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Accelereated Growth in Agricultural Production
and the Intersectoral Transfer of Resources®

John W. Mellor

Accelerated growth in the agricultural production of low-income countries
may sharply increase the transfer of resources between agriculture and
other sectors of the economy. Such changes affect relative rates of capital
formation and income growth in various sectors, the structure of growth,

and overall rates of growth. Recent technological breakthroughs in agri-
culture give currewt relevance to these relationships.

This paper deals with conceptual and empirical aspects of (a) the magnitude
of resource flows tetween the agricultural and non-agricultural sectors
under various conditicns of econcmic growth; (b) the changing role of
economic snd institutional devices in transferring resources mmong sectors;
and (c) the relationship between such resource flows and technological
change in the agricultural sector. Detailed comparisons are made for
Taiwan and India, while brief note is taken of the experience of Japan,
Biitain and France.

There is controversy as to the timing and direction of net resource flows
between agriculture and other sectors in early stages of economic develop-
ment. One argument holds thet net capital transfers to agriculture are
needed so that agricultural production may be increased to meet the
greater denmand for food which accompanies industrial development. It

is further argued that these capital transfers are large tecause of the
high capital output ratios associated with the agricultural sector--
perhaps due to the diminishing returns traditionally associated with
agriculture.l

A contrasting argument calls for a squeeze on agriculture, transferring
resources to other sectors, presumably on the assumption that the rate of
return to investment is higher in the non-agricultural than the agricultural
sectors.2 This position is buttressed by the common assumption of
diminishing returns in a technologizally stagnant agriculture and rising
returns through evxternal economies in the non-agricultural sectors.

A much more complex and interesting case arises when technological change
in agriculture sharply increases returns to investment in agriculture

and consequently sharply reduces the capital output ratios. In these
circumstances there will te at least a short-run net inflow of resources
to agriculture unless (a) the incremental capital-output ratio is less
than one or (b) consumption in agriculture declines.3 As we shall see
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later this ratio may well be less than one in the case of recent agricultural
technologies. Consumption in agriculture may decline if higher returns to
investment associated with technological change cause a shift in the savings
function or if increased producticn combined with inelastic demand causes

a reduction in gross income,

Thus, the magnitude and direction of resource flows between agriculture

and other sectors depends on the reletionship between values in the two
sectors for a complex of factors including: the rates of return on capital,
the capital-output ratios, the savings rates and the demand for agricultural
output. Each of these forces and hence the balance among them is likely

to be substantially influenced by the nature &nd pace of technological
chenge in agriculture,

Once these forces are determined, whether or not the optimel transfer of
resources occurs is a function of the effectiveness of the institutional
arrangements for such transfers. A number of peculiarities of the agri-
cultural sectcr with respect to the vway income is earned, consumed, and
investud may impede optimal transfers.

The next section will examine the historical evidence for various countries
with respect to the size and direction of intersectoral resource transfers
and the changing role of various insvitutional devices in facilitating
these transfers.

T. H. Lee has provided unusually detailed and complete data on intersectoral
resources transfers for Taiwan cver a period of time that includes at least
one period of relative technological stagnation in agriculture and at

least two periods of highly dynamic technological development. The rat=

of technological chenge in the agriculture of Taiwan during the two dynamic
periods was much more rapid than during comparable periods for Japan. The
rate of population growth, at over 4.6 percent for 1951-55, is one of the
highest ever experienced by any nation.

India represents a contemporary low-income country vhich initially attempted
development with a technologically steagnani agriculture but which is
currently developing a technologicelly dynamic agriculture,? Comparison of
India and Taiwan provides insights into sharply different policies for
resource transfers from &griculture., Reference is made to limited data

from Jupan and Europe to illustrate conformity and contrast with the

cages of India and Taiwan.

I. An Historical View of Intersectoral Resource Flows
Taiwan

There vere large, continuous net transfers of resources from the agri=-
cultural sector of Taiwan throughout the period from 1695 to 1960. Table 1



Tadble 1 Intersectoral Flows Between the Agricultural and the Nonagricultural Sectors, Teivan, 1895-1960

Item 1895-1900 1901-1905 1906-1910 19i1-1915 1916-1920 1921.1925 1926-1910 1631.1935 1936-19%0 1950-1955 1956-1960
(All figures in willions of Taivan dollars unless othervise stated in row heading)
1. Total sgricultural production LS 6 66 47 183 su3 oy7 291 508 7,210 16,028
2. Total outflov of agricultural products - - - 55 105 15% hel 208 w062 5,186 9,665
a. To nonagricultural production - - - 28 56 78 1% 88 164 2,013 §, 926
b. To noaagricultural household - - - 13 105 Ll L3 L8 ¥ 1,542 &, 177
c. To forelgn couniries - - - 9 22 5% 51 72 117 229 562
4. Total flov at 1935-37 prices - - - 92 116 152 158 759 302 298 389
3. Sales {outflow) as percent of product!-a - - - 56 56 [ €9 72 n 58 60
. Total {aflov of nonagricultural products - - - k) 63 105 143 16 261 3,268 8,716
a. MWorking capital goods - - - [ 17 29 s 1% 82 1,053 2,598
b. Fixed capital goods - - - . 2 8 11 8 9 107 1,196
¢. Consuner - - - 23 13 68 87 91 169 2,108 5,926
4. Total flow at 1935-37 prices - - - L2 53 g2 1.0 170 202 185 293
5. HNet commodity outflov, row 2-4 - - - 2 42 50 61 63 102 916 Gh8
6. Gross outflov of fund 20 23 29 s3 €8 % 6 135 1,117 2,616
a. Land ren® ani interest 13 17 19 2 L3 sz 59 6 93 532 79
b. Taxes and fees 3 3 b [ 9 15 16 1?7 30 712 1,h53
e. Transfer of Amd through financial institutions - - - . . 1 . 3 6 ol 25
7. Gross inflov of fund b 2 2 Y 10 18 15 13 1 21 1,668
a. Public inveztment and subcidy ° ° b4 2 1 3 [ 1 2 % T
b. Investment by nosagricultural sector in agriculture - - - . 1 3 6 3 b] 12 1
:. Income received from the nosagricultural sector . . 1 2 8 12 5 9 28 383 1,552
8. Ket outflow of fund, rcv 6.7 1L 18 21 & h2 56 61 63 102 916 9h8
9. Ralative agricultural prices (1935-37 « 100) - - - 121 130 112 100 107 L -] 126 120
a. Agricultural price irdex (1935-37 « 100) - - - 60 92 102 103 120 1,808 2,088
b. Boaagricultural price index (1935-37 - 100) - - - 7 119 11k 103 86 123 1,766 2,975
10. Visible ne: real capital ouzflow, 153%-37 - - - 193 [ ¥ » 59 78 8s (53 38
price, rov 5 = G
11. Invisidble net real capital ocutflow, 1935-37 - - - 9 16 11 *(.) 12 s A3 58
price, rov b = G
12. Xet real capital cutflow, 1935-37 price, rov 10 ¢ 1l pL 18 21 50 62 60 59 89 89 113 96
13, Bow 2 > Sa at 1935-37 price - - - %R 116 152 158 259 302 298 389
1h, Rovw b = 5 a2 193537 price - - - L 53 92 140 170 212 185 293
® Under 1 million
Saurce: Compiled from 7. H. Lee, Intersectoral Capital Plows in the B i¢c Development of Taiwan, 1795.1 , Cornell University Press, Ithaca, Nev York, 1971, p. 20.
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shows the magnitude of this net outflow in Row 13. Rows 11 and 12 provide
the breakdown of net flow between sectors into, respectively, visible flows
facilitated by financial mechanisms and invisible flows facilitated by
change in terms cf trade from the base period. The verious component

parts of these measures are shown in the other rows.

For agriculture, the period rrom 1911 to the nid-1920's was one of rapid
expansion in irrigation investment but was otherwise stegnant technologically.
From 1911 to 1920, the net resource transfer from the agricultural sector

vas equal to over half the value of agricultural sales and 320 percent of

the value of total agricultural production. These proportions dropped

to L0 percent end 25 percent for the period 1921-25,

Compared to the period 191.-26, the rate of technological change in agri-
culture, measured as & residual as in the Solow model, was twice as fgst

for the period 1926-L0 and two-und-a-half times us rapid for 1950-60.

The reul value of the net resource outflow increased by nearly 25 percent
from 1911-15 to 1916~20. t remained at sbout that level thrcughout the
technologically dynemic period in the last half of the 1920's and then
increased to a 50 percent higher level in the 1950's and increased by another
2T percent for the pericd 1950-55.

In the technologically dynemic period of the 1920's when, for example, the
new Ponlai rice varieties were introduced and fertilizer use was increasing
rapidly, purchases of commodities from non-agricultural sectors by the
agricultural sectcr more than doubled. lievertheless, the net outflow of
resources from agriculture rose and maintained a high level. The value of
net resource transfers as a percent of production ind sales declined from
the earlier period, but increased production allowead larger absolute net
transfers which were concurrent with agriculture's increased use of
industrially produced capital and consumer goods,

In the 1950-55 period of extraordinarily rapid populetion growth, economic
development, and technological change in agriculture, the net real resource
transfer from agriculture increased to a new high. In this period, net
resource transfer recovered to nearly L0 percent of agriculturel sales

and over 20 percent oI tutul agricultural production. By 1956-60, the

net transfer had begun to decline slightly in real absolute terms and vas
equal to only 15 percent of production and 24 percent of sales of agri-
cultural products. The decline in net resource transfers from agriculture
has continued subseguent to 1960.

Just as revealing as the lurge net transfers from agriculture are the
dramatically changing rcles of various transfer mechanisms. In the post=-
World War II period the transfer of resources was achieved primarily by

a sharp turn in the terms of trede against the agricultural sector (Table

1, Row 10) so that over 40 percent of the transfer was represented by
invisible items in 1950-55. The most important mechanisms of *his change
were u berter exchange of rice for fertilizer and the compulsory purchase
programs. In addition, technological change provided more than compensating
production incentives in agriculture through greatly improved physical
input-output relationships.



In the pre-World War II period fiscal measures and land rent payments

vere vital in the transfer. In the latter part of the pre-war period and
in the post-war period outflow through financial institutions was also
substantial. The importance of particular methods and institutions for
financing resource flows changed substantially from time to time according
to economic and political factors. The choice vas not necessarily the
most efficient by economic criteria alone. For example, the heavy
reliance in the post-war period on what was in effect a tax on fertilizer
presented to farmers_one of the most unfavorable fertilizer-rice price
ratios in the world,

Other Developed Countries

It is generally agreed that Japan provided a major portion of the capital
for early stages of its gconomic development by resource transfers from
the egricultural sector. The mechanisms of transfer differed from those
mentioned above.

Direct investment by landlords in the non-agricultural sectors was relatively
more important then in Taiwan. Also, Japan depended largely on land taxes:
while Taiwan emphasized taxes cn crop output (sugar cane in the pre-war
period and rice in the poat-war period). During the 1920's when her
agriculture was technologically relatively stagnant Jenan relied on imports
of rice and other agricultural commodities from the colonies to depress
relative agricultural prices.9 In post-World War II Japan, in which landlords
had been largely eliminated and there were high support prices on rice

and low fertilizer prices, the net flow of resources must have been
channelled toward agriculture. By that time, hovever, the relative size of
agriculture had declined sufficiently that the impact on capital formation
and growth rates was less than that of compensuting variables.

Scattered historical evidence for early stages of industrial growth in
Great Britain suggests substuntial net transfers of resources out of
agriculture which were financed Uy rent payments to landlords, taxes, and,
after repesl of the corn laws, by cheap food imports which turned the ternms
of trade cgalinst agriculture.i Economic historians suggest that the

slow growth rate in the French economy during comparable periods was due

in part to net transfers of resources into a low productivity agriculigre,
largely through favorable terms of trade for the agricultural sector.

The experience of the Soviet Union is consistent with the pattern described,
although the Soviet Union relied heavily on compulsory deliverieslgacilitated
by collectives for financing resource transfers from agriculture. It is
likely that the Soviet Union had unusually large transfers from agriculture
relative to the amount of technological change in the agricultural sector.
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India

The recent experience of India, in contrast to the evidence above, illus~
trates the special problems of development in contemporary low-income
countries. Although we do not have a single comprehensive study of

India comparuble to Lee's work on Taiwan, we can plece tcgether a number
of parts which suggest that there were net resource tlows into the agri-
cultural sector during the first three five-year plans (1950-1965).

It is interesting to note this fact in view of the prevailing criticism
that India's economic policy neglected agriculture during this period.l3

Ved Gandhi provides an authoritative set of estimates of the direct and
indirect_;ax burden on agriculture and government expenditures for agri-
culture.*" Gandhi shows that in the period 1950-60 tax revenue attri-
butable to agriculture was substantially less than government expenditures
orn. agriculture, and that rural pecople in the same income class were taxed
at substantially lower retes than their urban counterparts.lS The
discrepancy was particularly large in the upper iancome bracrets. In
Taiwan, by contras%, the tax burden on agriculturalists, in %ny individual
income class, was heuvier than cn those not in ugriculture.l

Simple lugged correlutions of government expenditures on agriculture show
little relation to growth in agricultural cutput in India, whereas in
Taiwan government expenditures_induced lurge complementary investment by
farmers end increased output.l The effectiveness of expendiiture on
agricultural development depends very much ¢n how close to optimum is

its camposition and the technical environment within which allocations are
made, Buth appear to have beer unusually favorable in Tgiwan and much
less favorable in Indis, at least up tc the mid-1960':.

The reletive prices of mgricultural and non-agricultural commodities
fluctuate substant’.lly in Indla according to the weather. Thus it is not
surprising that s e observers .7 short periods erroneogsly note a change
in the terms of trede ppoinst the agricultural secr.or.l For India in

the period 1952-53 to 1¢-u-f% “here is no statistically significant
evidence of a movenient one way or the other of relative prices of food
grains and non-agricultural commodities. If we compare prices of all
agricultural commodities (including industrial rew material crops, fruits,
vegetablec, and livestock products) the terms of trade clearly moved
toward the agricultural sector in this period and thus produced a signifi-
cant invisible transfer of resources, Extension of the period of
analysis to the present would show an inzrease in this transfer.

Large fluctuations in relative prices arising from changes in weather

make it possible to observe the effects of changing relative egricultural
prices on growth of savings and investment in the non-agricultural sectors.
The nature of the rluctuations, the complexity of the lag factors, and the
short period of time for which dutu are relevant limit the usefulness of
statistical ananlysis. It appears, however, that large crops and consequent
relative decline in agricultural prices were associated with increased
rates of domestic saving and investment. The converse relationship also
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seemed to occur.2l In fact, a notable example is the sharp drop in
savings, lanvestment, and industrial growth following the disastrously

pocr crop years and sharply rising relative agricuitural prices of 1965-66
and 1966-67. Similarly, the sharp decline in relative agricultural prices
from 1953-54 to 1955-56 was associated with a sharp rise in domestic
savings, which peaked in 1957. Relative agricultural prices rose for the
three years ending 1958-59 and domestic savings dropped sharply to a
trough in 1958, Relative agricultural prices again declined from the
1958-33 peak and domestic savings again resumed their upward trend in

1959.

These observations appear to indicate that the slight upward trend in
relative agiricultural prices over the pest two decades has resulted in net
resource transfers to agriculture and in slower rates of growth in the non-
agricultural sectors. Without major technological change in agriculture
the resources transferred to agriculture were subject to diminishing
physical returns and low physical response. They provided attractive
economic returns only because of relative increase in agricultural

prices.

It is likely that the net flow of resources on private account in India

has also been to the agricultural sector. There may heve been a single
permanent transfer away from agriculture after the Indian land reforms

of the early 1950's, Subsequently there has not been a large wealthy land-
owner class as in the early stages of development of Taiwen, Japan, or

Great Britain. In addition, during the two decades up to the late 1960's
there has not been an economic environment favorable to direzt investment by
landed classes in small-scale manufacturing. Resources have been largely
directed toward large-scale industry. Savings rates in the agricultural
sector have at least until recently been low, perhaps largely because of
relatively unattractive investment opportunities, Finally, there have
been substantial remittances to the rura& sector by urben vage earners,
which have gone largely to consumption.2 As will be suggested below,

these relations may now be changing as a result of the new highly profitable
grain varieties.

In conclusion, then, wve find that in the case of India all the three
mechanisms--government accoount, price relationships, and private account--
have transferred resources to the agricultural sector. This situation
differs from that in Taiwan, Japan, Great 3ritain, the Soviet Union, and
perhaps with most successful ceses of development. The successful cases
of net transrler of resources from agriculture have either had a basis

for repressive extraction of a surplus from egriculture through a wealthy
landowner class, a strong state operating through collectives, easily
taxed major agricultural exports, a technologically progressive agriculture
which generated large additional surpluses, or a combination of these.

For most contemporary low-income countries the route of technological
change in agriculture may be the only feasible one.


http:opportunities.23
http:occur.21

II. Technological Change25 and
Intersectoral Resource Flows

It is difficult to achieve continuous net resource transfers from a
technologically stagnant agriculture if those resources are invested
productively in the non-agricultural sector. Growth of the ron-agri-
cultural eector increases the demand for food. KRelative agricultural
prices will then rise in the face of the inelastic aggregate supply
characteristic of technologically stagnant agriculture. As a result,
resources will be transtferred back to the agriculturel sector--where
they will of course be subject to diminisning, and eventually to low
returns. In these circumstances, the greater the increase in demand
for food, the greater the increase in agricultural prices, and the
greater the resource transfer t% agriculture. If increaszed food imports
prevent increases in egriculturel prices, growth of the non-agri-
cultural sector may then be halted by scarcity of foreign exchange.

It is likely that policies which provide a net flow of resources out of
agriculture will have their incidence particularly on high-income rural o6
people who have relatively inelastic demand for agricultural commodities,
Simon's date for Senapur, India show income elasticity of expenditure for
all food of the petty landlord class at about 0.2, while it was about 0.9
for the landless labor class.2! Thus if resource transfers from agriculture
foster increased employment and income of low-income laborers, there will be
a net increase in the demand for food ard an upvard pressure on food

prices.

Increased demand for aegricultural commodities incident to industrial

growth may arise from increased incomes that accompany expanded employ=-
ment per worker and per family and does not necessarily indicate higher

real wage retes. Thus we see in Japan a long period of essentially constant
real wageg, while per worker, per capita, and per family reel incomes rose
rapidly.2 Similarly the real agriculturul wage rate in Taiwan was quite
constant from 1911 to 1960 but, owing largely to increased employment per
family, per cepita consumption rose over 50 percent.2

In order to prevent increased irndus. ial investment from increasing the
demand for foud and thereby raising relative agricultural prices and
transferring resources back to agriculture, either the increase in employ-
ment must be relatively small or the real wage rate must be reduced
sufficiently to balance the aggregate income effect of increased employment.
Both are difficult to accomplish and both have unfavorable implications for
income distribution.

In contrest to the situation of a stegnant agriculture, continuous techno-
logical change in agriculture permits some expansion in demand for agri-
cultural production to be met without higher relative agricultural prices.
In these circumstances net transfers of resources from agriculture which
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cause expansion of employment in the non-agricultural sectors are not
fully reversed by changes in the terms of trads toward the agricultural
gector. In practice, technological change in agriculture also increases
the elasticity of aggregate supply by increasing the relative importance
of more demand-responsive inputs such as chemical fertilizers,

Technological change in agriculture directly accelerates growth in real
national income., It is also likely to influence relative prices so as

to encourage industriual development. Because, however, such technological
change normally induces increased use of inputs from the non-agricultural
sector it may not induce increased net resource transfers to that scctor.
What actually happens will depend on (a) the capital-output ratios
associated with the technological change, and (b) the changes in con-
sunption in the agriculturul sector resulting from the technological
change.

Significantly higher returus to investment associated with new agri-
cultural technologies, may shift the savings function and reduce consumption.
Thus, an increase in the flow of production goods to agriculture may be
balanced by a decrease in the flow of consumption goods. Alternatively,

an incremental capital-output ratio less than one will allow immediate
concurrent increases in agricultural production and increased resource
transfers from egriculture. More generally the iower the incremental
capital-output ratio associated with technological change the soorner

net resource transfers may resume. Reduciion of the rate of technological
change will also shorten the period of accelerated net resource transfersew
although at the cost of lower rates of growth.

The Effect of High-Yield Crop Varieties

In the case of Taiwan, the net outflow of resources increased during

the two periods of most rapid technological change--1920-35 and 1950-60.
The rate of technological change apparently did not slacken during these
periods and the level of per capita consumption in agriculture increased,
The incremental capi*al-cutput ratio, as defined in this paper, was
apparently less than one. The process was accomganied by high incre-
mental savings rates within the agricultural sector. 0 The technological
change in egriculture which produced these res.lts was embodied in the
introduction of improved seed, chemical fertilizer, and pesticides; land
improvements made by agricu.tural labor; and improved, labor-using cultural
practices. The increased labor used on farms was drawn from within the
agricultural sector. Most of the resources drawn from other sectors

vere for items of working capital., If we assume, conservativasly, that

this capital turred over in one year and provided a rate of return of 25
percent, the capital-output ratio would have been 0.8.31 If we assume

a faster turnover and alternative opportunities for the finarcial resources
during the rest of the year, or a higher rate of return, the capital-
output ratio would have been even lower.
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Ohkawa's evidence shows that in Japan capital-output ratios for agriculture
declineg sharply from 1885 tc 1919 and ramained low until after World

War IT. 2 Using 2 capital meariure which excluded residential buildings,
but which still included rescurces from within the agricultural sector,

his data showed the capital-cutput ratic near 1.0 for the totel period

1885 through World wWar II.

These relationships are censistent with curreat micr: dete for new high
yield crop varieties :n Indiu. In areas where they ure well edapted the
increase in gross value =7 cutput of dwar! wheat and rice varieties is
typically four times as great as the in :.ease in cost of inputs purchased
from the non-sgricultural sectors. 33 Preliminary studies in India also
show that farmer's behavior with regard to savings is similar to that
noted in Taiwan under similar circumstances. That is, a very high
proportion ¢f the increments tc income frum new technology are saved.

The high incrementel savings rutes presumably reflect much higher returns
to investment when new technology 1s applied.

The Irrigaticn Protlem

Particularly in the tropics and in rice areas generally, water supplies

must be well controlled if high yield crop varieties are to be grown suc=-
cegefully. Eecause irrigation may require large irvestment, the capitel-
output ratios may be greater than one. It is here that conflict develops
between increasing net resource rlows from agriculiure and growth of
agricultural prcduction. This need not be the case 1f 1irrigation is provided
largely by an agricultural labor input.

In the case of Tuiwan, lurge nvestment in irrigation occurred prior to

the period of rapid <echnological change in agriculture. Thus, by 1925,

60 percent of the cropped acreage was irrigated in Taiwan so that capital-
cutput ratios during the period of technological change were very low.

Of course, the returns to irrigetion investment were low prior to the
period of technological chenge in Taiwan. 4 But when new crop technologies
emerzed in the 1920's the availability of irrigated area made their
application relatively easy, cheap, and quickly productive. Investment

in the irrigation system prior to the 1920's was !:nanced by savings

in the agricultural sector or revenues otherwise ralsed in that sector.

llet transfer of resources from agriculture then increased when tecnnological
change was imposed on the already expanded irrigated ccreage.

In contrast, in 1965, only 20 percent of the cropped acreuge in India was
irrigated. Because of the luck of investment in 1rrigation prior to the
period of rapid technological change in agriculture, India should have
been able to provide & grewter net outflow of resources than Taiwan in
its comparable periods. On the ccntrary, however, high rates of savings
in the non-agriculture sector and net flows of capital from abroad
permitted u relatively rapid :ate of growth in the non-agricultural
gector, which turned the terms of trade toward the agricultural sector
and added to the net 1nflow of ressurces to agriculture,
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The increase in returns to irrigation from new high yield varieties of
crops may encourage the allocation of increased funds for irrigation develop-
ment in India and Pekistan. The capital-output ratios for minor irrigation
schemes such as tube wells plus the improved technology may in practice

be very low. A recent S%lculation for Aligarh District, Irdia, showed

this rg&io to be 1.,5:1. Similar results have been noted for central
Indie, Investments in such small-scale irrigation schemes have been
largely self-financed by the farmer.37 Although it is not clear precisely
what transfers of assets occurred, it is likely that some reduction of
consumption or sale of ussets from the agricultural sector provided the
financing. This may have avoided the net flow of resources into agri-
culture otherwise required for the irrigation investment.

Large-scale irrigation schemes not only have higher capital-output ratios
but may require much more financing from outside the agricultural sector.
The extent of investment in large-scale irrigation depends on comparative
rates of return. The optimal investment pattern may call for a net resource
flow to agriculture, at least temporarily. In this case, of course, the
rate of growth of the non-agricultural sectors snd the overall rate of
growth will be slower compared to a situation of lower capi<al-output

ratios for technolcgical change in agriculture.

III. Implications of Technological Change to the
Means of Resource Transfer

Characteristics of technological change in agriculture suggest some
specific means of resource transfer. For example, yield increasing
technological change, at least initially, raises dramatically the returns
to land, thereby furthsr strengthening the economic case for lund taxes,
Unfortunately land taxes appear particularly unpalatable poiitically.

Relative agricultural prices tend to decline as yield increases <thereby
transferring rescurces to other sectors. Such price declines may not
discourage agricultural production due to the cost reductions accompanying
new technology and due to the shape of response curves.38 Government
policy may usefully, (1) facilitate orderly price declines, and (2) help
translate the decline in agricultural prices into accelerated growth in
industrial investment and employment. .

4

Yield increasing technological change in agriculture is usually accompanied
by increased use of purchased inputs, and greatly increases the returns

to them. Under these circumstances, it is essential that input supplies

be increased rapidly as the demand curves shit't. Clearly, the worst
possible policy, but one too often followed, is a subsidized price for

inputs and inadequate supply. Technological change in agriculture offers
potential for large net transfers of resources out of agriculture not
because its added input requirements are small--they are in fact very large--
but because the rate of return on those inputs is very high.


http:curves.30
http:farmer.37
http:India.30

12

A tax on variable inputs complementary to technological change, such as
on fertilizer, is inefricient on narrow economic grounds as it reduces
input use and causes a lover than optimal level of output. Yet, Taiwan
used such a tax as a major means of drawing revenue from the agricultural
sector. Similarly, a tax on fertilizer was instituted in Indis follovwing
introduction of high yield crop varieties.

In the context of rapid technologicel change in agriculture a ta» on
fertilizer is not as inefficient as at first might appear and has some
features to recommend it. First, its inciduace is somewhat in proportion
to the benefits from research and other aspects of technological change
with vhich fertilizer is so closely nssociated. Seccnd, there is evidence
thet fertilizer response functions are essentially linear until they
reach their max:uum.39 Thus, for a wide range of vrice relationships

the optimal quantity of fertilizer to use appears quite inelastic with
respect to price. 1In eurly stages of adop tion, diffusion of fertilizer
use may be accelerated by highly favorable price relationships. This
factor, however, diminishes in importance with time,

Both a land tax or a relative decline in agricultural oEtput prices are
to be preferred toatax on an input such as fertilizer.'Q0 A tax on
fertiiizer is preferred to loss of investment opportunities which offer
high rates of return. It is the political difficulty of erfecting eco~-
nomicelly preferable mechanisms for resource transfer that compels taxes
on variable inputs. Fortunately, in a context of technological charge
such devices may not be markedly inefficient.

IV. Conclusion

Both in concept and in practice it is possible for the agricultural
sector to make large net transfers of resources to other sectors. If
these transferred resources are used productively the rate of economic
growth can be accelerated.

Net resource transfers are possible from a technologically stagnant
agriculture. But such transfers are difficult to achieve without either
an economically and politically powerful landlord class strongly motivated
to invest ir the domestic non-agricultural sectors, a powerful unitary
governmeant, or major expoi't crops. 1 The first two conditlons rarely
exist in contemporary low-income countries. Low-income countries with
major export crops are among the few that tax agricultwre heavily.

In many areas the current technological breekthroughs in agriculture

offer large increases in output at incremental capital-cutput ratios

of less than one. This facilitates immediate and greatly accelerated

net resource transfers. Even if large investment in irrigation is a
necessary complement to technological change, increased net rsscurce
outflows may occur shortly after rapid technological change in agriculture
begins. A wide range of devices may be used to facilitate such resource
transfers, including taxes of many types, lower relative agricultural
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prices, and direct investment outside of agriculture by wealthy agri-
culturalists. The change in the structw-e of demand accompanying the in-
creased agricuitural output may well enhance these opportunities.h

If a low-income country is to grasp the type of oppertunity so well
exploited by Japan and Taiwan it must develop the infrastruc ture of
research and related institutions for developing, adapting, and applying
suitable high-yield crop varieties. It then must ensure the ready avail-
ability of a large quentity of compl mentary inputs such as fertilizer.,

A highly elastic supply of inputs complementary o technological change is
crucial to the process. The economic incentive for using additional
inputs in agriculture is provided by technological change itself, which
increases output per unit of input. Under these circumstances, a wide
range of devices is evailable for transferring resources from agriculture,
There remain complex political problems of choosing a combination of

these devices accertable {an the complex political and institutional
framevork of a modernizirg agriculture,
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