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The Village Impact of Machine Threshing and
Implications for Technology Development in the
Semi-Arid Tropics of Peninsular India

by Thomas S. Walker and K. G. Kshirsagar*

This study evaluates the dynamic consequences of machine threshing
in the Semi-Arid Tropics (SAT) of Peninsular India. We rely on a
panel of 30 cultivator and 10 landless labour households to monitor,
over five cropping years from 1975/76 to 1979/80, the impact of
mechanical threshing on the village economy. Machine threshing did
not significantly reduce costs, increase cropping intensity, or greatly
harm labour. These results are strongly conditioned by the ecological
features of the SAT. Their implications for public-sector investment
in research on selective threshing mechanisation are drawn.

Recently in this journal, Ghodake, Ryan, and Sarin assessed how improved
cropping technologies changed the seasonality of labour demand, afid con-
cluded that labour bottlenecks ‘could adversely effect the timeliness of
operations critical to the success of prospective double-cropping and/or
intercropping technology aiming at greatly increased food production’
[1981: 43]. They expected ‘to see increased demand by farmers for selective
mechanisation operations such as threshing, where the major bottlenecks
would seem to arise’ [44].

When economists graph the seasonal demand for labour required by pro-
spective technologies, agricultural engineers are usually quick to interpret
‘the peaks’ as signalling or reinforcing the need for research on selective
mechanisation, in this case on the evaluation and design of threshing tech-
nologies for the Semi-Arid Tropics (SAT) of India [Singhal and Thierstein,
1979: 2].! Whether public sector resources should be allocated for research
on selective mechanisation depends largely on two criteria — comparative
advantage? and conscquences. In this study, we focus on consequences and
measure the impact of machine threshing on cost, employment and cropping
intensity in a dryland village economy.

* Economics Program of thc International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), where T.S. Walker is stationed as an Associate of the Agricultural Development
Council (ADC). The paper has benefited from insightful comments by J. G. Ryan, N.S. Jodha,
R.D. Ghodake, G.E. Thicrstein, V.S. Doherty, and two anonymous referces. Pavan Kumar
and E. Jagadeesh tabulated the data. A partial stimulus for this study was earlier survey work by
G.M. Calegar. We also thank V. K. Chopde who after 1979 collected the original data on which
the study is based. Submitted as J.A. No. 296 bv ICRISAT.
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suite:f:o(r imgl c[tl:lzlr:;;;»:gggz and lt?ﬁran% 1980: 123). These data arg idealfy
. C cause they furni -and- i
alc::fg w1thba with-and-without compzrisg:lls’h # before-and-after evaluation
ter a brief review of the diffusion of méch i i
; i / : anical threshing i i
g::;:&es Ll:e mftroducnon and adoption of machine threshers ingol:elxtlli(ljlfg,e“i,g
Mahar effercat l;om 1975/76 to 1979/80 in the next section. Because direct
o ‘g it f'ts b{;?m new threshing technologies are likely to be small, the
private ?}fg nn] :s ; (;:y of ;na.ch.me }:hreshers and the size of cost reductiox; are
analysis 1n the second section. In the thi i
concentrate on the dynamics of price determinati Within the e
F mnation within t i
::vcilo:tohnr)grs.hlerzj :zitgll(:: nﬁobuerf, we tra;k the employment historiles ot;ew‘c,)lrlll;gr(s:
: ore machines were introduced and
were candidates for labour displacement. The i e thercore
dida r lat nent. The impact of machine threshi
on cropping intensity is evaluated with both wi i before:
: . ; : th-and-without -
and-after comparisons in the fifth section. The paper cgn;r:z((jiebsefw?/ffh

comments on implications for research i i
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threshing technologies in SAT India. POUCY on Investment in improved

INTRODUCTION AND DIFFUSION OF MACHINE THRESHERS

The demand for threshers has rapi i
has rapidly expanded in India over t
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ler reshing labour, which in turn precipitated i
rising seasonal wages. Higher wages made thresh Necidedly attrant
I ] decidedly attracti
Investment, and the changing economic conditi ons did Tnoticed by
; ] did not go i
agricultural engineers and research admini ators i recopmtion
of its great ioporianand fesearch ¢ ministrators. In 1966 ‘in recognition
ance, n Council of Agricultural

,()L((:v/:i)h?:g:g ? Igonzelz;v;grc; ;;)]r the best prototype dgesign (l)‘fr 2 k:zwe ;i)ar;?
0 y, : . The private sector rapidl

rising demand by designing simple threshing i ons, Trdicatn of thie

lesi g innovations. Indicative of thi
response was the finding that the number of me i 0
> that chanical thresh
farmers in four sampled districts of the High-Yielding Vaﬁe;ie:s lc;rrsog::n: (1)2

the Indian Punjab i : .
1972- 41904 ]Jznfncreased from 2.50 in 1965 to 25.75 in 1970 [Lockwood,

In SAT India

Diffusion of threshers in the SAT of India
. has not been wide
fi’c‘:lnf!g:eti)?i 1372 the density of threshers per 1,000 tonnes of cersé)a:-le Sfédl\:l(c):f
fol Maharasgt rx:nBPt:n jab was 10.5 compared to 0.4 for predominantly rain-
from cherasht 000 etween 1972 and 1977 the number of threshers increased
. to approximately 215,000 in Uttar Pradesh, while com-
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parable estimates for Maharashtra show an expansion from about 1,000 to
5,000 [Directorate of Economics and Statistics, 1980].

In One SAT Village

Typical of much of SAT India, the traditional modes of threshing cereals and
pulses in Kanzara is by bullock power and human labour. Kanzara is located
in Akola district in the rain-fed Vertisol, cotton-growing region of Maha-
rashtra. Cotton is generally row intercropped with local sorghum and
pigeonpea in the rainy season. Hybrid sorghum is sole cropped at the start of
the monsoon. Other pulses are also grown and threshed in the village.
Threshing begins after the harvest of mung-bean in September and intensi-
fies in October, December and March after the harvests of hybrid sorghum,
local sorghum and wheat respectively.

The first machine thresher was purchased by a villager in 1976. By 1980
five threshers owned by different villagers had been purchased.’ The
threshers run on diesel or electric motors ranging from five to ten horse-
power. Farmers do not have sufficient production to make threshers a
remunerative investment without hiring out their machines. To increase
utilisation, some owners have taken their machine outside the village. In
1980, two machines were threshing in the village, two were operating out-
side, and one was in need of repair.

The most salient feature about threshing in Kanzara is the rate structure
that owners of threshers have adopted to promote increased utilisation of
thresher capacity over the season. For sorghum, regardless of the size of
output, they retain four per cent of production as a payment for threshing.
The first owner in 1976 appears to have skilfully calculated what the market
would bear when he introduced the four per cent charge, which has not
changed over the past seven years. ‘

Machine threshing rapidly replaced traditional methods. For each crop-
ping year from 1975/76 to 1980/81, the percentage share of hybrid sorghum
threshed mechanically was 0, 71, 82, 99, 93, and 99. Similar figures for local
sorghum were 0, 59, 82, 66,52, and 83. By 1979/80, all farmers in the sample
had used machines to thresh at least a part of their sorghum production.
Moreover, by 1977/78 all wheat produced by farmers in the sample was
threshed mechanically.

The determinants of hiring in machines for threshing are presented in a
Tobit analysis in Table 1. The dependent variable is the amount of sorghum
threshed by machine by household in a cropping year from 1976/77 to
1980/81. Thirty-eight of the 125 sorghum-producing households by cropping
year observations did not thresh mechanically; therefore, ordinary least
squares would give inconsistent estimates of the parameters of the model
[Tobin, 1958].

Farmers who owned fewer bullocks, cultivated more land, planted pro-
portionally more hybrid sorghum, and produced more sorghum were signifi-
cantly more likely to thresh more sorghum mechanically (Table 1). The most
important determinant influencing choice of threshing technique was the
quantity of production. If, at arithmetic mean levels of all independent
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TABLE 1

DETERMINANTS OF HIRING IN MACHINES FOR THRESHING FROM 1976/77 TO 1980/81

Description of independent variables® Tobit esti 8
Variable Measurement Mean Expected Regression t-ratio® Elasticity

unit sign coefficient of Ely)d

Bullocks Number 1.71 - -138.06 ~2.78%* ~0.35
Family farm workers Number 3.58 - =30.09 ~1.24
Farm size Operated area

in has. 6.50 + 36.40 2.57%* 0.35
Hybrid § hybrid to

total sorghum 52.92 + 3.77 2.75** 0.30
Production Total sorghum

production in

kgs. 887.15 + - 0.78 4.70** 1.03
Production
squared 209120.00 - 0.00004 1.27
Year 1P 1976-77=1 - -340.59 -2.27*
Year 2b 1977-78=1 - ~142.51 -1.08
Year 3P 1978-79=1 - -140.01 -1.01
Year 4 1979-80~1 - -174.79 -1.27

Log-likelihood
function

R2 between observed
and predicted
Number of
observations

=753.57

135

(a) The dependent variable is the
producing household in a crop
deviation of 1095.10.

(b) The omitted and reference year is 1980/81.

(c) * and ** indicate statistical significance at the .05 and .01 levels, respectively.

(d) Evaluated for statistically significant coefficients at the arithmetic mean values of the
independent variables.

quantity of sorghum threshed by machine by a sorghum-
ping year. Its median value is 710.70 kgs with a standard

variables, a household ex
tion, machine threshing t
ten per cent (Table 1).

perienced a ten per cent rise in sorghum produc-
hroughput would proportionally increase by about

COST SAVINGS AND PROFITABILITY OF MECHANICAL THRESHING

The widespread use of threshers in Kanzara indicates that it was profitable
to thresh with machines. Direct economic superiority may stem from a
reduced per unit cost of converting harvested produce into threshed grain,
decreased threshing losses, and/or a higher output price reflecting cleaner
grain or a lower percentage of brokens. The VLS data suggest that threshing
losses and output price do not vary significantly by threshing technique.

Therefore, direct benefits attributed to mechanical threshing must largely
arise from a lower per unit cost.

Cost Savings

Costs are compared for the three techni

! ques by calculating average input-
utput coefficients based on the assum

ption of a fixed-coefficient produc-
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input combinations in fixed
i tion where constant returns to scale and inpu :
g?c‘)‘;fgrr:(i:olns are assumed. These coefficients are pres;nte}:l g:] ;rztﬂfntza?l‘o%
: ber of hours taken to thres \
represent the average num h one quintal of
d from data on all 367 sorghum p
sorghum. They are estimate o all 37 ST O local
sample from 1975/76 to 1979/80. For hy _
53?:32 and l;’or the three threshing methods, male hired labour is the
primary input.*

TABLE 2

NTAL
LABOUR AND BULLOCK INPUTS REQUIRED TO THRESH AND WINNOW Ol;l(EAngJLRA
OF SORGHUM. BY CULTIVAR AND METHOD, FROM 1975776 TO 1979/80 IN

Local
Hybrid 5
Hand Bullock MachineP Hand Bullock Machine

-- Hours per threshed quintal® --

0.83
Male family 2.74 . 0.3_9 0.48 3.98 2.46
os . 0.07
Female family 0.00 0.09 0.12 3.01 0.11 o
Male hired 5.48 4.16 1.09 6.15 4.07 .
. 0.00
Female hired 3.44 0.25 0.03 2.72 0.02
‘ . 2.28
Total labour 11.66 4.89 1.72 15.86 6.66
- - 1.82 -
Bullocks owned? - 1.18 o ]
Bullocks hired? - 0.21 -
- - 2.09 -
Total bullock - 1.39

to a bullock pair. o )
E?))) 2:;22 to the requirement of the farmer who hires in the machine.
(c) One quintal equals 100 kilograms.

Comparative cost data in Table 3 reveal tl;‘ath thcldti're:;acvoi;tg ss?r:/::%gsi
i 5 ¢ Although the relativ
table to threshers are not large. ; cost
?:;;lggout 20 per cent, the absolute cost savings was only one to trv‘vci’ ?lfn epof
quintal which generates a small, almost negligible, savings 1
production.

Profitability

The profitability of mechanical threshing is directly tledSto Cer::‘al;lrggrugcttll:n':
in the village. A few calculations highlight this point. ?‘gpo o e
and wheat harvested in Kanzara is threshed by mac I1]n?. e ein
reasonable assumptions’ based on the VLS data and Singhal a d e
[1979: 15], we estimate an internal "ﬁ!e of ¥e3t85nk§;)o gzl:ssg;r:re‘t:oz? capgcity
n one machine o acit;
?lfr(::‘s,ﬁgsl (e)x?l F;e\';iclirl;tlgv ;t:reoduce. If another thresher of the same capacity 1s

R
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TABLE 3

COST OF THRESHING HYBRID AND LOCAL SORGHUM,
BY METHOD AND CROPPING YEAR

Hybrid _Local
Cropping year Hand Bullock Machine Hand Bullock Machine

--~Cost in (%) of value of output--~

1975-76 5.38. 4.41 - 6.49 5.88 -

1976-77 4.70 3.78 4.77 7.18 6.34 5.26
1977-78 6.68 5.36 5.08 7.83 6.86 5.34
1978-79 5.50 4.20 4.89 7.26 6.03 5.22
1979-80 5.14 4.04 4.85 6.74 6.07 5.23

brought into the village and the two machines equally divide the harvest,
expected profitability on each thresher falls to 30 per cent. The addition of a
third and fourth machine of identical vintage lowers the internal rate of
return on investment to 13 per cent and 4 per cent respectively.

PRICE DETERMINATION AND THE DIFFUSION OF MACHINE THRESHING

The absence of a significant cost advantage does not make a compelling case
for machine threshing. Why did the first machine owner charge four per cent
and why has this percentage fee remained intact over the past seven years
despite the entry of other machines into the village? With the aid of hind-
sight, it is possible to draw on micro-economic theory to suggest answers to
these questions. We focus on the village and the peak-period demand for
and supply of threshing resources. The demand schedule (DD) in Figure
1(a) applies to the short run, perhaps a two-week peak threshing period for
hybrid or local sorghum. Demand is inelastic and is given by the size of the
crop. The upward sloping supply schedule (SS) indexes the availability of
bullock and human threshing labour for changes in their hiring rates (in
rupees per quintal threshed). The supply of traditional threshing resources is
determined by supply and demand conditions in the bullock and labour
markets in the village and in neighbouring villages. It is assumed that a hiring
market for bullocks and labour exists.

Before mechanical threshing, output Q, is threshed with traditional
resources at price P, [Figure 1(a)]. The area PBL under SS and to the left of
DD represents payments to bullock owners and labour. Because some
farmers employ their own bullocks and family labour for threshing, PBL is
distributed to hired labour, owners of hired bullocks, and farmers who use
family labour and bullocks for threshing.

One enterprising person in the village buys a thresher and faces the
decision of what price to charge. Suppose he picks P,,, the intercept of the
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™ve

q,

PBL
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(a)

FIGURE 1
SUPPLY OF AND DEMAND FOR THRESHING RESOURCES AT THE VILLAGE LEVEL
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supply schedule SS with the price axis [Figure 1(b)]. We assume that
mechanical threshing is a fixed coefficient technology; therefore, a machine
can only thresh a fixed quantity (Q,) of sorghum during the two-week
threshing period. We further assume that at full utilisation of capacity it can
thresh only a part of the village produce Q, during the peak demand period.
Thus, with machine threshing, SS flattens out along its initial section, shifts
to the right and is converted into S'S’. Q, is threshed by machine at price P,,,;
(Q(—Q) is threshed by traditional methods at price P;. Farmers who hire the
machine have to supply their own labour; therefore, the total cost of
machine threshing to these farmers is Py, which includes the payment to
machine threshing labour MTL. P¢ represents the variable non-labour cost
per quintal threshed for operating the machine. Payments to fuel and other
variable inputs are reflected in TVC.

Machine threshing generates cost savings to producers (CSP). The size of
CSP represents the magnitude of direct benefits to society due to the intro-
duction of the thresher. PBL shrinks as profits and return on investment
(PTO) accrue to the owner of the thresher.

It is in the interest of the thresher owner to charge a price that maximises
his return on investment (PTO). If our owner had perfect knowledge of DD
and S'S’, he would have established P;,as his revenue maximising price
[Figure 1(c)]. This is the highest price he can charge without losing some of
his business to his traditional threshing competitors. At price P, he still
threshes an amount (Q,—Qj) that equals Q,. Because he threshes the same
quantity as before, PBL, TVC, and MTL do not change. Profits to the owner
expand at the expense of CSP, which is greatly reduced. The prices P and
P, facing farmers who machine hire and those who thresh with traditional
techniques are the same. APTO represents an additional quasi-rent to the
thresher owner.

Figure 1 illuminates many aspects of the thresher owner’s pricing
decision. His ceiling price is P;, Any price above P}, results in his losing
throughput to traditional threshing methods. P,, or non-labour variable
costs per unit of output threshed, establishes the floor price. Assuming
mechanical threshing is profitable, some price in the vicinity of P, is
probably a competitive price that provides an equitable return on invest-
ment. Ppis probably too high a price to charge. In some years, village output
may fall considerably short of Q,. For example, if demand shifted to
Q,and the owner opted for P} his returns would be nil; he would be forced to
revise his price downwards.

The owner has to take a longer view when he forms expectations on DD
and SS. For the case depicted in Figure 1(c), his chosen price should fall
between Pp,and P.. As the price approaches Py, direct benefits to society
diminish and profits to the owner increase. If the owner chooses a price close
toP,we should not see a significant difference between the per unit cost of
threshing for mechanised and traditional techniques.

With the increasing entry of mechanical threshers into the village elemen-
tary economics would suggest that P, would fall. Figure 2(a) describes the

- .
VILLAGE IMPACT OF MACHINE THRESHING 223

case where one thresher operates in the village and charges a price Pm. Qyis
threshed by the single thresher and (Q,—Q)) is threshed by_tradmona]
methods. Returns (PTO) on investment are large and may entice another
resident in the village to purchase a thresher. The addition of a second
thresher of identical vintage translates into a reduced market share and
decreased revenues to the first owner [Figure 2(b)]. In order to increase
revenue and eliminate excess capacity, both owners are motivated to search
for unthreshed grain outside the village. . .

If external demand is weak, the only strategy available to the first owner
to recover his market share is to lower his price. As the first owner initially
cuts his price on demand schedule OD' in Figure 2(c), he will regain his
market share at the expense of the second owner, who natqrally will react by
matching the price of the first owner. As both decrease their price the size of
PTO will shrink, and both will be worse off than before.

FIGURE 2
ENTRY AND PRICE COMPETITION IN THE VILLAGE THRESHING MARKET

D B D
MTL1 MTL2
p | ML P
PTO PBL PTON PT02
Py P,
TVC) TVC2
TVvC 0 b —

() (b) (c)

Demand schedule OD' is drawn on the assumption that the second owner
will not react when the first owner changes his prices. 'I:he flrSt.OWII'CI: is I:l?t
so myopic to think that he faces giemanc} schedule OD’. He W.l" rcahzteherz
interdependency depicted in OD in the firm demand schedules; hence, re
is no incentive to lower prices. Initial prices P, is the best that either own

an do to maximise revenue. o .
: r1‘3\.('1611 with the entry of more threshers into the village, it is not surpnsu;;g‘
to learn that the price for threshing has not changed in the last seven yeal:f) ¥
Kanzara. We would expect the constancy of the piece rate payment to

for other crops such as wheat.
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The spatial oligopoly, kinked-demand scenario depicted in Figures 1 and
2 of too many machines chasing too little demand is also supported by other
observations. In Gujarat, where wage rates for daily agricultural labour are
higher than in Kanzara, owners of low horsepower threshers in the two VLS
villages charge five per cent (unpublished VLS data). During the 1980/81
season, the two owners operating threshers in Kanzara were extremely
reluctant to have a third machine which was operating outside, return to the
village. Singhal also reported that when a private thresher owner heard
about an ICRISAT test of a new design near his home village in western

Maharastra ‘he rushed to the village ... worrying about his business’
[Singhal, 1981: 2].

EMPLOYMENT

The marked decrease in labour hiring for threshing between 1975/76 and
1978/79 is yet another indication of the speed with which mechanical har-
vesting technology diffused throughout Kanzara (Table 4). The number of
observations where members of VLS landless labour and small farmer
households were hired for post-harvest work, mainly sorghum threshing,
totaled 40 in 1975/76.% By 1978/79 only two observations of labour hired for
post-harvest threshing were recorded in the VLS sample.’

TABLE 4

WAGES FOR AND FREQUENCY OF POST-HARVEST LABOUR IN
KANZARA FROM 1975/76 TO 1978/79

Male labour Female labour

Crop year? . Rupees Number of Rupees Number of
per hourP observations per hourb observations
1975-76 50 30 .25 10
1976-77 «42 33 .26 7
1977-78 «59 17 .45 12
1978-79 <64 2 - 0

(a) Data on time allocation by operation were not collected for 1979/80.

(b) Taken from M. Asokan, 1980. ‘Rural Labour Wages and Bullock Rental Rates for Various
Agricultural Operations in the SAT of South India, 1975-76 to 1979-80", (unpublished
Progress Report 18, Economics Program), Patancheru: ICRISAT.

In order to gauge the impact of mechanical threéhers on employment,
two questions are asked: (1) what was the level of involuntary unemploy-
ment for hired labourers in the VLS sample threshing sorghum during the
peak threshing season from 1975/76 to 1977/78, and (2) what jaus the rate of

‘lganbgur market participation and level of involuntary unemplo“:nt in 1978/
" “ourers who threshed sorehum during the previous three seasons?
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words, did machine threshing lead to increased unemployment for
{:b(())t\‘:grs participating in threshing operation and did workers who had
previously participated in threshing find alternative employment oppor-

ities 1 781797 . .

tm’}!lt;gsa:wnsxit’;r to the first question appears to be affirmative. Thc;.rate of
involuntary unemployment rose sharply from.l97.5/76 to 1977/78 (first ttwg
columns, Table 5). Before mechanical threshing in 19757176, the/ 7¢.=:85tt|‘rlnaf.e
rate was only seven per cent during the threshlr’\g season; by 1977 I e twe
workers who were still threshing sorghum ‘lost’ one day in six to Invo u:l arz
unemployment. The average levels of involuntary unemployrgeg tar0
statisticaily different at the five per cent level between 1977/78 and the tw
earlier cropping years (first column, Table 5).

TABLE 5
INVOLUNTARY UNEMPLOYMENT FOR MALE AGRlCULTURALY\;g?DE
LABOURERS DURING PEAK THRESHING FORTNIGHTS FOR H
AND LOCAL SORGHUM FROM 1975776 TO 1977778

Male labourers hire'd f'or All male labourers in the village
gsorghum threshing agricultural labour market . ~
% Involuntary Number of % Involuntary Mean household hz;se_
crop year loyment? observations unemployment? % involuntarg ses
snemprovR in the sample unemployment holds
1.8 26
1975-76 6.5 19 10.7 1
10.8 25
1976-77 9.6 26 9.3
) .3 23
1977-78 16.9 5 15.8 14

i ivi ' d and employed in the daily
ble to find work, divided by total days unemploye: e ds
@ :;:iilu(l?\?rsa‘;;‘azour market. Peak fortnights refer to October 8-November 4 for hybrids and

3-31 for local varicties. _ . .
(b) gg‘\:l?:l?oelrds with males participating in the daily agricultural labour market during these

peak fortnights.

i i ally able
kers who were displaced by mechanical threshers were gener '
to\f’:::)c: :tl:er employment in Kanzara. Twenty-five household membgzrss /;2
the sample threshed sorghum in one or more cropping seasons frorrlx( 1 7o
to 1977/78. Employment histories are available ol:) 20 O}fx theﬁg wo;c :il(')sd»: 0
ined in the sample during the peak sorghum threshing
;3?;/17"9?“’ 'i‘hesc data l;,cvc:al that five entered the daily agricultural flfalf)m:;
market, six obtained monthly regular farm work, four procured ok-e (z;l") "
employ’ment, three did not participate in the labour market and worF don
their own farms, and two benefited from governm?qt en;plogx:;eg:‘.e n?ploy-
A Ot olun
five daily agricuggafal wage labourers, the rate o ml\]r' N eer aid
s abou er cent during sorghum threshing in ber
g:z;n:vlfer. Despite tgis high percentage, we conclude that the majority of
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agricultural workers previously engaged in threshing were able to secure

alternative employment.

The labour market in Kanzara is buoyant and operates efficiently for
males who are the primary source of labour for sorghum threshing [Bins-
wanger et al., 1979: 16]. Moreover, sorghum threshing in the diversified
agriculture of Kanzara is not such a large source of employment that one
would expect a pronounced repercussion on the labour market from the
introduction of machines. For instance, we estimate that machines reduced
hired male labour use during the two peak fortnights for threshing hybrid
and local sorghum by about five per cent at the village level. In 1975/76,
sorghum threshing accounted for about 6.0 and 11.1 per cent of male labour
hired for crop production in October and December." By 1977/78, these
percentages had fallen to 2.6 and 5.1." Therefore, the net reduction in male
hired labour demand at the village level was around 3.4 and 6.0 per cent. The
wage rate data in Table 4 and the unemployment probabilities in the last
three columns in Table 5 further suggest that the decrease in demand was not
large enough to be markedly felt in the village. The mean levels of involun-
tary unemployment for households with male participation in the daily
agricultural labour market were not significantly different (at p<.05 or even
p<.10) across the three cropping years.

. These results should be interpreted with caution because we expect labour
displacement to be much stronger in other SAT production environments,
particularly in rainy season fallow areas where postrainy season sorghum is
sole cropped and is the dominant crop. Labour displacement would also be
more severe if multipurpose machines were designed to thresh both cereals

and pulses such as pigeonpea, mung-bean and black-gram which are grown °

in considerable quantities by many households in Kanzara. Unlike cereals,
most pulses are threshed by hand beating which is intensive in its demand for
female labour." It is unlikely that women could find alternative employment
as readily as men [Ryan and Ghodake, 1980: 13]. This prediction applies
especially to pigeonpea threshing during February and March before the
slack months of April and May. The probability of females from landless
labour households getting a job reaches an annual low of .20 during April.*
Mechanical threshing may release women to spend more time on household

activities, but it is questionable that the value of such activities could com-
pensate for lost wages.

CROPPING INTENSITY

“The machine threshing of hybrid sorghum in Kanzara can release family ar’d
bullock labour for sequential cropping in the postrainy season. The most
common postrainy season crops are irrigated wheat and chickpeas. Wheat is
planted on small plots irrigated by wells, and chickpeas are sown in low lying
areas of fields. Thus seasonal rainfall and access to well irrigation are
important determinants of double-cropping potential.

In order to test the hypothesis that threshers have increased cropping

VILLAGE IMPACT OF MACHINE THRESHING 227

intensity, two types of comparisons are made in Table 6. The first two
columns record the percentage area and farmers in Kanzara planting
different crop combinations during the rainy and postrainy seasons. If the
cropping intensity hypothesis is valid, we would expect that more farmers
allocated more land to sequential cropping and/or cropped more fallow land
or leased-in land during the postrainy season in the_ last three years com-
pared with 1975/76 before machine threshers were introduced.

TABLE 6

CROPPING PATTERN BY VILLAGE IN PERCENTAGE OF CULTIVATED AREA
AND NUMBER OF FARMERS

village
Cropping pattern Kanzara Kinkheda
and season Percent Percent Percent Percent
area farmers area farmers
Rainy season 1975-76 , N 89 86 100
intercropping 1976-77 .73 100 83 100
1977-78 77 100 88 93
1978-79 72 100 76 75
Rainy season 1975-76 25 74 7 25
sole cropping 1976-77 21 79 s 36
1977-78 16 63 5 25
1978-79 18 68 17 32
Rainy season 1975-76 2 32 3 18
sequential 1976-77* 6 53 8 43
cropping 1977-78 3 37 4 29
1978-79 7 32 3 18
Postrainy season 1975-76 2 16 3 11
cropping on rainy 1976-77 0 5 4 18
season fallow or 1977-78** 5 47 3 18
leased-in land 1978-79 3 32 3 14

* Statistically significant at the 5% level in the before-and-after comparison.
+ Statistically significant at the 5% level in the with-and-without comparison.

The data in Table 6 do not suggest a sharp change in cropping pattern.
Nevertheless, a Wilcoxon matched pair signed-ranks test _[Siegel, 1956:
75-83], which is suited to test statistically the changes in cropping pattern for
19 farmers who switched to mechanical threshers in 1976/77, mdlcates'that
sequential cropping in 1976/77 and postrainy season cropping on leased-in or
rainy season fallow land in 1977/78 were significantly greater than m'l9'.75./
76. The other before-and-after comparisons do not yield statistically signifi-
cant results at the five per cent level. . _

The small but statistically significant increase in postrainy season cropping
could be due to other variables such as rainfall. Total rainfall received in
Kanzara in 1975/76 was slightly above 500mm. In contrast, more than
800mm fell annually from 1976/77 to 1978/79. Wetter years favour mc?re
sequential cropping especially in low lying areas where chickpeas are grown.
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Fortunately for our purposes, from 1976/77 to 1979/80 machines were not
used to thresh sorghum in Kinkheda, a neighbouring VLS village. Contrast-
ing the cropping pattern in Kanzara with that in Kinkheda establishes a with-
and-without evaluation of the impact of mechanical threshing."

The influence of weather is readily detected in the last two columns of
Table 6. For the 31 VLS farmers who planted sorghum in Kinkheda from
1975/76 to 1978/79, percentage sequential cropping jumped from 18 in
1975/76 to 43 in 1976/77. Both villages received more than 800mm of rainfall
in 1976/77, and a Mann-Whitney U test [Siegel, 1956: 116-27] shows that the
distribution of sequential cropping is not significantly different for the two
villages. A similar test on differences in postrainy season cropping in 1977/78
leads one to reject the null hypothesis that the two samples are drawn from
the same population — more farmers allocated more land to postrainy season
cropping in Kanzara than in Kinkheda.

Overall the evidence that mechanical threshing in and of itself caused a
favourable impact on cropping intensity is extremely weak. In only one year

has there been a significant increase in postrainy season cropping that could
be attributed to machine threshing. And in that year postrainy-season
cropping accounted for only five per cent of total cultivated area.

CONCLUDING COMMENTS

Because of few confounding effects, Kanzara offered an excellent vantage
point to evaluate over time who gained and who lost from machine thresh-
ing. The main beneficiaries were machine owners, particularly the first
owner who was able to profit from a strong demand for machine hiring
without having to share throughput with other machines. Crop diversity and
low production encouraged machine hiring as few if any farmers had enough
produce to afford a lumpy investment like a thresher. With the entry of more
machines into the village, excess machine capacity rapidly developed which
eroded profitability and dampened investment incentives.

Skilled labour gained little at the expense of unskilled labour. A thresher
is relatively easy to operate, and, unlike tractorisation, new occupational
categories like thresher operator did not evolve with the introduction of
machine threshing.

All farmers in the sample could and did hire in machines, but machine
threshing was more widely used by farmers who produced more sorghum,
planted proportionally more hybrids, cultivated more land, and had less
draught power. Although use was substantial, producer benefits were not
large. Machine threshing did not increase cropping intensity nor did it
significantly reduce costs compared to traditional methods.

The four per cent in-kind fee charged by thresher owners has not been
exorbitant, but the spatial oligopoly nature of the village threshing market
suggests that the cost-reducing potential of mechanical threshing has only
partially been realised. With present levels of cereal production in SAT
India, only a few machines per village are economically feasible. A few
machines per village do not lead to competitive pricing. Under these con-
ditions, it is questionable whether potential benefits from reduced costs due
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to new threshing technologies will be pz}ssed on to producers and co:jm.surlners(i
The principal losers were male hired labourers who were |spdac:l
by machine threshing; however, a diversified ’output mix mitigated the
potential adverse impact on male hired labourers welfare. Becz(iil_xselcotton 12
the dominant crop in Kanzara, we did not see marked labour llsg acem::no
at the village level from machine threshing of §orghum. er l\{vou Z)g)g:i Lto
see much greater labour displacemgn_t in rg;]ri)z;sc:ﬁ]s_g:hi :g%\;r,p \r:lses thz‘
rghum-growing regions and in ma ,
:f:cslgri‘oizngy reqfires aglarge amount of female labour at tl;g ztart of the
summer season when wage employment is much harder t% m‘ ks that
The argument that machine thges_hgrs may break labour bott efnero n:
constrain multiple cropping is diminished by the multiplicity o Cotggtiagl
patterns in dryland agriculture. Illustrative calculations ondogg p e
sequential cropping pattern, llnay %(reatly overestimate and disgu
sonal labour bottlenecks. _ ' .
na'tlytf: (?efrrslt':x?\d for improved threshing technologies could increase if lpr:'esti}
ment in irrigation opened up more opportunities for muln.ple crc?pg; i egt,l ¥
short-duration, mould-resistant rainy season sorghum h.ybr:ds and v vy
were developed to enhance the lgf’teng%lf'fml.tsteoq:l::ets‘glscc)rrggg$gc’u and
hulling characteristics of high-yielding, ditficu I-VI - o Enre was scope
could not be upgraded through plant breeding. ore:foverc,hines © wasseop
ignifi i pplied by
for significantly enhancing the field performance of ma ines suppliec
i r, public research could yield dividends. Thus pay
glgrrln) 1:)‘\/lggl€izcs?::fgstxgent in research on mechanical threshing is extremely

ic i agriculture.
problematlc in dryland ag final version received October 1983

NOTES

i in ci i l. paper.
i Thierstein cite a 1978 version of the Ghodake et a |
?12. S(,Ilgrgnl;:;r:?i?/e at‘lvantage refers to the incentive str'uc(tjure _n:; tt:;f pn\;::; :::crtezl; z:?c l::{)rl)e,
. isation research and to the skills required to identily re ble
;:;brlne‘::‘;:'r,»ﬁ to arrive at cost-effective solutions. Based((l)gsl;stlogr;izgzzir::zz?: ;:“‘ tgr;;c:;;:le
i ions, Binswanger [1982: 40-41] and Ruttan | : ’
f::atmt:(ew;::gli:-goods chagracter of biological research is much greater than that of farm
i research. o .
3 aicc?:::igation often occurs simultaneously with |pcreascd ‘:zs:si?ifv :t‘l:)etrhueng:rt:; :::3: :;
. ili d irrigation. With-and-without comparisons are s v ndin
ﬁ?:l:‘tze;f i:l‘mr:gingg management practices; beforg-and-aftcr comparisons do :uts,;‘:‘iri tj);)cb :g
establishing causality when management practices change but they afrc s anPsons e
c;)nfounding from weather variability. Taken logcl_her, the two types o‘ comp.
characterised by fewer confounding effects than either .taken scparqt_;.:1 yﬁve cwners have
4. Four of the five owners are large farmers who belong to higher caste;. ff; e throe
" on average nine years of schooling; the village average for male heads of hou
i i ids
S )g:r;s;;ared to local sorghum, both hand beatin%:pd bull‘c;ck trea;i;:gnf?or :l:;:s:\;gﬁ Ilz:'t;;lof
' ively more hired than family labour. This may be one r C Yo
‘r:::ghzi‘::;,rizhing for hybrids. Expectations of post-harvest dama%‘e frol:nl;?;rga;l ;;:stble
contribute to why machine threshing is favoured for hybrids. Alt n:g s I P it not
cxplanation, the expected probability of a wet week for most of the threshing
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large. There is a greater chance of inclement weather during October when hybrid sorghum
is threshed than during December, the peak month for threshing local sorghum. The
average probability of a wet week is about .16 during the peak two fortnights of hybrid
threshing in October; a comparable estimate for local sorghum threshing during the peak
two fortnights in December is .06 [Virmani et al., 1978: 20-21].

6. The estimates in Table 3 are obtained by multiplying the coefficients in Table 2 by the
.average cropping year price and wage data reported in Asokan [1980: 3, 4, 6, 9, 11]. The
same wage rates are used for family and hired labour. The wage estimates (constructed
from Ryan er al. [1979]) underlying the cost analysis in Table 3 are based on annual
averages by operation. The results do not change when we substitute estimates of the
seasonal opportunity cost of labour for the annual averages.

7. We assume that multiplying the sampled farmers’ production by the reciprocal of the
sampling fraction (27%) gives total production in the village from 1975/76 to 1979/80.
Assumptions on the machine are an initial purchase price of Rs. 6,500, an operating cost of
Rs. 15.38 per 8-hour day, a labour charge of one man-day to the machine owner, no
maintenance expense, a useful life of six years, a zero salvage value, nontransferability of
machine parts such as the motor, and a fixed 4% in-kind payment of threshed grain.
Sorghum and wheat are priced at Rs. 100 and 145 per quintal. These assumptions approxi-
mate 1975/76 when the first thresher was purchased in Kanzara and are supported by survey
evidence on machine utilisation in Kanzara. Based on this evidence and these assumptions,
the only machine that worked in the village in 1976/77 threshed about 80,000 kgs. of
sorghum. In 1977/78, two threshers operated in Kanzara, and they each threshed only
about 40,000 kgs. of sorghum. Clearly, there was excess capacity in 1977/78 with the
introduction of just one more machine.

8. Post-harvest operations include drying, husking, threshing, winnowing, and cleaning
[Binswanger and Jodha, 1978: 1 15}.

9. Toalimited extent, the reduction in numbers in Table 4 could be attributed to fewer rounds
orinterviews in the later crop years. The frequency of rounds during the sorghum threshing
season declined from 8, 7, 5, and 4 in 1975/76, 1976/77, 1977/78 and 1978/79 respectively.

10. Four members left their households in the village and one died.

11. This estimate comes from multiplying the male hired labour use coefficients in Table 2 by’

- proportions used in each threshing method to derive a weighted male hired labour use in
hours per quintal which, in turn, is multiplied by total production and divided by total male
hired labour hours in cropping activities during the fortnight to give percentage male hired
labour use in threshing sorghum.

12. Based on 1975/76 production and 1977/78 adoption levels.

13. Based on data from 493 pulse fields from 1975/76 to 1978/79, hired females contributed
about 30, 35, and 45 per cent of the labour required to thresh mung-bean, black-gram, and
pigeonpea respectively.

14. This calculation is based on fortnightly data and follows the methods used in Ryan and
Ghodake [1980].

15. Only two rounds of employment data were takcn in Kinkheda during 1977/78; therefore, it
is not possible to carry out a with-and-without employment comparison for the two villages.
Nevertheless, for 1975/76 and 1976/77, 14 and 8 sorghum daily threshing observations were
reported in Kinkheda; the rate of involuntary unemployment was 6% for 1975/76 and 0%
for 1976/77. The latter rate is significantly (p<0.05) less than that reported for Kanzara in
Table S for the same crop year.

~
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