3 0.00 -0.44 0.01 0.96 0.00 -0.25 
ln Z1 * ln Z2 -0.10 -1.52 -0.10 -0.64 0.01 0.05 
ln Z1 * ln Z3 0.00 0.23 -0.01 -0.33 0.01 0.29 
ln Z2 * ln Z3 -0.01 -0.88 0.00 0.10 0.00 0.14 
Irrigation type  -0.13

*
 -1.71 -0.25 -0.72 0.00 0.02 

Soil quality  0.00 0.01 0.04 0.24 -0.04 -0.26 
negative _profit -0.62

*
 -1.65 -0.15 -1.03 -0.34

**
 -2.15 

Constant 10.12
***

 4.77 9.49
**
 2.33 8.91

***
 3.79 

Note:
   

ln π*: value of output deducted from variable input costs normalised by the output   price 
ln PL : the wage rate of labour per hour normalised by the value of output. 

ln PF :  total fertiliser costs per farm by quantity of fertiliser used normalised by the value of output 
ln PS: total seed costs per farm by quantity of seeds used normalised by the value of output 

ln PL * ln PL: square term of  ln PL;  ln PF * ln PF: square term of ln PF;  ln PS * ln PS: square term of ln PS 
ln PL * ln PF: cross product of ln PL and ln PF . Similarly, other cross products are also defined 

ln Z1: land measure in hectares; ln Z2: value of machinery per farm; ln Z3: age of the farmer ; Soil quality: clayey 
and loamy soil  take the value 1; otherwise, zero 

Irrigation type: all types of irrigation take the value 1, otherwise zero 
P-value <0.01;** P-value <0.05; * P-value <0.1; 

Source: Author’s calculations 
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Table 2b. Parameter estimates with translog profit approach for maize, bajra and jowar in 2017-
18 

 

 Maize 
(Andhra Pradesh) 

Bajra 
(Rajasthan) 

Jowar 
(Maharashtra) 

ln π* Coefficient  t-Stat Coefficient  t-Stat Coefficient t-Stat 

ln PL -0.54 -0.85 -0.50 -0.06 7.19** 2.42 
ln PF 0.17 0.94 0.53 0.39 -0.96 -1.34 
ln PS 0.12 1.11 -0.53 -0.66 0.10 0.35 
ln PL * ln PL 0.20 0.7 0.92 0.26 -0.54 -0.28 
ln PF * ln PF -0.19*** -6.09 0.19 0.61 -0.13 -0.5 
ln PS * ln PS -0.06*** -3.93 0.10 1.26 -0.06 -1.56 
ln PL * ln PF 0.03 0.42 -0.67 -1.15 -1.02** -2.08 
ln PL * ln PS 0.05 1.17 0.05 0.14 -0.31* -1.67 
ln PF * ln PS -0.03** -1.84 0.03  0.32 0.01 0.16 
ln PL * ln Z1 -0.02 -0.18 -0.21 -0.22 -1.21** -2.07 
ln PF * ln Z1 0.00 0.01 0.05 0.24 0.30 1.55 
ln PS * ln Z1 -0.00 -0.1 -0.00 -0.05 0.07 0.99 
ln PL * ln Z2 0.05 0.61 0.07 0.08 -0.42 -1.07 
ln PF * ln Z2 0.00 0.29 -0.03 -0.23 0.00 0.08 
ln PS * ln Z2 0.00 0.23 0.02 0.26 -0.01 -0.25 
ln PL * ln Z3 0.00 0.37 -0.09 -0.87 0.24*** 2.81 
ln PF * ln Z3 0.00 0.13 -0.00 -0.23 -0.03 -1.19 
ln PS * ln Z3 0.00 0.42 -0.00 -0.63 -0.00 -0.78 
ln Z1 -0.69 -1.24 2.71 1.07 -2.20** -2.26 
ln Z1 * ln Z1 0.47*** 2.93 -0.33 -0.56 0.05 0.11 
ln Z2 -0.59 -1.34 0.16 0.07 0.42 0.72 
ln Z2 * ln Z2 0.14*** 2.87 0.07 0.35 -0.20** -2.15 
ln Z3 0.06 0.97 0.00 0.01 -0.01 -0.1 
ln Z3 * ln Z3 -0.00 -0.44 0.00 0.11 -0.00 -0.48 
ln Z1 * ln Z2 -0.100 -1.52 -0.17 -0.50 0.35 1.49 
ln Z1 * ln Z3 0.00 0.23 0.07 1.46 -0.00 -0.09 
ln Z2 * ln Z3 -0.00 -0.88 -0.01 -0.51 -0.00 -0.34 
Irrigation type  -0.12* -1.71 -0.07 -0.17 0.07 0.3 
Soil quality  0.00 0.01 -0.23 -0.62 -0.31 -0.82 
negative 
_profit 

-0.62** -1.65 -0.21 -0.4 -0.70*** -3.40 

Constant 10.12*** 4.77 4.02 0.31 8.26** 2.46 
Note:

   
ln π*: value of output deducted from variable input costs normalised by the output   price 

ln PL : the wage rate of labour per hour normalised by the value of output. 
ln PF :  total fertiliser costs per farm by quantity of fertiliser used normalised by the value of output 

ln PS: total seed costs per farm by quantity of seeds used normalised by the value of output 
ln PL * ln PL: square term of  ln PL;  ln PF * ln PF: square term of ln PF;  ln PS * ln PS: square term of ln PS 

ln PL * ln PF: cross product of ln PL and ln PF . Similarly, other cross products are also defined 
ln Z1: land measure in hectares; ln Z2: value of machinery per farm; ln Z3: age of the farmer ; Soil quality: clayey 

and loamy soil  take the value 1; otherwise, zero 
Irrigation type: all types of irrigation take the value 1, otherwise zero 

P-value <0.01;** P-value <0.05; * P-value <0.1; 
Source: Author’s calculations 

 
Although an increase in inputs such as fertiliser 
and seed prices marginally decrease the output 
supply of maize, bajra and jowar crops; however, 
fertiliser and seed prices had less effect on the 
output supply of these crops than wage rate 
input. The results were similar from 2013-14 to 
2017-2018 (Table 3a and Table 3b).   
 

4.3 Input Demand Vis-à-vis Output Prices  
 
The results showed that with an increase in 
output prices of maize, bajra and jowar crops; the 
demand for labour, fertilisers and seeds inputs 
increased significantly during the year 2013-14 
and also during the year 2017-2018 (except for 
fertiliser and seeds inputs in case of jowar during 
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2017-18). Further, it showed that demand for 
labour was the most critical input for maize; 
fertiliser for bajra and fertiliser and labour for 
jowar from 2013-14 to 2017-2018 (Table 3a and 
Table 3b).   
 

4.4 Own-Price Elasticities of Inputs 
 
There was variation in the association of demand 
of inputs with input prices of maize, bajra, and 
jowar from 2013-14 to 2017-2018. In the case of 
maize, during the year 2013-14, the demand for 
labour and seed inputs was found to be 
significantly declined with an increase in input 
price, while during the year 2017-2018, labour 
and fertiliser inputs demand decreased with an 
increase in input price. Similarly, in the case of 
bajra, the demand for labour significantly 
declined with an increase in input price during 
the year 2013-14 and 2017-2018. Whereas, in 
the case of jowar, the demand of all the 
parameters, i.e., labour, fertiliser, and seeds, 
were found to be significantly declined with an 
increase in input price during the year 2013-14, 
but only the demand for labour significantly 
declined during 2017-2018 (Table 3a and Table 
3b). 
 
All the elasticities showed the expected signs 
during both 2013-2014 and 2017-2018 w.r.t 
maize, bajra and jowar cultivation, which was 
consistent with the theory and other studies 
[8,12,42,43,44]. Firstly, all input elasticities with 
respect to own price showed a negative sign as 
expected and were significant (except for jowar 
w.r.t seeds in 2017-18, though not significant). 
Others reported similar findings for wheat, 
paddy/rice, cotton and mixed cropping cultivation 
[8,12,43,44]. Secondly, Cross price elasticities 

with inputs such as labour, fertiliser, and seed 
are negative and significant, implying 
complementarity of the inputs (except for jowar 
w.r.t labour during 2017-18, though not 
significant). This suggests that the increase in 
labour wages will decline demand for fertiliser 
and vice versa in all three coarse cereals. A 
similar trend was also found by Rahman and 
others [36] in the case of maize cultivation [36]. 
Although for bajra and jowar, there is no study for 
comparison. Thirdly, the demand for inputs such 
as labour, fertiliser and seeds with output price 
was positive and significant (except for jowar 
w.r.t fertiliser and seeds labour during 2017-18, 
though not significant). This implies that an 
increase in the output price of all three cereal 
crops had increased the demand for inputs. In 
the present study, labour was the main input for 
maize production, fertiliser for bajra production, 
and labour and fertiliser for jowar production. A 
similar trend was reported by Rahman and 
others [36] in the case of maize cultivation, 
where they reported that with the increase in 
output price of maize, the demand for fertiliser 
and labour would increase, with labour being the 
primary variable input maize production [36]. 
Fourthly, elasticities of output supply with input 
price showed significant and negative signs 
(except for jowar w.r.t fertiliser and seeds labour 
during 2017-18, though not significant).    
 
On the other hand, elasticities of output supply 
with output price showed significant and positive 
signs for all three coarse cereals. This implies 
that farmers are price sensitive; hence, the 
increase in maize, bajra and jowar price is 
necessary for higher production of these crops. It 
was also found that a 1% increase in maize price 
increased the output supply by 2.34% during

 
Table 3a. Input demand and output supply elasticities for maize, bajra and jowar in 2013-14 

 

 Maize Bajra Jowar 

  Labour Fertiliser Seed Labour Fertiliser Seed Labour Fertiliser Seed 

Own price elasticities w.r.t inputs  
  -1.91

**
 -0.14 -0.48

**
 -3.48

**
 -3.93 -2.22 -3.57

**
 -1.65

**
 -0.83

**
 

Cross price elasticities w.r.t inputs 
Labour -  -0.25 -0.22

**
 -  -0.1 -0.25  - -0.23

**
 -0.13

**
 

Fertiliser -0.7  - 0.06 -7.04  - -1.6 -3.57
**
 -  -0.29 

Seed -1.04
**
 0.11 -  -5.13 -0.46 -  -2.44

**
 -0.36 -  

 Input demand vis-à-vis output prices  
  2.38

**
 0.78 1.42

**
 3.82

**
 12.57

**
 7.81

**
 3.93

**
 5.51

**
 3.62

**
 

Output supply vis-à-vis input prices  
  -0.68

**
 -0.08 -0.08

**
 -2.32

**
 -0.11

**
 -0.23

**
 -2.62

**
 -0.23

**
 -0.13

**
 

Output supply vis-à-vis output prices  
  0.85

**
 2.65

**
 2.98

**
 

** P -value <0.01& 0.05; Source: Author’s calculations 
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Table 3b. Input demand and output supply elasticities for maize, bajra and jowar in 2017-18 
 

 Maize Bajra Jowar 

  Labour Fertiliser Seed Labour Fertiliser Seed Labour Fertiliser Seed 

Own price elasticities w.r.t inputs  
  -2.80

**
 -0.87

**
 -0.98 -7.83

**
 -2.45 -1.65 -5.92

**
 -0.31 0.21 

Cross price elasticities w.r.t inputs 
Labour - -0.63

**
 -0.36

**
 - -0.35 -0.52

**
 - 0.04 0.01 

Fertiliser -1.71
**
 - -0.04 -8.46 - -0.90 1.41 - -0.13 

Seed -2.45
**
 -0.10 - -7.02

**
 -0.51 - 1.35 -0.42 - 

 Input demand vis-à-vis output prices  
  3.80

**
 2.63

**
 3.53

**
 8.71

**
 11.81

**
 9.18

**
 5.36

**
 -0.97 -1.14 

Output supply vis-à-vis input prices  
  -1.68

**
 -0.43

**
 -0.23

**
 -6.82

**
 -0.40

**
 -0.53

**
 -4.72

**
 0.02 0.009 

Output supply vis-à-vis output prices  
  2.34

**
 7.75

**
 4.70

**
 

** P-value <0.01& 0.05; Source: Author’s calculations 

 
2017-18, which is a threefold increase in 
magnitude from the year 2013-14. A similar trend 
was reported by Rahman and others [36] in 
maize cultivation, but the output supply response 
is much higher for maize in the current study 
[36]. Although bajra and jowar also responded 
similarly in output supply response to maize 
cultivation, there are no studies to compare with 
these crops. Hence, the current study results 
confirm that price factors like labour (wage rate), 
fertiliser and seeds are essential for the 
cultivation of maize, bajra and jowar in the 
selected states of India (A.P, Rajasthan and 
Maharashtra). Contrastingly, a study done by 
Sadasivam [42] found that fixed factors like 
rainfall and the cost of irrigation have a more 
significant impact than the price factors using the 
translog profit function, but the study was 
conducted on gram cultivation[42]. While the 
trend of elasticities for output supply and input 
demand for own price, cross-price, input price, 
output price found in the current study were 
concordant with the findings of Sindhu and 
Bannante (1981) research but the study was on 
wheat [12]; therefore the results cannot be 
compared with coarse cereals. The present 
findings cannot be generalised for other crops. 
 

5. CONCLUSION 
 
The study empirically explores the effects of 
input and output prices on demand for inputs and 
supply of output for the coarse cereals, namely 
maize, bajra and jowar, in three states of India, 
Andhra Pradesh, Rajasthan and Maharashtra. 
During both the periods, 2013-14 (typical 
monsoon year) and 2017-18 (drought year), the 
results showed that the elasticities derived are 
statistically robust as almost all of them carried 

compatible signs and sizes in line with the 
theory. The present study showed solid evidence 
for the policymakers to raise the MSP and the 
procurement of these coarse cereals, preferably 
at the state level. Although the trend of 
elasticities during 2013-2014 and 2017-2018 for 
three cereals was similar, an increase was 
observed in magnitude during 2017-2018. 
Hence, it was suggested that policymakers must 
enhance the MSP for supporting the production 
of these coarse cereals. In this manner, the 
support to farmers by reducing their input cost 
and assuring affordable MSP will lead to 
enhanced output prices.  
 
Notably, labour and fertiliser elasticities to output 
prices are generally more than the unity and 
statistically significant. Low substitutability among 
variable inputs was observed, indicating that the 
mutual application of all three inputs is necessary 
for crop cultivation. Further, crop-specific inputs 
may be given more preference to assure higher 
production and profitability. It is also 
recommended that the labour absorption be 
enhanced as the demand for labour input was 
essential for the coarse cereals. The system can 
absorb the existing educated rural youth with 
minimum investments to increase the yield of the 
coarse cereals. 
 
Furthermore, the provision of other needed 
facilities such as capital, training of farmers, 
irrigation facilities, and others can create an 
ecosystem of enhanced returns, the spirit of 
entrepreneurship and employment opportunities 
in the farming sector. Also, it is suggested that 
the seeds and fertilisers should be provided at 
the subsidised rates to the farmers to generate 
more yields. Cultivation of these crops are 
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beneficial for soil fertility too with minimum 
investment. Regarding policy consequences, 
ensuring support prices and procuring coarse 
cereals can increase farmers' income and the 
country's food and nutritional security. Moreover, 
the current study's findings can be fruitful and will 
contribute to the existing literature as a reference 
to similarly placed nations. 
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