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il. AGRICULTURE
1. CROP SECTOR®
1-1. Strﬁcthre of Production

1-1-1  Overview

. The  structure of-output in the agricultural sector has undergone a
remarkabie change: in Argentina during the 19703 and the early 1980s,
which some :even approximates to the country's second agricultural
revolution. ‘The change has evolved most prominently in the Pampas which
traditionally produce the bulk of the country's exports, but is also
observable, though to a lesser extent, in other regions. This change
principally stemmed from the dynamic expansion of the crop sector
relative to the 1livestock sector, on the one hand, and from the
‘increased predominance of the five major crops of wheat, maize, sorghum,
sunflower and soybean vis-a-vis the other crops, on the other, as
chiefly observed in the pampean agriculture.

The expansion -of the ‘crop Sector was partly brought about by the
changes ~in world market conditions }for Argentina’s major export
products. - Most notably, EC's increased protectionism and  subsequent
subsidized eéxport drive since the mid-1970s substantially reduced the
demand. -for - beef, among others, in Argentina's traditional export
markets. - As ‘a result, the country's livestock sector reduced its
economic importahce -in the Pampas relative to crop production and has
not entirely recovered from this setback to this day. In contrast, the
world demand for major cereals and. oilseeds on the whole continued to
expand in the 1960s and the 1970s, though with some setbacks during two
0il e¢rises, and moreover, the USA's embargo of grain exports to the USSR
in 1980 functioned to give a boost to Argentina's exports and production
of major pampean crops. The USSR emerged as the country's major export
destination, offsetting the shrinkage of its traditional export markets.
These external factors® supported the significant technological progress
in the production of major export crops in Argentina during the 1970s.

"Noanampa:reqions produce & variety of crops, taking. advantage of
their diverse agro-ecological environments: sugarcane, tobacco and beans
in_the~N0rthwest;ﬁyerba-mate, rice and tung 0il in the Northeast, cotton
in the North, apple and pear in Rio Negro, grapes for wine and certain
vegetables - in the West,. and so. forth, Agricultural production in
non-~Pampa regions are estimated to contribute approximately one-tenth of
Argentina's total exports, but it is on the whole oriented to domestic
. marKets. - Some -crops are grown partly for:their export possibilities,
but the increase of their production is at present heing hampered by the
long distance: and difficult accéss to overseas shipping, especially in

the case of the Northwest and the West, and by the limited prospects of

external. markets, as in - the case  of c¢otton, tobacco and sugar,
Moreover, the limited - size .of domestic markets constrains the
possibility of fully taking advantage of the diverse agro-ecological
conditions in the non-Pampa regions.

IT-1



The recent expanslon of the areas under the five major crops in
non-Pampa regions can be understood -as one of the attempts to diversify
the warketing horizon of regional agriculture, but this highlights the
urgent needs for supportive efforts - in. developlng efflCLent product
marketlng and evolving sustalnable systens of crop production whxch are
sulted to their agro~ecologlcal condltlons,- :

The regaonal'aqucultural systems found out31de the Pampa reglon
have diverse socio-~econdmic characterlstics which 51gnlflcant1y dlffer‘
from pampean agrlculture. Thus, their past evolutlon, future prospects
and policy requlrements vary, meriting separate analyses Prlmarlly
because of the llmlted time schedule, the: present study focuses on
agriculture in the Pampa region which. has -been undergo;ng ‘remarkable
changes since the 1970s.

1-1-2. Trends in Production of Major Crops
(1)-Genera1:Pattern

Table II~1 1 shows the productlon trends of ma]or crop caLegorles
during  the  last- 40 years or- so on. the ‘bagis of “the StatlsthS
aggregated by ‘the economlc department of the. Buenos Alres Grain
Exchange. . Both the sown- area and. Pproduction of total crops grown. in
Argentlna recorded a dlstlnct decline. in the early 1950s compared with
the early 1940s during the World War TI when Argentina had beneflted
greatly from: the 1ncreased external .démand for its cereals 'and

oilseeds. ;. The total SOWNn  area recovered in the 19503 and- remained
more or less stable during - the 1960s, but from the early 1970s to the
early 1980s it showed a tendency of  decline. However, the . total

production -continued to 1ncrease from the early 1950s on through the
early 19808. :

The breakdowns by major crop categorles 1ndlcate ‘s0me 51gn1flcant
differences, . With" respect to cereals and 01lseeds, which together
provide the bulk of the country’ s agrlcultural exports, the sown area
and production in the early 1960s" still fell short of the levels in
the early.lQéDs,.lndlcatlng that the exLernal_demand for_Argentlna s
output decreased as other countries began to recover and ekpand their
own productlon for domestic consumption and/or exportatlon in postwar
vears. . In contrast, all of the other ' crop: ‘cateqgories recorded a
steady increase in both sown “area. and production in .the 1940s and
1950s, surpaSSLng by the early. 1960s the levels in the early 1940s.

From tbe 19605 “through the early 19805, however, the productlon
of cereals and 01lseeds continyed. to expand, the . iormer despite the
relative. stablllty of the SOWN area ‘during the 11970s . and the latter
accelerated by the . tremendouq expan51on of the SOWD . area during. the
same. decade, As a result,_the comblned share: of . cereals and 01lseeds
in total: sown aréa increased from.:63% in the ‘beginning “of both the
1950s and 19605 . to 84% in the early 19805 and in. total productlon from
-38% o.. 56% similarly. : With respect ‘to ".other crop: -categories,
vegetables, industrial crops and fruits continued = their slowexr but
steady increase. in both area. and: output . durlng the 1960s: ‘and 1970s.
However, forage .crops recorded substantial. reductions durlng both
decades, partly reflectlng a decline of - act1v1ty observed in the
livestock sector in the later 1960s and the later 19705.

II-2
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To limit the period under conslderation to . the 1960s and
thereafter, the total sown area of all crop categories declined from a
little over-'27 million ha in the early 19605 and the. early 19708, to
26,2 million ha in the early 1980s, but the total production contlnued
to increase from 40.9 to 65.0 million tons from the early 1960s to the
early  1980s. = The 'Jncrease was most pronounced in cereals and
oilseeds, which respectlvely increased from 13.3 to 29.8 million tons
and from 2.1 to 6.7 wmillion tons in 20 years (Table Ti-1~2).  Indeed,
the combined outputs of cereals and oilseeds accounted for nearly 90%
of the total increase achieved in crop production . over the said
period. a

This remarkable expan51on of cereals and 01199eds was 1n turn due
to the increased production of wheat, malye, soxrghun, ounflowar and
soybean, which rose in aggregate from 11,8 to 34.6 million tons in two-
decades  (Table II-1-2), Other Lereals ‘and oilseeds showed, on the
whole, either a decline or only a relatively small increase  in
production over the pellod The share of. the flve major export crops.
in total :cereals and ocilseeds oonsequently increased from 77% in the
early 1960s to 95% in the early 1980s in production and froin 59% to
77% in sown area. - :

Table 1~1-2 Production and Sown Area of Cereals and Oilseeds

Three Crop- Total of Total Total of Total  Total of Total
Year Aver. Uheat, Maize Cereals  Sunflower Oilseeds Five Major Cereals &
& Sorghum & Soybean Crops Oilseeds

Production (1,000 tons):

1940/41~42/43 14,084 15,409 561 2,390 14,645 17,799
{2y ; 91 o0 23 00 - BZ 100
£ 1950/51-52/53 7,930 - 10,604 714 1,678 8,644 12,282
(%) 75 100 43 100 70 100
1960/61-62/63 11,218 13,308 646 2,106 11,864 15,418
(%) - 84 100 31 100 77 100
1970/71-72/73 18,563 20,505 982 2,165 19,546 22,670
(%) 91 100 45 " 100 86 © 100
1980/81-82/83 28,729 29,765 5,853 6,740 34,583 36,505
(%) , 97 100 © 87 100 95 100

Sown Area (1,000 ha):

1940/41-42/43 = 12,165 16,127 666 3,537 12,831 19,663

(%) 75 100 19 100 65 100
1950/51-52/53 8,912. 13,726 1,351 2,562 10,263 16,288
(%) ' 65 100 53 100 &3 100
1960/61-62/63 9,033 14,5558 1,163 - 2,867 10,195 17,422
=y 62 100 41 100 59 100
1970/71--72/73 12,540 17,233 1,689 2,818 14,228 20,051
%) _ 73 100 60 100 o 100
1980,/81-82/83 13,025 17,035 © 3,793 4,862 16,819 21,896

(%) ) ) 7% 100 8 100 .77 : 100

Source: Bolsa de Cereales de Buenos Airés, Numero'Estadistico, 1984 aﬁd 1985;

- II-4



In -sum, - five majdr -export crops. of wheat, maize, sorghum,
sunflower and soybean led the remarkable expansion.of the crop sector
observed .. in Argentlna during . the last two decades, Two . important
dimensions . of -this process of @ expansion have been the increased
"agriculturalization" vis-a-vis the livestock sector and the increased
dominance of the five crops over other crops, and they have been
observed most prominently in the fertile Pampas. Accordingly, the
main’ emphasis. of the present study is to ascertain salient factors
which contributed to the. evolution of this 51gn1flcant process in
Argentlne agrlcultule.

(2) Trends of Five Major Export Crops

It ‘has’ been p01ntud out that the expan510n of the crop sector in
the last two decadés or so, and more . specifically the increased
predominance of the five crops chleflyigrown in the Pampas have been
realized by a combination of technological factors: namely, (1) the
1ntr0duct10n and - wide: diffusion of high-yielding varieties, such as
the hybrlds of walze, sorghum and sunflower and. the early maturing
Mexican varieties of wheat, (2) the increased use of chemicals for
plant protection and, though to a much lesser extent, of fertilizers,
(B)Vempléyment ofjmdre:effibient and sophisticated farm machinery, and
(4) technical- improvemients  of farm management which accompanied the
increased use of such inputs.

In -addition to these factors directly connected to- agricultural
production, . it would be necessary to refer to a few other important
factors which supported the expansion of the crop production in
Argentina, especially'concerning the decade of the 1970s. Firstly,
the .slump in .profitability, especially after the mid-1970s, of
livestock rearlng in the Pampas, coupled with ‘the increased world
- demand for coarse grains and .cilseeds during the 1960s and the 1970s,
- accelerated the process of "agriculturalization" as the most viable
- alternative  in utilizing the fertility of the Pampas. Secondly, the
virtual‘_abolitiOn' of ‘export = taxes ‘on traditional - éxports, the
liberalization of. imports .including agricultural inputs and the
overvalued Argentine peso during the later 1970s served to support the
‘expansion of export-oriented crops. That is, these factors served to
offset  the drops in profitability per ton. of export caused by the
. generally declining trends. in real international prices of major
cereals and oilseeds during the period, and also they improved the
. relative price relations between export crops and productive inputs.
Thirdly, the ‘generally favorable weather conditions during the later
1970s and the early 1980s rewarded the producers' attempts at
export-oriented agriculturalization both within and outside the
Pampas. These - factors, among others, undoubtedly gave a decisive
impetus to the technological changes which brought about the increased
production of the five crops.
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On the basis of a number of the studies’ ' undertaken to analyze
tha protess of agriculturalization, the technological factors which

'eupported the expansion of the five wajor -export crops can: be

summarlzed as follows._'
(a) Cereale
As shown in Table II-1-3, both the production and the harvested

area of wheat romained stable in the:1950s and the 1960¢, but showed -a
remarkable surge ‘during the 1970s which continued  through ' the

‘wid~1980s. From 1970/71-1972/73 to 1980/81-1982/83, its production
increased  from 6.1 to 10,3 million tons, ‘and the harvested area

expandad by 40%, The averaqe yield increased by 20% contributing 40%
to the 1ncrease of producticn realized over. the decade. The
development andg. lntroductlon by the INTA of eerlywmaturlng Mexican
varietieg in  the beglnnlng of - the 1970s greatly contributed to this
vield improvement. It 4is said' that some 60% of the -total production
of wheat ig-accounted for by the varletles whlch orlglnated in those
varieties developed by the INTA. :

The diffusion of nonrtraditional:verieties of wheat, coupled with
the introduction‘ and expansion -of - soybean production, ‘played ‘an
important. role in the- technologlcal changes in. pampean - agrlculture.
Early~matur1ng Mexican varieties with higher. fertlllzer response were
first adopted in the tradltlonal maize- zone -in the south of Santa Fe
and the north of Buenos Alree,-or Region IX ¥orth. ‘according te the
classification by the National. Grain Board of wheat—produclng ZONes,
rather than in the tradltlonal wheat zone in’ eoutheast Buenos Alres,'
or Region IV (Figure II-1-1), partly due to ‘the fact ‘that the varietal
development by the INTA emphasxzed the former region. . As seen from
Table II-1-4, the area under non-traditional varieties: 1ncreased in

‘Region I North from a litkle less than 20% in- 1974775 to nearly 90%

in 1982/83. The diffusion of non-traditional varieties in Region IV
began in  the beglnnlng of the 19805 whéen medium-— and 1ate maturlng

- non- tradltlonal varieties were  introduced by ‘a private ‘seed - firm,

Becalse  yields of  non-traditional ~varieties "are widely variable
depending: on climatic ‘and soil conditions, - their diffusion ‘still
remaing limited in regions with less rainfalls, cold weather and soil

deficiency, such as in Region V ‘North and South. Consequently, there

are considerable .variations in average yield by region, ranging in
terms of the 1980/81-1982/83 average from 2.4 tons in the north of
Buenos Aires Province and 2.0 tons in both the south of Santa Fe and
thé southeast of Buenos Aires to 0.9 tons in the south of Buenos
Alres. i

1

A series of papers are 'prepared by the research staff of CISEA
(Centro de Investlgac1ones Sociales sobre el Estado ‘:y la
Administracion) under the program called PROAGRO The discussion in
this section mainly relles on these papere. notably, E.S. .de
Obschatko,. Los Hitos Tecnologlcos en- la Agricultura Pampeana, -
Document No. .10, Dec. 1984, and F. . Sola, Empresas .y Sujetos
Sociales. en la Rgricultura Moderna: Hacia un Nuevo Modelo de:
Comportamiento, Document No. 7, March 1985, '
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Figure IT-1-1 Classification of Wheat Producing Regions
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Table II-1-3 Productlon, Harvested Area and Average Yleld of
Five Major Export Crops

Three Crop-. Wheat Maize Sorghum Sunflower  Soybean “Subtotal |
Year Aver. ' ; - k ' -

Production {1,000 tons): o S o .
1940/41-42/43 . 7,012 7,072 N 1% Ce 14,645

195075152753 . 5,177 2,753 o 714 : : 8,644
1960/61-62/63 5,208 -__4 810 1,199 636 - 10 . 11,864
1970/71-72/13 6,073 - 8,497 . 3,993 ° 846 . 136 . 19,546
1980/81-82/83 10,346 ~ 10,500 7,883 1,880 - 3,973 34,583
1983/84~ 85/86 11,700 11,400 5,767 2,950 6,800 38,617
Harvested Area (l 000 ha) - e ‘ S :
1940/41-42/43 5,842 3,596 B 576 ; 10,014
1950/51-52/53 4,520 1,834 0 r ‘1,002 - 7,356
1960/61-~62/63 3,929 2,715 - 591 950 10 8,196
1970/71-72/73 - 4,320 3,593 1,928 . 1,312 87 11,241
1980/81-82-83 6,000 3,178 2,377 1,618 . 2,049 15,312
1983/34-85/86 - 6,088 3,288 1,912 2,360 3,163 16,811
Average'Yieldf(kg per ha}): R : ) : .
1940/41-42/43 1,200 . 1,967 - - 975 o 1,463
1950/51-52/53 1,145 1,502 ' o 712 - 1,175
1960/61-62/63 1,326 1,771 2,029 669 1,000 1,448
1970/71-72/13 1,406 2,365 2,071 . 645 1,567 1,739
1980/81-82/83 1,699 3,304 3,317 1,162 1,939 2,259

1983/34-85/86 1,793 .. 3,435 2,676 1,337 2,223 3,354

Source: Bolsa de Ceréales de Buenos Aires, Numero Bstadistico, 1984
' and 1985; and Servicio Nacional de Economia 'y Sociologia
Rural, Secretaria de Agricultura, Ganaderia ¥ Pesca,

. Table IT~1-4 Area'undef'NOnetradition513Wheat Varieties’

Region I oI B 3% 2 v _ v " Whole
Crop.Year North  South - North South Couﬁtry
1974/75° .5 .17 . 2 . 1 . 8 .7 2 10
1976/77 - 27 51 54 29 3 22 4 36
1978/79 32 76 57 24 27 26 4 36
1980/81 59 90 70 28 . 67 . 51 4 59

3 58

1982/83 - 15 89 64 43 75 . .39 1

Sourcé: Edith $. de Obéchatko, Los Hitos'Tecnolbgic6S en la Agricultura
' Pampeana, CISEA, PROAGRO Document No. 10, Dic. 1984
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" One . . important’ . technological ~ change . which accompanied the
nLroductlon of early*mafurlng non-traditional wheat was the expansion
of double cropplnq, most notably with' soybean as the ségond crop in
the traditional maize zZone. The possibility of obtaining income twice
a year instead of once in.the case of maize production was attractive
_durlng the period of rapid 1nflatlon and hlgh interest rates after the
mid-1970s.  In addition to replacing maize in- areas. where climatic
condltlons are less suited to maize cultlvatlon, double  cropping
brought ‘about. the gradual decline of livestock rearing as an important
.component ‘of the traditional mixed farming system.. ‘Coupled with the
continued slump in livestock rearing since the later 1970s, permanent
or continuous agrlculture emérged and increased its 1mportance mainly
in Reglon IT North

--Another notable technological change is the increased use of
fertilizer, mostly nitrogenous, in wheat cultivation in the Pampas.
Although ‘the lovel of  fertilizer application is still very low
compared ‘with some other producing countrles, it became fairly common,
espe01ally in the tradltlonal wheat zoéne., According to the estimate
by | Hu1c1,' for 1nstance, ‘wheat cultlvatlon' consumed 38% of total
natlona})consumptlon of B nutrient in 1983/84 compared with 7% in
1977/78 The Arqentlna 5 recent national ‘average wheat yleld of 1.7
-~ 1.8 tons is lower, for example, than 2.3 tons in the USA and over 5
tons in. France, - but reasonable considering the -current 1level of
fertilizer appllcatlon and in fact comparable to the average yields in
Canada and’ Australla.

One of the  problems associated with the wide diffusion of
higher-yielding non-traditional wheat varieties is a significant
decline - of gluten content in- the " grain, and this geems to be
aggravated by the: expan51on of continuous agriculture which depletes
nutrients in the scils. This decline in ‘quality seems to be related
to. the disparity in export price between Argentine wheat and US wheat
in recent years. '

As seen in. Table I1I-~1-3, the production of maize in Argentina
‘doubled from 4.8 to 10,5 million tons from the early 1950s to the
early 1980s. In terms of the grdwth rate, the production showed more
rapid increases during the 1950s and the 1960s, by 75% and 76%
respectively, than in the 19705 when the rate declined to 40%. The
factors of increaée'signifiéantly'differed over three decades.

Durlng the- 1950s, 64% of the increase in productlon derived from
an expansién in the area planted to the crop. Hybrid maize was
commerc1ally 1ntroduced in this decade, but its diffusion was limited
because of the yet inadegquate 1level of -agricultural mechanization.
During the 1960s, 68% of the increase came from the yield improvement,
réflecting the rapid diffusion of - hlqh yielding hybrid varieties in
the traditional maize zone in the north of Buenos Aires and the south
of Santa Fe, or Region VI of the maize-producing =zones (Figure
II~1-2}. - The diffusion of hybrid varieties spread to other areas in

1) Nestor Huici, Requerimientos de Semillas, Fertilizantes y Maquinaria
para la Expansion Agrlcola en 1985--1990, PPA Document No. 9, CISEA,
Dec. 1985,
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Pigure IT-1-2 Classification of Maize Producing Regions
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the 1970s, and the increase in production over the decade was entirely
brought about by the yield improvement. ~"As seen in Table II-1-3, the

““harvested area declined by 11% hetween the early 1970s and the early
19805r while productlon 1ncrea9ed nearly 24%, .

E.The'introductlon-of hybrld varieties of maize made the greatest
contributidn-to the rapidly increased production in Argentina during
~the -1960s and 1970s.  But this does not mean that the use of hybrid

- varieties  alone realized the increased ocutput. Along with the
introduction of’ hybrlds, the manner of cultivation changed with
'respect to the appropriate timing of land pleparatlon, multiple sowing
lines . and hlgher sowing ‘density, increased mechanical weeding and
plant proteéction, etc., which were required to obtain better results
from new varieties.’ -But these changes _basically derived from the
introduction of hybrids. - According to Nider and Mella, B80% of the
increase in maizeé production during the 1??03 and 1970s is said to
have come from the use of hybrid varieties.

'According-to“JNG's information as gquoted by Obschatko, the rate
of diffusion of hybrids in 1983 was 100% in the traditionhal maize zone
(Region VI}, 90 - 95% in Regions IV and V, and 80% in Region VIII,
while the" rate wds 10 - 50% 'in Region VII where climatic conditions
are not favorable té-growing hybrid maize. ~This rapid diffusion -was
made possible by the prlvate seed industry, in which gubsidiaries of
multinational seed companles' have . the combined dominance. For
instance, three such firms have .the combined market share of 75% in

- the ‘early 1980s. The INTA and other public institutions had been
‘doing research on hybrld maize since the 1920s, but after the seed law
in "1959 which endorsed the closed pedigree of new varieties developed
by private breeders, the share of the prlvate sector in the seed
market 1ncreased rapidly.

Because ‘of the. dynamic capacity of private seed companies of
rapidly breeding new varletles, maize production expanded its horizon
from the traditional maize =zone to other areas. For instance, the
early-maturing varietiés introduced to the market in the late 1970s
expanded the area under maize in the traditionally wheat-growing
southeastern zone of Buénos Aires Province. Although Region VI still
accounts for a- little more -than 50% of the total production and have
the. highest "yield in the country, the other areas improved their

. respective yields more rapidly 'in the last decade, though the absclute
levels of their yields are still substantially lower than in Region
VI. .

The yield improvement due to the use of hybrids is a world-wide
phenomenon, and Argentina's national average ‘yield of 3.3 - 3.4 tons
per ha in recent years is only a half of the yield in the USA. But the
“yield 'in- the traditional maize =zone. has been around 4.5 tons without
fertilizer application, and some advanced farmers are said to have
realized 7 - 8 tons. BecausSe 6f the presence of perennial weeds like

1) F. Nider and. R, Mella,."El Increméﬁto del Potencial de Rendimiento
de los Hibridos de Maiz en la Argentina durante 1963-1979", Dekalb,
1983, as guoted by Obschatko, op. cit.
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Johnson grass, fertilizer use was. not recommended by .the : INTR for
maize . cultivation until quite recently, but the improved level: of

fertilizer application. comblned with: better . ; plant. protectlon would
surely bring a consmderabls increase 1n the country ] ylcld level,

_ The 1ncreased productlon of sorghum has also benefltad gredt]y
from .the introductlon ‘of hybrids. Sorghum ‘wis . traditionally
cultivated as one of the forage. crops: but the  first .introduction .of
hybrid varletles of North- American  origin durlnq the 1950s. “expanded
the planted area and valsed the yleld of graln sorghum. - Stimulated by
the. increased. world: demand, the plOdUCthh more .than trebled during
the 1960s chiefly due to the areal expansion, and nearly doubled
during the- 19705. The diffusion rate of hybrids rose from some. 50% in
the 1960s .to 100% by the  early 19805 ~and- the - yield.-. 1mprovement
accounted: for three fourths of the increase of productlon realized
from the early 1970s to the early 19805.

Because of. 1ts Lolerance of arldlty and other env1ronmental
stresses, - sorghum’ is mostly cultivated -in the “areas with. less
favorable climatic’ and othér natural . condltlons in Cordoba, Santa. Fe
and La Pampa. Thus, there are no great regional variations in yield
as is the case with wheat and maize. Besides, the average yield of
~ 3.3 tons per ha achieved during 1980/81~ 1982/83 compares well with the
USA's 3.4 tons.

Because of 1ts lower. price, hdwever, the tradltlonal area under
sorghum has been gradually switched to sunflower! and soybean, push1ng
the cultivation of. the crop to env1ronmentally less favorable. dreas.
This ¢an be seen in the reduction of its area,- yleld and productlon in
the mid-1980s. Under_the C;rcumstances,.the_future yield improvement
is said to depend on the improved farming practices, especially better
plant protection, or on another breakthrough in breeding.

() oiiséeas

One of the most 51gn1f1cant ohanges in pampean agrlculture durlng
-the last decade or 'so has been - the 1ncreased production of soybean.
The area - under the crop, then mostly found in the northeastern region,
was only around 1,000 ha during’ the 19505, and ingreased to some
30,000 ha when the_crop was - introduced. to the Pampa region during the
1960s. During the subsequent decade from the-early 1970s to the early
1980s, the area increased 29 times and the. productlon 24 times, and
the trend contlnued through the mld 19805. :

.The yield improvement . was. relatlvely low at 42% from the early
19705 to the mid-1980s, but this was. prlmarlly because ‘soybean’ Dbeyan
to be cultivated as the second. crop after wheat since the late 1970s.
Although there is no statlstlcal 1nformat10n, it is' said, that. from. 70%
to 80% : of  the area under. soybean in the major produ01ng areas of
BuenosnA;res, Santa  Fe and.Cordoba ‘Provinces are secondrcropplng '
‘According to an - expert at -the  INTA's Regional “Experiment Station
{EERA) of Pergamino covering the northern region of Buenos BAires
Province, the. yiéld'ef its single cropping' is 3.5 - 4.0 tons per ha
and that of second cropplng as low as 1.3 -'1.5 tons,’ ‘Besides; the
national average of 2.2 tons ih the mid- 19BOs is comparab]e to the
USA's level and more than 40%: higher than in Braall
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The expansion of soybean’ production differs significartly from
the cases -of maize, sorghum and sunflower in which hybrid varieties
‘made the greatest dnipact. A combination of new varietal adoption,
application of -inoculants and pesticides, and better farming practices
worked to. expand the production and improve the yield of soybean. As
was the case with wheat which is autogamous like soybean, the adaptive
research and experimeénts on varieties brought from North America were
started by _the public sector institutions like the University of
Buenos Aires and the INTA and played .an important role in gquickly

'  diffusihg?the]technology_package. Tt 'is said that the two varietles

developed by the-INTA cover three-fourths of the area under soybean.
In addition, the fact that soybean had been a new crap in Argentina
‘enhanced the réceptivity of ‘farmers to technological innovations, such
as applidation of soil inoculants to enhance the nitrogen fixation by
Rhizobium in the soils and application of new herbicides like
trifiluraline to combat perenial weeds,

‘As already mentioned earlier, soybean changed the utilization of
agricultural - land in no uncertain’ terms, especially by enabling the
double ‘cropping with wheat and though to a lesser extent with other
winter crops like linseéd-and lentil, In the area of single cropping,
T it replaced maize because the latter crop is susceptible to the dry
_weather durlng its short flowering period; or replaced sunflower as an
alternatlve second crop.. In Santa Fe Province, for instance, the sown
aréa .of maize was halved from 1 million ha and that of sunflower
Yeduced from . 260,000 +to 140,000 ha during the period from
1971/72-73/74 to 1981/82-83/84, while those of wheat and soybean
inecreased from 1.1 to 2.0 million ha and from 110,000 to 940,000 ha
respectively. The increased importance of soybean as a summer crop
also served to ‘eliminate the livestock rearing phase in the
traditional mixed farming system. '

As mentioned already; the double-cropping of wheat and soybean
increased the profitability of farming compared with the traditional
single'croppiné of maize and with the mixed fdarming during the period
of high inflation and the declining 1livestock sector since the
mid-1%70s. But it also brought some problems. Increased mechanized
plowing by larger and more efficient agricultural machinery, which is
necessary to effect a quick turnaround of the land from the first crop
to- the second,  changed the so0il structure, and coupled with the
continuous exposure o¢f the land surface, began to cause soil erosions
by wind and water. It is said that some 50% of the area under the
Regional Bxperiment Station (EERA} of Pergamino was affected by such
-erosion,

In order to combat the problem of er031on, the INTA is planning
to introduce the.method of “conservationist £111ling" developed in the
USA "to  the traditional maize area where continuous agriculture has
been chiefly evolving. This farming method is based on the zero,
C minimum or  reduced tilling, depending on the conditions of
‘agricultural ‘land, in order to retain soil meisture and develop humus
by - leaving the harvest remains over and in the soils. The program
under consideration aims to diffuse the method to 800,000 ha during
five_years, and eventually to 3 to 4 million ha currently under more
intensive land use.
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As shown in Table 1XI-1-3,. the: rapld expan81on of sunflower
productlon took place durlng the 19705.. This crop. was tradltionally
grown, -like . sorghum, on - land less favored by fertllltY ~.and
environmental fautors, and there has been no regxonal concerntratlon

~like wheat and maize. . Production jumped from 0.9 to 2.2. mllllon tons
between 1971/72- 1973/!4 and 1981/82-1983/84, with. the average. yield
nearly doubling over the.perlod and the: trend contlnued throuqh the
mid-1980s.. o S

This rapid increase was also due to the diffusion of hybrids
since the late :1970s. The number  of. -registered ‘hybrid . varieties
increased - from three in 1975 to 41 by 1983, and the diffusion rate .in

the Humid -Pampas 3reached 80 - 100% by the: beglnnlnq of the 19805.
This rapid dlffu810n has been: supported by the prlvate seed companies
as was the case with malze and sorghum . Because of Ats hlqher prlce,
PuanOWer has been repla01ng sorghum in recent years, as shown by the
80% increase in its harvested area since the early 1970s through the
mid-1980s. In! ‘certain. instances, . sunflower is grown as a second crop
after early- maturlng wheat; and it is estimated that .one fifth of :the
area under thls crop in Buenos AlIPS Prov;nce 15 second cropplng.

Compared Wlth the . flve _export crops dlscussed above, the
_productlon of other cereals and. ollseeds generally has been. _stagnant
or declined,; as shown in Table II~1-5, .Their average ylelds show only
a small-.gain since the  early 19505, ‘while their hary@ated areas,
except for rice grown in the northeastern region, - ghow. a large'
reduction. . Espe01ally notable is the decline of linseed which used to
be.an important export crop during. the World War II. Except for rice,
the selected minor crops are. also grown in. the Pampa region,  and
their reduced area lndlcate the progreqs of specialization in pampean
agrlculture. :

{¢c) Movements of domestic prices

Table II-1-6 shows the trends of FAS (free 'alongside ship}
prices of the five major ¢rops “in. five-year intervals in real terms
{constant 1960 prlces) Although soybean' and: sunflower - show some
price recoveries in ‘the 1970s, and wheat. also in the early 1980s due
to the USA's grain embargo, the overall: ‘tendency of .their prices per
unit of weight since the early 1970s .has been a ‘decline. However,
when prices recelved per ha of production are calculated . from the
national average yield of each. crop,  the values - generally, show
increasing trends, at least sin¢e the early 1970s. Although  FAS
prices are not producers' receiving prices, on which there is no ready
time series statistics, their trends at least indicate that the
technological progresses observed from the 1970s. through -the mid-1980s
offset the declines in price per unit of weight, which. basically
derlved from price changes in the export market and the varving rates
of export taxes. : :
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Table II~1-5 Production, Area and Average Yield of Selected Other
Cereals and Ollseeds

1983/84-84/85

Rice Barley Oat Rye Linseed  Groundnut
Production (1,000 tons):
1940/41-42/43 88 470 523 177 1,556 80
1950/51~52/53 . 170 758 813 682 485 151
1960/61-62/63 . 170 639 677 393 740 337
1970/71=72/73 . 281 600 467 376 442 360
1980/81-82/83 334 187 470 151 638 178
1983/84-84/85 425 184 534 133 565 262
Harvested Aréa.(l,OOO ha):
1940/41-42743 29 421 555 256 2,334 79
1950/51-52/53 55 590 671 850 721 141
1960/61-62/63 50 607 592 572 1,148 245
1 1970/71-72/73 79 479 352 513 592 328
£ 1980/81-82/83 92 136 352 182 803 161
1983/84-84/85 123 117 397 159 724 142
Average Yield (kg per haj:
1940/41-42/43 2,990 1,115 942 692 667 1,007
1950/51-52/53 3,105 1,284 1,213 802 673 1,071
1960/61-62/63 3,374 1,053 1,142 687 644 1,374
1970/71-72/13 3,553 1,253 1,327 732 747 1,098
11980/81-82/83 3,613 1,376 1,333 828 795 1,110
1983/84-84/85 3,458 1,578 1,344 841 780 1,844
Sown Area (1,000 ha)
1940/41-42/43 35 752 1,652 1,397 2,693 91
1950/51-52/53 62 959 1,400 2,223 916 155
1960/61-62/63 56 1,181 1,380 2,591 1,313 256
1970/71=72/73 .87 958 1,115 2,238 674 341
1980/81-82/83 104 439 1,730 1,437 847 169
124 177 1,736 1,067 757 162

Sources: ‘Bolsa de Cereales de Buenos Aires, Numero Estadistico, 1984
and 1985,
Servicio Wacional de Economia y Sociologia Rural, Secretaria
de Agricultura, Ganaderia y Pesca
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Table 11-1-6 Domestic Prices of Major Export Crops and Steers

(1960 pesos)
Wheat ~ Maize - Sorghum :SunflOWer Soybeanl Lihseed Steer

. o 1)
{l) Prices per 100 kg
1960-62 ~ 3.54  3.56  2.70 6.37 7.3 14.13
1965-67 3.17 3.24 2,55 5,21 5,18 . 5.16 16.88.
1970-72 - 2.87  2.76 . 2,22 6.50 6,08 4,91 21,11
1975-77 2.42 2.14 1.82 6.09 6.83 7.49  13.39
1980-82 3.22 2.19 1.89 4.39 3.92 4.65 15,08
1983-85 2.38 2.46 1.85 5.19 4.42 4,62 14.45
(2) Prices per ha o
1960-62  44.74  63.69  54.79 4368 49.50° 35, 337;;l53;68§;
196567  46.06 68,00 48,97 . 41,86 . 58,09  35.11 42,1901 64.137)
1970-72 37.72. 61.11 . 42.77 45,95 77.50 . 38.03 52, 772);_80 213
1975-77 38,24 56.29 48,78 47,07 115,80 62.24 33. 47?) - 50, 8?3)
1980-82 49,77 68. 72 - 57.41 - 4477 76.03 - 35,62 37. 719)'_57 323)
1983-85 49,14 57.12 90.63 36,13

79.92

64.85-" 38.80

54.92

Source: AACRFA Prec1os Agropecuarlos, varlous 1ssues.; :
Bolsa de Cereales de Buenos Aires, NMumero estadistico, 1983.
Notes: 1) Prices for grains are FAS (DARSENA) prlces at Buenos Aires
‘Port, and prices for. steers are prlces in llve welght at
" Liniers Market

2) Calculated by the upper- ranqe product1v1ty of 250 kg among

the avérage farmers (cf Section 2 1-3-on the llVQStOCk
‘sector)

3} Calculated by bhe ‘upper-range product1v1ty of 380 kq among

CREA members (cf. Section 2-1-3 on the livestock sector)

For the sake of rather siﬁplistic _comparispn,.fthe ‘table also

shows the trend of prices paid for steers at the Liniers Market in
Buenos Aires. As will be described later in the néxt section on the

livestock sector,. the. trend of prices per unit of live weight shows
fluctuations according to the so-called livestock  cycle, and. was
stagnant since theé substantial drop in the mid-1970s. . In terms of

praces per ha, the prlces paid to average “livestock - farmers since
the: mld“19705 were smaller than the culrlvatnon of any - one of the five
major crops, although .they had been ‘higher than some- crops in “the
beglnnlng of the 1970s. The llvestock farmers employlng higher
technology would have: received adequate prloes comparable “to crop
cultivation, but nonetheless, the different trends in price movement.s
per ha point to the background of agrlcultural1zatlon observed in the
Pampa region.
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~The . gap in profitabi1ity between crop cultivation. and livestock

xearing during the. early 1980s is indicated in -the Todel case study

reported ‘by Peluffo in December 1985 issue of CRhA . According to
this’ study, the gross  wargin per ha, excluding the costs of capital

and fixed assets from . the calculation, averaged 140.73 australes (in

July 1985 prices) duxing 1979/80-1983/84 at a farm which engaged in

~the -cultivation of .maize, wheat and sunflower in the average combined

harvested area of ‘796 ha. By comparison, a cattle farm with the
average area of 792 ha during the same period obtained the gross
margin. of 69.83 australes from the.average produectivity of 290 kg in
live weight. 'And the rate of return on capital, which is the ratio of

_the gross margin to the vaiUe of land in the case of the former and
“the: wvalue of "land. plus the purchase cost of feeder cattle in . the

latter, was 10.73% and. 5.09% respectively., Although it is not
appropriate to generalize from this example, the study at 1least

indicates that crop cultivation has had readier access to the means of

increasing. the .productivity of, and the returns on, land compared with

‘cattle farming.

1

~1-3 " Utilization of Modern Inputs

(1) Seeds

There "is no ‘doubt that ‘the breeding of varieties of superior
qualities and the quick diffusion of these varieties are among the key
requigites to the advancement of contemporary agriculture. The
capability of developing plant breeding techtnologies is one of the
most important factors for agricultural development, and the situation
of seed produétioh in a given country usually gives a good general
view of this capablllty.

With - respect to five major export crops, the growth of
Argentipa's seed market made  great contributions to the rapid

rexpansion -of. their production in the -last two decades. The seed

market for the five crops can be divided into two types, namely, the
market of hybrid seeds for maize, sorghum and sunflower and the other
of. autogamous %ﬂeat and soybean, and they have different structural
charac*erlstlcs

1)

2)

A Luis Peluffo, "Iniciacion en tambo de un productor de carne: por-
que y cémo", CREA, No. 116, December 1985, pp.32-41,

_The . descrlptlon on thé seed industry in Argentina in this section
owes a greal: deal to the studles undertaken by Eduarde Jacobs and
Marta Gutierrez at the Center of Social Studies on the State and
Admlnlstraflon (CISFA) as follows; Jacobs, E. and Gutlierrez, M., La
Industria de Semillas en la Argentina, PROAGRO Document No. 2,
CISEA, B.A., April 1984; and Jacobs, E., Algunos Comentarios sobre
las’ Condlclones para el Desarrollo del Sector Privado en la
Produccion de Semillas: el Casc de la Argentina, PROAGRO Document
No. 7, August 1984. '
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The market -of hybrid seeds is bharacterj?e& by the predominance
of private companies in breeding as well as marketing and by the large
participation of the subsidiaries of transnational enterprlseﬂ in seed
business or. in -grain trade. It is . said that: there are some’ 30 major
soed companmes in Argentlna, and emght of them are. %uch subsmdlarxes.

Table TI-1- 7 shows the percentage:of domestic seed supplY for

maize, sorghum’ and:sunflower during the last decade ox- 50. - Argéntina
in the early 1980s is more than self-sufficient in the seed production
of these crops. . In terms of the planted area, hybrids accounted fox
about 97 - 98% for maize by the beginning of the 1970s, and a little
over 80% for sunflower by the early 1980s {Table 11-1-8). Although no
similar statistics. are available, the diffusion of hybrids’ is also
said to be high for sorghum, generally ranging from 90% to 100%. by
.region. L B Co .

‘Figure I1I-1-3 shows = the~ processes of  introduction  and
distribution of hybrid seeds as elaborated by Jacobs and Gutierrez.
There are at least four different external sources of researnh and
development from whlch to introduce new varieties to Algentlna,
International Wheat and Maize Improvement’ Center (CIMMYT) provides new
varieties of hybrids diréctly to either the INTA ox doméstic seed
producers, and foreign universities are another source. of supply for
the INTA and some of the subsidiaries of transnational seed companies.
The third and the " fourth sources of new hybrid varieties are
transpnational companies and other  foreign firms. Within Argentina,
the INTA, subsidiaries of transnational companies and some national
seed companies engage in rESearch related to the breeding of new
‘hybrids. :

‘ Research on hybrld maize in Argcntlna was startpd early in the
1920s, and the country developed the first double hybrid varieties in
1945, ten vyears later: than  the USA. Breeding efforts were -then
carried on by the University of Buenos Aires.and the INTA's Regional
Experiment Station of Pergamino, and the variety they developed became -
one of the important sources of the lincs subsequently produced by
various private seed companies. From the 1940s- through the 1960s,
subsidiaries of transnational companies and a few national companies
entered the seed business, and their production increased rapidly.

By the early 19805, private companies prcduced 1.5 million bags
of hybrld seeds, compared w1th 100,000 bags in 1959/60 when the law .
endorsed the protection of new varletles_developed by private breeders
{closed pedigree}. BAs a result, the importance of the public sector
in the seed market declined. For instance, the number of official,
i.e., open-pedigree, registered varieties was reduced to only two by
1983, arid the share of open-pedigree varieties in the market declined
from 22% during 1965-1970 to 2.7% during 1975-1980.

“The situation is basically similar for ‘sorghum and sunflower.
Hybrids of sorghum were introduced in the mid-1950g by~ a sub51dlary of
a transnational seed company, and although- the INTA had developed some
varieties by then, the subsequent rapid dlfoSlon was effected by the
private seed industry. With respect to hybrid sunflower which was
introduced to the country in 1972, the INTA developed no new variety
of its own and mainly engaged. in varietal improvement, while the

I7-18



‘Table II-1-7 Self~Sufficiency in Seeds of Sofghum, Sunflower
and Malize

Yeatr Grain Sorghum sunflower Maize
1970' o 69 68 68
1971 - 104 66 107
1972 _ 83 114 121
1973 . 86 71 86
1974 93 82 106
1975 120 82 102
1976 115 63 97
© 1977 149 104 110
1278 114 59 138
1979 122 69 130
1980 12 80 148
1981 140 139 128
1982 148 134 169
1983 . 113 127

Source: E, Jacobs and M. Gutierrez, La Industria de
Semillas en la Argentina, PROAGRC Document
¥No. 2, CISEA, April 1984,

Table 1I-1-8 Use of Hybrid Seeds in Production of Maize
and Sunflower in Argentina

(%)

Year Maize Sunflower
Hybrids Others  Hybrids  Others

1970 98, 4 1.5 0 100.0
1971 98, 4 1.5 0 100.0
1972 97.8 2.2 0 100.0
1973 96,1 3.9 1.1 98.9
1974 96,8 3.2 0.4 99,6
1975 97,4 2.6 5.6 94 .4
1976 98,7 1.3 7.9 92,1
1977 97,7 2.3 24 .4 75.6
1978 97.7 2.3 58.4 41.6
1979 97.8 2.2 60.9 39.1
1980 97,3 2.6 77.7 22,3
1981 95.7 4,3 76.4 23.6
1982 95.7 3.2 79.5 20.5
1983 97.2 2.8 82,4 17.6

Source: E,. Jacobs and M. Gutierrez, Ibid.
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N

private companies had more than 40. varieties on the market in the
early 1980s. '

Table T1-1-9 shows the shares of leading private companies in the
market: of hybrid maize seeds in Argentina, Four leading companies
have the combined share of 85% in the early 1980s, The situation is
similar for sorghum and sunflower, and four top companles make up 87%
for. the. former, ‘and 82% for the latter. These leading firms are
most]y subs:dlarles of transnational companies. The concentration and
transnationalization of ‘the hybrid seeds market do not necessarily
imply, however, ollgopollc'control. The - INTA which has a sizable
collection. of - maize  germplaswm has the peolicy to assist national
companies interested’ ‘in hybrid seeds, thus ensuring a possibility of
new entries., Moreover, the market competition among the leading
companies is high enough to ensure the sustained efforts on their part
in breeding new, better varieties.

With respect to wheat and soybean, the participation of private

companies- is relatively low. In contrast with hybrids, farmers
themselves ¢an produce seeds of adeguate quality for autogamous plants
like wheat and. soybean. As shown in Table II-1-10, the certified

seeds account for some 30% of the total seed production in Argentina
in the early .1980s. It is said that the percentage share of seeds
which farmers produce for themselves is about 50%, and that the
remainder is "black-marketed" through grain merchants or cooperatives.

" Because of the relatively small market of certified seeds, most
of the subsidiaries of transnatlonal conpanies either did not enter,
or abandoned, the production of wheat seeds. In other words, hybrid
seeds which have the  genetically built-in protection and thus
guarantee high returns are the main concern of these companies. As
shown in Figure 1I-1-4, certified seeds are mostly produced by
national seed companies, or producers cooperatives assoclated with the
INTA which provides them with the basic seeds for a fee,

Research on varietal selection and improvement on wheat was
started during the  1910s and 1920s by both the public and private
sectors in Argentina, but research efforts relevant to the increased
production of wheat in the 1970s began in the late 1950s when the INTA
initiated its cooperative program with the CIMMYT. During the earlier
" half of the 1970s, the INTA. developed several new early—maturing
varieties on the basis of Mexican germplasm, which were especially
suited to the traditional maize =zone in Buenos Aires, Santa Fe and
Cordoba Provinces., With respect to the traditiconal wheat zone in the
southern part of Buenos Aires Province, & national seed company
developed new medium- to late-maturing varieties in the late 1970s.
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Table II--1-9 Shares'df_Leading'Companies in
Hybrid Maize Seed Market

(W)

Year : Companies - | . :
- T 11 S TiT v v Others

1974 .57 7 8 7 - 21
1975 53 13 9 11 ‘. 14
1976 Y 16 -] 8 - 14
1977 64 8 8 & - 14
1978 58 - 20 5 8 P 7
- 1979 . 50 24 6 8 2 - 10
1980 47 24 8 7 4 - 10
1981 45 28 ¢ 7 2 9
1982 31 32 19 7 6 5
- 21 7 5 10

1983 30 23

Source: E. Jacobs and- M. Gutierrez, op. cit.

Table 11~1u10' Use of Certified Wheat Seeds

‘Year " Total Production % of Certified
' (1,000 tons) Seeds
1970 . 87.1 9.0
1971 71.3 19.5
1972 63.5. 14.3
1973 84.2 11.3
1974 76.8 19.8
1975 ' 91.5 : 14.8
1976 95,7 15,9
1977 . 113.7 13.3
1978 98.1 24,7
1979 167.4 18.8
1980 . 189,323 33.5
1981 . 225.5 30,6
1982 i o 187.8 34,3

1983 321.7 26.7

Source: E, Jacobs and M. Gutiexrez, op. cit.
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. Compared with hybrid seeds, the- importance of -the public sector
is larger ih the seed market of wheat. Acdcording to Obachatko, the
shares of the INTA and national seed companies-in the total number of
registered cultivars of wheat were 31% and 20% in %983, compared with

22% of the subsidiariés of transnational eembanies . In terms of the
planted area in 1982/83, : the INTA - varieties accounted. for -27%,
national companies 57%, and the subsidiaries ‘4%, With respect to the

traditional maize zone, the INTA's share was as hlgh as 76%, whereas
that of natlonal companles was . 96% 1n the tradltlonal wheat zone.

A ba51cally slmllar pattezn is, found 1n the seed market ’of.
soybean. ' About: 50% ‘of the seeds used in. Argentlna are estimated to be
certified seeds, the rest being either produced by farmers themselves
or "b}ack~marketed" by grain merchants or  cooperatives. Research on
the crop was atarted by  the University of Buenos Aires in the late
1950s on the basis of varieties introduced from North Amerlca, while
the INTA developed four - new - varieties’ and. collected “gome 2,000
varieties for varietal improvement, Prlvate companles ‘do not have any
varieties they have developed in- Argentlna, ‘their registered cultivars
being all of forelgn orlgln, and - their 1nterest in. the . soybean seed
market is relatlvely weak chlefly for the same reason as. for wheat.,

- As brlefly descrlbed,'above, Argentlna s capablllty .in .seed
productlon has. developed remarkably - in the last two' decades. ' With
respect to hybrid seeds, the present technological standard is high,
and because of high competition their markets are in oversupply rather
than in shortage. Major problem areas appear ko be in the apparent
minor role the public sector 1nst1tut10ns ~are playing in plant
breeding, and the comblned dominance of foreign sub81d1ar1es. With
respect to wheat and soybean; the key problem is the sizable presence
of black markets, and perhaps to a lesser extent the smaller share of
the certlfled seeds. _

These'problems are ultimately interrelated from the viewpoint of
how to promote -the nation's own . capability of sound technology
generation and diffusion in agriculture. This point is especially
important in view of the on-going progress of modern biotechnology in
the area of plant breeding. Agriculture can be considered the most
classical industry based on biotechnology, but the expected speed-up
and more flexibility ~in plant. breeding ‘through biotechnology
development ‘would revolutionize the seed industry and agriculture.
For instance, hybrld varietles of "autogamous wheat have been already
developed and. one is being marketed “in Axgentina, and this would
surely lead to the restructuring of the crop's seed market, as already
seen. in the markets of maize, sorghum and sunflower during the 1960s
and the 1970s. ' ' : ' :

Tt is generally observed that once an excellent plant variety is
introduced and accepted, conventional varieties disappear before long
due to the 0verWhe1ming attraetiveness of the new one to agrigultural
producers, Judglng from the rapid expan310n of hyerd seeds market,
it seems that a &similar trend has been happening in Argentina,. more . or
less inhibiting the development of domestic breeding technologies in

1)

Obschatko, Los Hitos Technologlicos en la Agricultura Pampeana, 1984.
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. the process.: Teéhndlbgies embodied in agriculture can be divided into

upstream technologies consisting of breeding and related technologies
and’' downstream- technologies: used for actual: cultivation., = And the
genetic information of. a given crop. ultimately determines the

structure of downstream technologies used for the cultivation of the

crop. . It is true that in agriculture downstream technologies are as
important as upstream technologies, but downstream technologies alone
do not suffice to ensure a stable supply of newer, better crops. -When
the seed. industry. is turning into a profitable delivery system of
biotechnology, : in :which  transnational chemical, pharmaceutical and
food corporations are showing strong business interest, it is time to
rethink the nature and the role of the public research institutions in
upstréam technology development.

(2)-Fertilizers

The -:consumption . of chemical fertilizers in Argentina - is
characterized . by -its extremely -low level of utilization and
substantial  fluctuations from year to vyear., For example, the
country's avérage.applicatidn for wheat cultivation in the early 1980s
was reported to: be one hundredth of some European countries, one

fortieth of the USA and one, tenth to one twentieth of the levels in

Chile, Uruguay and Brazil. According to the study by Reca. and
Cirio, fertilizer application per ha of agricultural land in 1979 was
3.7 nutrient kg (¥ + P_O_ + K_O), compared with 479 kgz}n Japan,

111 kg in the USA, 58 kg in Brazil and 48 kg in Uruguay. On the

other hand, the apparent consumption (total supply) of fertilizers
fluctuated widely from less than 110,000 tons to 350,000 tons during
1972/73 - 1985 {Table IT-1-11}).

The_cgnsumption shows: a declining tendency during the earlier
half of the 1970s, influenced by the oil crisis and the import
restrictive policy at the timgé. During this period, the fertilizer
application was largely limited to intensive agriculture such as
sugarcane, .-fruits and- vegetables found outside the Pampa region.
After the mid-1970s, the .consumption continued to climb, doubling from
1977 to 1985, This increase was chiefly met by imports. This was

" partly because of the import liberalization during the latter half of

the 1970s and the present Government's explicit policy to lower the
prices of major factors of agricultural production. Nitrogenous
fertilizers -have increased their share from 66% in the mid-1970s to
76% in 1983-1985, accounting for 90% of the increase over the period.
This was related to the fact that fertilizer application to wheat
significantly expanded in the traditional wheat zone.

1)

2)

E. Jacobs, N.. Huici and H, Llera, Elementos para una Politica de
Insumos Industriales, PROAGRO Documento NO. 4, CISEA June 1984,

L. Reca and F, Cirio, Fertilizantes Quimicos Fuente de Crecimiento
‘subutilizada en la Agricultura Pampeana, FUNDECO, Teb. 1983,
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Accoxdlng to - Reca and ClrlQ,. the: low- level of.- fertilizer
utilization in. Argentina was wainly brought about by fhe_tollowtng
factors,. Flrstly, the prlce of fertlllzer has been high relative’ to
the price ‘of crops; the .average ratio in the price per ton of nitrogen
to . wheat during. 1970~ 1981. was estimated:.. to be. 6. 46 - An Arqontina,_
_compared, for. 1nstance, w1th 3,58 in: the: USA, 3.36° in Brazil and 4.10
in Uruguay. Thls ‘situation was due both to the higher price of the
fertilizer and to the lower prlce of wheat in Argentlna than in-other
major - produ01ng countries, - to'_whlch -export. taxes.ion . ‘grains .and,
protective tariffs on inports: of = those inpats locally. produced
cmmmbmmdinnoummﬁ@miﬁmﬁr: : S - e

~ Secondly, the uncertalnty of gains - by fertlllaer appllcation,
especially with respect to- some traditional varletjeq of ‘crops, and
the system .of extensxve mlxed farming developed in the: Pampas for the
maintenance of soil fertility did not lead to: the w;de dlfqulon of
chemical fertilizers. ‘Thirdly, fluctuatlons in. the'performance of the
economy during. the 1970s. increased the risks: 1nvoived ine 1ntroduc1ng
new inputs like fertilizers. TLastly, effective’ pollcy 1ncent1ves have
been largely absent so that the domestic fertilizer industry lacked
the dynamism to increase productlon and reduce prlces.

Table II-1-11 ConSumptiOn of Chemical Fertilizers

. _ S {1,000 tons).
Domestic Import . Total . Nutrients '

Year Production Supply = N - P K Total
1972/73 100 1 154.4° . 264:5 49,1 .20,6. 5.5 75.3
1973/74 102, 3 111.9 - 214.2 45,3 10.8 9.4 65.5
1974/75 4.6  123,7 188.3 35,1 13.4 ‘5.6 54.1
1975/76 - 63.2 46,9  110.1 . 27,6 ..4.0 3.0 . 34.7
1976/77 : 68,9 -1113.9 - 182.8 45.7 12.8 4.1 62.6
1977 : 75.4 97.8 17302 . 40,2 12.1° 3.6 55.9
1978 92,7 98.1 190.8 - 44,4 14,2 4,7 - 63.3
1979 82.9. 218.1 - 301.0 - 60.6 28,2 10.2 99.0
1980 . 85.3  .172.2 257.5. 65,4 21.8 7.3 94.4
1981 63.7 115.9  179.6° 51,2 12.6 4.4 68.2
1982 - 74.5° © 129.3 203.8  50.9  20.0- 4.7 75.6
1983 : 1 76.8 176.2 253.0 64,6 24.5 8,7  97.8
1984 79,0  231.1  310,1 98.0 20.3. 9.4 127.8
1985 - 84.3 269.8 354,31 119.4 - 19.7 4.7 143.8
72/73-174/75 83.0 130,0 222,3 43.2 14.9 6.8 65,0
1977-79 83.7  138,0 221.7 48.4 18.2 6.2 712.7
1980-82 74.5 139,1 213.6 55.8 18.1 5,5 79.4

7.6 . 123.1

1983-85 80.0 225,7  305.7 94,0 21,5

Source: Dept. de Fertilizantes, Secretaria de Agricultura,
Ganaderia y Pesca, Abastecimiento de Fertiligantes y -
Enmiendas, various issues.

vy
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The use of fertilizers bhegan to pick up after 1983 due -to the
" abolition of import  tariffs on fertilizers and . the introduction of a
new system of fertilizer distribution introduced by the present
Government - for - the - cultivation of wheat since -1984/85. = The
~distribution system evolves on the annually adjusted specific formula
of ‘paying in the form of wheat equivalent in value to the price per
ton ‘of urea, ‘'which is iwported by the National Grain Board and
‘distributed through grain merchants and cooperatives. As shown in
Table TI-1-12, the application of urea to wheat cultivation increased
from-ZS,OOO tons in 1983/8B4 to 90,000 tons in 1985/8B6, Since 1985/86,
triple superphosphate was included in the program, resulting in a
substantial incréase of its consumption. The system was also extended
to maize_dultiVation, but the consumption was still low. ' In additiom,
thé system apparently contributed to lowering the price of fertilizers
in the market as shown in Table TI-1-13.

Domestic production of fertilizers was limited to urea, sulfate
of ammonia and anhydrous ammonia produced by Petrosur (Table IT-1-14),
One copper smelting company produce phosphatic fertilizers, but its
output is . extremely swall (383 tons in 1985). Production of urea
gradually increased since the beginning of the 1970s, reaching 90,000
tons during 1983-1985. However, all of the output is not used in
agriculture. For" instance, 75% of urea and 4% of anhydrous ammonia
were used for agriculture in 1985. '

The volume of imports fluctuated widely depending on the
prevailing government policy. . Table I1-1-15 shows the composition of
fertilizer imports under the present Government. Total imports of
simple fertilizers increased by 50% from 1983 to 1985, and urea showed
more than a six-fold increase. This gpectacular growth compared with
other fertilizers was due to the lifting of import restrictions by
stiff tariffs, which used to be put on those products for which there
is domestic -production. 'In 1985, the import dependence in nutrient
terms was 87% for N, 91% for P and 59% for K.

‘The 'pfesent' Government = stresses the prime importance of
increasing agricualtural output, especially of raising the combined
production cf five major export crops up to 60 million tons. For this
purpose, the Secretariat of Agriculture, Livestock and Fisheries has
been implementing wvarious policies, as. will be discussed in the later
section. With respect to fertilizers, the Secretariat estimates that
the import needs in 1987/88 would increase to 400,000 tons of urea
(the total demand. of about 500,000 tons including domestic
production), 130,000 tons of diammonium phosphate, and 70,000 tons of
triple superphosphate. This means a nearly five-fold increase for
urea, a b50% increase for diammonium ~ phosphate and a seven-fold
increase for triple superphosphate from the consumption levels in
1984/85.

~ There is - some doubt about this ambitious estimation.
._Agricuituralfproducers often respond to a decline in profitability by
cutting down costs, and in the crop year of 1985/86 when the export
price "of wheat began to drop. further, the initial target of the
above~mentioned distribution system was 150,000 tons, but the actual
consumption was around 90,000 tons. Accordingly, the plan for the
coming year is reduced to 64,000 tons of urea and 15,000 tons of

1T-27



Table II~1-12 Fertilization Distribution for Wheat Cultivation

1983/84 1984/85 . 1985/86 - -1986/87

Urea ~Urea. -  Urea Triple - - Urea
: R  Super=.-.
S phogphate
Exchange Rate of '
Wheat per Ton of
Fertilizers: _ ' : o
Distributors to JNG ' - 1.95 2,05 2,55 S 2,01
Producers to . .
pDistributors . C o I .
Up to 200 km 72,45 2.65 ©3.15 2,51
Up to 400 km . 2.60 2.80 3.30 2.61
Distribution to Wheat (tons): T -
Urea - ' : 25,000 © 75,000 90,000
Triple Superphosphate _ 500 1,000 - - 30,000
Diammonic -Phosphate 45,000 65,000 50,000

Ammonia : 1,300 1,800 2,500

Source: Secretaria de Agricultura, Ganaderia y Pesca

Table IT-1-13 'Prices of Fertilizafs

(1000 pesos/ton; 1975 prices)

Urea . Diamm, Triple - sulf., of

: " Phosph. Superphos. Ammonia
1976 12.4 30,4 20.0 8.8
1977 11.7 17.4 112.3 6.2
1978 11.8 16.1 14.7 6.5
1979 8.3 12,4 10.9 4.9
1980 8.7 14.3 . 10.3 5.6
1981 13.4 - 15.4 11,1 8.5
1982 12.8 18.1 . 13,9 8.7
1983 14,4 15.7 : 14,3 . 10.9
1984 Jan. 13.1 15.9 11:1 7.4
Apr. 11.3 13.8 11.1 7.8
Jul. 9.8 13.5 10.2 7.4
Oct. 7.4 13,7 11.8 ‘5.6
Dec, 7.8 ' 14,6 - 11.5 - 5.9
1985 Jan, 7.7 16,0 12.9 5.8
Apr., 8.0 15.2 12.6 5.2
9.4 4,1

Jul, 14.9 1.2

Source: SNESR
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Domestic Production of Chemical Ferti

Table IT~1-14
: : {tons)
Year " Urea Sulphate Anhydrous
: ' of Ammonia Ammonia
1970 51,606 35,285
1971 . 49,178 38,252
1972 58,894 47,667
1973 51,412 49,600
1974 136,717 38,379
1975 34,128 27,314
1976 37,699 30,809
1977 45,687 © 32,138
1978 58,544 . 34,884
1979 65,488 36,208 :
1980 59,669 32,768 64,146
1981 52,848 . 16,796 54,363
1982 79,491 19,107 78,458
1983 89,237 18,260 81,110
1984 86,994 14,147 62,033
1985 95,755 8,905 68,431
1971-73 53,161 45,173
1978-80 61,234 34,620 64,146
1983-85 90,075 12,724 78,465

Source: SNESR and Tendencias Economicas 1985,

Table II-1-15 Composition of Fertilizer Imports

lizers

{tonsg)
1983 1984 1985
Nitrogenous Fertilizers
Urea _ 23,090 86,235 146,852
Anhydrous'Ammonia 2,107 2,693 -
Sulfate of ?mmonla 500 8,050 -
Subtotal 29,491 106,960 i58,101
Phosphatic Fertilizers
Triple Supf{phosphate 15,294 10,665 34,329
Subtotal 16,544 11,715 36,379
Potassic Fertilizers '
Potassium Chloride 7,630 12,101 6,240
Subtotal 19,655 16,611 9,078
Nltrogenous/Phosphatlc Fertilizers .
Diammonium ?hosphate (18-20-0) 27,320 89,534 58,323
Subtotal 105,049 89,589 61,691
Nltrogenous/Pota551c Fertilizers
Potassium §}trate 1,350 3,316 _880
Subtotal 4,450 5,176 2,680
Total Simple Fertilizers 175,189 230,062 269,804
“Nutrient N 32,334 - 63,969 81,950
Mutrient P 24,437 20,189 19,527
Nutrient. K 8,582 9,342 4,502

Source: ‘Dept. de Fertlllzantes, op.cit.

Note: 1} Subtotals

include other related products
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triple superphosphate,: malnly u51nq the stock, left . over: trom the
previous year,  As mentionhed ‘earlier,. fertilizer use for' wheat is
largely llmlted ko the .traditional wheat. ‘Zone - in the south of Buenoe

"Aires, but ‘in’ other areaa agrlcultural producers are “not used to

fertlllzer applloatlon.:: hrough 1ntenslf1ed extenSLOn serv1ceu: the

demand would begin to lncrease eventually, but it is doubtful that the -
consumption will grow. at  the. 'speed implied. by : the estimation.

According to -another prOJGctlon to 1989/90 i which was ‘donie” ‘on the

basis of increasing the productlon of Five. crops to 60" mllllon tons,

the import requirements are -estimated to be 25,900 . tons of ~urea, -
implying practically PO qrowth since 1983/84, and 7? 700 tons of

diammonium phosphate. . . :

On the ba51s of the above mentloned estlmatlon, the'Seoretariat
is con31der1ng the oonstructlon of a large- scale fertllmzer factory'
with 1nternatlonally competltlve productlv1ty ~ In . view - of the-
country's large reserves of natural ‘gas, it is technlcally p0351ble to:
construct the factory. - But consmderlng “its huge ‘initial 1nVestment
costs and the present soft world ‘market of petroleum*derlved products,
it may hot be wise to: promote “the pr03ect 1mplementat10n too . early.
It would be necessary to coordinate the 1mp1ementatlon schedule by
monltorlng the effects on actual fertilizer consumptlon of prlce and

tax pOllClES, ‘which have been ‘proposed by the present Government to

stabilize the profitability of farmlng

{3) Pestlc;des

As shoun in Table I1-1-16, Arqentlna =3 domestlc market. of
pestlc1des in the early 1980s amounted to- US$130 mllllon, doubling in
real terms from 1970-72 to 1981-83.. The consumption. during the 1960s
was: largely 11m1ted to some 1nten51ve agriculture outslde the Pampa
region, which used mostly. . 1ﬂ°ectlc1des and funglcldes Herblcldesf
were rarely used then. Local manufacturlng ‘of - 1nsectlc1des (DDT and
HCH) began in the late 1960s. The consumptlon of pEbt101dGS began to
increase: since the mid- 1970s along with the- expanslon ‘in’ the area
planted to soybean, which used herbicides to combat Johnson grass and
other perennial weeds., Accordlng to Leon et al., the tonsumptlon of
pesticides in 1984 copsisted of- 61SL of herbicides, 30% of ins eotlcldes

25

and 9% of funglcldes

The breakdowrni’ by major crop, ‘as seen in Table I1- 1 175 1ndlcates
that soybean consumed some 30% each of 1nsectlcldes and herbloldes,
while the shares of other crops are relatively small except for’ naize
with a share of 20% in herbicides and potatoes 38% in fun91CLdes. In
all, five crops malnly grown in ‘the Pampa reqlon ‘have the comblned
share of 64% 1n'1nsect1c1des and 729'1n helb1c1des.a It has - to be
noted,_ ‘however, - that the percentage in terms of value is not an
accurate indicator . of the crops' different 1levels of pesticide
application, S L S o :

1

2)

N. Huici, Requerimientos de Semillas, Fertilizantes y Maguinaria
para ‘la Expan51on Agricola en 1985 1990, CISEA ‘PPA Document No, 9,
Dec. 1985, B : : o
C. Leon, L. D! Amafo ‘and M.E. Iturregul, hl Mercado de Plagulcldas en
Argentina, Secretaria de Plan1f1cac1on, “Mar. 1986 '
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In contrast to the fertilizer 1ndustry, the pesticide industry in
Argentlna is characteri?ed by market segmentation. Accoxrding to Leon,
there are 36 companies which produce pesticides, of which two-thirds
are formulators., The presence of forelgn firms is important in terms
of market share and. in terms of patents on specific products. Some
150 firms are authorized by the Secretariat of Agriculture, Livestock
and Fisheries to market pesticides in the early 1980s, but over 90% of
total sales are accounted for by 20 - 25 firms.

During the'later-lQ?Os-when the consumption picked up partly due
to - the . import liberalization, .the domestic production capacity
virtually .-did not increase, and furthermore -the rate of operation
declined: olgnlflcantly.- In other words, the increased consumptlon was
primarily met by imports. . There seems to be no comprehensive
'lnformatlon on the level of domestic. productlon, but as shown in Table
IrT-1-18, the combined : imports of intermediate  inputs showed a
declining tendency since the late 1970s, while those of formulated
herbicides recorded a nearly eight-fold increase to 8,800 tons during
1977-1984. Formulated insecticides and fungicides also showed a
gradual. increase. However, the drop in imports 1is larger in
formulated products. in 1985 when the national economy experienced
extreme destabilization.

According to Jacobs et al., the market participation of domestic
industry was  31% during, 1977-1981, but was very low, at 3.4%, with
regpect  to herhicides, ™’ Furthermore, because many domestic firms
use imported intermediate inputs, which amount to 90% or more of the
local production costs with respect to newer products like glifosato,
trifuralina and trlclorfon, the dependence of the domestic market on
_imports must . be in fact higher than the estimate.

As can ke seen from the relative multiplicity of firms engaged in
manufacturing; formulating and distributing pesticides, the market is
characterized by a proliferation of products. It is said that there
are 140 - 150 aciive chemical substances in use, out of which some
2,000 brands are produced. Many of the products are interchangeable
in their function. At the same time, the consumption pattern shows
concentration, According to Leon et al., of 22 active substances
marketed as herbicides for soybean, only four (fluazifop butil,
bentazon, trlflurallna and glifosato) account for 60% of the total
consumptlon.

According  to the National Agricultural and Livestock Program
{PRONAGRO) announced by the Secretariat of Agriculture, Livestock and
Fisheries in ~1984, increased plant protectioh and fertilizer
application are considered crucial means to increase the production of
five'.major grains. -Herbicides in particular are considered as .a
strategic input, and their value-added tax has been reduced to 5%
compared with 18% for other pesticides. The current proliferation of
products and market segmentation despite the concentration in
consumption seem to be in need of rational restructuring in order to
increase . the. 1ndustry -wise efficiency. Considering that the
application of pesticides seems to be more widely spread in pampean

11 Jacobs, Huici and Iaera; Elementos para una Politica de Insumos
Industriales, 1984.
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agriculture than fertilizers, and that the method of -conservationist
tilling, now being prowmoted by the INTA and other technical assistance
organizations, relies on heavier application of pesticides, it is
possible to . foster national companies for selective  import
substitutions B

In contrast to fertilizer industry for .which the standardized
.production technoloegy is available, however, the import substitution
policy = for - pesticides must take - note of rapid technological
innovations which are taking place. over the world. Especially
important to note is the on-going merging. of chemical industry and
seed industry, new development of biological control and other
products - for - selective plant protection, and tied breeding of
cultivars tdlerant to specific pesticides., 'In this sense, it would be
necessary to- formulate a master plan of plant protection including a
strategy +¢ enhance the capability of the domestic industry in

_ research and. development. o

(4)'Mechanizatioh

_Agricultural mechanization has been essential to the development
of extensive. agriculture in the Pampas, and along . with . the import
substitution pursued after World War II, Argentina completed the
mechanization of pampean agriculture by the end of the 1960s. During
the 1970s, larger and more sophisticated  agricultural machinery was
introduced effectively to support the process of agriculturalization.

Except for the national census undertaken in 1960, there is no
statistical information on the total number of machinery currently in
use 1in- Argentina. According__ to the estimate made by 1PBu:‘Lci on the
bhasis of the said census and annual sales of machinery ', the total
number of tractors’ in 1984 ‘is about. 180,000 units and that of
harvesters 34,000 units, compared with 100,000 and 40,000 units
respectively. in 1960 (Table II-1-19), Over a guarter of a century,
tractors  increased not only their number but their average capacity,
and as a result, the total available horsepower in 1984 is more. than
three times: larger than in 24 years ago. Larger and more efficient
models of HhHarvesters were also introduced to -the market during the
1970s, ~and this seems to be reflected in the average harvested area
per unit. ) :

-Téble I1-1-20 shows the evolution of producticon and sales of
tractors and harvesters. As a general tendency, both domestic
production and sales declined considerably from the mid-1970s to the
mid-~1980s. Total sales, for instance, were less than halved from
1974-77 to 1982-85, . Production. shows a similar pattern, but during
1980w1982-after the import liberalization of agricultural machinery in
1979, the domestic output slumped drastically to some 3,000  units
compared with over 20,000 units-in the mid-1970s. However, it has to
be taken inté account the continuous increase in the capacity per
unit, which rose from 76.8 hp in 1977 to 105.7 hp in 1983,
Nonetheless, the destabilization of the economy since the beginning of

1) Huici, Requéfimienﬁos de Semillas, Fertilizantes y Maquinaria para
la Expansion Agricola en 1985-1990, 1985, '
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Table 11-~1-19 Estimated Utilization of Tracﬁors_and Harvesters

. Tractors . . Harvesters

_ - Total  Average  Years o Years - Areac.
Units Powar ‘Povier of Units of . Harvested -
Use E Use Per Unit

- (1,000hp) - (hp)
1960 104,306, 4,025 - 38.6 7.8 39,834 183 © 207
1969 190,663 8,805 46,2 8.9 39,274 11,5 303
1977 233,844 13,638 ' 58,3 . 8.6 .- 38,853 12,5 341
1981 ‘214,107 14,029 ° 65.5. ‘8.9 37,587  12.2 364 -
1982 202,320 13,583 - 67.2- 9,2 36,481 - . 12.% - - 430
1983 191,280 13,229 6£9.2 9,4 34,325 12,5 490
1984 183,410 . 13,179 71.9 9,5 . .33;885 12,1 500

Source: N. Huici, Requerimientos de Semillas, Fertilizantes y
Maguinaria para la Expansion Agricola en 1985-1990, CISEA,
PPA Document ¥o. 9, Dec. 1985,

Table iI-1420 Productién, Sales and Trade of Tractors and Harvesters

_ ; : . - S (Units)
. Domestic Sales of Stock of ' Sales of Total
Year - Produc- Domestic ' Domestic Imports Imported Sales Exports
tion Products Products Products '
(1} Tractors
1974 24,573 10,650 892 150 4,233
1975 18,827 15,210 678, 234 S : 3,81
1976 23,823 20,966 - 1,749 128 o 1,796
1977 25,845 . 21,932 3,855 572 s : 1,807
1978 5,939 &,309 733 T Co T2, 1s
1979 10,610 7,117 1,282 2,527 1,034 8,151 . 2,944
1980 3,658 3,481 641 5,141 1,481 4,962 - 818
1981 - 1,359 1,507 220 2,713 1,547 3,0%4 273
1982 3,828 2,806 595 © 418 768 3,574 647 .
1983 8,126 8,125 591 598 164 8,289 5
T1984 12,322 12,376 496 185 135 12,511 41
1985 6,378 6,510 175 . 200 79 ‘6,589 189

{2} Harvesters

1974 1,736 1,633

1975 . 1,602 1,427 _ oo
1976 1,438 1,468 . 77 -0
1977 1,891 1,756 . 212 .17
1978 . 1,654 1,582 284 67
1979 1,341 1,294 - 33 76
‘1980 311 399. 243 246
.1981 112 . 234 140 45
1982 ‘989 1,047 82 . 108
1983 - . 1,790 1,526 346 . 108
1984 1,647 1,469 524 n.a.
1985 . 554 . 715 | 363

Sources: SHNESR

1I-36



"~ the 1980s dampened the domestic demand. con51derably. The trend in the
“production and- sales of harvesters is very similar, including the
 dmpact from increased 1mports.

Concernlng the trend of mechanlaatlon cbserved during Lhe 19705,
it,;is necegsary to: mention -the. increased role of contractors
(contratista) inm farming operations. To have  land preparation and
‘haxvesting dohe_by_cohtractors'has_ldng been practiced in Argentina,
but the inc¢reased use since the: later 19705 of larger; more efficient
and"thus more costly machines. further popularized mechanized farming
on . the . contract basis.,  ~Partly’ because -of the  importance of
‘contractors in mechanized farming; the level of machinery utilization

- in Argentina is: sald .t be high, -For instance, ‘the annual average

- harvested area per harveqter in 1982 was estimated to be 549 ha in
Argentlna compared with 160 ha in the USA, while a.study made by the
Regional . Experiment Statlon (EERA) of Pergamino showed thaE) 17
contractors logged on average 570 - 760 ha per harvester in 1981,

Moreover,. the recently emerged 'tendency is to have an entire
annual = farming operatlon undertaken by . contractors on - the
share-cropping -basis.. According  to the experts at the - Regional
-ExperimentQStatiQn“of:Pergamlno, roughly 50% of -the farmed area under
its supervision' was said to- be- worked by contractors. In the
traditional maize zone where continuous agricultufe_has increased its
importance, the on-going expansion of contract farming is a cause of
some concern -because of its possible deteriorating effects on farm
land.. . The afore-mentioned program of diffusing the method of
conservationist tilling . is expected to include a credit line for the
purchase of suitable machines by contractors as well as by farmers
themselves.

S P o .

According ‘to Huici (1984}, Argentina's agricultural machinery
industry is divided into. three. subsectors of tractors, harvesters and
agricultural  implements, each with its unique characteristics. First,
the tractor industry is oligopolistic consisting of four subsidiaries
of foreign firms.and one national firm. The oligopolistic nature of
_this -industry originated from the time when the import substitution of
tractors - was undertaken in -the 1950s, and the foreign subsidiaries
have long been ' protected from competition with imports and new
entries, and received preferential treatment concerning imports of
intermediate inputs...But their combined participation in the domestic
market underwent a significant. change over the last decade. Four
subsidiaries had the combined share of 98% in the total sales in the
mid-1970s, but in the early 1980s 69%.

Their relative decline was due to the entry of a national company
Zanelle which commenced the manufacturing of tractors in the beginning
of the decade.  Starting from an annual production of some 100 units,
the : company which had been . a manufacturer of road construction and

. forastry equlpment increased its output to 1,000 units by 1981, and
then quintapled it to 5,500 units by 1984. Its success derived from

l)_'N. Huidi; La industria de 1la maqu1nar1a agrlcola enn la Argentina,
' PROAGRO Document No. 9, Dec. 1984, '
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effective targetting of the market by producing larger wachites than
the models manufactured ‘by: the other. four, oxperiences- in mechanical-

engineering,  introduction ‘and. adaptatmon of new degsigns. ahd technology
from -the USh, purchase of parte from. other producers:both inside and
out51de the country, ‘which 4s not commonly done by the othexr. fouxr,.and

50 Con. When the domestic market  was’ openeﬁ in ‘the late _19?05,!'

bringing in mOLeﬂ efflclent ~and SOPhl&thated lmports, domestic
tractors, except for Zanello's:® products, were generally of old models
lacking. even three—p01nt ‘hitches and four-wheel drive. " The imports
and the" presence of the company. gave & decisive 1mpetus to the other
producers Lo manufacture new mo&els. s

) In contrast to tractore, the productlon of harvesters is in. Lhe
hands of 12 natlonal compariies, . But the: deqree of concentration is
high, with. the: top firm producing 43% in: value telms, or top: three_

'accountlng For 66% in 1982.  Other’ than the 1ead1ng firm which has’ the
capacity of .1, 000 units - per annum, - the opexatlng scale  is. small
ranglnq from 50 to 300 unlts, and there 1s little p0531b111ty of an
economy of scale. .Due to ‘the llmlted resources, proauct resealch and
develbpmeht. efforts are: weak among - the majority of “firms, and the
harvest loss is said to be as: hlgh as 10 - 15%, 'As wag the case with
tractors; the. increased. imports in the" beglnnlng of the 1980s is sald
. to have motlvated the leadlng firms to develop better modele

Some 240 companies part1c1pate'in'the-productlon of aqucultural
implements; and the market is highly fragmented. :: Three leading firms
accounted for 14% of total production value in 1982, or 15 companies
38%. Moreover, most. of .them are .not specialized in agricultural
implements. - Because the. implements are relatively simple  in. their
mechanics, and easier to  incorporate new technology from .abroad,
technical levels of their manufactures are said to be adequate.

In the National Agricultural iand Livestock Program- (PRONAGRO),
agricultural machinery and seeds are. hot considered serious structural
constraints - for facilitating'the increased. production of - five majoxr
crops. The existing agricultural- machlnery manufacturlnq firms. in the
three subsectors’ have sufflclenL productive capacities to meet the
expected increase  of demand, But especially with respect to "the
harvesters and agricultural 1mp1ements, it appears necessary to take
measures for. enhancing their product: development capability  and
infusing economies of scale to reduce costs of production.

1-1-4. Research and Development Bfforts and Techhdlogy Diffusion
(1) Outline of agricultural research and develoPmeht in Arqentiha

Agrlcultural research .and development in- Argentlna ‘is carrled
out by ‘both public and: private sectors. .In the public sector, the
National Institute of - Agricultural- Technology - (INTA) ~ with'  its
national network :of experiment 'stations - and extension . offices
conduct the most comprehensive. spectrum of ‘research and development
efforts’ ™ and .exlension serv1ces.;_ In addition, provincial
governments, crop-specialized national research institutes and
universities undertake = agricultural technology generation and/or
diffusion. A number of research institutes associated with the’
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National = Coaneil . of  Scientific = and . Technological  Research
(CONICET), as . will be described in the  next ' section on

biotechnology, also conduct agriculture~related research. In terms
of the distribution of manpower, the public sector is tentatively
estimated . to have some -3,400 . professionals ‘trained in

:agrlculture—relatod sc1ences as shown in Table II-1-21.

Although ‘details . are not known, a  nuwber of private-sector
organizations - and firms engage in technology -generation and/or
technology ~diffusion. As shown in 7Table 1II-1-21, they comprise
manufacturers of agricultural . inputs - such as . seeds, pesticides,
fertilizers and agricultural machinery, processors of agricultural
- produce, - grain merchants, farmers' -assoclations or groups organized
- for the' diffusion of -improved farming technoclogies 1like Argentine
Association of Regional Consortiums of Experimentation (AACREA).

“Table 1I-1-21 Institutions for Technology Generation and Transfer

Types of Ne. of Professionals Trained
Institutions ) : in Agricultural Sciences

Publié Sector:

1.  INTA - 984

2. Depts. and research institutes.

of provincial governments 453
3. Specialized national institutes ' 10
4, Universities 1,500
5. Institutes of CONICET : 423

Private Sector:

a. Agro-Industrial complexes n.a.

b. . Manufacturers of agricultural inputs 245
{Seed business, pesticides, fertilizers,
agricultural machinery, animal medicines, etc,)

c. Those related to agricultural products

1. Large grain merchants : 381
2. Grain merchants 200
3. BAssociations of farmers (CREA, coop, n.a.
groups of technical assistance)
d. Research foundations. 57
Source: Martin Pifieiro, Marta Gutierrez and Eduardo Jacobs,

Reflexiones para la Politica Technologia Agropecuaria,
PROAGRO Document No, 3, CISEA, June 1984, Table 3,

In the public sector, the INTA has been the central institution
-playing the: extremely important role in agrlcultural ‘research and
development - in Argentina. The INTA was founded in 1956 for the
purpose of promoting and strengthening agricultural research and
extension, and thereby facilitating the technification and improvement
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of farming. The INTA performs a very broad spectrum of fuictions from
planning . ‘and - evaluation, basic reséarch, experimental trials and
extension WOrk; o G : RS E

The 1nstltutlona1 structure ‘of - the INTA i as’ foliows....Basic
research  is carried out. by . three.'natlonal, centers - at.  Castelar:
namely, National Research Centeér of Natural = Resources, National
Research Center of Agronomic . Sclences,.and'Natlonal Research Center .
of Vetcrlnary Sciences.  Applied research. on crops -and tivestock
and extension ‘services are. _conducted- “through - the: INTA's 13- ‘Regional
Agricultural . hxpellment Stations (FLRA), ‘21 Agricultural Experlment
Stations' - (EEA), one Cooperative : ~Station . of hxperlmentatlon and
Extension, .5 Rgrlcuitural ‘Experiment  Substations, and some 220 rura1 
extension agenCles (AhR) The INTA.aiso.operates 10 Annexed. Farms for
seed production, A s : o ' : e

- Research dctivities of the INTA are very broad ‘and cover most
of - the areas: essentlal - for ..agrlcultural development,f such as
breeding., 1mprovement,_:adaptatlon, management, Cplant’ _protectlon,
agricultural engineering, - economlc evaluatlon, ‘etc.u In . the. field
of plant breeding and adaptatlon, which is the main subject of - this
study, the reSParch L on:.-cereals isv mainly - concentrated - in the
Pampa . region, Experlmentatlon ‘on maize  is conducted’ - at - eight
' statlons in the mlddle Pampas, for- wheat' and barley at six stations,
and for sorghum at six -10cat10ns in- the semi- arid region of the
Pampas. Rice research ‘is done at two stations ‘in. the Northeast’
mainty for breeding ‘and ' cultural imprbveﬁent. With - respect . to
oilseeds, which are as important as cereals -in the. Pampa 'region,
research and - exXperimentation on sunflower, - soybean, linseed,
groundmut, etc, ~are carried out at stations - in wajor - areas = of
production, mainly . focusing on = adaptation,. breeding, &= cultural
management and plant protection: | . '

Research on fruits ‘and vegetables is mainly - carried .out at
eleven  locations corresponding to  major . concentrations - of
production, such as EERA at Mendoza for .grapes, Sub-EEFA:at Junin fbr
pomegranades, BEA at Concordia for citrus fruits, EERA ‘at Balcarce for
potatoes, and EEAs at Cinsulta and. San Pedro for vegetables. ‘Regional
industrial crops are 'studied at stations like EERA al Saenz Pefa
(cotton), EERA at Corrients (mate, black tea), EERA at Familla
(sugarcane), and so on. ' ' . '

As mentioned above, there are 220 AERs. responsible for extension
serv1ces, under the board of directors - of the " INTA and - local
agricultural expeflment statlons... Their activity is not ‘only to
transfer the technologles deveioped by INTA stations. to the farmers,
but also to feedback specific local problems to INTA 'stations. and
centers.  Gurrently, some 350 workers-are engaged in this activity.
Among them, . 4% are working ‘at the INTA  headquarters, 7% are
superv1sors and the remainder of about 90% are stationed at local
AFRs. : : :

The main problem of AER act1v1t1es is that - the number .of

Iworkers engaged- " in exteénsion :serv1ces'_is too small.” "It is
estlmated.that the.average;of-l,?OO'farmers-have to be taken care
of by one AER worker. This. gituation limits. the activities of
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AERs, and the current aotivity of AERs is mainly to promote the
~diffusion of seeds recommended by the INTA, cooperatives and the
representatives of farmers,

In thespublic sector, universities also play significant roles
in "agricultural development and their activities are more in the
fundamental research. Some examples of their research in the area
of plant breeding are shown below,

University ' Type of Research
Univ. WNacional del Sur -~ Genetic improvement of maize
Univ, Nacional de Buenos Aires -~ Collection of germplasms

' ) Development of dwarf varieties

of wheat _ _
Instituto Fitotecnico de. -—-  Production of hybrid maize
Santa Catalina Production of hybrid wheat
Univ. Nacional de Tucuman ~-  Tissgue culture
Univ. Nacional de Cordoba - Meristem culture
' ' Genetic improvement

Univ. Nacional de Rosario -~  Haploid tissue culture

Genetic improvement of soybean

As mentioned in the beginning, a considerable number of.
private organizations and firms participate in agricultural
_technology géneration and/or diffusion in Argentina. Especially in
the field of plant breeding and adaptation, the private scctor
plays a large role with respect to major export crops. As shown in
Pable II-1-22, private plant breeders have more registered new
varieties than the public sector (INTA) and their combined share is
especially large in maize, sorghum and sunflower for which hybrid
varieties are predominant, As already discussed elsewhere, the
private seed companies dominate the market of hybrid seeds.

According to the information of the Association of Argentine
Seed Producers, the association has as its members 17 major seed
companies operating in Argentina, as shown below,

Asgrow Arg. S.A.

Atar S.A,

Criadero Buck 5.4,

Cargill S,A.S.1.

Ciba Geigy BArg. S.A.

‘Cia. Continental S.A.
Comega y Cia., Merc, y Gansd. S.A,
Cia. Quimica S.A.
.Crawford Keen y Cia. S.A.
Pekalb Arg, S.A,
Interstate Semillas

Oscar Klein

Northrup King Semillas S.A,
Pioneer Arg. S.A.
"Palaversich y Cia. §S.A.
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~Santa Ursula S5,A. (Morgan)
Semillas Meriel S.A.T1.C,

Among these companies, ten:are national  and’  seven -are . of
transnational origin:; It is clear from Table  II-1-22  that
transnational -plant breeders have Larger potentlals in breedlng new
varieties than the national companles eopeCLally with - respect  to
maize, sorghum and sunflower. . :

Table II-1-22 Structure of Registered Seeds of Major Crops

Maize - Sorghum  Wheat sunflower  Soybean
) (%) (%) Il (3)

Subsidiaries of
Foréign Companies:

ASGrow 10 (6) 4 . 2@ 8 (9

Cargill 33 .(19) 11 (11) . &  (B) 10 (10)

Ciba Geigy ©3 (2y . -8 - (8) - 3.0 (3)

Continental 14 {8) 13 .(13) . 15 {15) .4 (5)
Dekalb 15 (2) 11 {11y 3 (4) 7 (n

NMoxthrap Kinq 10 (6) 9 (9) 6  (8) 17 (N 3 {4)
Pioneer ) 9 {5) 10 - {10)

Subtotal 94 {54) 66 {e5) .15 (21) 44 {45} 15 {18)

Major National Companies:

Atar -’ 5 {3y - 1T {1y . o

Comega ' : o 1 (1) . o 4 {4),

Gear 2 (1) : o : : : -

Jose Buck 1y : 16 {22) 2 i{2)

Xiein - _ S11 . (15) 2 (2)

Morgan -z }7) 4 {4}y _ ) 3 ...(3)

INTA 7 o@e 6 (@ 20 Gn 8 @ 4 (5

Others 43 (25) 24 (24) 11 (15) 35 {(36) = 66 {78}

National s S R
subtotal 80- (d6) 36 {35) 58  (79) 54 {55) 70 .{82)

TOTAL 174 (100) 102 (100) 73 (1ooi 98 (100)&, 85 (100)

Source: Serv101o Nacional de Semillas, Catalogo Cultlvares Inscriptos,
1985 .
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The lmprovement of the product1VLty of crops is one of the wajor
goals in agriculture. The vyields of crops on the fields are
' 1nf1uenccd by many - factors like weather, water, 'soil fertility,
appllcatlon of fertilizers and pesticides and so onh, which in turn
‘depend on how respon51ve given crops are to these factors and inputs
and how much farmers can spend on the inputs. In brief, the yield
increase can be ascribed to 1) better varietal adoptlon, 2) better
agronomic practlce, and 3) greater genetic yleld potential. Among the
three factors, the improvement of. genetic yield potential, or plant
breeding, is expected to be the major factor of yield increase through
the beginning of the next century, as shown in Table II~1-23., The
data on the table was ‘the result of the technology assessment study
conducted by the University of Minesota on maize production in the
USA, and also indicates that the emerging wmodern biotechnology will
begin to exert a greater impact than the conventional plant breeding
in the 1990s. '

Table F l 23 PrOJected Impacts of various Technologies on Maize
Yields for the Years 1981 to 2000

. Yield Increases

L ] : ' S (Bushels/Acre/Year)
Conventional Plant Breeding , 1.0 {1981 to 2000)
‘additional Nitrogen 0.4 (1981) to 0.1 (1994)

No impact 1995 to 2000
Production Managemenit Technologies 0.2 to 0.3 (1981 to 2000)

_ Emefging Biotechnologies No impact through 1988
' ' e ' 0.1 (1982) to 1.7 (2000)

Source: Pleum, Genetic Engineering of Plants, 1983

Plant breeding is a technology for the modification o©f genetic
- information, ‘and the functions of a living organism, or the yield
‘of a crop, for example, are essentially determined by its built-in
genetic information. This means 1in the case of crop production
that the nature of technologies used for the cultivation cf a given
crop is . basically constrained by  the crop’s original genetic
traits. . ‘A change in genetic . information of the crop thus may
.change the nature of the technologies of cultivation and eventually
the industries which supply technological inputs.

As shown: in- Figure II-1-5 below, technologies’ related toc the
modification -of - genetic information are upstream technology and
technclogies related to cultivation are downstream technology. It is
obvious . that the development of upstream technology is essential in
.developing-.total agricultural systems. Since upstream technology
might influence -not only the efficiency of cultivation itself, but
also rule the total agricultural systems through changing the nature
of downstream technology.
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Figure II-1~% - Structure of Agricultural Techndlogy

Genetic En;gl : - -] Cultivation
Upstream technology Tl deﬁétream'technoloqy:
(Modlflcatlon of- genetlc_ (hxpre551on nf genetlc
information) : ' - 1nformat10n)

Source: BioTechno Syste'm Inc,

As already p01nted out, the development” of upstream Lechnology
with respect to major export qralnq in Argentina is heavily  dependent
on the. act1v1ty of transnatlonal plant breeders. - “The  key problem in
this situation is that the crucial part of the research and
development activities is ‘carried out abroad, and eSséhtially exert
limited effects on the doméstic research’ potentlale and on the
domestic p0551b11le1es of 1ndustr1allzlng research reeults.

It is true that the _present technologies of: cultivation in
Argentina, especially. for major grains grown in the Pampa region,
use much less wodern chemical ~inputs = like fertilizers and
pesticides compared with other major - producing countries, -or. -in
other words, that the genetic potentials of the available seeds are.
yet not fully exploited. - Therefore, it is true .that the standard
1mprovement of downstream ‘technology will greatly. contrlbute _to "the
yield increase ‘of the'crops grown in Argentina, -.as  long as  the
economic conditions of farmlng are favorable.__ln the era of meodern

biotechnology,  however, it is = expected  that  the upstream
technology based on this new technology would rule the downstream
technology .more -drastically than have: been in the past, In this

respect, Argentina will have to step up its efforts in developing
domestic research potentials in upstream technology generation.

{2} Modern agricultural bioﬁechnology development in Argentina

Agriculture .can be said as- the most classical biotechnology.
Modern agricultural biotechnology, which consists essentially of
genetic engineering and cell culture technigues,. has' attracted wide
attention and deep concern, because it is believed to be able to
provide unlimited possibilities -of using 1living organisms to solve
the problems . like  food  -and energy-_ supply, . -environmental
conservation which mankind faces today. = ' : :

Many of the technologies beiﬁg developed for human health care
contain. analogies = for.. agriculture. . The new processes Ffor
manufacturing new or less éxpensive drugs, vaccines and diagnostics
will provide more efficient means with which to combat diseases and
productivity losses which have always been the major concerns in
agriculture. Furthermore, genetically -engineered microorganisms
might be used to produce feed -additives, growth enhancers and othey
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compounds  that = will  boost agricultural ' yields, But ° modern
biotechnology has, ~  fundamentally  different functions from
agriculture. . It can: potentially be wused to change the genetic
constitution. of microorganisms, plants and animals to wake them
‘more productive, more resistant to diseases and environmental
~stresses, or more nutritious. In this sense, biotechnology could
have a ‘dramatic effect on the problems of food production and
hunger around the world.

Figure II-1-6 shows the basic structure of biotechnology and
its possible .applications to agriculture. It should be emphasized
here that biotechnblogy_has very broad impacts on agriculture, and
‘that  in  order to -realize these impacts, interactions between
~agricultural research and biosciences research are essential. Tt is
clear from the figure that the promotion of research and development
in biotechnology is a key issue in Argentina. The current state of
research and development in modern biotechnology in Argentina is as
follows. '

At present, both the public sector and the private sector are
promoting. biotechnology <research: In the public sector, the INTA
and the CONICET are +two major institutions pursuing research in
this new technology. The areas which the INTA is developing are as
follows. ' :

* Animal health
- vaccine production
- diagnostics
* Plant diseases
- diagnostics
_* Micropropagation .
'~ disease-free nursery
- ‘clone plant production
* Biological control
~ growth enhancer
* Bioprocess engineering
~ fermentation process development
* production’ _
~ cell mass production

On the whole, the areas of modern biotechnology that the INTA
is currently pursuing are mostly based on the hybridoma technology
and cell culture technelogy, and the Xey technology related to
plant breeding  is. completely missing. As shown in Figure 1I-1-7
which . indicates the areas of biotechnology Argentina is currently
developing, it is clear, by comparison with Figure II-1-6, that the
"core technology"” of modern biotechnology should be emphasized more
_in Argentina. . The ' INTA . of course 1is arranging some research
_programs with  cooperation from foreign countries like France and
Sweden to promote genetic engineering. However, the present writer
is not convinced by the size of the prospective programs that they
are in the first priority among the on-going INTA programs.

National Counc¢il of Scilentific and “Technological Research
{CONICET), because of its different orientation, has a slightly
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Figure 11-1-6  Structure and Po saible Applloafnon of Agrlcultural
Biotechnology

BIOSCIENCES -

Animal ~ - Plant. - ﬂlcrobfﬁanlgm'
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etc. * Physiological Stress
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Source: BioTechno Systems, . Inc.
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Figure I1I-1-7 Areas of Biotechnology Currently Developed in

Argentina
BIOSCIENCES
Animal - Plant Microorganism
* Disease * Carbon and Nitrogen * Growth Physiology
« Growth and Metabolism Input + Regulation
+ Development and Reproduction » Growth and Metaholism etc.
ete. - * Physiological Stress
' * Plant Pathogen inleraction
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ete. ‘
PLANT : : MICRODRGAN | SM
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- — Plant Disease._. -
- +VYaccine - i
+ Diagnostics

~+->  Production —

A

d « Recomhinant
DNA « Cell mass
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Micropropagation <—— Cell Culture
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“oVacecine prod,
» Diagnostics

o R ANIMAL
A Hhd=Hybridoma

Source: BioTechno Systems, Inc.
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different biotechhology_program from the INTA, The current program of
the CONICET emphasizes the following six areas. ’

-~ Bioprocess development o

- Nitrogen fixation symbiosis

- Plant physiolagy, molecular blology, bloohemlstry

- Plant cell culture

- Vaccine and biologically actlve substances productlon
- DlagnObthS (DNA probe, monoclonal antlbodleSJ

The CONICET is apparently 1ntereﬂted in: plant_ hiotechnology
like the INTA, but -at. the same ‘ttme it empha51zes 'fundamental
_biosciences research for’ industrial development more ‘than the TINTA.
The CONICET has under _its admlnlstrat;ve supervision more than- 200
research institutes manned with more than 90% of the total s¢ientists
in the country (excluding those at the INTA). However, one problem is
that the “National Biotechnology Program" of the CONICET is too narrow
to be called a national program, if one judges by the areas of
bilosciences it covers in relatlon to Pigure II-1-6,

During the present'stuay,:it was found'that there are at least
23 groups involved in nitrogen - fixing symbiosis vresearch. = This.
figure seems to be an unusually high concentratlon of manpower in
too small an area of research. -This is not a desirablé condition
when a country wants to develop biosciences and blotechnology. It
is understandable that nitrogen fixing symbiosis is one of the key
issues for Argentine agriculture, but this subject is not the only
problem to be solved. ' :

In most of -the advanced countries in blotechnology, the
profile of areas under research is more or less well balanced,
Table II-1-24 shows an example. There were 2,115 papers presented
in 1985 at the ‘annual meeting of the Agricultural Chemical Society:
of Japan, which is the major society of biotechnologists “involving
both academic  .and industrial communities. The = research papers
presented on the areas related to microbiology and enzymes were 437
- and 244 respectively. Japan is one of the leading countries in the
area of applied microbiology and enzyme technology, but the
percentage of reports on these two areas are only 20.5% and 11.5%
respectively compared with other areas like plant cell culture, -
animal cell culture, food technology. organic chemistry and natural
product chemistry. =~ This data does not necessarily reflect the real
compasition. of on-going activities in biotechnology development in
Japan, but is still a good indicator to illustrate what is going on.
It is believed that such a relatively well balanced approach is one of
the factors which has made -Japan one. of the leaders in applied
microbiology and enzyme research. and development.

_ Another 'important problem in, blotechnology development in
. Argentina is that there seems to be no full-scale coordinating efforts
between the INTA and the CONICET.. Biotechnology is a technology based
on the biosciences, and has a very broad spectrum of the areas of
research. Even in most of the countries advanced - in blotechnology,
there are  the problems of the limited availability of necessary
financial and human resources, and setting research priorities is
considered the most important issue. At the present moment, there
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Table II-1-24 Percentage Distribution of Research Articles in
Japanese Biotechnology

Ared ' ' No. of papers Percentag?)
; o ' of total
Mlcroblology :
- genetlcs, breedlnq, mutatlons _ 207 9.8
- metabollsm, reguldtlon 37 1.7
'~'fermentatlon {enzyme, cellmass) - 34 1.6
- ecology, taxonarsy 48 2.3
~ membrane’ permeatlon 3 0.1
- antibiotics (mech, of action) 8 0.4
- growth phy31ology 31 1.5
- production ' 7 64 3.0
~ biocengineering = ' 5 0.2
subtotal 437 ' 20.5
Enzymes -

- proteln, amino acid related 53 2.5

- biosynthesis :
{sugar, 1ipid, nucleic ac1ds) 62 2.9
~ immobilized enzyme _ 32 1.5
- polysaccharide hydrolysis 67 3.2
~ others 30 1.4
subtotal 244 11.5

Sources Journal of Agrlcultural Chemical Soelety of Japan, Vol. 59,
No. 5, 1985
NMote :. 1) Total No. of papers presented was 2,115.

seems to be no integrated research ‘program at the INTA, while the

_present National Biotechnology Program of the CONICET is not
necessarily able to cover the problems in agriculture that the country
is now facing, It. .will Dbe urgently necessary to establish a
comprehensive and complementary program framework and coordinate the
research and development activities of . the key participating
organizations in terms of priority projects and resource allocation.

Biotechnology development activities in the private sector are

still very limited .in Argentina. Four to five biotechnology

- .companies. have been established during the last two years. in the
country; and most of them are developing their business based on the
currently . -availabletechnologies in human “and anlmal health, such as
diagnostiecs and vaccines. These companies are also working closely
with the academic community to develop new: technologies. For example,
Polychaco S$.A.T.C. is funding some research projects of the CONICET
groups ‘in genetic engineering, virus and hormones. The total amcunt
of the fund is said to be USS$200,000 a year, and although not a big
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_ amount compared with the standard in advancea countries, it is still
Effectlve in stlmulatlng new actlvitles in the country. ' C

Thle type of approach lS essentlal for the prlvate industry to
develop new bu31ness opportunltles in the area of knowledge 1nten5lve
industry. Judging by the past experlences in the:USA and Japan, the
establishment of close: worklnq relationships’ between the academic
community and the prmvate 1nduetry is Jﬁdlspensable to develop new
lines of business’ rélated to biotechnology. The problem is" how the
academic community ‘in Argentina can play such a role to meet the
growing needs of the prlvate Jnduqtry. '

JIn brlef Argentlna s = on~going efforte in.  agricultural
blotechnology have the. followmng characterlstlcs._ ) - :

1) Argentlna had excellent achlevements in medlcal sciences in the
past. . The on-going: act1v1t1es related ‘to biotechnology are. ander
the influence of the past experiences and mostly concentrated in
human health and animal health. :

2) Because: of  this reason, - research potentials of plant
blotechnology ‘in both. the publlc and ‘the private sector -are
relatively weak Dby comparison with those  in human “and
animal health care. E T :

3) There seems to be 1o clearly defined natlonal research strategy
and prlorltles for biotechnology development in the publlc ‘sector

research establishments. This can bhe seen by their ‘small
research funds and the lack of integrated, centralized researxch
programs.

4) There are no bictechnology-based bioindustry -establishments such
as fermentation and antibiotics in. ‘Argentina, except for a- few
newly éstablished small b1otechnology companies. This situation
will limit the research act1v1t1es only to a small number of
areas. :

{3) Constralnts of agricultural blotechnelegy development in
Argentlna

There' are Ppoth technical  and non-technical constraints for
developing agricultural  bictechnology in Argentina.  However, it
should ‘be:- emphasized - here - that- non-technical factors. like
systematic ~research .  policies,  strategies  and - priorities usually
govern the efficiency of = technical development, Therefore, the
discussion w111 moetly focus. on non- technlcal constralntsL

It is'.generally coneldered that there are five’ lnterrelated
conditions = for = developing - blotechnology-_ namely, 1) . intellectual
resources,. 2} germplasm . resources, ~ 3) . industrial support,. . 4)
economic | support and  5) . national - strategy. The discussion of

.constraints will be:dene in relation to each of “these conditions.
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(a) Iftellectual résources

Scientists ‘play ' no  doubt an  important role in technology
development, Biotechnology = is. multidisciplinary, and thus needs a
group of scxentlsts trained. in a broad spectrium of dlsclpllnes working
'.together. The “current weak. act1v1ty in biotechnogy in Argentina is
“apparently due “to  the 1nsufflclency of well-trained human resources.

To ‘solve this problem, it will be 1ndlspensable to create an optimal
reséarch environment and 'attract more scientists to the areas of
biotechnology. ~ The  reason is simple. The amount . of knowledge
produced is ~generally proportional to the number . of scientists
working:. : : : : '

Based on ‘the: Japaneseé experiences, there are scveral possible
approaches. Providing enough "and flexible research funds is one.
With -respect ‘to 'the INTA, :the total ~fund available for its
activities is' said ‘to - be: between USS$50 million  to . US$60 million
chiefly provided -hy.  the INTA tax on traditional exports. The
amount is  too . small judging by the multiplicity of functions
expected of the INTA. ‘According to the CONICET, US$1" million is
going to be spent to support its National Biotechnology Program. This
amount of rmoney is ‘obviously too -small ‘for some 200 research
ingtitutes associated with the CONICET. Adequate " research budget
by all: means is esseéntial for technology development.

-PrOviding -efficient training . programs is another important

step.- For - example, - -cooperative ‘academic/industry programs
involving both: training and research would provide young scientists
better opportunities .. for  communication and interaction,

Opportunities of attending national and international scientific
meetings are of crltlcal importarce for young scientists working in
the various -aréas of blotechnology. -Face-to-face communication is
- the - most effectlve method for the exchange of information.
Accordingly, meeting attendance should be given the highest
priority in budget allocation.

Promotion of bioindustries could be another effective approach.
Quite a few Japanese biotechnology-related companies have attracted
‘young scientists successfully’ thirough their aggressive promotion of
biotechnology research. Expansion = of research activities will
create - new. Jjob -opportunities and . hence attract more young
scientists. : :

Another -approach has to do with efficient technology transfer.
Experiences tell us that the period of time from basic discovery to
gits'application has been growing shorter and shorter, and that it is
'obv1ously necessary to develop an eff1c1ent system to integrate the
academlc community ‘and private industries. ‘From the viewpoint of the
blolndustrles,' the + quickening pace . of basic discovery and its
industrialization has enhanced their desire to have closer association
'with the  sources of new knowledge, especially in the bioclogical
sciences, and this has facilitated the development of both new
knowledge ‘and - human - resources. The linkage of industries with
academic communities like universities are in fact very common in.most
of . ‘the advanced countries. The bagic idea of close
industry-university - résearch partnership is not only for meeting
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meedlate market needs but also £or broadenlng the bas; of‘knowledge
1ntegratlon. - .

It lS generally oonsxdered that technology development anQlVeS
pOSSlbllltles of misuse, and (abuse 5 ThlS suggoste. the need - of
orlentlng the 1ndustr1es to the generatlon of nevr ‘basglc. knowledge'
which - w1ll _support,-,and expand ‘the- pools .- of knowledge . serving
1mportant needs,'and also the need of f0L01ng them to recognlze that
_ technoloq1cally created probleme may require baslc information for
theirx solutlon._ An adequate lndu try-academic 1ntegratlon system is
one of the best- approaches to  answer’ eoonomlc and - moxre broadly,
social, requlrements. ' : :

_Argehtina is currently,IWOrking“'on establishing such' a system.
The critical issues are how t6 expand. basic research activitieés in
the public sector, on thé one hand, and how to foster a close but
flexible linkage between research communltles and private industries,
on ttie other. :

(b) Genetic_resources'

“Genetic: 1esources are the key materlals for plant breedlng
For example, it is said that eveyy Canadian wheat varlety contalns-
gehes Jntroduced over. the ‘decades ..from. up . to . 14 dlfferent
countries.. The tomato cannlng 1ndustry would have dlsappeared long
ago if there had not’ “been -the ‘constant 1ntroductlon of wild and
_primitive. . tomato varletles from Central Amerlca. These examples
are enough to empha5lze the prlme lmportance of genetic resources,
and the dvallablllty of genes is, becomlng more impertant in the era
of modern blotechnology Technology development W1th0ut support of

genetic .resources . is futlle llke a wax fruit., Thisg. “is. true not
only in -plant- blotechnology but  also. in mlcroblology and even _in
“animal research. The hlstory of the . antlblotlcs industry is the

history of screening mlcroorganlsme which contain genetic traits
for antibiotics production. :

- The.- 'prime concern 1n most  of the advanced countries. in- the
.era of  modern . biotechnology is .the availability . of genetic
regources, because . the lack of access _is a serious. constraint,

Argentlna has a. great advantage ‘in ‘its  access . to plant genetlc
resources.- The .country already has germplasm banks of elgnlflcant
size for mailze, potatoes, ektoy The constralnt 15 the - limited
availability of budgets, and ‘hence human resources also, judging by
" the  slow ' pace . of .gene —analysis on' collected varieties. = The
strqule for _the collection . and.. conservation of - plant genetic
resources and for ‘the. political and. commercial control. of these
resources is. now taklng place: across the world. Argentlna, should
understand . the. present situation,. - and  focus its .efforts. on
utilizing those valuable genetic resources for its own agriculture.

(¢) Industrial support
As-mentioned—earlier, ﬁhelintervale between basic discovery and
“its application ‘have been steadily ~decreasing 'in . the 1980s. in

biotechnology development and'indeed in. all edvanced technologies,
One reason of such shortenlng chalns of 1nnovatlons lS that the market
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is demanding more for gsciences in general and blology in particular to
provide. "new products. Blotechnology, a technology based on
bioscierices, is expected to give the solutions to the market neecds,
- and the bicindustries, which are based on biotechnology, are expected
- to play the key role in prov1d1nq such products.

“As seen. 1n Japan and the USA b101ndustr1es 1like fermentation and
antibiotics have . played a crucial role in- developlnq biotechnology.
It should be noted that biotechnology is a science-based technology
directed towards economic * objectives. . Whatever the type of new
products, the general pattern of . biotechhnology development is
cyclical, that is, the market demands for more research and the
research. qets more .support. Bioindustries have served the central
intermediating. function between the market and the research,
particularly at the initial phase of technology development in Japan
and the USA. The development of an efficient "incubator" system of
new ~knowledge ~and  technology is urgently necessary to foster
bicindustries in Argentina. :

" {d) Economic support

" Economic suppoft' is - essential for developing -any type of
technology, but it has a special meaning in biotechnology development.
As mentioned earlier, blotechnology is a multidisciplinary technology
by its nature. Accordingly, broad comprehensive studies are usually
required; to - develop a. new . technology, and generally speaking, such
comprehensive. approaches cannot be done by a single laboratory or
research institute. This implies that a  broad and sufficient
financial support is essential for developing biotechnology.

_As‘indicated-before, Argentina's biotechnoclogy currently has a
limited support- in term of funds. Because Argentina has tremendous
-possibilities in biotechnology, more funds should be channelled to
its development to achieve the national goals.

{e} National strategy

Because of the rapid progresses expected in genetic engineering
-over the next two decades, it is important for every country to
_ appraise - these progresses and their  socio-economic implications.
Biotechnology is believed to give .an infinite posgibility of utilizing
- organisms for productive purposes including agriculture. However, it
does not necessarily mean that each country should develop the same
set of biotechnology. Table IT- 1-25, for example, shows the number of
companies. committed to- the new drug development through modern
biotechnology. It is clear that the competition is stiff.

There - igs another example to show_the importance of a strategic

approach . of setting priorities. ~Most of the developing countries
show strong interest in developing industrial enzyme production
processes. - . The current. global ‘enzyme market is estimated to be

about USS450 million, of which deltergent protease has a share of
25%, and amylase ‘and renin 18% and 13% respectively. The problem
is obvicus if one realizes that the two leading European companies
have the combined share of 60% in the world industrial enzyme market.
In other words, the industrial concentration 1s already high and there
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Tableengl—ES Competitlon 1n Blotechnology Related
brug Development : .

Product Taf@et'-  ' _ ' Numbef“of'cbmpahies
Alpha—inteffe¥eh : _ R | _ '34
Ihterleukiﬁ-é o 7- A | L 29
Beta inteffereh : o : : 22
Gammaéineerferon _ : : 21
UnoKinase . ‘ : N 17
Hegetitis B vaccines’ S _ 13
Tissﬁe plesminogen activator N 12
Human growth hormone o : ' 9
Tumor'necfesis factor - | 3 R 9

Factor VIII _ o ' : 8

Source: SRI-International

is a definite Jbarrier for new entry. It is said that Novo, one'of the
leading companies, has ‘600 research  and’ developmént ' staff - -among  the
total employees of 3,000, Because ‘of. the highly knowledge-intensive
nature of the 1ndustry, it is said that 15 years are requ1red to
acquire necessary skllls and experleﬁces.

These examples show the 1mportance of a sfrateglc approach for
establishing natiocnal’ research” goals.- As - long as ‘Argentina is-
interested in establlshlng its natlonal strategy “for “bictechnology
research, it is necessary to ddentify and select specific program
‘objectives for both  short- and long-term research in accordance
with a central national strateqgy. : ' : T
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