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In 1983, the world production of cereals, which I considered the main
indicator of the food situation, reached a pesk of 1,831 million. tons, or about
38 million tons more than in 1984, since siocks also raised the extimated food
supply of cereals for the period 1983/86 wt a rocord Jevel of 1989
willion toos, that s 4% more than in the previous pericd. The production of
other food staples: roots and tbers, pulses, olls and fats also shows fncressing
wrends, thoagh nos 8o regular and steady a5 In the case of coreals,

The wilization of cereals for the period 1985/86 is estimated ae 1,620

tons, excecding by about 20 millian tons the figure of 1984/83 (1,603
million twas), This lesser utilization of ccreals s expected 10 result in a new
record of socks of sbout 370 million teos for the season 1985/86 [11.

Duting the post Workd War 11 period, food production M«n&mmﬂr
Between 1570 aod 1976 the world food production increased at an ann
of 2.4 percent andl the 1984 prodhuction wes slmost 23% bigher than in w7
“The growih in selative terms has been higher in developing thaa in developed
countries: o the former the 1984 production was more than 35%. higher
while in developed countrics the increase over the docade was about 15%,
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Particolarly  impormant was the incresse in food production i Asis, almost
40%, and Central America, 33%.

In per capita terms of food production, the 1984 figure i 5% higher than
the 1974 (12% in developing and 75, in developed conmrries). Africa ia the
oaly region that shows per capita declining prodocsion trends

On the basis of the above figures, FAO and the experts in this field have
been tellng us for more than a decade that in terms of peoteins and calories the
food production is more than sufficient to supply the newd of the present woeld
population and even for a larger population. Some exg we of the opiaion
that the pressnt prodiction is enough to feed the six- billion pesple anticipated
by the end of the century. Furtbermore, traditionally food-deficit countries. like
India and China stc pow net exporters of coreals, nd of feed prains and rice.

I spite of the expansion in food prodoction, the seventies were characteriaed
by the syndrome of scarcity and the appearance of neo-Malthusianism. Food and
famine, which reached their highest level with the African Famine In 1964/83,
arise g ooe of the main concemns of the international community. The last 15
years have been the years of the so-called “food criss which began in 1972,
when the worklwide cutput of cercals declined sharply for the first over
20 years® (2]

This asertion almose scospted a5 8 dogma was based on » superficial analysic
of the simarion = suppored by a misloading paragrmph of the working
document prepared by FAQ for the World Food Conference of 1974: *The
prescat wotld food crisls, originating from u combination of Jonger torm prob.
lems and temporary sctbcks, saddenly energed i 2 prasounced foem in 1972,
I that yoar the output of food in the world declined for the first time in move
than 20 yeare... Werld food production of coreals, presently totalling about 1,200
million tns, had o increase on an average by about 23 million tons esch year
to mect the riaing workd demand® (3],

The situation was desmatised, a1 we can sce in the following quotation:
*In the caly seventics the soaring demand foe frod, spurred by beth coatiouing
population growth and rising affluence, has began to outun the productive capacity
of the woeld's farmers and fishermen, The result bas been decliniog food resorves,

institutions and Indisidualy everywhere o
pow in a highly vulnersble position. Tn 197374, world reserve capabilities in.
relation to comsumprion. needs fell far below any previous level in the posowar era
10 the equivalent of only twenty-six days woeth of wotld coosumption” [41.
The FAQ statement was misleading becsuse it examined the simustion out
of its historical trend. In fact the apriculiusal production fell in relation to the
1971 level, which was the highest ever obtained until the seveatics, bot the 1572
production was #ill higher than the 1970 onc and 5.7 per cent higher than the
average production of the years 1965/70. Moreover, 8 new production recond
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bieved in 1975, and since then the wodld food production has Tcreased
slmd:!)' The 1831 million tors. of ceresls cbiained in 1983 are more then 780
million tons higher than the 1974 level, fnplying an aversge fncresse of more
than 70 million per year o 2.8 tmes the 20 million tous catlmaced s neccssary
by the 1974 FAO report

The amw; waming of the carly seventies motivated the elabaeation of
plans to th future searsitics. New ntesastional instiutioes were created
gy i e s
24 million hectares i the United States withheld from production were retumed
to production,

The political component of the food Isme was widely recopniaed: on the eve
of the World Food Conference, the United States Secresary of State for Agriculture,
Eatl Butr, stated that “Food i a weapon®, aml 4 research repost of the Office of
Political Research of the Cenvral Intelligence Ageacy (CLA), quoted by the Inter.
national Herld Teibuoe, stuted, foter alis, that “workd food demand could give
the United States 8 measare of power it had never had before — possibly s

years®, It mbded: “in bad years, when the Uniicd §
demand for food of most would be importers, Warhington weald scquire virtusl
fifeand death power over the fate of the muliimdes of the needy... Withoot
indulging i blsckmail tcd Stares would gain extraordinary
political snd econom

This comment proved 1o be sn accurste prodiction, The United States export
of agricalaral products. rose from 64 million metric tons In 1970, 1 164 million

1 1980 while the value of the agricultieal exporis climbed from US$ 7 illioa
in 1970 10 nearly Us3 41 billion in 1980 [6].

Is it possible o believe in food sarcity, in the light of the above global
figures of production? Ameng economists i Is generally acouptod that peices are
adequatc indlcators of scarcity. In the case of agticulroral products, the statistieal
analysis indicates that with the exception of few periods in the prewar ..md-

cex in comstans US dollars experiensed a longiemn secular decline, F
1970 0 1983 the ceal price of wheat, sice and com declined at un ansusl Fate
of 196, 130 and 2.6%.

However, this prosperity Is in fact # sort of econmmic disssicr. A special
repe o Le Nondz (7], commning the record of cseeals production of the EEC,
cartled he report “Cérdales: la s, Que faes don suplus?”. At the sane time
the North Amesican newspapers reported the *bad newn” of a record harvest of

f 210 million tops, which, far from alleviating the financial

com In the USA

extcemely beavy debt burden sccumulaied: in th
income has. ot change, while farm debr has quadrupled. The resule bas been 2
debtincamse eatio that ane dollar of izt income must how wupport nearly
ten dollass of debt The USE 213 billion debt of American farmers




T

weas equivalent 1o twoahinds of the 1983 Latin American debt (US§ 368
billion) (91.

I spite of insreasing food production and surplus at the world level; st
aboue 500 il paople are andermoutished and famiine: has boen the issue. thar
has concentrated the aitention of the media during the last two years. By early
1983, the Usited Nations estimated that the numbér of people serivusly affoctod
by food shostages and in urgent need of food was, only in Africa, 30 million.

The pecsistent Increase i food production, abead of tie increase in popalation,
Bts becn associated with the gradusl deserioration of mutritionsl standards, the
rowing dependence of devcloping conntries wisdvia the International market
for the supply of food, and incressing poversy, particularly rusal povesty.

The situstion {s particularly serious fn Africa, where it is calculaved that in
the. subSeharan region, between 60 and 70% of the population were, in 1980,

v the poverty line and even eonsidered destituce, meaning, in the first case,
that thelr Income per capita was below USE 113 whilk, in the c<ond, the income
per cupita was less than US$ 59 (at constant US§ of 1972). A recent report by
UNICEF noted that since 1980 the sverage fncome per caplta has constamly
declined ut an sverage annual tate of 41% and it is now between 13 and 25%
Jess than 15 years sgo. The statistics from 4D coutrics show that from 1979 in
anly two countrics of subSaharan Africa the income per capita has increased,
wehile in 33 it has dectined between 1 and 409 [10].

The long process of stagnation, particularly in sub-Saharan Africs, contribares
o give @ sather gloomy perspective, 50 the World Bank noted that even with
deastic economie Emprovements, the per caplia incomse i subSaharsn Africa will
continbe to fall during the 1985:1995 period, and probebly up w0 80% of the
people will be by 1998 liviog below the poversy lie [11].

Ahe segloval fosd-mnd agsionltars: sraation’ hes been chasaceriend. - sbort:
£l i food productinn, couplad with hlgh levels of post-harvese losses a0d vessonal
and cyclical problecs. {drought), which resulted in increasing dependence on food
imports.

Aftien has failed 1o achieve the minimam indicative gos] of food procuction
iscussed by the Workd Food Conference, reaching only a rate of 19% agaiast the
Tonmiided 9% Eeturen 1974 ad 1983, The tae e decrearlo since,
according to FAQ, the rate berween 1979 and 1953 was 16% per year and during
1950 was 4 mere 1%, In 1983, cereal production in Africe reached n tecond of
more then 54 million. However, In spite of this ey, Aftica i3 facing the
detecioriion of the fooxl self subfickency. ratho, which indeod dropped from 987
in'the 1960's 1o 6% in 1980 with further dewriorution dusing 198085, The
per capita food produsction in the region s dectined 41  ate of 14% between
1979 and 1983 [12). The food imporis have therefore incressed tenfold during
the last two decades. Tn 1984, the Imparts were 7.2 million tons and the requires
ments for 1986 were estimated ar about 8.5 million tons.

The consequence b & sharp fll In consumption, so the namber of malpourished
mated to have incteased from 50 million in the seventies to over 100
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millica i 1984, The cvidence of cising maloutrition s panticulasly secn amoog
childron under five; UNICEF has indicated that of 67 million children under 3
years old in subSaharan Africs, 17 millioa o 25% were malnourishod, weighing
s than £0% of normal welght for their age (101,

T the case of Latl America ft is ealeulated that 6095, or 63 million people,
of el popularion v in porerty conlition, of which 35 millcn
destivute in about 35 million persons living in poserty conditias in

urban asess [13].

Between 1980 and 1984, the producdon of food per capita declined at o
rate of 0,60 per year [14). Associated with this situation, prices of food
increased at a higher level than the inflationaty process. Therefore, the real prices
of food were (n 1980, in almost all countrics of Latin America, highes than those
of 1970 (151

Obriously, the Jowsr income class s the most affected by this oegative
evolition s 1s teflocted In the two following relaied facts. The firt onc is the
Incresing percentage of the family income allocated to food consumption. Tt
it Been eatimated that around 70% of the Lotin American population allocase
between 30 and 75% of their income to food acquisition (161, The second
fact is dhat the food consumpeion s becoming less and less diversified purd passu
with the declining quality and quantity of food consumption,

On the otber hand, the medium and high income sectoss of the population
hase been infloenced by forcign patterns of consumption, incressing thels demand
fior processed and semi-processed food,

The demanstrstion elfest, by altering the patiemn of consumption, creates &
rather Deterogenesss situation, particularly In urbun arcss, which s one of the
reflections of the progrowive internazionalization of the food system.

So we de how wimesing a very pecullar food crisis, characterized by
inereasing food urplus and stockpiling in the industsiaiznd countries, and scute
shortage, famine malnutrition and incressing poverty In the developing
countrics.

“This situation Jeads automatically 1o incressing food fmsecuriny and depend-
cncy upon foscign supply. Food sccurity has beea defined in diffcrent ways.
Que of the definitions rofors 1o It as the ability of food deficic countries ox
segions, of havscholds within these counsies, fo et 1arget comsumption levels
0 & yearsoyer busis [17], A larger concept is given by Saouma, who defines
at every moment, the physical and economic
aevess of all the populations to the basic food they nood. This implies that the
food security poficy Tuss three basic objectives:

— o cnuure. the adequate volume of food production

— 1o obtain the maxirum stabilisy ia the flow of food, and

— to puarantee the accom 1o avallable food for those who necd it [18).

Thus malnutrition and fawins ate aaly the tip of u much bigger underlying
erisis. To overcome this. catastrophic simation, it i not sufficieat to produce
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enouh food; it is sl necessary that peaple have access 10 adequate combination
of foud sisples, that the production shall be sustained with minimum cyclical
flucrustions (both of quiatities and prices) and that each national food system
reaches & cortain degres of autonomy so that the dependency pon external supply
will be minimised,

Food serurity Is todsy affccted by sevenl factors which are ot necessarily
puct of the food syvem. Among shem it Is possible to mention: Ruetuation in

cn be caned by conditions, patural and man-
ice floctuatiom in_ intermational markets; employment snd
of the population, flucnsations in the fntcenational monetary
sywem, modification of cepiial markess, environmental growing. problems and
liical decisions.

Today, the_sirustion s becoming cven moro complex, Tacing. dncreasing
iniernal surplus and slowdown of the world demand, developed coumtries decided
10 sell their surphes at subsidized prices. Thus the FEC displaced Urngusy from
the Arab mest market by selling beef st a third of the internal EEC: price, while
& rocent North American decision 0 sell the ceseal sarphus o the Soviet Union
at sabidized prices has created grear momoil fn Arpeatina due to fear of losing
an impartant market the comequent. aggravation of its balance of gayment
situation.

As Amartya Sea said: “in the fight for market command over food, one
group can suffer from another goop’s prosperity, with the Devil taking the
hindmost* [19). How can this P ey e S o i
suplalned? We will iry 1o eximine oae of its sspects, the ope relsted 1o teche
gl vk ARk T ek

2. Tecuwotecis anp e Rote oF Asicutryre 18, DeviropMest
« Perché eaglonare sulle ense ¢ sigll clftt] & cous sseai Effcle n
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A carclul analysis of the coplons leerare on Third Workd development
ls @ heavy emphasis  placed on ukluunﬂ.uul‘m particulacly [hrmr.h the
Impott subatiution srutegy, relepaing ajpicubore 10 n murglnal ol n the process
of development, It was & tacitly accopted mssumption. thi lgﬂnﬂmm lacks
monomous. development. capacity and that industtialisation will sutomatially
deag rural areas fnto sthe development prososs.
In ¢ sluure was considercd 1o be basically the
o B i fo, e et St e . i S 1
ransferred oot of the sector in o 10 finance ind:
prowth. Hence the ey stratcay was 1o dncresse agriculiural outpu
was supported by historical expericnces and Indires

10 the problem,

eontest the role of agr

¢ by theorctical spprosches
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In relation 10 the first aspect, Kusnetr's work densonsirated that the share
of ngriculture in the total labour force is very Jow in developed countries while
the contribution. of ageiculture to the GNP decling pari passw. with, the fncresse
‘of the income pet capita [201.

Based on Kuxnets enpitical research, it was postulated: thaz economic growth
wald e fouered by lncreaing the sgricultural cucper andl the tramfee of the
surphis gencrared In agsiculture 10 other sectors of the connomy, an approach
sapported by historical cases of industrlalized countries which infhuenced  de
veloping countries’ policies.

The beginning of industrislization in e UK. benofitsd from the net twansfer
af rescarces- from sgriculture in the form of et paymene taxes
#nd later the repeal of the corn biws. Furthermore, the UK. used to -mp-m lazge
suantities of cheap food from abroad, thus depressing internal agricaliural prices
which resulted in unfavorsble terms of trade for masional agriculuural. products.

The eatly stage of development in Jspan was characterized by @ nec transfer
o sgrii ok s e i ik o ey e ko ik T
vested in ponagriculiural secwors nnd govemment pevenucs
largedy oo land taxcs. Finally, it fs well known that the industrialisation of the
Sovies Union was made possible by the large ranafer resources from agriculrure.

At the international level i ean also be asserted that the developing coanrri®
sgriculture has transferred surplus and resouces o support the industrialization
of the developed warld [21].

Thus historical experiences were used 1o suppart the therls that the role
of agr wis 1 provide dheap food and mrw materialy; and agriculrural
rplus o propel industrialization. For this prrpose the sumplus was to be extraced
through differcot mechanisms, fikce landlord investment ourside: the sgriculrural
sector, andfor imponltive wyatem over land and agsiculiural products, or finally by
the import of chesp food produets from abad, which createid unfavorable internal
terms of trade for Tocal agricylrural products.

The history of Third Workl countsies sho reveals hewvy transfers of
arces from agriculture by a powerful landlond elass whih invested i noa-
.qum'lum‘ activitics, On the other hand, governmental tevenues in developlng

- larpely on taxation of export commedities, malaly. sgricultural
‘roducts, which i many of them st sesponuble for. up, 10 0% of the foreign

‘Flowever, i isseleobben ot o et transler of rescirce s 10 veach un cod i
the agsicu et o contimuous transfer of resourses I not possible
aver 4 long period if the agriculuure output doss not mgment. The: mechanical
spproach 1 1o adopt 4 policy that permits to Increase the agriculiusal output sad
sutpos, that 4 grcwth policy which not sy inplie developaest. For
this purpose @ complete bartery ‘of eeonomie: tools: wese available.

d policies were therefore odienied 1o the maximization of the
sltural output theough modernization, frequently favouring the expansion
targe capitalisod farms, - subsidiziog inputs, parcicularly imported - inpats,

e is siagnar

nf
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implementing programmes foe training fn new techoologies ot to influence farmers’
decisions for the adoption of more productive ciop varictiss, farming practices,
o techoological inputs, cic.

Cerisioly sgrialrure has been stidied in relation 1o development but from
particulas aod even isolated perspectives, Oine of these perspectives is the analysis
of the agricultural sector as an exparer setivity frequently linked to the plasiation
comomy. I this perspscrive, apsiculture was supposed 1o provide the resources
neccssaty for the development of the country. The plantation cconomy has been
Jargely sdicd, maialy in relation w their forcign private control,

The second fssuc that atttacted economists aned soial scicntists was agticuliure
a8 the foot of u social, political and power siracture that was impeding structural
change nd development in developing couniries. A large part of the literature o
sgriculture fn Latin America in focused on this aspect umociated with the
concentration of agricultural property, the Lurifwadio, sad foreign eontzal over
agricultural exports [22].

An impostant theorerical thesis was elaborsted on the basis of the per-
formance of primary. product, pasticatarly sgriculiural commodisies, on the inter-
rational markets. This thesis, lnown. a3 the PrcbishSinger [25:24] theory of
the secular detcriotation of the tenms of teade of primary products visivis
mmamufactured goods, wad converted in & sort of leitmotiv of ECLA and UNCTAD,
permeating all their activitics, The theory was partially based on the observed
fact that the income elasticiy for ayriculrusal saw matedials and food is s than
the unity and that techoological development i the iodustrial sector was ariented
o increase the clficiency in the willmation of raw matcelsls, thus.seducing their
consumption per unit of final manfactured product. As a consequénce of these
two phenomena, the international demand for primary products tends to grow less
thin proportionally in relation to income increase. Although the reasons argued
are valid, they.are pot sufficient 1o explain the peformance of raw matetlals in
inernationa] markets. Furchermore, the argumeat was not appliesble 1o all
primary products.

Tn this appronch we found @ sort of fetichisan tnd determinism, by which
primary products, and in particulsr i X
character of decline in the relative price. The sbsence of logical econami argument
o support this fetichism was commented elsewhere [24.251.

This pegasive sspece was reinforced with the argsment that the export of
primary products was dependent on the denwnd of industrislired countrics, so the
dynamic elemen: was exogenous to- developing economies, hence making the
coomtry maore valiessble o cxternal hazards,

prace stroke camc from Hisschman, who stated that *sgricultire certainly
st conviciad on the count of its lack of direct stimulus 1o the serting up of
new sctivides through linkage cffects; the superiority of mamufacturing fn this
respect is crushing* [26]

‘This definitive sxscveration colicided with the thesis that economic growth
could be achieved by promoting those sectors with larger backward and forwad
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effects and their capabilities to create exiernal economies [27.28]. In this context
it was accepred thar agriculture had very poos, if wny, capabilities to stimulate
growth in other sectors.

The concourse of these empirical facts and theories lends economists and
decisionenskers to dismiss tgriculture a2 source of ccanomic growth and de-
velopment, of at least to consider it ac very limited in scope. So the
abjectives: of agricultural policy were 10 incresse. the output through different
policics, and maialy through modemization as part of a stracezy that implicitly
assumed that growth and development were the same thing.  Furshesmore, this
approsch was coherent with the prevailing pest-World War 11 growth paradigm,
It is important to examine the role of technology in the implementation of this
o

The approach that prevailed during the fifties and part of the sixties was
Tsed 0 the promotion and diffusion of modem technologics [29] of developed
tevperate: zones into developing countries i order to increase sgrivuluzral produc-
tivity. The purpose was 1o achiove rapid modemization of the so-called traditional
or backward agricalfural sector and # rapid goowth i agriculrural output. This
approsch was highly stimulsted by the buopant American. agricultute that was
adopted as @ model and coupled wil}uh - concrpt of "bridging. v}q g’ The n}wiw‘
policy was i
peaciice.and techaology developed i highly industrialsed teraperte egloes i

of these international  assistance
programmes demonstrated the limitations of the model.

The fatespretations of the falure of the approach mored along o busic lines.
Ope sressed the need to iocrease productivity through the provision of new
modesn and efficient technologies, together with investment in human resources
and in agricultursl research. This spproach was systematiszed by Schultz [30].

The second line emphasined the existence of structural barsicrs to. rural
development, busically land tenure, associated with highly concentrated economic

recommendation of these critics of the model was. that

“agriculturs] ond rural development was not. possible without - socio-cconomic

stroctanl reforms and particuladly land seform.

Schulu's theory received unexpecred support from the ssceess of the
new HYV developed at CIMMYT and, later oo, at IRRIL Programmes were
Implemented for the purpose to provide industrial sgricaltural inputs, mainky
ferilicers and pesticides, to which the ew vasiedes proved to be highly
responsive, together with training ‘programmes. In this context the approach
obwiously received great support from transnational carporatioas,

The model hased on the philophy of the e revolution dominsted the
strategies for agricultural development snd seventies. From the
point of vicw of the global production of cereals ol e e

7
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of growth have been Tnpressive, vﬂ runal poverty and social Tnequaliry are
mnr_r than ever and food dependency and Insecurify have become a major ke

i en) ot £ Wgigtans Ly o grenp o [tale e iy
while the reg impact oo land tenure and income gencration
kave been \lmuzd by others, among them Griffin 33

The assumprions that the green revolition techi
the generator of productive employment in rural areas, proved: to be, if not
wrong, at boast pardally incortect.

The approsch to agriculiural development of the post World War 1T period
opérated maialy fiom the supply side of the food sysec. This approach was
absa rednctionist, fn the sense tha it focussed on the incresse of cutput, Reglecting
the socio-economic impact of technological applications.  Tncressing uneaplop-
ment assoclated with poverty und malnutrition shifts the atention 1o the demand ¥
side and the need w creste. ecoomic eooditions, in terma of employment and
income generation, that will permit the satisfaction of food requirement of the
large mass of the population. It was recopaised that agriculrural development
camnot b achieved only by the increase of production and that hunger and mak
nurition do not depend solely upon fnadequate supply. 1t is necessary that the
poteatial demand cun materialise, and for this it Is noccssary 1o pencrate caiploy-
aeat nd income, Shordly the food problem must be approached from  systemsic
perspectlve athet thn from the sectoral one, while technologieal innavation should
be sssessed und managed ln ordes o optimise s benelits aver the complete sysicm,
minimizing the negative impacts.

3. TeaotoseaL IiswvaTios i AGRICULTURE

-« He bud bern gt e 1pon 8 pisict for exiiacng sambenain
vt o cocmmbers, whish were 1 he pu Ineo vile hesmesioaly
pewsisfperypopal i g ot S o
e ke b it b o e e o, b ol
be shle o vty the Goreroors gandens with mmshne 3¢ &
reasoosble raze; but be complaned dhc his ok was o, spe
clly sinee this bad been o vy desr seon for conrnbess .
Jou Serr. Guliver's Traels,

3.1, Agricalvural Systerss and Techunlogical lumovation

In general the Hiseranure on rechnological innovation consists of &x.post analysis
of technclogical bistorical trends, These analyses are largely bissed by the com-
monly sccepted ides thar inmovarion s an industris] phenomenon, this it tends to
neghoct the particuln character of agticulure.

Studies of techaclogical innovation explain historical cconamic trends thiongh
the comparison of lsbour and copital inpirt dats with the steady increase of
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production, or thiough the evolution of the aggreyate pwdncllvﬂ function. What
lished was & close correlation between increase of productivity and
growih of production, The emphusis on the technological clfeets on groweh and
roductivity is vabereat with the post-Keynissian paradigm, which fioks the growih
of capital per capita with the resuliiog cutput per capita, defined by n given rate
of chinge. Though scholars stresscd different mspects of the
I gencral the anabysi has been earried oot on tho Baskof the-sgsicyate-binetion
of prochiction, which muffers some sharicomings, in garticular when referzed to
to the agricultural sctor.

Ameng the shortcomingy that are mportant o make explicit in this cre &
s possible 1o mention: the aeglecting of the techanlogy complementarities. and
aynsrgstic effects o the socal and naturel systenss it ignares te hisiorial eoniext
i which technological chunges arise iad the one into which technological innovations
are transforred and adopred; it reduces the complete bves of technical change
m 3 mechanical quantitative relationship between inputs and cutpots ia the
productive process; finally it doss not allow to exploe long-term implications of
technological innovation. The function of production is @ rather static cxprossion
of the situstion, allowing at the mast a few spoculations in the short term.

By adopting 4 reductionist approsch — viewing techoology only i the
economic space and In relation to the shift of the production function — the
cconemic tradition implicitly surmises its neutzality in relation to the rest of the
system, because it ignore wocial and cavironmental effects which have o ex.
pression in the market.

Tn onder 1o explore slequately the implications of funire technology de
velopment andl applications in agriculture, and their consequences for developing
countrics, it is important to revise briefly some characteristics of the agriculrral
sector and the fonction of prodoction in relation to sgriculeure.

Agricultire can be contidered as a system whowe charscieditics are shiped
by nanural conditions and by socio-cconomic, political und cultural phenomena,
By naturnl factors is underseood o combination of ecalogical end elimatic conditions:
el characteristics, wpography, divenity and feamres of the biodc and obiofic
elesmanis, level and ssusona! distiibution of sunlight, tempenstare and precipitatins

The dynamle Interrelation of the wbove fuctors defines the potentialities and
constraints of exch particalar geosraphical area.

Placed in a nagural setting, during millenia mankind has developed farming
practices that scarched the optimization of the natural eonditions, whils
i adapi 10 them. Empirical kowledpe developed artisinal capabilities that per-
mitted the domestication of several species which provided the basic commoditicy
for the wrisfaction of social needs. Sach a domestication followed the ecological
conditicns of esch particulur ares. Thas reyions characterized by marked season.
ality with regular precipitations dusing the vear, and low evaporation, were found
suitable for whent caliure, which has relstive low demand for water, moderate
sequirement in terms of soil molsture: and. grows woll dhiring the. coal wasther of
speing and fall. However, in the semi-arid regions, where the limited rain is not
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repulurly. distributed thioughout the year, falling mostly in the warm season with
i

high evsporation, more drought seristant spocics were pendeds sorghum and miller
b chmabore T o ko] g ok s e Ot oy e
goographical spaces with fertile, well drained soils and with moisture well
distributes in the warm seasons are favoursble to the prodsction of erops like com
aod sybeans.

Finally, in tropical aveds whiere the growing scsson is long, the most appropriate
crops are the everbearing plants and yeartound sequences of food crops like roots
and twher crops (potato, cassava, yams, cic) of peas, beans, nuts and oil seeds
Human groaps adapied 1o each of these situations, developing different social and
economic siructares. and instimstions. The enormous socummulaied empirical ex-
pesience of agricultural practice, plus increasing scicntific understanding and. the
development of techuological. eapallities, sbifted the traditional. process of social
sduptation to the nasral conditions towards the opposite position, that i, 1 the
adupration of namra] porentialities 10 the requirements of the social system. Ths
from a situstion of social developiment being determined by natural conditions,
that is the subordination of society to nataral constraints, there is a shift towards.
the dominant attitude of society vis-iovis nature. This bas been possibic by the
increasing scientific knowledge and its application to technological development.

The main clement in the development of modem spricaliure bas boea
scientific uaderstanding i technological capabilities oriented by the economic
criteria of macimization of yickls of the sorble products per unit of haman
cifort, By and large. technological cha . character
by the incressing uiilivation of modem inputs oriented 10 Taise the production
per unit of Land,

Thie cffort towards the. mazimiion of yicldy was orienied by few basic
criteria: the profitabiliey
[351; factor prices; on the sssumpiion tha
resource. endowments; the satisfaction of particular marker. demands; and, the
most sppropeiate utlization of particular namral arcas,

‘These factors, however, played different roles In the areas whire technology
was penesated aad in those that adopied rechaologles devcloped ehewhere.

The leaders of technolopical development since the induserial_revolution
have been the developed countsies, and in particular the Usited. States, the
Eurapoan, countrles and later Japan. Agriculrural technological innovations respand
therefore 10 the climate and ecological characteristics of these areas and socio-
economic patterm, life styles and cultural hackgrounds.

Technological development s coatimuous process. by which fundamental
innovations are followed by improvement or lodnnovations. ‘The cambination
of both tpes of innovations resslrs in the shifi of the funciion of production
towards higher positions, ensbling either larget cutputs andfor improvements of
their quality with the same quantity of factoes of production; or alternatively the
abtention of the same volume of output with less of at loase onc of the inputs.
Techaological imnovation is simed ai increasing yields and saving inpats
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thiough the modificarions of meshods or the shife from one crop 1o asothes, o I»,
modifications of the quality of the factors of prosluction. Thas

implics a change in the method of production, while improved forms of =i
imply a change of the quality of the inpur.

A particulas and very important aspect of sgriculture is that the activity &
based ‘on the purposeful use of the empirical knowledge of local climate and
ecological conditions for the optimization of the land use and local varieries. This
labour skill and understanding is land saviog. In the aress that lead the tech
pological development the characteristics of the natuns] environment, the endos-
meat of resources (capial, labour and fand), a5 well as the markee requirement
were considered together in tochaological development and diffusion. Thus Japan
developed an spricultural practice orienied 1o increase the peodusiivity of land
and at the same time to employ lsbour, since the firat was o scarce factor and the
second w selatively abandsat factor. In the Unired Scaves, on the contrury, fum
nd s been reluively shundant and labour by been the I
the practice was oriented ta tave laboar by intensive mechanization.

The dasification of technalogical innovation in capital, lsbour o¢ land saving
tecknalogies, centainly does not preclude their simuluncous snd complementary
desclopment and application. Fortherore, onc techoological change can casly lead
rensing vields duc 1o Inrge usc of fersilicers can make eritieal
the searcity of lashour, indncing further mechanization This in tum will require
the sandardization of products, inducing the restriction of crops 1o @ few species
among the existing ones; it cn even induce o biogical imnovation for the de-
velopment of a new varicty (the case can be llastzated with the development of
the mechanical harvesier for the tomato)

Technalogical devclopment was associated with the spocialization of sgel-
cultural aress in sccordance with their namnal conditions, as the most convenicat
cconomic solution. This practice s well documented for the case of the United
States, where the westem plains are dodicated to wheat while the stute of Towa
and In general the so-called “north Corn Beht™, s specialised in com and soy-
beans. Besides, technologlcal dcvelopment b permits specializaion as the interior
of each region, For cxample, in the northern part of the American plains, a vatiety
of whest that it planted early in the spring is- wed; however a winice varicty,
which s planted in the fal, is usel in the scuthern pm omm. and Kansas.

Ohvvicusly, cconomic factors el played a role in this i ional specializa-
o As ey Acmonsrd 11 1960 (381, b corn sraeal Bt 1 T
and porthern Illingis, pot only due to nawural favoumble conditions, bat alio
because in those arcas the expected profits from the commercial production of
ybrid cotn eéod were lisgest, Poseatial larger verumms were explained by the
extstence of a larger market for com secd, 1nd w lower cost of entry in the region.
Ths favorable natural conditions were rcinforeed by cconemic factors.
above reflection in agriculmral techoological development pesmit o go back 10
the basic clement sed in the analysis of innovation, that i the fanction of
productian.

ing factor, ths




32, Land: a Black Box?

The snaljsis of ihe fuaction of production at the macro level idenrifics basical-
Iy three factoes: Libous, capital and land,

The funcion of produciion deicribes a puscly icchuical quancitasive selation
between what s fed in as Inpurs and what s twmed cut ms outpurs. Yer the
production function docy 5ot sell us. what the system does, and there are m
indications of the characteristics of the process by which inputs are converted into
outputs: Indecd the complete process is reduced 1o 8 list of quantities. The
qualitasive dimensions and the conditions that allow the conversion of inputs into
o given product e completely neglected. This fact was noted by Sa
when he stted thar “the production function fs & catalo
in u cookbook of th
of given factars”

i simplfication of eality
is found In Boul n manufactuter knows that if he mixes
50 much osc, o much Lime, s much coke and so much beat for 3o muny hoors,
he will get so much jron® [38].

The production function k& a black box; that is, & model that igaores the
internal mechanism by means of which things ace tansformed. Tt provides oaly &

m under. stody. Tt is ooly concerned
with the Internal stracrure of the system.
minimizes. the tole of noobmervible varisbles oc
non-quintifisble dimensions. This argiment doea. ot deny. the. uscfulness. of the
wol, bat points to the fact that i what is s 10 understand the process
mfm o iy b, e Bk b st be bk ope I e i e s

nit us cratand what gocs on inside it and 1o know the behaviour of
R e e e s prodociion
function should be descgregared |
intecrelations, comstitute 2 more §

There are two additional problems with the production functioa:
tion of the bomogencoas character of the factore and the time dimension, The
first one leads 1o 4 misleading conclusion in regard 1o the posibilities of sub-
sicaability of the faciors, an wpect of Incrsasiag relevancs In wgtcalture, The
cliited bomogenclty is even more mis
puocesies, having ceached cerain levels of

4

and pesticide applications in relation to each panticular ccological setting and
crop vasiery illastrates this polat.

The production fuscticn Is suate, I igaores time a5 an explicit variable, The
problem of time has two dimensions: one relates to the fact that the function
of productian is suppased 1o llustrate  dynamic process which takes time 1o be
accomplished. Higher productivity, reduction. of costs and the saving. of a
particular scace input are frequ m.ma through innovations based oa the
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reduciion of the time sequired to. perform a given process of transformation. The
second aspect of time refors 10 the historical time or to the fact that a particular
production function takes place in o paticular epoch and s conditioned by the
historical. events of wuch & parculs moment. Thas, s production fuciion is
eonsiant, given @ specific wchnology and the economic envioomeat I which it
appeared, but It changes when wechnology changes or if the cconomic environ-
ment is modified. Therefore, in these cases we have to deal with a different produc-
tion function.

T suiklog ficts acke from the revision of dhe litcinture on the subject.
Oie s the fact, that the discussion has beca largely concentrated on two Factors:
capital 1nd labour. Land was cither not inchuded to cxplain technologlcal change
ty. Dircetly linked with this is the sccond chscrved

ien function is always ied exacrly in the same way
less of whether the problem under analysis refers 1o sgricultel or dastrial
axtivicies. This is bus asother way of saying that the mechanical application of
the peoduction function in both activities camplétely neglects the substantial
differences between thelr atroctures and functioning.

Tho cmphasis on the aspecrs of technoloical labour-ving versoy eapital-
techiolagies has kept in the dark the third factor: fand. Tn fact, following
traditional, Ricardian economics, land fus bees considersd as a sather inest factor
of, peodaction that genesates Reat i the pastion of the produce:of the enrth
sehich is paid 1o the landiord for the use of the atiginal and indestructible pawers
of soll, (D. Ricardo. [397). an argument furcher deseloped by other ecaomists.
So Heary George sared that the rent. o land vakie docs not arise from the
productivencss of land (40

However, these asmumptions have proved wrong. Land value ean arise from
the: productivensss of soil, ‘sad unlortunaidly the powers of soil e indend. be
destioped. 1t bas been Indicated that the loss of arable Lo reached & total of 20
million squarc k., shat iy & langer arca than the present aiea under cultivation,
extimuted by FAQ st 14,7 milfion square k. This loss bas occu
last 130 years and coincides with the iniciation of what has been called *miodemn
spriculiore”. Yealy, ahout 23 million hectares of Jind src being lost doe to
salinity, watcrlogging, chemical degradation, chemical contamination, crosion and
descatification [38].

Tt is not ony & problem of Joas, bur sl of detcrioration of sl that is. the
reduction of it procuctive. capscity due to the sbove mentioned phenomena.
It has been calculared that the maize yield s reduced anmally 00 an aversge
of 250 kg/ha for cach 3.5 em of fentile land removed by erosion over a basis of
30 ¢m feriile land depih. In the case of wheat the loss s 108 kg/ha and

i siybean 175 ky/ha [423.
s problem is oxremcly serious, since the posribility to incorparste. new
land into agsievlrare i beeoming more and more difficul:

However, the analysis basad co the production function ignores these facts.
When lind & explicitly considered, the treatment does oot make any difference
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whether it i referring to an industrial o¢ 1o an sgricaltural activity. Yet the
difference s important. For industry, land means basically a space to be occupied

by fastories, or for wod s and final producs. In sgriculture, land
means space plus the natural capocity 10 prow economic products en i,

Land fs also sail, which s in fact  very complex sysiem. 1t is'a layer of the
carth crust where living organiams and producrs of their decay interact with
outrients, watcr wad other inorganic material in a process largely regalated by
cnergy under specific climatic conditions. Soil is acwally a complete syscem that
catches cainfall aad solar rabiasion and transforms the, whi
development of a wmplete process of prodaction by
are used and transéormed, thos permitting the growth of vegetation beneficll 1o
haman beings,

This peotess of transdocmation is in addition dependent on the dlove assosiation
of soil with climate, Agricubiure is largely a solar energy harvester und processing
sysiem which cun be affecued by humen fnservention w0 the extent that the
elements and processcs that permit s functioning are modified. Land in traditional
cconomics hes been considered a3 something Immune 1o uny qualitative and
quantitative change. The additional economic arsumption is that land i a factor
characterised by a relatively inclastic supply, But land cannot be included in the
same category as other factors of production such as cement o ore. Land is itself
& complete productive sysem, whese functioning has been lasgely ignored by
econamisss, who considéred land inpot as 4 stock varlsble measared by the physical
amount of cultivated area faquare measore:  icoes, becuares, etc.). Yet his zesaurce
through empirical understanding farmers: bave

how 1o optimise the yield that can be ebuined from it

Latez, haman ingenvity discovered that the biological prodhsctivity of land
can be simulated throngh the application of specific inputs, ©.g.5. water, organic
and ronorganic . Teasomists consides land as # black bix into which
inpats are fed and products obained, Tts efficiency ws defined by the relatioa-
ship between the libour and eapital employed and the yield obtained. Thus,
techaologial change In apricaliuse has been orkented, by and large, ceands the
use of modera inpats, saising. productivity per unit of land wsed. The relation
erween oorputs and Inputs has been the unigue criterion enployed. Little, if any,
soocern has been manifested until very receatly for the structure and fanctioni
wf this black box, ot least by cconomists.

In the last decade it has become evident that land cannot be considered
a fised indestructible factor: retorns can diminish not only becsuse land of inferior
quality is lacorporated in the proxkucsion (Ricardian view), but also becuse avail-
able land is lost due 1o irrevendble alternative use (eg.c urban areas, dams, high-
wiys, etc), and becwss fis accclerated qualitative deterioration (s0il erosion,
suidification, salinisation, waterlogging. e1c.), teduces s productive cspacity. The
loss of quality of land does nos refer exchusively to the charater of il per se,
bat also to the fact that the biological processes that take place on it are becoming

E
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Jess elfichent of requiring additional energetic isputs to maintain their: natural
peoductivity.

Tt is ia this context that the frequent anmments concerning technology that
o0 Lind should be examined. A revision of the sguments slong these lines shows
that what has been saved is the spatial dimension of land whils its nasaral
to produce biomass, faz from being sved, has been roduced. Then the face that
given technalogics permit 10, obtain more pooduction from the seme or even less.
sereage refers 10,4 concept of saving land space, but indeed they ase more inteasive
in the usc of the soll's productive capacity, Tn the long term such & Lo saving

can cesult in 40 exhausting intensive. soil n:hnulnm- 'n“ i why
modem sgriculture nods incressing subsidies of feriliers, which result In increasiag
energeiic cost, This approach proved to be economically Feasible wlm fousil fucl
prices wese kept aniifichally low and readily avallable, or when government can
provide Large subsidies  the agricultural secror. However, not ouly the increasing
enesperic cost s eablishing Timits 1o this steategy but alio the very fact that in
the long rerm chemical sobeidies have proved to be unable ro festore the
qualitasive character of sol, and In particolar it structure,

To enhance the ﬂnnm, of land and to maintsin @ stable spricultural systea
in order 1o produce mote food and raw materials oo sustimble basks require
to ipcrewss the effidency in the harvesting aod tansformation of radiation;
to enhance the biologieal processess, to increme the efficiency of crops in the
vptake aad traasformation of nuericats, 1o create the conditions for crops to
grow In diffesent climatic and soll conditions, and so on and so forth.

Tn ordder 1o maintain x stable agricultural system, ot io fncrease the ngriceltural
ourput from limited extensions of land, it i roquited that humea ingeauity be
applied to living. organisms and their dynanvic interaction, This Il the
recogaition, thar. the principles-that have oriented technalogical Innosation lassely
Tased on s ndustrial character have reached » limit fn their spplication 1o
agriculture. A different technological approach, based on the very chamercristics
of the agiculiural activity, mnt be doveloped aad appliad. This cerminly docs
nat [mply the rejection of the available technology. Tt only means that new
approaches more sulied o the luﬁogm-l charscrer of the sgricalium] system,
st be developed und implemented

33, Eronomic wsd Biologiesl Productivity

An important siructural difference berween apricwlural and  indastral
i les o dissgeregae the lacter fnto oy individual
mﬁmlmﬂl compancats, and [0 ofganize shem in an adequate time dimension.

ralogical time lugme, which determines the time at which a process mast be
initiated and when |t must be ended. Plants must be seeded at a very precise
Hme and they take a definite time 10 germinate and to produce fruits. Within
certain limits the time necssary o produce # single product cannot be shorrened
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by a more intensive or estensive ilization of other factons of production. In
industzy, on the contrary, a productive process can be initiated any time indepen.
dently of climatic and time conditions, and the time 1o produce 1 given or larger
quantity; can, within certsin limits, be shortencd by » more intensive wie of
other factons, or by extending the normal time of work, eg.: by the sdoption
of o second shift in the factory. [n agricaltuse, once the available lund is planied,
it is pot posible 1o shorten the period of production nor 1o amticipate or t©
increase the expected production in eisc of & sudden incrcase of demand.

Furthermore, the use of each component of the rechnological process in
sgriculture is determined by climatic conditions and relared 1o the time the maln
product requires 1 grow. Tach crop must be planted fn o precioe time aad
festlizer st be applied at 2 well deflaed moment of the process of grawth:
it cannot be anticipaied or possponsd. Therefore a complese organization slumlﬂ
be aranged accordingly, There are some consequences of this
fisst, in agriculire the different clementary comgponents of the nsd\nn)upn!
process cannat be wrranged in line, that fs, the time of prodiction canpot be
divided i equal intervals, allowing cach techoological compooent of the process,
ar group of them, to stast at each division point, or to mannfacture the different
omponeats of the final prosduct simufiancoisly and w0 mseble them laier,

The possibiliries to asrange sgriealiural production in line aze clewly limived.
In cich pualr cimuc egr, copt ate dependen on sk, wiich d ddiu
the time of the complete process, Any sgricultunl process is seasoal,
:h: it depends on well defined climatic sequences and their interactions wm.

the bisloglcal and chemical processess cecuring in cach ccological area. i s
ki st i gt < i s Tl el goins
seasonal. pavterns of crop yrowth and consequently easonnl eycles of agriculural

of food and raw matesials.

The comsequences are twofold: industry is ormally more flexible and allows
mare specialization than agriculture inside the same unit of production. Secoadly,
in agriculture there is an inherent idleness of the factors of production, while in
industry, provided that the demsnd of the product Is sufficiently large und
regulaz, the production can be armnged o that o factor of producrion is ever
idle, or at least the idle period for cach of them ean be minimized. This is why
there Is generally an impression of the overca ioq in the agriculural sector.
et this overcapialization s indesd @ cousspoence of the subordination of the
productive process o the climatic conditions and the biological and chemical

processes of nature.

Seasanality Imglies also & diffcreat approach 10 the time dimension. One of
the charscteristics of Industrial rechnological innovation has been the seduction.
of the time pecorsary to produce.a particulsr good. Tn agsiculiure the posshiliies
10 sborten the produstion time are shyiously limited. Moreover, sioce seasonal
characterintics are different at each latitude, the period required 1o undertake
lac ks alio differs and so do the sequirements for libour and inpurs
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This aspect can be llustzuied by the different length of the rainy seasons in
tempenate and tropical regians.

The time aspect s o present I the characterisics of the ouputs. Tn
sgricaltute the products munt be processed or consumed within 8 given period
of time, fo they are suvmally perishable or exposed t the threst of deteriaration
duc 19 cxtemmal factors (pests). Agaln, the time for transforming or for disribating
them Is conditioned by the chutacteristies of the produss and should be dabe
in s partcular and specific period of time.

An mportant diffeence bevween induwey and agtecivre refers [Ix

s been lagely associaed with ocrome n prodaciniy, Adyally e dse of
the function of producdion s very moch Jisked with this aspect. In industry
odcivty s thwaps wsocned with 4 combission of sevenl fsciom. sl
. inputs, subsritution of factors, bettes machines, trained
penpk agunizition, eté. However mechines, equipment, cic., ace fnest slemens.
In agriculturs we have to deal with living systems that have thelz own prodictiviey,
independently of man's Entervention, Agriculinre s largely a wolar encigy harvester
aod proceming systcm, with # biological produrvi in terms of the
semaunt of harvestable arganic dry matter prodaces per unit of land area per year,
expressed in terms of dry weight or energy enntent of the total material produced.
This type of productivity is ssociased with the natursl process of pholosyabesis.
In exonomics, productivicy gencrally tefor to the autpat per workes per

of time schieved with the sssistance of capital, tools, machines, cic. The pains
::u wrester supply of economie goods and/or the posstbilley to emjoy Ir:'lulnd

Following the traditional concept of economic productivity, technological In
novation In agriculture has been guided by considerations of cot minimization
and techlogical cificiency, which stimulate the increase of the harvested matesial
in relation 10 the ares uait in & glven time. Yiekls are espressed in terms of
smounis of plant economic material produced in a given period of time, usually
Sk s i o e, e b o civond

The organic matter available in plant tssues is indeed the toma] amoant of
biomass which pot necessarily colncldes with the econamvc prodoct. The organs
of plants 1o be harvested, because of thcir sconomic dntérest, such a5 the grains
of cercals, the grain legmes, or tubers amd oot in the csse of potato, chssava or
sugar, are aly a portion of the total matter produced, which i szrimI!y e
peessed in terms of dry matter. This the biological yield represents the photo-
synthetic efficiency of the plant 1o produce acganlc matezial while the economic
yield i the part of the ocganic material which has an econaic valoe in the makes.

Normally, yields expresi in iy matie are. biges in rooe cops o tubess

lower in grain cereals and graln legumes. For example, the sversge 10 good
snoual ields of dry marcer prodiction Js 35 to 90 t/ha™" yr* for sugar cane, 10 1o
40 for maize, 8 10 33 for cassava, 5 to 20 for wheat and 4 10 16 for rice [43].

The difference berwoen the blological and the economic concepts of yie
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messared by the Barvent index, that s, the fraction berween the economiic gield
ad the bilogical yicld mukiplied by 100;

Economic yiekd
Dol
The harvest Index therefore repeesents the effidency of the

photosyntbestied material fno an ecomomically vabuble mater
ferent point of view, i Is o measure of the distribation of biomaw to the
ecomomicall

Harvest Index

welght ta the toual plant weight, while a roor and tber crops, it efers to the
proportion of the toots or the tubers to the total plans weight.

“Techuology has been adicntcd 1o the maximization of the production of
those pasts of the crop that can be harvested for cconomic puspases. So, through
the selection and manipulation of specics, the changes In the archisocture of
wegetabley, the increasing energotic subsidics, eic., the growth and fmptovement of
the economic parts of the plant have been stimuluted. For ceample, in the
of new varietles of cereals, more enengy gors into the grains, and Jess into the
lesves, roots and stems. This means that in the harvest index, the numetator
of the Fraction has becn actificially Incrensed, while the denominator has been
seduced. S0 technological development has been orienied 1o the modification of
the harvest index, cither through the improvement of the total dry matter produc:
tion, that is the biologies! yield, or the modification of the factors of the harvest
index.

The cconiomic production and the Rarvest lndex are determined, not oaly by
the crop itself, bot also by the physical conditions in which the erop grows.
Thercore, it should be conddered thot in both natural and arcificial systems,
higher rates of producticn can be ebtained when physical factors ace smore favor-
able or when the natural physical factors are modified, for example, by increasing
<caesgetic inpur, in torms of fertlivers, oc by imipatioa.

Tn other tems, yields ean be conisolled If the fatmer om afford 1 use
manipolated varieties and/or to subiidize enerperically the erops, enhancing
ecomomic productivity.

Tt has been demonstrated that certain envirooments are more favomble than
others for specific crops: This. extreniely Important amect can be illusiraied
comparing high yleld varieties in Noethern Europe and tropical arcas. The produc-
tivity of crops is highly dependent on photosynthesis, of which the key factor i
solar adintion. Tn any part of the world, solar radistion depends e the day
lengeh, the sngle of the sn, and cloudiness. At the equator the varlstion of day
Jengeh s practically seto. throoghout the year, while it becomes Iamger when
smoving towards higher Iatitudes, This means a greater variabilicy of day length,
depending on the season, in temperate zones. S0 it huppens chat in Northem
Europe, high vield varieties of cereals are secciving, at the sipening time, higher
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radiation, becae I summet daglight is longer, up- to seventeen bours. In
tropical areas the possibilities of mare daylight aro limited, or do not exist at all
The same variety that can beacfit from morc solar radiation in temperate zones
cannac do 40 in topical zoncs becaase of the sharter daylight, up o five hours,
In widition, in the tropics temperatures are bigher all through the year. So
oops have higher respiration rates. The consquences are that a larger part of
the convertod. solar energy should be used in respiration, and less s avallable
for grain production. Tis aspect acqulres ever preater fmpartance if apriculture
suffes high watcr stress a3 happens frequently in topical arcas. Therefore in
these situations larger pares of the pross primary productivity s dedicated to
the maintenance of the plant and, consequently, the net peiary. production i
reduced, hence the ecanomic yield.

This ix an aspect frequently ignosed in the transfer of sgricalmre technology
and n the comparison normally made between economic peoductivity in temperste
and arid, semi-arid, tropical and sub-tropical regions.

3.4, Prodactivity in Temperate and Tropicsl Areor

The reconds of production achieved by world agricaluure stc the result of
in productivity of the main crops, kn particular com, which in che

Voo Srates o shan undeupld 1 average yild per v of I berween 1930
and 1973, from 204 bushels pec acre 10 862 bushels per acre, while wheat
fncrease was. 113%, rice L1795, potito 31196, und 50 on. Tncreases in productivity
in developing countries have, bowever, bocn much less; so while ceresly produc-
divity in developed countrics augmented in 1984 by 15.6%, the increase in
develuping countrics was only 3.2%. And i pasticular cases like sorghum, while
productivity In the United Stases seaches in some places § and even 10 tons/
Tecuate, the verage in developing countries i stll 0.96 tons/hectase, and in Sub-
Saharan Africa it is only 0.6 tons/hectare.

Tn geveral, uverage yields in temperate arcas e almost twice those obtained
i tropical arcas, a3 can be seen in Table 1

Tacreme of food probiction can bo achiovsd by incesseg the screage of
asable land and/or by incressing the production per susface arsa, Since the first
possibility is very limited, efforts have been conceptrated more on. the second

The increase of production per unle of lnd can be achieved by two means:
increasing the productlvity of crops by genetic sclection, improvement, manipula-
tion and encrgy subsidy in the form of feciilizes, or by the todustion of those
constraints that hamper agicultural production, like discases, peats, poscharvest
lows, ctc., vaing chemical products

Aviilable agricultural technology is lamgely based on encrgy in terms of
fertilizezs, pesticides, warer and mechanization. The genetic varieties can achieve
high cconomic yields if planied in favorable ccological and climatic conditions
and supported by a great amount of wuxiliary encrpy. input. These wspects are
importanc anes in transfésring the new varistis 10 developing conntries. It should
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Tasiai 1 - Average yields in the temperme arcas and in the tropics

Temperae Troghaal Teopical_asea

CROP ares yicd g/t e yisid b/ Jede
Hies 4109 1358 @
Wheat 2564 L33 %
Maise 3593 131 M
22m0 1248 3
Sopbean 1620 124 5
Besna doy) 107 &0 »
Groandent 1647 10% &
Porao. 1805 8700 «
Sweer Porun 13 6841 3
Casam i 2101 7
sazrsns 6119 fre L

e e R Tempersie
oo T = P Probcia of PG o, unds i, saonm » JARL 500

be kept in mind that if the local conditions are less favorsble than the conditions
where the varieties originated, then the suxiliary energy inputs should also be
Luager.

The above consideration rakes us back 10 the concept of economic produc-
I the productivity is measured not in relation w the cultivated area st
4 given time but in relation to the coergy consumed and the energy necessary to

intain the system funceloning, thea the pleture 1s deamatically different. So
is true that the developed countries, and the United States In pasticular,
produce several times mare per unit of spticulmrsl land thin developing countries,
it in also 2 fact that sach n Jarger production is obtained a cos ren times higher
in terms -

Is alia in this contexs that the argument that the differences in economic
productivity between temperate sreas sndtrogical represent . great
potcntia] for sgricultural producsion, provided that the availsble tecnologies
will be wansferod, should be examined, The question is: are the dmb.in.
countries in a position 1o afford such highenesgy intensive  technologies,
parvicular L\(:mu 1o iind tac e o ors uafsnorable gkl et sia
also be grearer?

T b o e compese with a laer
variety of indigenous plants, diseses wnd pests, factors that are considered bio-
logical consirainis towards bigher coonamic productivity, Tropical aress are dich
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fot anly in varicial divesity of icful plants but they ate also tiches in a large
wariety of pathogens and pests. To overcoms these difficalties requires once
again lasger laputs, hence mare encegy mabsidies undes the present teehooleigical
pattern. The magnitude of this additional requirement is difficult to estimate,
howeyer an indicator ean be the foct that yickd lasses of crops die o weads are
cakulated around 30% of the poteatial yiekd and that this percentage can rise
up 10 63% in some developlng countrics [441.

4. Toe Systisaic CaracTen oF TECHNOLOSY

o e, Bt Devales o partioiariae s ccsdiones
ik canmanamente e ceunen en paries caps eslinlieidsd vos
hicts perder la viskin el comjuno =

Aeso Canrecriea: B Recarso del Mévodo

The concept of technology refers nor 1o u specific gadget or process, but
10 & complese set of methods, tools, Instruments and machines designed 1o increase
the cfficiency of productive activities, of 0 urlﬁ.ﬁ man fo those actions which
cither be cannot perform himself, o which could be performed more efficiently.
Thos ¢fficiency depends more and mace on the exisence of an interrcluted
ensemble of gadgets, tools, machines and know-how. Technology applications can
be considered as an ensemble of interrclated operations Tn-hmgus and operstions
1 and inverselated of 1 spstem.
is that the application of one or uther technique a.pmh an the exisieoce
of  given scieatific and echaolopical Infrastrcture. For the same ressan, it &
ot possible 10 isolate the effect of a specific techalqur, beomse the effect s cnsod
fot only by the direct and primary Impact of the spplication of the technique, but
also by the combination of 4 sequence of interrelated effects trigpered by the me
of the techniqoe. Thus it i3 nor suange that techaclogical development and
application generates new, unknown or wndesired problems [45].

The development and spplication of technology docs not leave the socio-
economic und naturs] system uachanged; It afferts the e of growth of the
ecunaeny, the lacome distribution, and therefore, the balance of economic uad
patitical powe, at the same time it changes the natural environment. Techaclogy
s therefore & crucial factor determining socio-scoaoiic fimpact and Interaction on
the biomphere. Therefore technolagy development must be assexsed in the context
of its olistic or systemic dimensions.

‘Histarically, the systemsic dimcasion has been largely fgnored. The eraufitional
copartmacaalized and seccornl sppeoach bay neslected secondary, tertisty of
expected ffects of techaology on the system. Efficiency is the batic criterion for
e choice of technclopics, and this same crierion orieats sclentifically-applied
rescarch end technelogical develapmen, with the assumption. thar other effects
can be considered us “externaliries® of negligible imporumce. Hawever, concrete
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experiences. demonsirate that the effects are not minimal, nor are they neutral.
They pesmete the entice socio-cconamic and naturel system, and are the cuses
of social, economic and environmental changes,

Tn arde 10 increase productieity, different sctivitics are implemented. Tn the
ase of apriculture, technological innovation s mose insensive use of
bislogical prodoctiviey and of the biogeochemical function of the ccosysem in
order to incresse and accelerste extruction of resources.  For this purpose,
ncressing and more diversified elements are added to the natunal system. This
increasing anthropogenic intervention produces & progressive artficialization of |h
watural system, which, in order w0 malataln its productive capacity and st
requlres icreaing amounts of ey Inpats 1 couepamsats fos 1 Jouy of diversiy
and strucrural and. dynamic changes [46].

Madem agticaltunal techoologies imply the peogressive artificslizstion of
the nawunal sysiem by conceatration in few crop varieries of high productivity and
the practice of subsidliing the catural system throogh dncreasing fercilization,
“The practics [s supparied by the increasing use of pesticider,
mhmmu of biological diversity has been o charactetisiic of mankind; however,
(: has been accentuated during the st century. The US. National Academy of

Scicace seported that of 200,000 species of plants known, osly 100 have bees
domesicated and only 30 of them conribute with 83% of weight of food and
93% of calories and proteln consumed by man. Akso only 8 species {whear, rice,
barley, maize, oxts, sorghum, millet aad rye) contributed to 79% of the total
pootein consumed [47]

Homogenization redocey  biological a.m..x, thivagh the reduction of
coslogial diversty (elimination of species) nd sho by redustion of geoetic
divessity (consentration on fesr genetic varicrics), for coample ooy 4 vadeties
of wheat produce 75% of wial Canadisn crops, and more than half of Cansdiza
praitics atc concencrated o  siagle vasiciy (the peepawa, parsdaically ariginated
from perm phism supplicd by one developlag countrys Kenya, in the late 1950s),

The restriction of biological diversity in the developed world is done in
order to increase. productivity and is supported by scientific and technologieal
capabilities.

The switch to productive strains, and bomogentzation of <rop fn doveloping
coumrics, are alw motivated by the need 1o increase productivity. However, In
this casc frequently the derision is made i relation tw the requizements of the
intemational market, with fittle or scacce cousideration for the requirements of
the Jocal population and the characteristics of local ecosystems. Sometimes  the
result s the depradation of soil or the nced 1o supply them with fncreasing
amouats of fertilizers, which is not slways possible doc 1o the difficult cconcasic
viruations of developing countrics and the increasing. price of feriilzers. The
groundnae. production i Seocgal and Gambia shows o long declining. rendency,
dhie 1o the exhaustion of solls and nadequate fertilizing.

In Thailand, =5 the soil dedicated 1o cassavas impoverished, the production
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of cassava is cxpanded at the cxpense of forest. Aboat 500,000 hectares of teees
were burned annually in the late seventies 1o clear land for cassava cultivation.

case I8 even more serious dince the intermacions] market for groundna
and cusnva pellcr (maioly EEC countries) s declining and characterized by
Increasing prosectionism, dlustrated by the face that the FEC and the Thalland
government have agreed on a sheyesr “volontary® reduction of camava cxposts.
This it & dmatic exsmple of how the we and bomagenization of ecosystems
has no pravided the expected eronomic gains bar, on the coatrary, has deteriarated
the navural base for development [46].

In other cmes, the results are the extinction ur erop vatieties adipred 1o
the local ccosystem and highly resistant 10 local pes do ot have
resszance to Jocal S 3 K i s o mmnu, [—
the crop fields are, the higher is the vulberbillty 1o lage scale pests, divesses
oc weather changes. The rice homogenization In South East Asia has recursently
suffeced devusiations for these esuses. Also the USA sgriculture has besa affected,
48 in the loss of 15% of the comn crops fn 1970 dae 1o the com blight. The
Iiprovement of feod prodctivity thiough genetic manipulstion and monoculneres
should be examined together with the self regulating capacity of those ecosystems
whese they wrc implementod, In the messure that seslience and homeostasis of
matural systems s rclated 10 species diversity, the practice of masoculture s in
fact undermining the capacity of nature o yepport the social syem and e
development in the long term, The conflict between the sharvterm economic
beneflis sod the long-ieim uncerssinty and risk should therefore be carcfally
asicssed

All together, the elements of modern agriculture create & net of socio-

back loops that are ot possible t be tackled in solation o on a parely sectoral
basks. We are dealing with phesoena of a syviemic character. Technology
spplication does ot creare immediste single effocts but tathes multiple effects
of primary, secondary and tertiary characrer sppearing in different space and
time spans.

Let us take an ecample; the objective of increasing food production though
the use of fertlners, Tncreasing food prodhuction wil suquice sves larger amunts
of ferslicers, sinee the area wnder cultivation i Himited or will Incresse ouly
slightly. The muost immediate resalt will be an increase in food production, schioved
i a relatively short time, However, nitrogen fertlizer will also affect water
systeen, solls, the atmospbere and, finally, human health, and in the long term:
@ even reduce food prodction. It bas been said that the largescale we of
synthetic nitrogen conteibutes to the reduction of soil organic matter, and there-
fore il quality déteriotates as well. This will demand increasing urtifcialization
of sgrleslruse, which in tum will result in larger encryy requitements and Increasing
costs.

A second effect is related o the ecologies] consequences of nitrogencus
erreatrial fixation and s kmpact on the nitrogen <ycke. Some years aga SCOPE
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estimated that at the rates of wse of nhropenous fertlizess, nitrogsoous fxation
would be' eyqual to natural fization by 1983, againat only & per cont of marural
serrestrial fixation in 1976, The fact has not been confirmed and the consequences
of this are still largely unknown,

A third series of effects s related to pollution. Tt it well known that even
in the most efficient agricultural system, that of the United Stares of America,
crops abuort abaut 50 to 60 per cent of the nitrogen and 35 per coat of the
potassium from fertilizers, and these percentages arc much lower in certain crops
in developing countries: ritrogen absorption in wheat and rice crops fluctustes
between 34 and 39 per ceat and 19 and 33 per ceat, respectively. Typically, 30
10 60 per cent of nitrogen applied s dircctly absorbed into the tissue of the crop,
and herween 20 4ad 40 per cent s lost from the ecosystem with watet or in
gaseous form 1o the atmosphere. Not caly is it wasteful and Inefficient we of
mirogen; the fraction lost also causes disaurbance of the patral system and
constitutes 2 source of pollution. Tt has been reported that the crops harvested in
the United States of America in 1977 removed only 7.6 toos, of ook
of the 21.1 million tons of nitrogen intentionally returned o the il
potental for improvement of the elficiency of crop use of nitogen Is great [47],
rm.w fenilization s abso resuting in eurtopbication and nitsate contamination

of driokiog watcr. The first refers o incressing blotic activity, which in tum.
affccts the svailabillcy of water, The second resalts in toxic effocts like methaciun-
hobineasmia, s health hatand with eihal consequences in children under ooe yoar
of age.

Lo hasalao b T rileiisd
resulting in incressing carbon dioxide levels in the atmosphere,
t i also said that nitropeoous axide from ferdlas: consumption

vosphée and reacts with it, depleting the orone layer and alsering
the amaants of cowmic sad ultra-violer radiation that reach baman and in geoersl
euth bita

There are also indirect or unwanted social and economic consequences.
Fertlizess must be imporued, and there is 2 net impact on the balance of payment,
and imports of other gouds and commadities should be redueed

The wse of ferilizcrs deponds 10 u large exteat on the. purchusing power
of the agricultaral sector. Mosc probably, major. tennts are n a better position
10 buy feruilizer, while poor farmers cannot afford . The comsequence will be
n improvement in the comperitive position of rich farmers. and 1. fegressive
redisuibution of incsee in tural areas, which in furn can resul in & process of
oowaraion of madl ooty (m T i s T reOt
Mesico, Pakistan, etc )

In onder to aveid, or minimize these effects, distributive systems need to
be created in mural areas, lavewment in water developmest will be requised
e et
The import of fetiizers has been stimulated through economic subsidies,
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tax cxemption, eic., with the idoa that the grester consomption will foster the
modernization of agri

I'mnupt-n-riun ot ok Frloces. wors arbolafillice i iy
power systems, coduces possibilities of trensport and affects the wpply of fish
prowin and the coonomy of thote communities organiaed around the fish
netivities.

Now. the problem is considerably more comples, since the. goal of incressing
foad peoduction is pursued not throogh u siagle action (use of fersilizets) bu
raher by an ensemble of actions, Inclading increasing mechankzation, genctic
manipulaticn, the use of pesticides, new frrigation schemes and new techrological
processes, Each of these actions produces 2 set of unwanted consequences, which

& deas example of this systemic character of
ladmu\m a0d foud production. The imporiance of the dramatic increme b
production shoold pot be neglected: in Mexien wheat production ripled in 35
years while in India it incressed from 11 to 37 million tons in only seven years

and the Philppines resched selfauffciency in rice prodction, Hawerer, it shoakd
also be considered that the “green revolution™ wis applied i the best agricultural
land.

The controversy o0 the “green revolurion” shows that this technology has
far reaching consequences and.for this resson rechnology development cannot be
evalusted solely on the busis of immediste dircct outputs, buc mmst be gssessod
on the basis of the st of effects and mpacts oo the sck-economic and nacural
systems, in the long s well as the shrt term.

5. Tue Crmwicar, Conpones 1 T TECINGLOGICAL ACKICULTURAL StaTEs
o Deviropivg Cousreres

The main chemical components of the present nqun]u.h! sysiem are.
fertilizers and pesticides. Fertilizers have been considered the stratepic inpat
responsible for the ipcrease of prodictivity In the last decade. Tt has been
estimated that their increased uiilizstion s responsible for 33% of yield increase
in developing countries hetween 1965 and 1975 [49]. However, the chemical
fentilizer consumption in developed countries fs still about 2.2 times higher than
in devdloping countries though it was 5.5 times higher in the early seventics.

‘The aversge consumption of fertilizers In Africa s oaly about 19 kg of plant
nusrient per Ha of arsble Lind sgainst 5 world average of 78 ky. This figure ls
biased by the high consumption of fertilisers in Egype, Zimbabuwe, Mauritivs and
South Afiica. Actually excluding these counties, the aversge scarcely reaches
8 Jog per ba of atable crop land and Is less than 1 ka/ha in countries ke Zaire,
Somalia, Miger, etc.

The Latin American consumption of fertilizers grew from 3.6 million toos
in 1970 10 6.8 million in 1980, or a a rate of B.5% per year. Yer during the
lase years a declining consumprion of fersilizers has been repared. In South
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America the average convumption is about 27 kg pec ha bt in Costa Rica reaches
about 120 kg/ha. Astan averags is 71 kg, a figre bissed by the catreme high
consumption of coantries like Japwn ith 400 kg of nutrient, both Koresa Repablics
with more than 300 and China with 123.
These levels of coniumption are very lic from the aversge o

230 ky/ha with the highest figure for the Netherlands
with 754 k/ha and Belgiom with over 300 ks/ha; Switzerland, Sweden, German
Federal Repubic, ctc., consume more than 400 kg/ha.

These figures, however, are misleading because the developing countries
conmmption of fertilizers is concentrated in the cash crops for expart. According
w0 Ssoams, fn Aflca, there I pracically oo feallizer consumption n the food
crop production. In the case of Latin America ECLA/FAO fndicated that 77%
of fertilieer consumption s coocentrated on coreals, supar cane and oil soeds
{saybeans). However, in per bectare terms the larger consumption is on supar
cane followed by soybeans, cltrus froit, hananas, green vegeubles, potatoes and

sugar plantati
ia coffee and supir plantations in Peru and Brasil [501. Thus it is not atrange
that the fertiliver comsumption I Basbdos 15 182 ka/ha and 1n E1 Salvadcr it is
102 kg/ha while In Argentina i 1s saly 3 ke/ha

Therefors the fectiliser consamption in developing countries is not motivated
by the local demand for agriculiual proskicts but mather by the imperatives of
the world marker

Another impartant - sspect roférs 4o ihe ironds of this consumption in
developing countries, In general and with few exceptions ke China, Iodia and
Braai, there is @ trend to reduce the sverage level of consumption. The situation
has been well documented In Lutin America. In this reglon fertilizer consumption
increased rapidly in the fifties at a rate of 155 and of 115 in the following
decade and since then. thee s 8 clear decelerntion in this mend. This decdleration
olbwiausly is not mativated by the schievement of a sstisfactory level of
tion, Rather it s related to the Increasing peices associated with the higher oll
prices dusing the seventies and the increasing difficult situation of the balaace
of payments duding the cighties that afflicts the mafosity of developiag countries.
Thus the developing countries’ low demand for festilizers is # consequence of
heif economic simuiticn shoce  they bave 1o lmpact move thin 53%. of the
fenilizers they nesd. The lower world demand for fertilizers has resulted in
decteasing prices, o trend which has been acoenruated during 1986, when the
export price in the Near Fast and Western Europe of urea and smmoniom salphace
dropped by 41% and 3795 respectively in relation 1o 1983 prices.

The weak international demand for fertilizers has resulred in idle capacity
in developed countries while several local fertiliner plants in Africs and other
develoging eoantries were foreed. o, closc down,

Tt has been reported that in November 1985 the Canadian stocks of potss-

m chloride were 20,6% higher than in the previous year and that exports
dumlg 1985 fell by 322%. A similar siruation was faced in the FRG, where
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cuts were impused of potassium ehloride prodoction and the” patash operations
are o be closad for 9 to 11 weeks in 1986 [51.

We have again a very pirsdoxical sirustion characterised by surplus i one
part of the world and scarcity In the other, As in the case of food, sbundance
and overesasompiion chamcieshe. tsopetate dewclopd agreulre, while ok
ficient utilization und lack of economic scquisitive capacity resulting in deficient
consumption of ir\'l\lllrﬂ depict the situation in developing

The incrossing wie of fertilizers’attempled ta orercome onc of r—
factors n agticulture, the one rehated to productivity. A tacond very Imperant
limiting factor refers o the biological conscraints e s, pests and weeds,

Disestes, pests and woeds are biologieal constmints that reduce peoduction
md contribute to Jow preductivity in agricultore. The average crop loss resulting

from insects, disesses and weeds hax been caloulated ax high s 35% of the
potental prodaction of all erops, with o higher percentage of 46% for rice and
& Jower percentage of 24% for wheat, These percentages diffet dopending on the
regions and on the cause of Joss. The higher losses occur in Affica and Asia,
reaching 416 and 43.3% of their relative potential crop value, The lower ones
refer 1o Eurupe, with 26% Lois of potential crop value. The major causes are
fmsect. pests, with 113% loss, -and the lower weods, with 9.7%.  Among
regioos percentages also show variations. Ths, in Africa wesds are the maln
cause of Josscs: 157% of crop value plm!ulnum while disesses are the main
factors in South America and in North A

Obwiously these differences are s:hh!ﬂ @ = crops cultivated in
each region. So insects constitute the maln problem for rice and penuts while
diseases nre important consiraints for bananas, cassava and potxioes. Weeds are
also the major threat for sorghum, maire and soybeans. Ceriainly the eaposure
wwepwhhur!mnn:cwlude that crops are exposed to the theeats of the
ottiers. So weeds are abo & great conseaint on rice culfure and diseases sho
jeopardizs growing of soybesns as it is possible to see In Table 2.

The combat agsinet nsects, discases. snd weeds has boen based on the large
application. of toxic chemicals. Agricultural convamption of chemical insecticides
increased by 58% between 1972 and 1983, reaching the value of US§ 128 billioa.
The world consumption is heswily concentrted in developed countsées with
85% of the total, and in parsicular USA that sbsorbs between one — third and
one — half of the woeld comsumption,

Quamitative information on the use of pesticides in developing couniries
is scarce, and reliability is frequently questionable, Yet there is no doubt that
consumpiion in developing countrics hes incressed during the last decade, a
refloctend by the fact that in 1983 they represented 13% of the woeld consumption
against 8% ln 1972,

In Latin America the consomption of pesticides Increased during the last
decade a2 o rate of 5.4% per year, passing from 77 million ons of active ln;uadlm::
t0 136 million 1ons. OF this tocal 49% s constitured by inseticides, 27% by
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Tanur 2 - Losses from Pests in the World's Major Grops

Fomes (percent)
Cop [ Discases Weeds Toul
Bice %7 23 03 e
Whess 30 1 % B3
Mabe 124 24 19 M3
Sorghm/Milles 94 105 78 T
[ & 28 @ 13
[ 77 156 92 ns
Swort Foatoes 89 30 17 5
Tamates 23 14 54 243
Sopbeins a3 1w B3 »1
Pesmats 1 13 ny 04
Pilm O - 74 9% 84
Copra "z 3 100 “o
Cottomseet o 21 i 245
Bessnas 5z 20 30 33
Camrs 83 93 3% 216

Soasce, SH. Wittwer: An Awewmen: of Firurs Techooopicl Advanees In Aprculeure
‘on the Regulasory Laviroesocus, |« Crivical Food Tusoes of the Lightio s,
a0d DP. Harmon, Pexpaon Fress New Vesk, Osfosd 1979

Becbicides and 24% by fungicides [30]. The fisst two expandod st # faster rare:
dvely,

Te has bocn cstimated that Latin Amierica represents about 36% of peaticide
comsumption of developing countries and that the Far East absorbs sbout 345,
the consumption of Africa being 16%. The balince 15 consumed in the Near
B

As In the case of fentlizers, the pesticide conmmprion in developing countries

Is beavily concentruted o cash crops and ateas where the goeen. revaliition has
spplied. Tn West Africa the use of pesticides for food crops ks insignificant
[52]. Tn Latin America the togional avesage vahume of pesticides applied per ha
It 4 times greater in cotron plantations than in the case of frults, coffee, potaoes
#ad sugarcine. During 197476 conon cultures absorbed 39,6 of the pesticides
in Laa Ameriea [30] Tt bas been coleulated that 70% of

the cotton incctidde use s in the doveloping workd (93] and thar oaly
the cotion production in EI Salvador sbsarks onc fifth of oll parathion used I
the warld [34]. In Indoncsia the export crops (coconuts, <offee, mugareanc and
rubber) consume 20 rimes the quantity of pesticides uscd by fatraess that grow
foad crops for the local marker, in spite of the fact thar the latter cultivate 7
times more acresge than plantation extates [53].
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Tnsccticides represent about 90% of the total pestickdes used fn Africs. In
South East Asia also insecticides are the most important pesticides but ity thate
of the total varics from about one-half 10 two-thirds of the total asmount consumed
[53]. The major ue of herbicides in Asia and their growing consumption in
Latin America are explained by the type of cash crops produced. For example, in
Malaysis Berbicides are need i two main export-oriented plantations: rubber nd
‘ol palm, which ¢over sbout 70% of the arble land

The increasing consumption in Latin America Is lingdly explained by the
greater aceeage allocated 1o cormaln crops, particularly sogbeans, The production
of sogbeans in Latin Amerlcn incoensad dusing the seveaties at an wnnoal e
of 25.9% and accounted for 62% of the fificen million extea acreage hrvested
reghuisced fa the region [30]. As a maser of fact, ft Iy fmportant 10 oote that
9096 of the saybean pesticides woeld consumption is applied in the USA, which
also niilize 60% . of the maizs hecbicide world conmmption [53].

The expemion of pestidde applicstion in developing countries has been
Jargely stinmlated by governmenss throngh different messures. The wost frequent
as beea tax exemptions ve reductions, low cost credit, mbsidized prices, etc.,
which make them cheapes, hence encouraging thelr use. This is a particlady
fmportant mpect sivce most of the pesticides. consamed in developing countries
ate imported, In Brazl, & consumption of pesticides s caleulaind at US§ 500
million per year [36].

The impottance of subsidy in the incresse of pesticide consumption I de-
veloping countries ean be illustrated by the case of Indoncsis, where the
tiaa of subsidized pesticides grew from 3,100 tons in 1978 10 15,100 tons in 1982,
The Jowel of subuidy as a percentage of the recail cost is as high us 89% In Senegal
#3% in Egypt, 82% In Indonesia, §7% in Ghana, 44% ia Colombia, eic. These

subsidics imply a substantial cost for goverameats, that has been estimaved at
about USS 200 million in Egypt, aboot USS 128 million ia Lodooesia and
US§ 70 miflion in Colombia [57].

More than 600 pesticides are available on the market. However, the reliance
an this single Lae of coop defense bas proved to be self defeating duc t several
Gcrors: among them high and increasing cost related to irs energy-intensive
charscter; incressing  pesticide resisunce, destruction of natural cybemetic

of control, outbreak of Remk'.lr}' pesta, reduction of pollinators and
bealth hazards.

The high cost of pesticides is due w their encrgy-intensive charscwer and 1o
e raetheds and peactios: o spplication. Peuicides are: carbos-based compoiiads,
syntbesized from petioleum desivatives. So the main rrw maerials fur their
manufacture are fosil fuds. la addition, the production pr ires high
inpats of hest and eleciricity. It has been calculsted dnl |h= K,’nl for the
production of 1 kg of sctive ingredient varies between 13610 for methy] paathion
and 108,000 for casbofuran in the case of insccticides; and from 24.200 for 24 D
(dioxine) 10 109520 for pacaquat in the case of heebiddes. The energy consumg-
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tion i lower in the production of fungicides: between 15.250 and 27.380 K/
al [58].

Acrial Drife Spray s the main technology wsed for pesticide epplication. The
inefficiency and wasieiul character of this technique is demonstrated by the follow.
ing data. More than 40% of applied pesticide is noemally out of the target area,
155 oat of the target ctops, 41% ont of the target insect and of the 4% neas
the target insect, 75% Is pot In contact with it. Tt has been canculated that Jess
than 19 of the toal applicd pesticide ix sbeorbed by the insect through contact,
inhalation and ingestion [59]. Furthermote, it has been reporied than enly
0.03% of the applied fnsecticides ace absosbed by aphids on bean culiuses, aod
£.02% by mirids on cocon [60]

This, wastcful use is magnificd by she praciice followed by farmers who
apply pesticides according to the preset schedules prepared by sellers aod not
when needed in resporse to sctual pest threat 1o & particilar crop or ecological
area. 1f posticides arc applicd anly when neccssary and. in relation to. apecific
posts, the scuial use of pesticides by USA farmers can be cor by fifty percent
with no cffects on crop productien {617,

The siruation is even worse in developing countrics. For example, only 44%
of applied pesticides by aerial discharge falls into the cottan area of Guatemala's
plantations, and the use of parathion in Gentral America fs 40 times higher .m
the csquiced aciount (62]. This wastefol use reinforces the pegsiive
mental Impact wssecated with growing pesticide resistance.

Resistance has been defined 2s the ability of organisms to evolve straing
capable of sursiving exporures to dossges 1o which an carlier pmcration was
volnerible. Indeed this” generic reslitunce results from the biocksemical capaci
of the pest orgasiams to convert 4 peaticide o products that ate pot toxic m
the osganism. Orher factors that explain this increasing resistance are the ecological
characteristics, the frequency and the histotica! pattern of chemical control

In 1977, the FAO: seported tht fn 12 years the number of pesticide-resistant
Insect species doubled from 182 in 1965 10 364 in 1977, Other authon e
thar 300 nsects ace resitant 10 inseciicides. 100 biotype diseases are resistant to
fungicides and bocrﬂmdc- and 10 weeds 2o becbicides.

disturhy af the natural cyberetic
e s ki Tl o i i Wiy e kel
not only the pest anganisms. but also- ather species, including theie predasors and
parutes. The resalt n resurgence of pests and cven the ourbreak of pew secondary
pests, Secondary pest outbreaks tefer to the development of potemtial harmial
organisms 10 a pest chascier as a consequence of the chemical destruction of their
B e et sk oy Vs ST et e e
sruction of 263,000 tons of tice by brown plant hoppers. in Indo-
nesia during 1973 and the destruction I Mexieo of 280,000 ha of coston by the
e G e L T
destrucrion of anc weed by chemical I
by pew species of weed mot volnershle 1o the herbicide, Fur example, water
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byacinths were replaced by other weeds when treated with chemical herbicides:
in Florida they were replaced by alligaor weeds and in Sei Lanka by salvinia.

The falurs of this cheatical approach is reflecied in the facs that crup Josses,
fac frams beitg reduced, have Jncreased in the last 30 yesrs. Table 3 shows that
in the USA the toral loss increased from 319 m 33% of potential products
between 1948 aod 1574 sod the toral cost of control rose from USE 8 billion 10 18-
billion. The cuse is particularly dramatic for the insecticides, where the coat Increased
3.8 times and the loss almose dovbled. As 4 matter of fact the loss has been
reduced ool in the case of hesbicldes.

On the orher fund, pesticides an in particulas, herbicides, have been wed 1o

and hile sesponding 1o

ied in developing
countries results n & negative elfest because it displaces aboor in a situation where
what s needed Is precisely the opposise effect, that s, the creation of new jobs.

I addition, the health hazardy posed by the application of chemical pesticides
have been o matter of increasing concern. Data s availsble on direct human
poisaning, but scarce information on the chronie cffects remlting from the exposure
10 low level dosage during & long term, It hus been estimared that only In the
USA there is an aversge of 150 deaths per year and more than 100,000 cases of
poisoning per year doe 1o pewticides. The ICATTT in its tarm reported that berween
1972 and 1975 there were more than 14,000 poisonings sod 40 deaths n the eotion
plantaiions of the Pacific constal plains of Central America [64]. In the Tiquisaie
stea, in Guatemala, it has been reposted that 30 to 40 people are trested daily for
pesticide poisoning [64]. Finally, WHO statstics indicate that 490,000 people
ate: poisaned by pesticides every year and that ac Jeast 5,000 dic.

These problems faced by chemical rochaclogy in agricalrure sogpest the peed
for  new rechnologieal spproach.

Taste 3 - US. Agrleultural Cost of Conteel sd Crop Losses Caused by Pesus,

fhiltion dolliss)
Tnacar Divescs Weeds Toul low  Porential
Mo m o i m m vm?\ﬁm
1934 2 B0 4 G4 B B2 w0 W
197140 3 123 34 B2 23 &3 93 BE B3
194231 19 71 28 WS 31 DA 84 N4 %7

Source; Pioentel of ol 1978, Socio Eovecwic sod Lepsl Arprvts of post comsrel dn < P
Control Sreategies . Acwdense, New Yodk
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6. Tue Proises oF BIoTEcisoLocy
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Biotechaslogy s based on the application of sccumalated enypirical knowledge

10 the manipulation of biologial processes of nature in ordee 1o imprave produc-

0, 1o modify elements and prodhcts, to trausfore them and finally to consume

hem,  Agricultunal inteasification depends on the possibilities to lfect the growth

aricnt uptaking end conversion, the reduction of

and, finally, the identification and domestication of new species
that can expand the spectrum of useful plants.

“The hey natural process of agriculture s the harvesting of solar radiant encrgy

Phososynthesis:

in tropical or subtropical regions. (Obviously the effiiency varies depending o
crop; o cam, sugarcase and sunllowet ate two s mare cificent than
ate of the opinien that rates of 5 and 6%
Bigtechnology can contribute 1o the schievement
of this objective in two ways: by improving the shsolute pet rate i€ of pherosyothesis
and by extending the time aver wl
cabancement of photosyrche
mechanisens that regulare warceful processes, in parciculas photorespiration, and
i chanisms

o the mech

respamsible for flowering and leaf senescence; the improvement of plant archiecture
and anatonsy and the improvement of cropping systems.

The practical uriization of methods for the Improvement of the photo-
syoibesis i a5l at & very carly stage and will be dependent on the deaiiicaion
of individual genes, the selection of DNA or RNA, their incorporstion fnto 4
suitable vector, the stbilization of pew DNA
50 on. This is clearly a long-term rack, and 1::.1:(1[ applications are not expected
i the nea furare

The possbilties 1o increase agricultural production depend on the sbifity
tmprove the natural process of bielogical fixation, which

amaunt of 175 million tons of itrogen anaually or sbout 70% of the total require.
ments, the remainder being sapplicd by the application of modern technalogy of
chemical feriflizer plants.
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During the last two decades increasing efforts have been dedicared ‘1o the
stidy of biologiesl m:mm fiuation. Tuo phases can be depicted: during the
e

particulacly i cell and tissue culture and genetic engineering, arc ot L being
nppledlwlklmvmmlnl the biclogical process of niwrogen fixasion.

Sioce legumes: are sich In protein and have the cupability to fix nitrogen
through their association with paticular micreosganisms, it seems logical to orient
the anention to them first. It has bon estimated that ot present legomes in
wssaciation with rhisobia fix at lesst 35 million tons of nitrogen yearly. Never
theless, legurnes. obiain only 25 per cent of thelr nitrogon from nodulation, while
the remaiing 75 per cent is obtalnes) from the nitrogen already fixed and existing
in the solls in the form of witrate and ammonium salss. Therefore the limiting
facsor for leguminous growth is the 25 per cent of nitropen fixation throogh
nodulation. Any increase in this pescentage can result in more efficient agricultural
systems. In this contexr the existence is known of different strains of rhisobium
‘with different capbilities o fix nitrogen and that hizobiiny is affected by different
biological sircsses. For example, soll scidity and alkalinity have been mentioed
5 one of the reasams o0 reduce nodulation. Thras aeid soils, in particulas In tropical
regions, constitute & major conuisaing o legume expaosion,  Rhizobium s also
seinsible 1o drught o well as 10 high temperaiures, It seems therefore imporiant
to hdentify the struins of rhisobium toletant 10 acidity and 1o extreme temperamres,
s well as t0 salinity and alkalinity. ‘The kdentification and selection of these strains
will permit the preparation of inoculants with most suitable strains

A second aspect elated 1o the fixation of nitrogen is that, particularly with
rain legumes, the scsson foc active citrogen fixation in the module s relatively
short, The importance of this fact can be approciated consideding that if the period
of active nitrogen fixation in the soybesn nodules can be extended by only 10 days
the effective nitrogen fixation can be doubled,

Finally, & major kimitation ariscs from the specificity of thisobivm legume sym-
biosis and their local climatic and soil conditions, or the fact that specific sirains
of chisohium woek well with a particular legume hose and aot with others, and
thelt efficieacy depends also on the ecological. conditions, which vary in cach
geographical locaticn.

The above comments suggest sversl poul‘.bch:m to increase agricultural and
food production on the basis of potensialivies of rhizoblumlogume spmbiosis, 1ad
in ?lﬂlw]lr the cxclty of shimbion o i Jhmge, Thew pokbliis ege

panding of the use of I 1 formatian
u these Jeguie species not yet a.m.:max u.e mtxul-nnﬂ with shizobium, und
finally to the application of genetic masipulation for the creation of varietics that
‘can fix the nittogen they nee

“The production of inoculants is to » large extent locally eonditioned, depending
oa cach species.  In the United Staes sbout 30 million scres of sobeans are
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inoculated yeady with an annual nitrogen fisation calculated st more than
110 kg per ha. The sdvantages of inoculution are that it requires low capital,
the transport costs ave minfmal and the vechnique itself iy relatively. simple and
cn bo casily applied in areas, of developing countrics, where, besides the
fact that it can be doas in accordance with the loal requirements, it can also
pencrate additional jabs,

The increasing knowledge on penetics offers the possibility to manipulate
the symbioss itself by acting either oa the shizobium or on the plant hosr. For
example, one approsch s to Increase the photosynthetic capasity of the plant,
which in tur will provide more energy to the thizoblum. Another spproach is
10 improve the strains of the shizobium, lncreaslng theis capaciy to fix mitrogen.
Still another posibility is u nitrogen fixing microorgaslsm so that they can live
in symbiosis with a dwlf(nsu bost: e, rice or wheat. This approach probably
will alio require modifications in the host plant. Apparently the possibility of
achicving positive tewlts in this way is limited st least in the medium term.
A shird approach now belng explored is the modification of some bacterin already
living in the roats of the cereal n ooder to make it capable to fie itrogen, thus
benefiting abio dhe plant. Anosher upprosch consists in the development of
pew variely of cereals able 1w fix ditectly the nitzogen that is nooded, by the
Incarporation of nitrogen fieation genes into the cell of the plant. This last approach
is certainly more ambivioos sinee it implies the transfer of penes. from @ bacteria
knto a plant. In this case the problem s rendered more difficule by the face that
sround 17 aif genes have beea ideatified in ihe niteogen fixing bacteris, requiring
therefore an enotmous capacity of penetic manipalation.

A second natural symbiotic process of aitrogen fization iavolves frankia and
nonlegumineus plants, minly woody shrubs and trees. About 145 species of
plants of this type are known, casurios being the bew kaown, It has beea
noted that in Sencgal in the sail around casiarinas the nitrogen incrcaics &t o fate
of sbout 60 kg per hoctare. In wldition casuarina has a symbiotic relationshipy
with other microotganisms and in pardicular with mychorimal fungi, which fucili
the uptake of minerls, cpecially phosphorus. For this reason casmasina is
comsidered very conveniens for the secovery of deteriorated soils; hence for the
expansion of sgriculrural fand.

Avother nairsl process of symbiotic fixarion of itrogen cccurs with the
nssociation of the fresh water fern called arolls and the hlue green algae known
‘a5 anabaena. This association, which is ene of the most efficient from the energetic
it of view, has been wsed in China, Tndonesia and other Asian countries for
cetuies for the production of green manuce and forsge. The szallaenabecnn
symbioels. can fix between 100 and 150 kg of nlirogen per hectare per year in
approximately 40 to 60 tonis of biomass if mul th cyeles of association
are practiced over 4 year. This smount of blomass can be schieved because asolla
vegetation can double in about 5 days. However, under favorable: conditions the
naormal amount fixed Is berween 50 and 75 ke/ha per crop and can be adhleved
with aa sctive growth perind of 6 weeks. Desd arolla decompose in the sol,
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ude.m the pitrogen compound which becomes then available to. the plant which

s intended ro ferdilize (traditionally rice). One crop of axolls applicd to. paddy
ﬂm is equivalent to the application of 30 kg/N2 per hectare of uren [66].

Asolla is suitable for double cropping of rice in irripated ateas. Recently
rice ficlds in California have been inoculated with wet azolls, yielding 75% of
the nitrogen required. It is believed that adequate selection of strains that can
multiply more rapidly and can withstand extreme tempesture can resule in the
lncrease of the axolla efficdency. An sdditional advantage of the solls derives from
its high protein content: on & dry weight basis it contains arcund 23 8 per cent
erude protein [67]. For this resson it represeats an important source of feed.
In China azolla has been waed wp t0 50% in the dict of pigs, sixd one hectare of
green molla, provides enough fodder for 200 pigs [68].

The asymhbiotic fixation of nitrogen at present being investigated and applied
sefirs 1o the uilization of bluc green algse (BGA) and free living nitwogen fixing
bucteria. The blue green algac is a seli-supposting organism able 1o harvest. the
energy It roquires direcely from solar energy through photosyntbests.

Tnoculation of peddy sice with Bue algac is wsed in Egypt and Tndia,
coatsibutiog up 1o 77 kefha of N per ciopping scsson, In the USSR inosulation
with BGA reslted in Increases of tice yield by 13-20 per cent, while in China
824 per cent yield increase was achicved,

The studies done o Egypt and Tndia deconsiraiad that the inoculaiion with
BGA is cquivalens 10 the application of 2448 kg/N/hs, with the addicional
advantage that algalization beads 1o Incresses in the organic matter component of
the:soil, bence sugmenting its feciliny, As in the case of rhizblum, the BGA
presents some loca] characteristics, thus nocmally It 1s considered thas the BGA
used for the inoculation should be from the same area s the one where it will be
applied. The inoculation of paddy rice with BGA was initiated in Egypt, where
Inoculated fickds gave 26 per cont. more than those without inoculasion, - This
innavation sesulted in increasing rehurns at the governamental level which produces
the inoculants for selling to the fasmers. Fatnsers obtained highes retuens dve to
the redction in the use of chemical fertilizer and the Increasing yiekd obtained [691.

In Tndia the Agriculiutal Research Tnstitute s providing the peasant with the
stariee culture of BGA. Tt was calculated that from an srea of 25 square meters
it ds possible 1o cbaln, every fifseen days, sbout 100 kg of alpae supplemented
with phosphate, resulting in a benefit of between 20 and 30 kg niragen per hocrare
per season. An additional advantage of the BGA is that it can be stored in dry form
without losing ity reproductive capaci the dry material can be wsed ar 2
later duie dml\r in the paddy fields or as starier for new algac prodhuction.

o is expocted 1o have & major role in the atemps to overcome
i dcuat: Bt s i i Gt ek e
diveases. The problems associated with chemical inputs have sctivated the fnterest
in this research on alternative methods for the coatrol of pest and discase and
for the stury of plantresistant factors. Several approsches, aned the combination
of them, are possible
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Oe approach is oriemned 1o the increase of plant resistance. T relation 1o
diseases, dilferent genes of panticulur crops. are known as. the oncs that produce
reslstance 10 specific pathogens. It is also koown that resistance to environmental
‘conditions is depemlent on genetic inberitance. Thssue culture is s uscfl technique
for the kdcatification and selection of resistant traits; while sesistant factors can
be trumsferrel betweea species by protoplasmatic fusion, genetic: cogincering i
the final stcp i the anempt to obtain resisiant varieties

Two approsches can be followsd in onder to obtain resistany vasicties The
Girsc refens 1 varieries tesistant 1o disetses, pests or envitonmental constraints
like salinity, drought, ete, A sorond approsch is the use-of biotechnologies, and
in paniculis geaciic englneering, 10 obtain varieties that can be more resistant 1o
ehemicals o mote responsive (o ther.

The second approach has important econoimic implications, in particalac for
erop rotation aid the new eoncepe of nontillage agsiculiure. For example, one
€rop can b reslstant 10 & partieular herbicide but the following one in the roration
process will not. Therefore the latter cannos be planted on 4 field treated with
sach xn hecbicide. Ta flustsate this situation i s poasiblc 10 quote the fact that
eomn s restant 10 wiasine beshicides, bat soya ia nor, Hence soya canmot be
planted corm when the latter has been treated with triszine.

The imtercat of the chemical industry,is, In this csic, 10 obtain & soya varicty
revistant 1o the specific herbicide, However, this: approach, far from  reducing
the necd for spraying crops with chemical compounds, is in fact increasing their

ion, with the abvious aiit ic and

A scoond approach e the application of bistschnology for the production
of micrabinl pesticides an teplace chemical ones. There s o large acea of
rescarch and 4 potential markes for bucterial, viral and fungal pesticides, Bacteria
can syathesize imccsicidsl toxins, viras ean be used to create disesses fn noxions
Ensects, and fungus <an be used w infece both noxious fnsects and their habitats,

In selation w0 bacteria, the bacillus Thuringensis is aow well known snd
bacterlal imsecticide basedd on it has been o the market for ar least 30 yeas
and successfully applied in the Unlted States during the 1981 gypsy moth
mvasion.

The stiraction of wiral insecvicides is that they are targesspecific and harm:
tess 1o pon-target life forma (contrary 1o chemical pesticides. that ase mor targer
specific).

The most atiractive. group, of ‘virases s the Baculowicus: groug, which can
be grown by the tissue culture technique. Howevcr this technique, though simple
and enry 10 contsol, is ill o0 expensive visdls traditional methods, Baculo:
virus. has been successfully. ap Rin Grande do Sul and Pacasa in Brasil
for the contzol of Ancicacsia Gemmatalis in soya culteres at 3 cost 73 per cent
lower than chemical control 1701

Successful stories of fangal u
are known.  In Brazil the h
for pest control in sugarcans, soya and

ization for pest comrol s tropical countries
Anisotlise has proved 10 be very effec
coffee plantations, The State Instttion
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Plaabiucar s prodocing imocvlum st 183 per cent of the coet of traditional
pesticides. The fungal pesticides have an clficiency of 75 per
e it o Mk Pl e’ Do sl s St
plantations ia the Sties of Permambuca and Rio de Janeira (70).

A furtber approach that can be used parsicolarly for weed control s based
o the capacity of some plants o aveid, tolersie or recover from the effects
of aatural eneasies. These plants are ealled Allelopathle and can produce substanees
that are toxic o the competing weeds, Similarly, it is known thar some plunts
bave the capacity 1o produce insecticides that impede their being eaten by insects.

Finally, the group of Biotechoological techniques known s thsue eulture
has an important rolc in the propagation of healthy plants. This growp of
techniques permits the vegerative reproduction and propagation of plants from
parts or organa removed from living plants, such as lesf sections, anthers, polien,
imeristems, embeyos, protoplast and single cells, Sa in witro cultare of meristems
leads to the procuction of uniform disease.free planting material. Anther culture
is baswed in haploid microorpanism manipulation making it potsible ta shorter
the time needed in the selection of genes and therefors shortening the time required
by wraditional plant beeeding techriques, Cell culture is based on the use of somaric
cells and is n process that permits to investigure mutagenic charsciers and obtain
somoclonal waricrics which arc used for testing new gesotypes fn relation o
particular covironmental stress, Embryoculmre permits to introduce partienlar
traits from one species into anothes, impraving traditions] beocding, methods.

Finally, protoplastic techniques conslsting in the fusion of two deauded cells,
8. o, calld ot ridonion, make i+ ol o cba. e plan

Thoe e i el widely wsed for the propagation of ormamental pluty
that can obasin high priccs, However it fs a techuique that can be wpplied in
developing countries for the improvement of local traditionsl crop cultivation. In
pastculas, clonal propagation and meristem culrute have the following sdvantages:
ragid multiplication of plant materials, production of disesse free material, prodc-
tion of wilorm plaat sl llyeartound propagation of plant materal, wote
tapid development of improved vasities, better coodisions for Jong-term. stomge
et il
thon independent of climatic or cnvironmental hazds and constralors. The
application of tissve culture in its different approaches is not developing st the
same pace: in the shost term the advantages of rapid uniform propagwion af
discase-re plant maserial appear more feasible, while anther culmare and proto-
piastic fusion are producing concrete spplicable results ooly i the wediom term.
Finally, the practical application of somatie hrbeidization, chromososne and gene
trancfer can be considered as 2 Jongterm obiective, meaniay 8 o 15 years.

The application of #r-sitro conal propegation has besn mecesfully spplied
10 recover arcss cultivated with casava that were destroed in 1972 by the frog-
skin discase and Caribbesn mosaic disease in the Canca valley in Colombia, In the
carly eighties the propagation of diseasefree clones of a new variety permitted
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to duplieate and triplicate cassava yields and rocover the acreage dedicated 1o
cassava. Similar soccess bas been achieved by TITA, Ibadan Tnstitute for Tropical

Agriculuure. The Improved varleties obtained at TITA have altcady beea dissributed
in Nigeria, Zaire, Sierm Loone, and new reports refer 10 17 countsles that are
Incorpocating the new improved varieties

7. Concrussons

«You see things, and 4y whn? But [ droam things that never
wore, and 1 uay why oc? .
Guoacy Besan Sew

A glance at the main characteristics of the woeld agriculiure and food system
revoils paradoical situstions. and alarming rrends which suggest the need for pew
innavative approsches to agriculrural development polices.

Alihough bistorical experiences indicate that the shase of agricultusal con-
tibtion 1o the mational facome and employment declines over the long term,
it secms that this trend cannot be forced or accelerated, The reduction shoukd
be the result of  process of dovelopment rather than an cbiective Hf. Further-
more, it seems wiong 1o {denify the shovementioned historical trends with &
ack of dysamlsin of agrieuliure and from this assumption to assign to it a secondary
role fn developmeat

Thie post-World 1T development policies surmised that Industrialization would
draw agricultare and sural aress into development. However, afier more than
throe decades this sswinption did ot maverialize, Fucing this sirustion and
agriculure being the basic cconomic activity ol deseloping countries, It appears
selevant 0 revise the thinking aboat the agricultural role in development. T this
revisian agriculural development should be considered brosder analytic frame.
work and ot enly ms @ backward or traditional secior, from which economic
surplus is bing pumped out 4o support ofber scctors’ expansion.

Twa important Iaterrelated phenomens of the post-World 11 ern should be
carchully assessed: the progrestive internazionalization of agriculture and food
systens: and ing inverrelationship with indusery.

Tternationalization. affects: agsiculural. development from soveral different
angles. The transnationalization of food coasumprion patterns changes habits nd
dicts, hence the spualitative characreristics of the demand. Simultancously the shift
from vegeial proein comumption 0 animal protein consmption, particaladly i
developed countrics, influcaces fn  great measurc the characteristics of international
demaad for agricalme! commodities. The increasing dependence of developing
conntles upon their expoct of apricultural commodities inyplies n grester integration
in intcenational markees and greater vinculution with the world monetary and
caplal market, This aspect Is extremely. relovant becusse increasing instability in
intesnational fimancial systems leads also o greater bnstability in intemational
commadity markets. This insability is aggravated by growlng prosectionism and
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the fight for matket control in a suation dharacierized by production surplas in
developod areas.

The grester neods for forsign currency 1o compensate the deseriomtion of the
tems of trade of developing comntrics and their increasing dependency on food.
imports sdd new pressures on international agricultural commodity markets.

The twansfer of technology promofd for the *modernization” of de
countries” agriculmee strengthened the ntesuionalization of the spricultuse and
fmldsy:l:m

increnmsing insegration of national
Inmmmml system moved pari passu
agiculiuee and indusisy.

On the demand side, the incressing industrlalization of food through the
crestion of nevw peoducts and processes und the opening of new markets are cleatly
susociated with changing consumption patterns. On the supply side, sgriculuaral
production becomes moce and more dependent on industrial technological inputs.
In both cascs it is possible 2 sce the growing role of transrational corporstions
and the catry into. the food system of transnational corporations ot traditionally
concerned with food or agriculture.

Despls this pheoomenon, spriculior] policies u-n-imné o be shaped in the
narzow secrorial approach, oeglocting
In relasion t technologieal ionovations, fwo aspects e
tin the process of international integration the
segians, and espechally between tcmperate and tropica!
areas, were largely fgnoced. Secondly it has been summied thar technological
innovation has the sme characicristics and cffects in industry and agrieuluure.
Yet agriculture’s dependency upon the natural system makes agriculture complesely
diffcrent from industry. In particular, the agricultural dependency on & regular
ecological and climatic cycle, the seisonality aspects, the structural complecity and
functioning of narural cycles and dheie influence on agricultusal productivity are
among the main aspects that shoukd be considered in technologlaal innovatioa and
diffusion in agriculture.

So, while' the incroasing integration of sgriculmre into the intermational
economy tequires a wider cconomié approach, the specificity of the ccological
chasactesistics of agicaltuze demands & more exhaustlve microecnaomic method.
Macrocconomics: has proved to be impatent 1o consider the specific aspects of
agricultural supply, particularly those concerning productivicy, Tn. s torn micro-
economics i insufficlent as an instrument of econormic palicy In an Invernarional
interdependent world

Thus @ new economic spproach in agriculture cannot choose between macro
and microcconomics, but rather should integratc both.

Furthermose, it alio appears that the problem faced i nat oaly economic
Ecological charscteristies contributed to shape social sod culsural Instirutions, which
suffer the mpact of international intendependency and of incresting wechnification
In agricaltural production.

iculture and food systems into an
d growiog Intenclatiooships berween
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Incressing agricultaral outpat has proved 1 be invufficlest for the achieve:
meat of development. Distribative; social and environmental aspects suggest that
cconaniics alane s not 4 adequate spproach wnd interdisciplinarity Is a mast

Technological innovation should be incladed 23 & central Jssue in the revision
of thinking on agricultunl development o bus 1o play » seracegc sl i api
cultusal development policies

“The healeh, social and cavi drwbacks and h
of the present tochalagical. pavtern shoald be cosidered in the assessmene and
forecasting of technological altermatives.

Apparenuly biotechnologies are offering alternatives thas can wvold soe of the
pithalls of corrent technology. Alss it seems that developiag countries can e in
a position to develap and apply some innawstions in this fickd in & relasively shore
term, dhus paving the soad towands a more. wutonemoas techoological patic.
Obviously one requisire for this s the sireaghtening of agricultural RecD kostitutions.
in

ing countrics.
All together these reflections suggest thar agricultare is acquiriog @ more
peominent role in economic andhysis e policy which s fo itself an

making,
extremely important fact since it brings. theoretical and analyrical thinking ear 1o

the realicy of developing countries.
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