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The Village Leve! Impact of Machine Threshing and Imp)ications
for Technology Development in Semi-Arid Tropical India

T.5. valker and K.G. Kshirsagar®

Should research institutions in the public sector invest scarce resources
in the evaluation and design of threshing technologies for the Semi-Arid
Tropics (SAT! of India? This question is multifaceted, but it can be
simplified into two dimensions--consequences and comparative advantage.

Consequences ultimately relate to who gains, who loses, and by how
much from the adoption and diffusion of new threshing technologies. At
best, new threshing technologies may diractly increase productivity and
have a beneficial impact on employment by breaking labor bottlenscks that
constraih sequential cropping. At worst, mechanical threshers may have
a slight advantage in cost reduction compared to traditional techniques,
a negligible impact on output, a sharp labor-displacing effect, and a
pronounced tendency to widen disparities in income.

Comparative advantage refers tc who does the research and development
cn machanical technologies: the private or public sector Historically,
most mechanical i(nventions and resulting innovations 1n sagriculture have
beer designed by tinkers, other village artisans, and small-scale indus-
trial entrepreneurs. If there was a demand for new mechanical technology
the private sector has responded with a supply of innovations. Some
would arqgue that the market for mechanical technologies in developing
countries does not functior efficiently (Duff 19805 Johaston 1980). A
lack of i1ncentiver and tnfrastructure constrain the ingenulty of inventors
ard inncvators; therefore, public sector research ham an impcrtant rcle
to play in the design and evaluaticn of mechanical technologies.

In order to make a sound case fcr public sector research in threshing
ard related pecstharvest technclogy, ore {irst has to show that the market
for mechanical innovations does not fungricn properly and document why.
Secondly, the reed for new technologies has to be demonatrated so that we
are assured "hat these technologies have a reascnable chance of adoption
and that when they are accepted by farmers they will have a benefictal
iEpact of. society

® 7T L. walker (5 an Assoclate ¢f the Agricultural Ueveiopment Council and
rrinzipai Eccnomist av ICRIZAT. F¥.0. rshirsagar is a Lenlor kesearch
“echnician at [CFILAT. The paper has benefited from insightful comments

and suggestions by J.C. Pyan, MN.§. Jodha, G E. Thierstein, and V.5, Doherty.
ravan Kumar and E. Jagadeesh tabulated the data used in the study. A partiai
stirulus for this research was earlier wecrk by Calegar (1978).



This study locks at the second or “vonsequances” condition and
measures the of fects on cost, cutput, and employment from the introduc-
tion of mechanical threshers at the village level in SAT India. The
study relies on data {rom the ICRISAT Village Level Studies (VLS)
(Binswanger and Jodha 1978). ‘The VLS dats are ideally suited for im.
ject analysis because they can furnish a “"before and after” evaluation
slong with a "with and without” comparison. Most other impact statements
draw inferences exclusively f{rom a "with and without®™ comparison which i{a
vulnerabls to multiple confounding effects of uncontrolled variables that
are positively correlated with mechanization over time. MNost othen studies
have snalyzed mechanical threshing of irrigated wheat or rice; this
ressarch focuses on the prospects for and impact of mechanically threshing
rainfed sorghum which is a staple food crop in SAT India.

After a brief review of innovations in mechanical threshing in Indias,
several conceptual issues that condition consequences in SAT India are
outlined This outline provides s {ramework for taking microscopic snap-
shots of the village level consequences of the diffusion of threshers over
time. Because direct output effects {rom new threshing technologies are
likely to be small, the private profitability of machine threshers and the
size of cost reduction vis-d-vis traditional techniques are cemtral thames
for analysis. Particular attention is given to price determindtion for
machine hiring within the village economy. The paper concludes with
comments on implications for research policy on potential threghing techno-
logies 1n SAT India.

RECENT INDIAN EXPERIENCE WITH THRESHERS .
AND PROSPECTS FFOR SAT INDIA

The demand for threshers has rapidly expanded in India over the last 15
years., Most of the growth in demand was sparked by the introduction of
high yielding wheat varieties i1n the Punjab, Haryana, and Uttar Pradesh.
The early maturing, high~yielding varieties, together with a rising
investient i1n tubewells expanded the opportunities for double cropping
and stimulated the demand for seasonal threshing labor which ia turn
precipitated rapidly rising seascnal wages. Higher wages made threshers
& decidedly attractive investment, and the changing economic conditions
did not go unnoticed by agricultural engineers and researchers. In 1966
*in recognition of 1ts great importance, the Indian Council of Agricul-
tural Research (ICAR) offered a prize award for the best prototype design
of a low horsepower thresher (Roy 1970, p. 541)." The private sector
rapidly responded to rising demand by designing simple threshing innova-
tions. Indicative of this response was the finding that the number of
mechanical threshers per 100 farmers in four sampled districts of the
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output is synonymcus with lower utilization and reduced profitability.
Bacause the majority of farmers in the SAT are small landholders, many
potential owners will have to hire out their threshers in order to
asort ige cost. Hiring out has many positive features but it means that
in ysars of adverse westher the owners of threshers cannot compensate
for low yields by charqing a higher price. Bullock tresding and hand
beating, the most common traditional methods, are substitutes for
machine threshing and provide an effective price celling on what owners
of machine threshers can churqa.2
L

In contrast to irriqgated agriculture, cropping intensity in the
SAT 18 low and barely exceeds 100 (Jodha 1980). Although new techno-
logies may incresse cropping intensity in the SAT, potential cropping
intensity in dryland aqriculture does not approach what can be obtained
with irriqgation. Thus, there i1s less economic incentive for breaking
seagonsl lahor bottlenecks to promote double cropping.

In summary, we would expect that the demand f{or threshers is limit-
od 1n SAT Indis by revenue uncertainty, low wages, and the scarcity of
double cropping opportunities. These hypotheses are examined in the
village level study described in the next section,

VILLAGE LEVEL ADOPTION OF
MECHAN]CAL THRESHERS

Typical of much of SAT Indis, the traditional mode of threshing cereals

and pulses in Xanzaia 14 by bullock power and human labor, Kahazars is
located 1nh Akola district in the rainfed Vertisol, cotton-growing region

of Maharashtia. Cotton 1s qenerally row intercropped with locsl sorghum
and pigecnpea in the rainy season. Hybr.d sorghum (mainly CSHel) is sole
cropped at the start of the monsoon., Other pulses are also grown and
threshed in the village. Threshing beqins after the harvast of mung bean
(green qram) in September and ends after the harvest of irrigated wheat

in Magch., Threshing activity intensifies in Octaber, December, and March
after the harvests of hybrid sorghum, local sorghum, and wheat respectively

Most threshing in Kantara takes place on the gothan or common cattle
pasture and corral area, which 1s located on government land near the
village. A central location for threshing has a number of advantages.
The gothan 1s located in an open area where higher wind velocity aids
wxnnonzng. A centrai location also facilitates information exchange on
bullock and labor availability in the village.

2. This observation assumes that mechanization has been selective and has
not pre.ipitated the seiling off of draft power, TFor the village under
study, both the ubrervati.n and assumption are valid,



Each farwer prepares a circular threshing yard on the gothan. A
wooden pole is placed in the center of the yard and is used to tie bullocke
while threshing. Grain is threshed by the trampling of bullocks: bullock
carts are seldom used for threshing in Kanszara.

Introduction and Diffusion of Threshing Technologies

The first thresher was introduced into the village in 1976. By 1980 five
threshers owned by differsnt villagers had been purchased.’ In 1960 four
threshers were operating, two in the village and two outaide the village.

The threshers run on diesel or electric hotors ranging from 5-10 hp
and are designed for threshing wheat.4 The threshers are manufactured by
two firms in Punjab and are distributed through dealers located about 60
kilometers from Kanzara. The investment cost of the machines with motor
and attachments ranges between Rs. 6,000 and Re. 10,000, Few farmers
have production sufficient to make threshers a remunerative investment
vithout hiring out their machines. In order to increase the utilisation
of machines, some owners have taken thair threshers outside the village.
Since the threshers are portable, they can also thresh grain in a farmer's
field.

The most salient feature about threshing in Xanzara is the rate
structure that owners of threshers have adopted to promote {ncreased
utilization of thresher capacity over the season., For sorghum, regard-
less of the size of output, they retain 4\ of production as a payment
for threshing. The first owner in 1976 appears to have skillfully
calculated what the market would bear when he introduced the 4\ charge
which has not changed in the last five years. Machine owners have not
attempted to increase their rate of utilization by underpricing their
competition through lowering the in-kind fee for threshing.

Threshing technology rapidly diffused throughout the village. With
the time series of VLS data, one can track the use of threshing techno-
logies for & sample of 10 farmers in Kanzara over the last five years.

By any measure of adoption presented in Tables 1 and 2, mechanical thresh-
ing has rapidly displaced traditional methods. By 1978-79, about 99% of

3, Four of the flive owners are large farmers and belong to higher castes
in the village. The fifth purchaser is a close relative of one of these
owners. The five owners have on average nine years of schooling; the
village average for male headsof household is three years.

4, Only one owner has used his thresher motor as a prime mover for other
mechanical operations such as chaff cutting. The other four owners have
used their machines exclusively for threshing.



Table 1. Method of threshing hybrid sorghum (CSH-1) in Kanzara by
output, number of plots, and respondents. .

Cropping year

Method of threshing
197%=76 1976-77 1977-78 1978-79  1979-80

-~ percent of output --

Hand 18 ] 16 1 4]
Bullock 82 29 3 0 ?
Machine 0 T a2 99 93
tutput (Kgn) 14243 20224 19867 9412 16800

-

N W RS W G0 W G e A U e e T e AU A I U G A D N G G R e B W e A W . . e S e S - -

-~ percent of plots --

Hand 47 4 17 22 5
Rullock $3 <23 k] & 9
Machine 0 73 80 72 86
No. of plote 19 26 30 18 22
-- percent of respondents® --
Rand 44 6 9 27 &
Bullock 56 12 5 7 11
Machine 0 88 91 73 B9
No. of respondents lé 17 22 15 i8

D P SR WY N e W W W T M . S T D -

a. Columsn totals may sum to more than 100 because some farmers use
more than one threshing method.



Table 2. Method of threshing local sorghum in Kanzara by output, plots,
and respondents.

Cropping year

Method of threshing v
197%=76 197677 197778 1978-7% 197980

-= percent of output --

Hand 28 14 14 17 27
Bullock 72 27 4 1?7 21
Machine 0 59 82 66 52
Total output (kgs) 143%) 1286% 5494 5146 8067

-= percent of plota «-

Hand 43 41 1% 50 %7
Bullock 57 20 2 14 15
Machine 0 39 63 36 28
Total No. of plots 49 59 49 50 68

Hand 48 52 45 76 &3
Bullock €5 12 5 12 21
Machine ] 52 60 24 29
No. of respondents 23 25 20 25 24

a. Column totals may sum to more than 100 because some farmers use
more than one threshing method.



hybrid sorghus was threshed mechanically (Table 1i. Mechanical thresting
of local sorghum reached a peak in 1977-78 at about 82 percent of threshed
output (Table 2). By 1979-80, all farmers in the sample had relied on
mechanical threshers to thresh st least a pert of their produce. MNoreower,
by 1977-78 all vheat produced by farmers in the Kanzara smmple vas threshed
by machine. Other crops were not mechanically threshed.

The data in Tables 1 and 2 also suggest that mechanical threshing has
not strictly dominated traditional techniques. Many farmers in 1979-80
reverted back to traditional techniques. *

Access to Mechanical Threshers

Parmers in the village had relatively equal access to the new threshing
technology. Because of land fragmentation, plot size is small. For all
production levels above 50 kgs, machines displaced both traditiona! methods
of threshing (Table 3). The produce {rom about 80\ of small plots yielding
50 to 200 kgs of hybrid sorghum was threshed by machine from 197%-76 to
1979-80 (Table 1).

The in-kind payment charged for mechanical threshing eff{ectively
eliminated any potential purchasing pover constraints or liquidity problems
facing low-income farmers. The term of payment at a fixed percentsge of
threshed output stimulated an effective demand for the nev tedhnology and
transformed a lumpy capital investment into a highly divisible input
Mechanical threshing was probably a particularly sttractive alternstive for
low-income farmers who did not own bullocks or who incurred substantial
transactions cost for hiring bullocks. Cne can also speculate that an
in-kind fixed percentage payment also maximized utilization and developed
in regponse to the operational farm structure in Kanrara where many farmers
seasonally produce small quantities of cereals.

COST REDUCTION, PROFITABILITY AND
PRICE DETERMINATION

The widespread use of threshers in Xanzara 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,
decressed threshing losses or a higher output price reflecting cleaner
grain or a lower percentage of brokens. Survey evidence suggests that
threshing losses and output price do not vary significantly by threshing
technique. Therefore, it 1s assumed that direct benefits attributed to
mechanical threshing must result from a lower per unit cost.



Table 3. Distribution of size of ocutput by threshing method by cultivar
from 1975-76 to 1979-80.

Size of threshed Sorghum cultivar and*method of threshing

output per plot a a
in kgs local Hybrid

Hand Bullock Machine Hand Bullock Machine

--Percent of plots threshed in each aise category--

20 - 50 7 10 1) %0 16 3
51 - 100 41 22 37 20 0 80
101 - 200 3s 24 41 21 D 9
201 - 500 20 34 46 36 22 47
501 - 1000 0 30 70 11 39 36
1001 - 2000 0 0 100 7 27 66
2001 - 4000 - - - 0 25 75

a. Row totals by cultivar may not sum to 1000 because of rounding.
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Cost Savings with Mechanical Threshers

Costs are compsred for the three techniques by f{irst calculating sversge
input-output coefficients based on the assumption of & fixed-coefficient
production function whers constant returns to scale and input combinations
in fixed proportions are assumed. These coefficients are presented in
Table ¢ and represent the sverage number of hours taken to thresh one
quintal of sorghum. They are estimated from data on all 367 sorghus plots
{n the Xansars semple from 1975-76 to 1979-80.5 Por both hybrid and local
cultivars and for the three threshing methods, male hired labor 1is the
largest component of input. On average, hybrid CSH-1 was easier to thresh
than local varieties. CSH-l generally has more grain per head and this
may be the reason for the differences in bullock and human labor intensity
between hybrids and locals.

The choice of threshing technique by the farmers in Kansara is a
function of bullock hire prices, hired male wages in the casual labor
market, the opportunity cost of male family labor, and the expected price
of sorghum. Higher bullock hire and male wage rates, and lower output
prices, favor machine threshing. As the sorghum:hired labor and sorghum:
bullock price ratios rise, traditional methods become more economically
attractive.

Comparative cost data in Tables 5 and 6 reveal that the direct cost
savings attributable to threshers are not large. The estimates in Table 5
are obtained by multiplying the coefficients in Table 4 by the average
annual yearly price and wage data in Appendix Table 1 (Asckan 1980) The
sAme wage rates were used for family and hired labor. Mechanicai threshing
of local sorghum had a slight edge over ballock treading and hand beating
from 1976-77 to 1979-80. Although the relative savings 1n cost vas on
the order of 208, the absolute ocost savings was only one to two Rs. per
quintal which generates a small, almost negligible, savings in value of
production. For hybrid sorghum over the same period, machine threshing
does not have a clear-cut advantage over bullock treading (Table 5).
Because different farmers have different price expectations and opportunity
costs of family labor, we shculd not be surprised to see all three tech-
niques being used in the village in the same year.

Profitability of Mechanical Threshing
The profitability of mechanical threshing 1s directly tied to cereal pro-

duction in the village. A few calculations highlight this point. Suppose
all sorghum and wheat harvested in Kanzara is threshed by machine. Under

5, Because farmers sometimes mix produce from different plots betore
threshing the number of observations is less than 367.
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Table 4. Llabor and bullock inputs required to thresh and winnow one
quintal of sorghum by cultivar and method from 1975-76 to
1979-80 in Kangzara.

Hybrid . Local

Hand Bullock nnchxnab Hand Bullock Nnchincb

== Hours per threshed quintal --

Male family 2.74  0.39 0.48 1.98  2.46 0.8
Pemale family 0.00  0.09 0.12 3.01  0.11 0.07
Male hired | 5.48  4.16 1,09 6.15  4.07 1.38
Female hired 3.44  0.25 0.03 2.72 0.02 0.00
Total human labor  11.66  4.89  1.12  15.86  6.66  2.28
Bullocks owned® - 1.18 - - 1.82 -
Bullocks hired? - 0.21 - - 0.27 -
motal bullock labor - 1.9 - - z.08 -

a. Refers to a bullock pair.
b. Refers to the requirements of the farmer who hires the machine.
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Table 5. Cost of threshing RHybrid Sorghus by method and cropping year
in Rupess per quintal and in percent of value of output.

Techaique

Cropping year

Hand Bullock Machine Hand Bullock Nachine

-=Rupees per quintal-- --percent value of output--
1975-76 5.16 4.2) - 5.38 4.41 -
1976-77 4.61 3.70 4.68 4.70 1.78 4.7
1977-78 5.95% 4.77 4.52 6.68 5.36 5.08
1978-79 5.50 4.20 4.89 5.5 4.20 4.89
1979-80 5,92 4.64 5.57 5.14 4.04 4.85

Table 6. Cost of threshing local sorghum by method and cropping year
in Rupees per quintal and percent value of output.

Technique

Cropping year

Hand Bullock Machine Band Bullock Machine

=--Rupees per uintal-- --Parcent value of output--
1975-7% 6.75 6.12 - 6.49 5.88 -
1976-77 6.04 5.33 4.42 7.18 6.34 5.26
1977-79 7.8) 6.86 5.34 7.83 6.86 5.34
1976~79 7.26 6.03 5.22 7.26 6.03 5.22

1979-80 7.76 6.67 5.80 6.74 6.07 5.23
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some reasonable as-unpttonu‘ based on the VIS data and Singhal and
Thierstein (1979}, we estimate an internal rate of return to management
and capital of over 100N when one machine of 300 kilograms per-hour
capacity threshes all available produce If another thresher of the
same capacity is brought into the village and the two machines divide
equally the harvest, expected profitability on esach thresher falls to
3OV . Introduction of a third machine of identical vintage results

in a 138 return, while the addition of a fourth thresher cuts the
internal rate of returns on investsent to an unprofitable 4M.

Unless cereal productivity increases shirply, the purchase of addi-
tional machines over and above replacement will erode the profitability
of existing machines. Lower profitability will in turn curtail invest-
ment demand for low horsepowsr threshers. What happens to the rental
rate for threshing as the supply of threshers increases in the village
13 analyzed in the next section.

Price Determination and the Diffusion of Machine
Threshing

The data in TaQles 5 and 6 do not make a compelling cass for mechanical
threshing 1In order to explain the absence of a significant cost advantage,
we have to answer two quastions. Why did the first machine owner charge

4% and why has this percentage piece rate fee remained intact over the

last six years despite the entry of other machines into the village? With
the aid of hindsight, it is possible to draw on microeconomi¢ theory to
suggest answers to these questions and to add tnsight to the diffusion

of mechanical threshing in Kansara. We focus on the viilage and the peak
pericd demand for and supply of threshing resources. The demand scheduls
(DD} 1n FPiqure l{a) applies to the short-run, perhaps a two-week peak thresh-
ing period tor hybrid or local sorghum. Demand 1s totally inelastic and

19 given by the size of the crop The upward sloping supply schedule (88)
indexes the availability of bullock and human threshing labor for changes
in thelr hiring rates {in rupees per quintal threshed). The supply of
traditional threshing resources is determined by supply and demand condi-
tions in the bullock and labor markets in the village and in neighboring
villages It is assumed that a hiring market for bullocks and labor exists

& We assume that multiplying the sampled farmers' production by the inverse
of the sampling fraction (27%) g:ves total production in the village from
1975-7¢ vo 1979-80. Assumptions on the machine are an initial purchase
price cf ks. 6,500, an cperating ccst of Ks 15 38 per B-hour day, a labor
charge of one man-day to the machine owner, no maintenance expense, & use-
£yl life of six years, a zerc salvage value, nontransferibility of machine
parts such at the motor, and a fixed % in-kind payment of threshed grain.
Sorghum and wheat are priced at Rs. 100 and 145 per quintal. These
assumptions apprcximate 1975-76 when the first thresher was purchased in
K'nvara,
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Before mechanicel threshing 18 introduced into the village, output
Q¢ s threshed vith traditionsl resources at price Pg [Pigure 1(a)]. The
ared PBL under 56 and to the left of DD represents payments to bullock
owners and labor  Because some farmers employ their own bullocks and
family labor for threshing, PBL is distributed to hired labor, owners of
hired bullocks, and farmers who use fsmily labor and bullocks for threshing

One enterprising petson in the village buys a thresher and faces the
decision of what price to charge 5Suppose he picks Py, the intercept of
the supply schedule S5 with the price axie [quuro 1b)]. We asoume that
sechanical threshing in a fixed coeff{icient technology: therefore, a
machine can only thresh s {ixed quantity (Q)i of sorghum during the two:
week threshing period. We further assume that at full utiligation of
capacity the thresher can thresh only a part of the village produce
during the peak demand period Thus, with the machine thresher, S5
flattens ou* along 1ts 1nitial section, shifts to the right and is con-
verted into §'S'  Qy 1e threshed by machine at price Py; (Qp=01) 18
threshed by traditional methods st price ;. Farmers who hire the machine
have tc supply their own labor; therefore, the total cost of machine
threshing tc these farmers is I'y, which includes the payment to machine
threshing labct MTL P, tepresents the variable nonlabor cost per quintal
thresahed for operating the machine [Payments to {uel and other variable
inputs are reflected in T™VC

Machine threshing generates ccst savings to producers of CSP. The
site of CSP represents the magnitude of direct benefits to sofiety, due
to the introduction of the thresher. FBL shrinks as profits and return
on investment (PT0) accrue to the owner of the thresher.

It 1 in the interest o! the thresher owner to charge a price that
maximizes his return on investment PTO  1f our owner had perfect know-
ledge of DD and $'S', he wculd have established Py as his revenue maximiz-
Ing price {P;gurv I(C)Jn Urde: out assumptions, this 1s the highest
price he can charge without Josing some of his business to his traditional
threshing competitcrs At price Py he still threshes an amount (Q,-0f)
that equals ') Because he threshes the same quantity as before, PBL,
VG, and NTL do not change  Profits to the owner expand at the expense
of CSP, which 15 greatly 1educed  The prices P} and P facing farmers
who machine hire and those who thresh with traditional technirues are
the same APTO represents ar additional payment for perfect foresight.

Figure ! 1lluminates many aspects of the thresher owner's pricing
decision. His ceiling prices i1s Py Any price above P, results in a
loss of output to traditional threshing methods. Py or nonlabor variable
costs per unit of output threshed establishes the floor price. Assuming
mechanical threshing 1s profitable, some price in the vicinity of P. is
probably a competitive price that provides an equitable return on
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iaventmeat, Py tu prolably too high a price to charge. 1In so'e “aavs,
village cutrut may fall considerably short of 0,, Por exmanle, .’
Jomand shifted to §f and the owner ovvted for P; his returns woul! e
ails ho would be forced o revine Mis urice downwaris,

Wae adntr bas to take a loncor view wheh he forms expectationn on
JUoaid L. Por the cane dejacted 1o aeure 1(C), his chosen price ghoald
‘all between Iy and .. As the orice amroaches ', direct benelits lo
society diminsiuh and rolits Lo L o owner increase, 10 the owner chooses
a price close to . we should not new s similicant difference Letween
the per unit cost of threxhiny fur  wchanizod and traditional technijues.

dith the increasing entry ol mechaiacal threshers into the villane
clomentary economics would guraent that . would fall. Fiqure 2(al
describes the case where ote threslna vrerates in the village and charges
a plece rate juice o ) s threvhind by the single Lhresher and (- )
is toregw, by traditional methods.  Heturns (PTO) on investment arc
large and may entice anothe:r resident in the village to purchase a thresher.
The addition of a second Linesher of vientical vintage into the village
translates into a reduced market share and decreased revenues to the firs!
owner Trxqure 2(b) ], The total quantity 7y of unthreshed grain 1s not
sufficient to maintain both machines at full capacity. In order to
increase revenue and eliminate excess capacity, both owners ape motivated
to search for unthreshed grain outside the village, A strong external
Jemand would likely attract one machine to move outside the village, and
the returns to the other owner would be restored to the origimal position
1 Figure 2(a).

Buppose threshing resourcea 1n neigiboring villages are gbundant and’
or desand is weak. DBocause external hiring out 1s not a highly profitable
option, the only strategy available to the first owner to recover his market
share 1s to change his price. Demand schedules facing each owner are drawn
in I'tgure l(¢c). Depending on the importance of timeliness and on the supnlv
of traditional resources, prices above Py will result in larqe decreases
fn quantity demanded and falling revenues. There appears to be sone scope
to 1ngreasc tevenues and machine utilization if the first owner unilaterall:
lovers his price to Py on demand schedule OD'. As the first owner initially
cuts his price in Figure 2{c) he will regain his market share at the expense
of the second owner who naturally will react by matching the price of the
first owner. As both decrease their price the size of P10 will shrink,
and both will be worse off than before.

Demand schedule OD” is drawn on the assumption that the second owner
will not react when the first owner changes his price. The first owner is
not 80 myopic to think that he faces demand schedule OD°, He will realize
the interdependency depicted in OD in the firm demand schedules; hence,
there is no incentive to lower prices. Initial price P, is the best that

eithar owner can do tn ' vimieg rev nna
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Even with the entry of more threshers {nto the villaqe, it is not
surprising to learn that the price for threshing has not changed in the
last six years in Kanzars. We would expect the constancy of the piece
rate paymant to hold for other crops such as wheat. Although the spatial
oligopsony, kinked-demand curve scenario illustrated in Pigure 1 may not
strictly apply to the rest of SAT India it explains some salient facts
about the threshing market for cereals in Kanzara.’

SEASONALITY IN LABOR DEMANY ,
AND TIMELINESS

The wage dats in the cost analysis in Tables > and 6 is based on annual
averages by operation and may mask the importance of seasonal variables
in threshing. Seasonality in the demand for threshing labor is hinted
at by comparing the data i{n Tables 5 and 6 (which suggest that the ocost
advantage of machine threshing is greater for local varieties than for
hybrids) with the diffusion data in Table ! and 2, which clearly show
that more hybrid sorghum i{s threshsd by machine. Because threshing
takes place during October for hybrids and December for local varieties,
seasonality in daily wage rates and in the opportunity cost of labor
could explain the differences in the use of mechanical threshing by
cultivar type.

7. The plctures depicted in I'igures 1 and 7 on price determination and
on too many machines chasing too litile demand {s also supported by some
{solated facts and observations. In Gujarat where wage rates for daily
agricultural labor are higher than in Kanzara, owners of low horsepower
threshers in the two VLS villages charge 54 (unpublished VLS data).
During the 1980-81 season, the two owners operating threshers in Kanzara
were gxtremely reluctant to have a third machine which was operating
outside, return to the village, Singhal (1981) recently reported that
when 4 private thresher owner heard about an ICRISAT test of a new design
near his home village in Western Maharashtra "he rushed to the village...
worrying about his business (19681, p.2)".

In March 1978, one of the thresher owners from kanzara took his machine
about 25 kms to & village f{or wheat threshing. In this village, the
traditional payment was 16 kgs per 3 threshed quintals to hired labor with
the farmer supplying his own bullocks for treading. This works out to a
threshing cost of about 5,33 percent plus the opportunity cost of the
farmer's bullocks, Not surprisingly, the thresher owner set his price
at 16 kgs per 3 threshed quintals. He hired four laborers for machine
threshing, gave them 4 kgs, and retained 12 kgs for himself. TFarmwers
were motivated to machine thrash because they could use their bullocks
for other /ctivitier



Tabie 7 sheds some light on possible explanations 8 1t we compare
the two most umportart fortrights £0r threshing local and hybiid cultivace
from 197576 tn 19'9-80, daily wages are higher for both male and female
landless laborers during fortrights 21 amd J2 wher hyb:ds are threshed
coopared with fantnights &5 and Jb when Jotal threshing activity teaches
a peak. Another way to measure [abot seasonalily is .o sra.yze 'he
variation in the tortnightly opporturity cost of labor, whih refle.ts
the daily wage weighted by the probalality of employment  Opjertunity
CoBt comparisars do not point o dilferer.ces in labor demand seasonality
by varietal type Male opportunity . owls (Ot peax thiesbing fortnights
are the same for both local vatieties and hybrids (Jolums ©, Table 7).
Famale oppertunity costs are lower during the thiest g of socal sorghum,
but estimates cottected for seasonality seveal that homan labor costs for
threshing are about ;5% higher for local sorghum.” The irdence of
seasonality in the demand for Jabor {:rum Seplember to bebruary s hot
patticulatly strorg because other Cropping operatiorn ot a4t the same
tame as threnhing

The timeliness of larmicy operationm has aong beer re yjnifed an &
factor contributing to mecharigation. ARlthough the Denefits 'e timeli-
ness are usually difficult to guantily, larmers arv 1arely ielt pposche
less wher asked why they need to firish vpetationn o L.ty aw pulnxbldnlu
In sorghum, improved timeliness in threshing can Jdomro b the o idence
uf pestharvest lossey due tu inclomert weat hoo reeboavert grael mold
and postharves! storege funyl Cap Le severe jrobleme L rain, swakih
surghum.  Speedy thiesliny per e Joes not reduce 'he likelihood of
divease 1 insect damaye, but it may enhance the Lo es 0L veuajiahy
pest-ronducive enviromments Agsumiryg that postharvest wlitrage L&
adequate, benelits derived lrom timely threshing are  argely determined
Ly the risk «f an adverse envoronmert, which o be roongped an the
probability of o wet week i: the last .olumn ot Tahie The probabi.ity
of raintall is much higher during *he threshing o) nygtoo ' tharn .al
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Table 7. Seasonal distribution of sorghum threshing, daily wages, opportunity cost of labor,

and the incidence of rainfall in Kanzara.

Sorghum threshing

Daily wage in Opportunity cost Average
Fortnight mmber  Date  livar | Re-perday  in Rs. per day probabilicy

Local Aybrid Male Female Male Female week
(1) (2) (3) (4) (S) {6) {(7) (8) {9
20 Sep 24-0Oct 7 0 4 3.81 1.91 2.52 1.34 .43
21 Oct 8-0ct 21 0 42 3.79 2.60 2.88 2.19 .24
22 Oct 22-Nov 4 1 40 4.00 2.84 3.3%5 2.34 .08
23 Nov S5-Nov 18 1 14 3.58 2.38 2.87 2.13 .08
24 Nov 19-Dec 2 12 0 4.33 2.42 3.76 2.24 .10
25 Dec 3-Dec 16 34 o} 3.77 2.06 3.35 1.91 .0%
26 Dec 17-Dec 31 42 0 3.16 2.09 2.89 1.88 .07
1 Jan 1-Jan 14 6 0 3.09 2.37 2.75 2.16 -1%
2 Jan 15-Jan 28 3 Qo 4.01 1.67 3.46 3.46 .03
3 Jan 29-FPeb 12 2 0 3.59 1.95 2.97 1.54 .0l

Sources:s Constructed from Ryan, Ghodake, and Sarin (1979); Virmani, Sivakuslhzr, and Reddy (1978).

1124
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varietiss. The average probability of a wet wesk is about .24 during the

peak period of hybrid threshing from October 8-21. IExpectations of poet-

harvest damage from rainfall undoubtedly condition the choice of threshing
technique and probably contribute to why machine threshing is favorsd for

hybrids. Although this is plausible explanation, we can also see that

the expected probability of a wet week for most of the threshing season

is not large.

CROPPING INTENSITY _

Threshers can break seasonal labor bottlenecks and stimilate an increase
in cropping intensity. The machine threshing of hybrid sorghum in Xansars
can release family and bullock labor for sequential cropping in the post-
rainy season. The most common postrainy season crops are irrigated wheat
and chickpeas. Wheat is planted on small plots irriqated by wells, and
chickpeas are sown in low lying areas {n fields. Thus seasonal rainfall
and access to well irrigation are important determinants of the potential
for double cropping.

In order to test the hypothesis that threshers have increased crop-
ping intensity, two types of comparisons are made in Table 8. The firet
two columns record the percent arsa and farmers in Kansara planting dif-
ferent crop combinations during the rainy and postrainy seasona, 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; that is, we would
expect more land in the latter two categories during the last three years
compared with 1975-76 before machine thrashars were {ntroduced.

The data in Table 8 do not suggest a sharp change in cropping pattern
Sequential and postrainy season cropping on rainy-season fallow land have
not appreciably replaced intercropping. Nevertheless, a Wilcoxon matched
pair signed-ranks test, which is suited to statistically test the changes
in cropping pattern for 19 farmers who switched to mechanical threshers
in 1976-77 indicates that sequential cropping in 1976-77 and postrainy
season cropping on leased-in or rainy season fallow land in 1977-78 was
significantly greater than in 1975-76, The other before~and-after com-
parisons do not yield statistically significant results at the 5 percent
level.

The small but statistically significant increase in postrainy season
cropping could be due to other variables such as rainfall. Total rain-
fall received in Xanzars in 197576 was slightly above 400 mm. In
contrast, more than 800 ms fell annually from 1976-77 to 1978-79, Wetter
years favor more sequential cropping particularly in low lying areas
where chickpeas are grown.
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Table 8. Cropping pattern by village from 1975-7¢ to 1978-79 in
percent of cultivated ares and number of farmers.

Village

Cropping pattern and season Kanzara Finkheda

Parcent Percent Percent Percent

arsa farmers ares farmars

1975~76 71 89 86 100

Rainy season 1976-77 73 100 83 100
intercropping 1977-78 77 100 88 93
1978-79 72 100 76 78

197%-76 25 74 ? 25

Rainy season 1976-17 21 79 ) 36
sole cropping 1977-78 le 63 S 25
1978~79 18 68 17 r

‘ 1975-76 b4 32 3 18
Rainy :::;” 1976-770 6 53 8 43
:‘q“‘l‘n | 1977-78 3 37 4 29
ropping 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 k] 8
leased~-in land 1978-79 3 32 3 le

* Scatistically significant at the 5% level in the before-and-after
comparison.

+ Statistically significant at the 5% level in the with-and-without
comparison.
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One way to control for the confounding effects of weather is to
compare the cropping pattern in Kansare with a neighboring village. In
the VLS, one village in each area has been left as a control for such
cosparisons. Fortunately for our purposes, from 1976-77 to 1979-80
machines were not used to thresh serghum in Kinkheda. Contrasting the
cropping pattern in Xansara to that of Kinkheda establishes & with-and-
vithout evaluation of the impact of mechanical threshing.

The influence of weather is readily detected in the last two columns
of Table 8. For the 31 farmers who planted sorghum in Kinkheda from
1975-76 to 1979-80, the percent sequential cropping jumped from 1B\ in
1975 to 438 in 1976-77, Both villages received more than BOD sm o! rain-
fall in 1976-77, and a Mann-whitney ' test 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 Kanzars than in Kinkheda.

Overall the evidence that the introduction of mechanical threshing
in and of itsel! caused a favorable impact on cropping intensity is
sxtremely weak. In only one year has there been a significant increases
in postrainy season cropping in Kanzars on rainy season fallow or leased-
in land; and in that year postrainy season cropping accounted for only
5¢ of total cultivated ares.

EMPLOYMENT

The marked decrease in labor hiring for threshing between 1975-76 and
1978-79 is yet another indication of the speed with which mechanical
harvesting technology diffused throughout Xanzara (Table 9). The number
of observations where members of VLS landless labor and small farmer
households were hired for post-harvest work, mainly sorghum threshing,
totaled 40 1n 1975-76,11 By 1978-79 only two observations of labor hired
for post-harvest threshing were recorded in the VL5 unmylc.lz

11, In the VLS manual, postharvest operations include drying, husking,
threshing, winnowing, and cleaning (Binswanger and Jodha 1978).

12. To some limited extent, the reduction in numbers In Table 9 could be
attributed to fewer rounds or interviews in the later crop years. The
frequency of rounds during the sorghum threshing season declined from

8, 7,5, and 4 from 1975-76, 1976-77, 1977-78, and 1978-79 respectively.



4

In order to gauge the impact of mechanical threshers on employsent,
two gquestions are asked: (1) what was the level of involuntary unemployment
for hired laborers in the VLS sample threshing sorghum during the peak
threshing season from 1975-76 to 1977-78, and (2) what was the rate of
labor market participation and level of inwvoluntary unemployment in 1978-79
for laborers who threshed sorghum during the previous three seasons? In
other words, did the introduction of mechanical threshers lead to increased
unemployment for laborers participating in the threshing operatiog and
did workers who had previously participated in threshing find altarnative
employment opportunities in 1978~797113

The answer to the first question appears to be affirmative. The
rate of involuntary unemployment rose sharply from 1975-76 to 1977-78
(Table 10). Before mechanical threshing in 1975-76, the estimated rate
was only 7% during the threshing season; by 1977-78 the five workers
who were still threshing sorghum “lost" one day in five to inwoluntary
uneaployment. The aversge levels of involuntary unemployment are statis-
tically different at the 5\ level between 1977-78 and the two earlier
cropping years.ld

Workers who were potentially displaced by mechanical threshers wvere
gensrally able to find other employment in Kanzara. Twenty five house-
hold members in the sample threshed sorghum in one or more cropping seasons
from 1975~76 to 1977-78. Pmployment histories are available on 20 of
thess workers who remained in the sample during the peak sorghum thresh-
ing periods in 1978-79.15 These data reveal that six obtained monthly
regular farm work, five entered the daily agricultural labor msrket, four
secured off-farm employment, three d4i1d not participate in the labor market
and worked on their own farms, and two benefited from government employ-
ment. For the five daily agricultural wage laborers, the rate of in-
voluntary unemployment was about 30V during sorghum threshing in October
and December. Despite this high percentage, we conclude that the majority
of agricultural workers previously engaged in threshing were able to find

13, Only twe rounds of employment data were taken in Kinkheda during
1877-78; 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 wage threshing observations were reported
in Kinkheda, and the rate of involuntary unemployment was 6% for 1875-76
and 0% for 1976-77. The latter rate is significantly less than that
reported for Kanzara in Table 10 for the same crop year,

14, To the extent that the least productive workers are left behind,
selectivity in the daily agricultural labor market could partially explain
the increase i{n involuntary unemployment with the decline in numbers.

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

%
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Table 9. Wages for and frequency of post-harvest labor in Xansara
from 197%-76 to 1978-79,

Male labor Female labor
Crop year®
Rupees No. of JRupees No. of
per hour observations per hour observations

1975-76 .50 30 .25 10
1976-77 .42 33 . 26 1
1977-78 .59 17 45 12
1978-79 .64 2 - 0

Source: Asokan (1980).

a. Data on time allocation by operation were not collected fox
1979-80.

Table 10. Inwoluntary unemployment for laborers in Kanzara hired
for threshing hybrid and local sorghum from 1975-76 to
1977-78.

.

Involuntary unemployment

Crop year No. of observationi

in percent
1975-76 7 19
1976-77 11 26

1977-78 20 5
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alternative recular employment, This finding confirms other results
(Pinswanger et al. 1979) that the labor market in Kanzara is buoyant
and operates efficiently for males vho are the primary source of labor
for sorahur threnhina,

Summina un, the intraduction of threshers increased the unesploy-
mant rate for thome Anily acricultural workers wvho remained in the
market and threshed soradhum, hut the costa of potential displacement
wvas minimized by the case with which threshina labor found other °
employment opportunities in Xanzara in 1978-79, Because of the small
sample size, these reaults are only indicative of what can happen
with the introduction of selective mechanization and further point to
the need for larger samples and explicitly desianed lsbor market
studies to document the impact of mechanization on employment. Moreover,
sorghum threshing in the diversified aqriculture of Kanzara is not a
sufficiently large source of employment that one would expect a pro-
nounced repercussion on the lahor market from the introduction of
machines. This finding may not hold for other SAT villages, parti-
cularly rainy season fallow areas where postrainy season sorahum is
scle cropped and 1s the dominant crop.,

TECHNICAL INNOVATIONS IN THRESHINC
AND THEIR IMPLICATIONS

There are several posaible ways to improve thresher performance {(Singhal
and Thierstein, 1979). One type of improved machine would increase ’
threshed arain output per hour. Our findings sugqest that the main
implication of such a technoloay would be "o reduce the quantity of
grain availahle for threshina by less efficient machines. The utiliza-
tion ané resulting profitability of older models would diminish, For
example, assume we i1ncrease the capacity of one machine by S0\ to

450 kiloorams per hour, 1If we have both a smaller and a larger capacity
machine threshino in the villaae, the profitability of the smaller
machine is reduced by 13%, fram )" to 20 percent., Thus a higher capa-
city thresher would have a necative impact on the owners of existing
machines as we would expect to see fewer threshers per village. This
type of innovation in and of i1tself would have a neqligible impact on
society because the benefits from increased capacity would not flow

to producers and consumers.

The second kind of improvement would focus on the development of
& multicrop thresher to take advantage of the diversified cropping
pattern in SAT India. Such a multipurpose machine would increase
utilization and smooth out seasonality in peak-periods of threshing
demand. In Kanzara, one could envisage a machine that would thresh
sorghur, wheat, and grain leqgumes such as pigeonpea, mung bean, and
black gram which are arown in considerable quantities by many farmers.



For grain leaumes, the social desirability of mechanical threshing
is more tenuous than for sorchum. Unlike sorghum, most pulses are
threshed almost exclusively by hand beating. Pulse threshing in Kanzara
is intensive in its demand for female labor {Table 11).

Such 8 multicrop machine therefore has the potential to displace
siansficant quantities of female labor. Women are discriminated against
in the labor market, and it is unlikely that they could find alternative
employment as readily as men (Binswanger et al., 1979 and Ryan et al.,
1979}, 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 labor households getting a job
reaches an annual low of .20 during April (Ryan et al., 1979, This
high rate of involuntary unemployment results 1in an opportunity cost
wage of less than one rupee for the same time period. Mechanical thresh-
1na may release women to spend more time on household activities, but
it 18 gquestionable that the value of such activities could compensate
for lost wages,

Performance ~ould also be improved by introducing a mechanical
thresher that produces cleaner grain with lower percentade brokens and
with fewer separation losses. Broken and unthreshed qrain command lower
market prices than threshed qrain; therefore, there may be same scope
for 1ncreasing benefits to society by improving cleaning etficiency and
decreasing the percentaqe hrokens. ® Such an improvement must be evalu-
ated relative to other threshers and traditional methods, Sinqghal and
Thierstelin (1979} show that for sorghum hybrid C8H-6, hand beatino qave
the game level of threshing and cleaning efficiency as machine threshing,
Threshing by bullock treading was not tested. The same study reported
wide variation in threshing efficiency among different mechanical models,
1f we assume that the present machines are inefficient in Xanzara we
have to ask the question: why would farmers thresh with machines when
the cost advantage 1s g0 narrow over traditional methods? Assuming our
cost data reflect the real situation, the most plausible answer i1s that
existing models are not that inefficient and do not have high enouqgh
separation losses and percentage brokens to lead to a significant reduc-
tion in market price, The efficiency hypothesis needs to be tested
under on-farm conditions but 1t 1s doubtful that a more efficient
thresher will have a significant impact on boostinc the production of
clean, whole grain for many sorghum cultivars.

16. In a marketing study of 7TH-6, nercent hrovens from 4 to 10% depres-
sed price from 1 to £%, while unthreshed grain from 1 to 10} was lineraly
and inversely correlated with nrice (ICFIZAT, 1980),
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Table 11. Average amount of labor required to thresh by hand one

quintal of pulses in Xantara and Kinkheda from 1975-76
to 1978-79,

Labor type

No. of

Pulses

Family Family Hired Hired ODSOTVations

male female male female

=~hours per threshed quintal--

Mung Bean 2.35 2.92 3.23 3.60 132
Black Gram 2.73 7.79 1.81 6.53 161
Pigeon Pea 5.03 4.12 5.74 12.71 202




OOHCLINTRC CDMMYTS

Becauge of few confoudine affecta, Vanzara of fored an excellent veutaee
neint to evaluate the comsecuencen o mectantea) threchine, the neneral
resuits {ror the study stronolv sumeat that the introduction and wioe
srread Aiffugion o’ machine threshine did not sionificantly reduce cents,
increase crommina intenpity, or displace labor. 1In and of fteelf,
mechanical threshine has not had much irvact in the villane,

“hese Tindinen have to be nlaced iv persvective, an the ropulte free
ree froact stude fnoonde one villaee cannot Ve svnpeted Lo prele e al)
of BrMoIndia, Yot they do vrovide a roference raodnt for annlvpie of the
likelv conmecuences of rochane threahine in other socioeconamic and acro.
climatic settineg,

e maior findinu that {n widelv anvlical-le {a that a Mvernified
outrat rix limite the ascone for and conditionn the {rnact of mectanicn)
threghino technoionien in &M Tndia,  'ror diversity and low product fon
oencouraac rachine hiring aa few farmers have enowth vroduce to afford a
lwpy investment like a thresher, Rased on our assumptions, two machines
of current vintage can profitahly thresh all the sorghum and wheat produced
in the village, »Mddition of a third thresher makes mechanical threghine
a far leas attractive investment orpartunitv-«the exrectsd rate of return
for each machine drovg from 30 to 1IN,

Mthouoh we usuallv think that mechanical threshina is an apt example
of selective mechanization, machine threshina in vanzara was anythina hut
seloctive in terms of access to technoloay. Hirine out and the need for
high rates of machine utilization made mechanical threshina readily
accesgihle to all farmers in the villace, Inder such conditions, mechanicnl
threshino mav respond particularlv to the needs of mmal) farmers whn do
not own bullocks or who have limited access to draft yowor,

2 Yuovant male lahor market in Yanzara ingulated daily workers from
the potential labor displacing effects of mechanical threshina, nafle
aaricultural workers who threshed sorchum durine the introduction and
diffusion of machine threshers in 1976-77 and 1977-78 experienced signi-
ficantly higher rates of unemnlovment romnared with 197576, hut they
were ahle to find alternative emnicrrpt in 1978-79, FRecause cotton i
the nrincinal cror in Xanzara, we should not exnect Lo ree a hich level
of lahor disnlacement fror machine threshino of sorahur. This henian
exmectation may not hold for rainy season fallow-postrainy season sorghum
areas, nor would it amnly to new multicrop wachines capable of threshina
crain lecumes that traditionally recuire a laroe amount of female labor
in the t*rechinc oneratijon,
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fultivation nf nonthreshable longer arowing season crops like cotton
grestly diminishes the potentisl for mechanical threshinc. Because
cotton seems to have heen the dominant crop in the Kanzars ares during
st least the last 100 vears (Binswancer et al. 1979), we could, likewise,
not attribute an increase in crovping intensity to mechanical threbshers.
Increased secuentsal croppinn is not documented in either before-and-
after and with-and-without comparisons. For other areas of the SAT, the
arqument that machine threshers may break labor bottlenecks that constrain
multiple cropping may stall apply, but the valadity of the argument is
diminished by the multiplicity of cropping patterns in dryland agriculture.
1l1lustrative calculations on one potential sequential cropping pattemrn,
while instructive, may dreatly overestimate and disguise the hature of
seasonal labor bottlenecks. Unless new technoloqy dramatically increases
the profitability of specific croppina systems and leads to specializa-
tion, it 1s unlikely that even under the beast of conditions farmers in
qiven regions of SAT India will all sdopt the same sequential cropping
pattern; hence, seasonal lahor constraints estimated for prospective
new technologies may he more imaginary than real.

Our results show that mechanical threshers have not siqaificantly
reduced threshing costs. Certainly, the 4% in-kind fee charged by thresher
owners has not heen exorbitant, but the spatial oliqopsony nature of the
village threshing market suqgests that the cost reducing potential of
mechanical threshing has only partially been realized. The dynamics of
diffusion of mechanical threshers point to the same conclusion. The 4\
price of mechanical threshina has not changed--even with the gradtal
introduction of more machinea~--1n the last five years in Kangara.

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 pricina. Under these conditions, it
is questionable whether potential benefits from reduced costs due to new
threshing technologies will be passed on to producers and copsumers.

The demand for improved threshing technologies could increase if
investment 1n irrigation opened up more opportunities for multiple crop-
ping, ££ short-duration, mold-resistant rainy season sorghum cultivars
were developed to enhance the potential for sequential cropping, and if
hulling characteristics of high-yielding, difficult-to-thresh sorghum
cultivars could not be upgraded through plant breeding. Moreover, if
there were tremendous scope for enhancing the field performance of
machines supplied by the private sector, public research could yield
dividends. Thus the payoff from public investment in research on
mechanical threshing is an extremely "iffy" proposition in dryland agri-
cultyre. There should be less problematic investment alternatives than
mechanical threshing research and development to directly increase
production in Semi-Arid Tropical India. .
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Appendix Table 1. Prices used in cost calculations.

Crop year Hybrid sorghum Llocal sorghus Threshing Threshing Bullock

October price December price male female rental
(Rs. per Qt.) (Rs. per Qt.) labor labor (Rs./hr

(Rs./hr) (Rs./hr) per

pair)

15/76 96 104 .52 .26 1.28
76/71 96 84 46 24 1.10
77/78 89 100 .58 .34 1.4%
78/79 100 100 .53 .33 1.21
79/80 115 111 .59 Il 1.33

Source: Asokan, (1980).
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