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LEGI'ME PPnUCTIP' IN ASIAt
 PROSPECTS FOR GPAIl 


M. von OpFen 

INTROOUCT I ON 
in the world in 1978 amounted to 161 million tons
Production of grain legumes' 

10.20' of the amount of cereals produced. The world area of grain legumes in or 


1978 was 155 million hectares or 20.5'/of the area under cereals. In the area
 

mainly of concern for the Asian Productivity Organization, i.e. the developing
 

East Asia,2 the picture is similar. In 1978 a total of 23
market economies of 


million tonsr of grain legumes were proclicei, or 9.61 of the amount of cereals
 

the area
produced in this region: the area was 39 million hectares or 22.94 of 


uider cereals.
 

However, whi:e the world production of nrair legumes in 1978 comprised
 

50% soybeans, and only 3V pulsq- and 12' groundnuts, in the developing market
 

economies of east Asia soybeans contributed not more than 5%; here pulses
 

Thus, in these East Asian countries as
accounted for 61f and qroundnuts 34. 


a group the importance of soybeans isalmost rEigligible at present while pulses
 

In the absence of any increase in yields and aiven
and groundnuts dominate. 


a nearly constant area under qroundnuts and pulses the relative amount of
 

grain legumes when compared to cereals has decreased continously over the past
 

soybeans is increasing.
decades, even though are3 ard yield of 


protein and fat, pulses, groundnuts and soy-
As an important source of 


beans complement cereals in the diets of people, especially in 'he low income
 

countries. In addition, grain legumes provide a valuablo source of nitrogen
 

to !he soil. Inview of this importance of the grain legumes as a complement
 

Presented at the Symposium on grain Legumes Production, Asian Productivitv
t 

Organization, 9-15 November 1980, Chiangmai, Thailand. ICPISAT Conference
 

Paper No. 30 released for publication on 2C January 1981.
 

* Principal Economist, International Crop- Research Institute for the Semi
 

-Arid Tropics (ICRISAT), Patancheru P.O., Andhra Pradesh 502 324, India. The
 

author thanks J.G. Ryan and T.S. W4llr for valuable comments on an earlier
 

draft.
 

1. All grain pulses, including soybeans and grounrinuts.
 

2. According to grouping by FAO Production Yearbook 1978.
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to cereals, the decreasing trenJ of grain legume production in relation to
 
cereal production in East Asian Jevelopin- CeLntries has been alarmiing policy

makers who would 
like 
levels of foodgrain avai;ability and protein frcm legumes
 
to be restored to what they used to te historica!ly.
 

On the other hand, there are stuliod wtich show that for 
India, which
 
is the major country of the East Asih 
ieve-loping market economies, the decrease
 
in pulse production and availabilitj of pulse orotein 
as a result of the green

revolution in wheat and expansion of ireas sown to cereals 
in North India since
 
the mld-1960s, was more th.rn offset ly a ditional protein which came with the
 
additional cereal 
pic.uction. 
 -his meant that :onsufr-rs (n averaqe had a
 
larger total avaiiability rf 
protein as a result of the green revolution in
 
wheat than they would hiv, withou 'Fig 
 1, Ryan and Asokan 1077). In othfr
 
words, this studv shows That qiven the other choice of 
no greer revolutlo,, and
 
continuation of 
past trends. corsur,rs 
were in fact better off with more
 
cereals of the 
hiqh yieldino type anc 
less pulses, because the additional
 
cereal production provided more additional protein such as 
tc substantially

increase tre trend 
in total protein availability. 
 Even though this solution
 
may be nutritionally adequate, 
It does not provide the satisfaction of 
a
 
slightly more luxurious diet. 
 "ore satisfactory would be a cereal 
production

at the pos+ green revo!ution 
levels toqether with also Increised pulse avail
ability.
 

It is in view of this desirable alternative that the prospects of
 
grain legume production in Asia jrp heinn 
 ssesse'. In the following, two
 
points will be discussed In detail: 
(1) the biological rature and rola+ed
 
technological limitations ir Increising prod!u-tioe of grain legumes and (2)
 
econon,:c factors and policies.
 

1. BIOLOGICAL AWr' TFHi'ICAL ASPECTS 
Prospects regardin 
yield increases in grain legumes
 
When comparing cereal crops with 
legumes, regarding yield potential and ras
ponse to plcnt beedinq efforts, fundamental differences exist. 
 As Green
 
(1979) 1ts 
It, t'rie ,'nnsequences of these differerces are illustrated by the 
progress of the soybean and the roize crops in the U.,.A. 
 Presenting

Fiq,re 7, Green notes 
 with a background of intensive research on maize for
 
many years, and a breakthrough 
in the teens thai started reaching the farmers
 
In the late 19201 
3nd early 1930s, production has increased dramatic:ally.
 



7. :.. , . - .. . . .• :i :,7 

ap x , i,-' 

i ' 

fill 

'II kloci 
i 

tsaw^ 

116'4 

.. I.. 

I 

Oj 

,,,O 

,I 

... 

E 
5 

I ~ l~ 

'4 

~lot tall 
9010 

tol)I
0 Ut 

Mir 

am: SW V"vtaewol0amb 

W" 

, . 

ANP o ( a m -

los $ 

mwwa-f f"0aw f 'I,".wmtAMDf 



:4:
 

0
 

0 0
 

,I
 

0 
IJoQ 
 0
 

'06 0 00
 

0 • * 
0 a A A ( ,j 

-

14 .' W- 4' -A to"" 0. 4 1 

tfir
 

il- UIwvI tow0l~~,+ S Wsi . rho 1ill 
+ 1 J),rtqae% U I 0( I1,9 IO 1114 

;.*.ll1 k4.1 I-Ato! x 


Figure it. Annual mean yield (kg/ha) at 5-year Intrvals of maiZe
 
anid snyboans in USA and chickpeas and plgeonpoes In
 
Indl, 1924-1977
 

'"ourco: Proceedilns, Internaticnal Symposium on Deveioi'nent and
 
rranstor of Technology for Rainfed Agriculture and the
 

SAT Farmer. IlCI'AT, 28 Auq-1 Sep 1979, Hyderabad, India,
 
p. 18.
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researchers 
Soyboan yields have Inceso5ds,but 

only Ina linear fashions and 
-.. 1091I......
grain, .... ... . 

..... 1.1-1 -- .. _-.1 ..... (Green:..- 1979). >f, 
-r-i locking - for a brea'chi4gh"are stI 


with rhlzo lUm b3Co0lra tc drew nitrogen from the air to 
them Insymbiosis 

On the other hand, the
content. 

produce grains of nigh protein (-Lrd hig f) 

limit their ability 
genetic and physIo CgICaIC po''riI~S Involved see1 to 

in energy equivalents the protein-and 
to produce higher yields (even thounh 

-fat-rich pulses are as 
efficleait as urn cereals 

inproducing food).
3 

are underway Pt Internetional research 
Intensive efffcr.sNevertheless, 

national IrstituteS, such as the Indian 
as AVPDC, ICIST end

Institutes such 
to produce higher yielding legume 

Research Institute and e'sewhere 
Agricultural 


y. i recently and this delay compared 

crops. These efforts bger, onty rel 
Is probably another 

In 1"he star*t-f sorious brsadlng efforts 
to most cereals 

have boin shoW!n9 stignant yields during 
the past 

why grain iogumesreason 
At the ArRDC the work continues
 yields moved upwid.

decades, while crml 
t _-i i980),

soybeans and Mungbeans (Stimdion 
are fo~iowl:g differsnt strategies for different 

At TCRISAT breedors 
f1;to or talier plant typs with more1-

crops. In chickpas, thb stral-oy 
for this type tre being found already In 

pods. and considaVbly hlgh- -ields 
Is another 6eed

bulZnst 61sear-esaspecliy dit
esf!starcegenerations.F3 promising

plgeorpeas, .nybr'dizotf, appsars to provide a 
Ing obJective. In 

short duratIon varietIes of 
hhey eits. .! work on 

for achievingavenue 
second crop follOwlnb the 

tc er,a'e frner. to grow a 
p -geonpeasis underway, but disease

not so vmch yield potentia l 

early mturlng pigeonpea. In groundniuts 
of the crop in the Iarge iy

to sahilliza .rndue:+I-'Is being eph~si;dresistance 
Of course,


of nrot developing c.untries. 

largely unprotected envlr3nmenl 

The higher
 
success with this strategy will also :ncrease averago 

yields. 

cultivars under disease-protected
 
yield potential which alroidy 

exists Insorm 


conditions would then te ccumbnid 
with -hobe varieti9s for which 

satisfctory
 

has beei, T-ttar.
ed. Sinilarly, with soybeans the 

present
 
disease rosistance 'the
 

high yitld potential and short 
duration of
 

combin3strategy In Ind! 'st-
black seded varieties. 

the disease resisiLanci of loc: 
U.S. cultivars wit 

helrake.
cation' frm3. Personal ., 

http:T-ttar.ed
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However, despite these and other efforts in leoume improvements
dramatic increases in yields of qrain legunos may not be expected in the
Immediate future. 
More prcmising are the contributions 
to stability and
short duration which these breeding efforts are 
likely to bring about
relatively near in a
future. Consequently, 
 reduction 
in the rplative cost of
production due simply 
to hiqher yields of pulses as 
compared to cereals ca
not be expected tr come about soon; 
wre likely te cap must be 
 xpected ti
continue or even widen. 
 However, nflw croppino systems may bec,.,r 
 possible
once new varieties of th-
se iegumes ars.; 
ivailable wi+h characteristics 
suct
as early maturity and/or disease resistance and this will 
ilso increase
farmers' 
incomes, and 
is likely to contribute to an expansion of the area
 
under pulses.
 

Location-specific conditions determninini ?ielis
The complex physioloqy of qrain legumes is probably also responsible for fh,fact that generally 
in ccirrParison 
to frost cnrals, yields and qualities of
grain legumes are more 
lependent on 
location-specific conditions. 
For
instance, photosensitivity and temperaturc affect yields of most 
legumes at
different latitudes and locatins. rV.izobiu-
 strains available 
in the soil
affect their nitrogen 
fixation and yields. tho spectrum of damaginq pests
and diseases is greater in orain 
legumes than 
in rereals and 
losses are
higher. Traditionally thorefor, 
certain cultivar: 
are grown 
in limited
areas, e.g. 
in India different regions grow different types of chickpeas
(Kabuli, Gulabi, Pesi), pigeonpeas ('hire, P:d. peckled, qlack) or any othei 
of the numerous Pulse crops.
 

It is because of ttik relatively stronj location-dependency nf grainlegumes that legume breeders placn e-.hs;.is 
o.n environnental 
insensitivity.4
However, even then particular varieties clearly perform best In particular
environments. 
 At the same 
time, pulses because of their relatively high
nutritive value, have a higher unit ,alue which 
in turn at given transport
rates per unit of weight, provides the pulIcs with better transportability
 

4. 
See Rachie ard Plarr,' (1974).

5. 
For instance, the Internatioral Soybean Program (INTSCY) groups the
varieties tested 
in international 
trials int-
 about 12 loca,ion zones, determined by 4 sets of latitudes of 
100 
each and 3 altitude levels <500m, 500
-1000m, 
 >100m (Whigham 1978).
 

http:e-.hs;.is
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than cereals. In fact, within India the extent and deqiee of pulse trade
 

involves considerably more lonq distan-c exchange than that of comparable
 

cereals (compare FIg 3 and Flq 4).
 

Consequently, overall productivity of pulses in any country or state
 

is relatively mor-e dependent upon effective interregional trade within the
 

country or state than is cereal production. The implications of this will
 

be explained in detail below.
 

Value of nitrogen fixed by legume crops
 

The fact that lequmes improve soil fertility ,s well recognized by farmers,
 

who practice crop rotations or crop rixes which contain a certain proportion
 

of ,egumes: the amount of vitrogon which a legume crop may add to the soil
 
6
 

varies across crops ind snil conditions. Groundnuts or cowpeas have been
 

reported tc, leave the equivalent of 60 k- of '/ha in the soil and growing a
 

about 30-40 ka N/ha.7
 crop like piqeonpeas is reported to equal 


In Asia, as in .'ost countries of the world, until about 1973 the
 

prices for nitroqen fertilizers increased at a lower rate than dij the output
 

pr kes so that nitrogen fertilizers were continously becoming cheaper In
 

relation to crop outputs (Fig 5). Wherever farmers in the past were growing
 

pulses ir order to also nake use of their effect on soil fertility, the
 
t
Increasing availabili y of cheap nitroqen fertilizers removed this limitation
 

and farmers could increasingly expand cereal production, supported by inorganic
 

nitrogen fertilizers 9t the expense of grain legumes. In world markets since
 

1974 a drastic Increase in nitroqen prices relative to cerea prices occurred.
 

However, many countries have at first ittemptod ti prevent this price rise
 

from affecting firrrs. Therefore, massive fertilizer subsidies were Initially
 

being paid in countries like India, to maint3in a relatively low price of
 

fertilizers in the interest of increaslnq food production, i.e. cereal produc

tion. Recently nitroqen prices in India wpre increased to Rs. 5/kg of N in
 

urea to avoid further sutsidies; prior to 1973 the nitrogen price had been
 

between Ps. 2 to 2.5./q t'. Fver tho-qh prices of agricultural products are
 

also increasing it is not likely th't relative nitrogen prices will in the
 

near future come down to levels prov'iaOng prior to 1973.
 

6. See Rao (19P0).
 

7. Personal communication from P.J. Dart.
 



LguFe 3.' Production of chickpea, market ,arrivals as percent 

of production, and total, flows, (as, percent of 
market! arrivals) from selected food-rain mar
kets in selected states of India, 1974-1975. 
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Figure 4. Production of sorghum, market arrivals "as percent df 
production, and total flows (as percent of market arr-ol, 
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Consequently, production of arain legumes, to the extent It would be
 

practiced for maintenance cf soil 4e:tility, is ikely to be inhibited by
 

artificially low nitrogen fertilizer prices and availability at the farmers'
 

level; vice versa high prices of nitroaen fertilize-s will tricqer farmers to
 

make wider use of grain lenumes and !heir resiiuzi itrogen.
 

2. ECONOMIC ASPECTS A, POLICY RFLATED ISS!UES
 

In view of the above Licloaical zrd ;e:hnoloical c-iaracteristics, grain
 

legumes play a special role amenq the foodarcins. Recause of their capability
 

of nitrogen fixation cultivation of grain legume crops is affected by policies
 

for nitrogen fertilizers. SuscpTibility to dsease and pest attacks places
 

importance on policies recardinc peslicide ,e3avability. Location-specific
 

yield performance and high unit value Mlace emphasis on policies whicl. determine
 

market access.
 

Elasticities
 

In addition to, or rather because of, thni- technica! and biological peculia

rities, grain legumes have particular econcmlc characteristics. These are
 

reflected in producnrs' 3fd consumers' decinsons in response to changes in
 

prices and incomes. These resoonses are measurable in the form of elasticities,
 

I.e. the percentage charae in quantilies supplied or demanded given a 1% change
 

in price or income.
 

If the income end price elasticities of demand and the price elasticity
 

of supply are known for an economy for which also population, income and other
 

price-cost relationships can to dorived from post orerds, it is possible to
 

predict production of 2 particu r crmmed;:. Wthin t he context of changes in
 

prices, costs, and other pclicv reiate iso.Ps. UJf-tunately, these are often
 

not known exactly. Howevpr estimates indicatinq the general order of magnitude
 

are available for Inlia.
 

Demand elasticities
 

Pulses and oil producing legumes belong to a group of commodities whbch
 

generally have income and price elasticities of demand In between those for
 

cereals at the lower end, and for milk and milk products at the higher end
 

(Table I and Fig 6).
 

An Income elasticity of +1 implies that a 1 increese i" income will
 

cause a 1) Increase K demand for the ccmodity. Elasticities for both edible
 

oils as well as pulses and other foods w-e around 1. for Indian rural and
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Table I
 

Income elasticity of demand - India
 

Commodity Rural inceune groups Urban Income groups

Low Middle High Low Middle High
 

Cereals 
 .9 .6 .3 1.0 .5 .1
 

Edible oils 1.5 
 1.0 1.0 1.2 1.1 .4
 

Pulses + other 1.1 1.1 .7 
 1.0 1.1 .8
 
ioods
 

Milk and milk 2.0 2.2 .7 1.7 2.1 .9
 
products
 

Price elasticit,/ of demand - India
 

Commodity 
 Rurzl incomearoups Urban Income groups
Low Middle High 
 Low Middle High
 

Cereals 
 -.9 
 -.5 -.2 -.9 -.3 -.02
 

Edible oils -1.1 -.6 -.3 -1.0 
 -.5 -.03
 

Pulses + other 
 -.9 -.7 -.2 -.9 -.6 -.2
 
foods
 

Milk and milk -1.5 -1.2 -1.4
-.2 -1.0 -.1
 
products
 



Inc rti 
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and urban households, with a slight decrease for higher income groups. fence
 

It can be expected tnat '7hedemand Dressure for these commodities will continue
 

and even increase, if per capita incomes increase w:th development.
 

A price elasticity -f -1 implie, that with a 1% increase in price, 

demand will fall by 1 3ssu'inq prices of other commodities don't change. For
 

edible oils and pulses, low income qrouD have price elasticities around -1 and
 

as inco, :ncreases 5rice elasticities increase to about -.2.
 

If production of qrain lenumes remain staqnant as in the past, while
 

population increases and income stay5 constant, demand will increase and prices
 

will rise which wili force persons in the lower .ncome groups to consir -ably
 

reduce their intake of these coff-e dities, whil Ihe higoher income groul,; -- less
 

affected by the price rise in their demand -- wiIl continue to consume o. Is and
 

pulses, evPn though at slightly reduced rates.
 

Supply elasticities
 

There is evidence from preliminary analysis of district data on production res

porse to changes in relative cc-riodity prices and prices of inputs in India,
 

that the supply elasticities of qroundnuts and pulses are near +0.5: a price
 

increase of 17 would be followed by an increase in production of 0.5f.
 

Supply and demand elasticities
 

Given the fact that price elasticities of der.nd are abott twice those of supply,
 

we can expect that market orices will 'have a tendency of stabllizinq relatively
 

quickly: any shock from dn unexpected low or high production (e.g. due to weather
 

variation) will be absorbed by the relatively more elastic demand without
 

creating strorq responses on the supply side.
 

On the r-*.':r 'and, the relatively inelastic supply response of farmers
 

to price changes shows that with increaslna demand (due to income and popula

tion growth) a sharp rise in grain oigurr prices will not be followed by a
 

rapid increase in area plaited to pulses. Consequently, as long as there are
 

in the immediat, futLre nn;y limited ways to mobilize genetic potential for
 

low cost/high yield production of grain legumes, all other possible sources for
 

generating conditions leading to higher aggregate production must be tapped.
 

In the long-run. Pnd as soon as varieties of short duration, varities with
 

resistance to diseases and pcsts and generally less environment-sensitive
 

varieties are found, these will contribute to productivity, while yields also
 

increase.
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Market developmnnt crucial for expansion of traditional soybeans
 

The Importance of market policies for the successful introduction and expansion
 

of a so far almost unknown pulse crop, i.e. soybeans, can be shown for India.
 

Black seeded soybeans have traditionally been grown in north central !ndia but
 

only on a few thousand hectares in remote hilly areas. After adaptive research
 

yellow varieties from the United States showed potential on the Vertisols of
 

Madhya Pradesh, Maharashtra and Uttar Pradesh. In 1971 on the initiative of the
 

state governments of Madhya Pradesh and of Uttar Pradesh a minimum support price
 

was established fur farmers growing and selling this crop in order to encourage
 

the cultivation of yellow soybeans. Aimed by ccnsiderable extension efforts,
 

the area under yellow soybeans orew to some 20rOO ha by 1973. Most of the
 

expansion occurred in and around the hiqh rainfall blhck soil areas where fields
 

were traditi.onally kept fallow in the rainy season. Increasing production faci

litated market development, with traders bidding for the crop and mostly small
 

scale industries absorbing the products, the oil for margarlne preparation
 

and the meal fcr fermentation in pharmaceutica! production of antibiotics.
 

Unexpectedly, This market development suddenly stimulated a rapid diffusion of
 

the black seeeed local varieties ;nto the plains. With better germination and
 

higher disease resistance than the introduced yellow varieties, these black
 

varieties entered farmers fields in the plains and passed through the market
 

channels which had been created originally for the yellow varieties (Von Oppen
 

and Scott 1976).
 

The growing soybean industry increasingly utlized the tradiTional varie

ties. By 1979 black seeded varieties accounted for 95Y of an estimated
 

600000 hectares sown to soybeans. The development of a market channel had
 

played a crucial role in connecting the latent demand for soy oil and soymeal
 

with the dormant potential supply if soybeans.
 

Presently effor-ts are underway to develop earlier maturing, high yieiding
 

yellow varieties having germination aac disease resistance characteristics simi

lar to black varieties. This would stimulate further diffusion of soybeans to
 

vast areas presently tying fallow during the rainy season incentral India.
 

Similar to ;ndia other countries are making efforts at getting a soybean
 

Industry off the ground, e.g. in Thaii..d (Fig 7).
 

Trade and exchange to mobilize differences in comparative advantage
 

The above account of the crucial role of market development for soybean pro

dectlon in India points out a special case of the more general principle In
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operation. i.e. the principle of comparative advantage, mobilizing resources
 

through market exchanje. 

Followina this principle one of the major approaches to increasing the
 

productivity of grain legumes in the short-run minht be to take into account
 

the locatinr,-specificity of these croPs ;rd r,e ,etter ust- (i differer,ces in 

comparative advantages of regions which should e-ph3size the production of the
 

comparatively best suited crops, be they pulse5, leguminous oilseeds, cereals 

or other crops. In other words, by mobilizing trade and exchange systems
 

which permit each renion to specialize in the oroduction of the comparatively 

best sLited crop, relatively larqe gains in igirecate productivity can in fact
 

be expected. Tfis reasoning especially ipplies to qr~ir legume crops because
 

tthey are high in value and are easier to transport -ian cereals.
 

In the following we shall discuss the' results of a modelinq exercise
 

in which we compare the effects c irterrei;orpl tr.ile on production of cereals
 

and pulses in India. a.-,
rven thouqh this model ru,- 4nr a different purpose, 

Its results Illustra:te in -i strikinq %ay how .tvr 1iq-t trade in food4rains 

affects the prodLCtinn oi pulses consic;rably t'or. than 'ereals.
 

The model is based on lataj %hich reprfser ",- following hypothetical
 

case: In the three In~ian states of Andhri Prcepsh, I.Iadhya Pradesh, ard
 

Maharashtra, three crops, nat-ely: rice, sorghum and chickpea are grown and all
 

three crops compete for the s.arn I rallv aval ahle resources, in this case
 

land.
represented by 


Yield per acre i-,assumed to he restrictini the supply, so that the
 

total use of land for all three crops cannot exceed its limits in each state.
 

Supply Is further restricted t.y a l ine- function of area response to price
 

multiplied by yield. The initial e0l3ticities of supply were derived from
 

available estimates and represent -- as far as they are known -- actual condi

tions. The model also incorporates d&-and as a !inedr function of price using 

elasticities available or derived from other sources.) Transportation costs 

between regions correspond to off ic~i rail freight rites between centrally 

located places in each of the three states.
 

8. Other resources, such as capital anJ labor vhich are mobile in the long
 
run, will tend to be allocated, wherever most profitable. Under conditions
 
of restricted interregional comwrodity eychanq.; thase resources would move from
 
surplus regions (because of natural co-parative advantages) to deficit regions,
 
where higher prices ensure hiciher returns.
 

9. Personal communication from S.L. %pna.
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Given this environment a cuadratic programming model allocates crop production
 

in each of the states so that producers' plus consumers' welfare minus total
 

costs for t-3nsportation ismaximized. Application of this model produces op

timal allocation o, land to crops, quantities produced as well as commodity
 

flows and accavpanyInn r;rirp I vpls. 
The initial data set represented existinq conditions (1971-72). In
 

other words, low yields and high costs of production before the introduction
 

of new technology. Suppose now tha4 the governments of the three states de
cided to impose trade restrictions such that the quantities traded of each
 

crop anon all rogions *as not to exceed 10% of the quantities traded without
 

restrictions. The impositi n -f the trade restrictions under these ccditions
 

chanqes production of the three foodgr3ins in all three states as follows:t 0
 

total output of rice remains unchanaood;
 

total output of sornhum, decreases by 5%;
 

total output rnf chickpea decreases by 13%, and
 

total output of all foodgrains toqether decreases by 2%.
 

Suppose now that new technoloqies are found and adopted for all three
 

crops in all reaiorvs so that yields increase by 'O in the states which have
 

highest yields and by proportionately less in the states with lower yields.1
 

Further, all supply functions shift allowing a productivity growth over initial
 

levels in the same way a3 yields; at the sarre time, an increase in demand In
 

all regions for all crops of 251 is assumed. In this case the impositlon of
 

trade restrictions causes:
 

total output of rice to aecrease by I ;
 

total out,,u+ of sorghum to decrease by 7f:
 

total output of chickpea to decrease by 15%; and
 

total output of all foodarains to decrease by 4%.
 

Comparison of tf.e two cases shows the impact of trade restrictions.
 

With the advance of new technolcqies, which widen regional differences In crop
 

yields, more trade across regions is implied. A pulset crop such as chickpea
 

10. For more details of the model, see von Oppen 1978. Table 4.
 

11. A comparison of wheat yields in eight major wheat growing states In
 
India between the years 1954-55 to 1958-59 and 1970-71 to 1974-75 shows that
 
after the introduction of new wheat technoloies, yields had not increased
 
by the same percentage in every state but rather in a proportional fashion,

i.e. yield kicreased the more, the higher the original yield -level had been
 
(with the exception of Bihar and Gujarat, where yield increases were higher).
 
See von Oppen 1978, Appendix IV.
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in our 	model is affected c(nsiderbly more by the imposition of trade restric

tions than are any of the comonly arown cereals.
 

In this model restrictions on commodit trade affect pulse production
 

by almost five times more 1tan cereals. The wider differences in yield levels
 

across 	regions in the case of the pulse crop (location specificity) and the
 

higher 	value per unit of weight (transportability), jointly require more inter

regional trade for full exploit3tion of its potential.
 

Restricting this Trade, as India has done at times in some states has
 
12
 

certainly had a depressing effect on pulse production in the country. Since
 

1977-78 most of the iestrictions on focodnrains have teen abolished. However
 

there are some states %hich still ronopolize and restrict the export of some
 

commercial crops into other states, such as rujarat for groundnuts and Maharash

tra for cotton. Nevertheless, the aenerally open market is expected to affect
 

productivity with a lag of about 2 years, so that by 1980 changes in the crop

ping patterns in farmers fields should become visible.
 

3. CONCLUSION
 

Utilizing the above information on biological potential and economic constraints
 

to grain legume production, we can assess the prospects of grain legume produc

tion In Asia as follows:
 

1. 	 TeTre appears to be -- until now -- only limited potential for
 
rapid yield increases of existing pulses. Dramatic developments
 

are not expected, althounh the search for Improved varieties and
 
hybrids continues. Early maturing varieties and varieties with
 
disease resistance will a;so make griin legume production more
 
profitable to farmers.
 

2. 	 Continuinq subsidies on nitroqen fertilizer prices will tend to
 
neutralize the advantage pulses have in allowing soil fertility
 
increases by notroqen fixation. This rray however gradually
 

change 	as energy prices continue to rise.
 

3. 	 The development of market channels is important to initiate wide-
spread adoption of new pulses, such as the traditional black
 
seeded soybean in India (which may sooner or later be succeeded
 
by an indigenously bred yellow variety).
 

12. For instance, betweer 1966 and 1968 when the Northern Chickpea Zone was
 
established by Punjab and Ittar Pradesh; and from 1967 to 1969 in Karnataka,
 
and from 1966 to 1969 in Bihar where pulses were specifically subjected to
 
export restrictions; other states such as Rajasthan, Maharashtra and Madhya
 
Pradesh are likely to have exercised restrictions on pulse trade between 1966
 

end 1977 when in these states 'all foodgrains' were under more or less strictly
 
enforced control (see von Oppen 1978, Fig 2).
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4. 	 Where the adverse effects oi restricted trade in foodgrains are 
recognized and accordinqly conditions for interregional trade 
are improved (instead of limiting trade within a country) there 
appear to exist good chances for qpnerating considerable increa
ses in the production of pulses. 

5. 	 Similar to the importance of trade and market exchange for pulse
 
production within a country, also enhanced inter-country exchange
 
would help to increase production and availability.
 

MvO:sh 
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