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BIOTECHNOLOGY: OPPORTUNITIES AND 

W. J. Florkowski and L. D. Hill 

Blotechnology, a se t  o f  research 
techniques, has wlde app l i ca t i on  i n  
American s c i e n t i f i c  laborator ies  i n  the 
1980s. Blotechnology i s  used i n  the basic 
and appl ied research aiming a t  the 
development o f  new products for ,  among 
others, medicine, food processing and 
agr icu l ture .  A f te r  the  outburs t  of 
enthusiasm fol lowed by a per iod o f  
u n f u l f i l l e d  expectations, biotechnology has 
q u i e t l y  contr ibuted t o  a steady research 
progress i n  recent years. It continues t o  
a t t r a c t  investment c a p i t a l  i n  the  p r i v a t e  
sector. More money i s  being a l located t o  
biotechnology by pub l i c  sector 
i n s t i t u t i o n s .  For example, USOA 
competit ive grants program a l locates about 
$20 m i l l i o n  f o r  biotechnology research i n  
the f i s c a l  year 1987 (Crawford). 

Blotechnology i s  belng applied, among 
others, i n  the improvement and development 
of a g r i c u l t u r a l  comnodities. The 
I n f o r m t i o n  about advances i n  a g r t c u l t u r a l  
blotechnology i s  ra the r  sketchy. A 
considerable c a p i t a l  investment needed t o  
s t a r t  a blotechnology laboratory  and the 
des i re  t o  secure a re tu rn  on research 
r e s u l t s  are  reasons f o r  l i m i t e d  pub l ic  
knowledoe about the t im inu  o f  the 
c m r c i a l  app l i ca t i on  o f  b1ot;chnology i n  
a g r i c u l t u r a l  production. The pub l i c  has a 
chance t o  l e a r n  about the po ten t ia l  
marke tab i l i t y  o f  some c u l t i v a r s  from the 
content of permissions f o r  f i e l d  t e s t i n g  
issued by authorized federal  agencies. 
conference reports,  and, occasionally, 
press informat ion.  

The lack  o f  informat ion about the 
nature o f  a g r i c u l t u r a l  biotechnologles 
makes an economic analysis o f  i t s  
app l i ca t i on  d i f f i c u l t .  Results o f  such an 
analysis. Inc lud ing changes i n  the inpu t  
use, volume and loca t ion  of productlon. 
changes i n  soc ia l  and geographical income 
distribution etc., a re  sought by the 
decis ion makers responsible f o r  research 
funds a l l oca t ion .  

An a g r i c u l t u r a l  economist faced w i t h  
the task o f  prov id ing a forecast of the 
fu tu re  blotechnology impacts has t o  develop 
a data base which can be used i n  
formulat ing a pred ic t ion.  The ob jec t i ve  of 
t h i s  study i s  t o  i d e n t i f y  a g r i c u l t u r a l  
biotechnologles t h a t  are  the  most l i k e l y  t o  
be developed i n  the future,  requirements 

f o r  t h e i r  optimal app l ica t ion,  
oooor tun l t ies  t h a t  they are aolna t o  create  
fbi. producers and consiumers, -and-to present 
what possible adjustment processes m y  be 
caused by the wlde use o f  a g r i c u l t u r a l  
biotechnology. 

De f in i t i on  o f  Biotechnology and 
Questionnaira Content 

Blotechnology i s  defined as " the 
science o f  the  a g r i c u l t u r a l  production 
processes invo lv ing  the  use o f  c e l l s  and 
t fssues from higher organisms where, i n  
both cases, the ac t ion  could n o t  be 
i n i t i a t e d  o r  continued w i t h  the app l i ca t i on  
o f  the  c lass i ca l  a g r i c u l t u r a l  breeding 
techniques: A survey of researchers 
working i n  the area o f  a g r i c u l t u r a l  
blotechnology was used t o  gather 
informat ion about the  possible t im ing  of 
the comnercial app l l ca t i on  of biotechnology. 

The w o r l d r i d e  survey was conducted by 
ma11 and included - 21 a g r i c u l t u r a i  
biotechnologies app l icab le  i n  production of 
s i x  crops: corn, wheat, soybeans. sorghum, 
r i ce ,  and potatoes. The choice o f  crops i n  
the quest ionnaire was determined by t h e i r  
Importance f o r  the U.S. and world 
agr icu l ture .  The de ta i l ed  l n f o m t l o n  
co l lec ted through the  survey took i n t o  
account the t im ing  o f  the  comnerclal 
appl icat ion,  the  expected y i e l d  change, 
po ten t ia l  changes i n  i npu t  use and the  
p r o b a b i l i t i e s  o f  a developed c u l t l v a r .  A 
de ta i l ed  repor t  on the  survey and 
preparat ion resu l t s  was made ava i l ab le  
(Florkowski and H i l l ) .  This paper 
I n t e r p r e t s  the resu l t s .  

Expected C o m r c i a l  Appl l c a t i o n  
o f  Selected Biotechnologles 

The s e t  o f  e i g h t  blotechnologies f o r  
corn, soybeans. and wheat t h a t  were 
assigned the  highest sub jec t ive  p r o b a b i l i t y  
of being ccimnercially ava i l ab le  i s  
presented i n  Table 1. S ix  o f  the e igh t  
technologies l i s t e d  are  i d e n t i c a l  f o r  the  
three crops. The p r o b a b i l i t i e s  o f  adoption 
assoclated w i t h  those s i x  technologies are  
s i m i l a r  exceot f o r  chanolna amino ac id  
balance and . bac te r ia  r isis'tance. This 
ind icates t h a t  manipulating the genetics of 
p l a n t  amino ac id  balance has i t s  own 
dls t ingu lshed charac te r i s t i cs  f o r  each 
specie. Also, b a c t e r i a l  diseases. 



d i f f e r e n t  f o r  various plants. require 
crop-specif ic approach i n  developing 
resistance. 

Improved resistance o f  herbicides as 
wel l  as insect  and fungus resistance are 
expected i n  corn. soybeans. and wheat 
w i t h i n  a r e l a t i v e l y  short  time period. 
That r esu l t  i s  supported by expectations of 
scine sc ien t i s ts  w i th  regard t o  other 
crops. For example, a herbicide-resistant 
rapeseed i s  predicted t o  be marketed i n  
1989 and should be followed quick ly  by 
other p lants  (Herbicide. Nitrogen Genes 
Keep Biotechnica Growing). The only 
biotechnology t h a t  i s  very crop speci f ic 
and can be developed re l a t i ve l y  soon i s  a 
new Rhizobiun s t r a i n  used i n  soybean 
production. 

The l i s t  of blotechnologies assigned 
the highest subject ive p robab l l i t i es  o f  
being applied comerc i a l l y  (Table 1) 
includes a lso the development o f  corn w l th  
a l tered l i p i d  composition and heat-tolerant 
wheat. The l a t t e r ,  however, was assigned 
the smallest p robab i l i t y  by survey 
respondents from a l l  the improvements 
Included I n  Table 1. 

Results presented i n  Table 1 suggest 
t h a t  the development of the improved 
cu l t i va r s  using blotechnology w i l l  progress 
fas te r  i n  corn and soybean breeding i f  
measured by the magnitude o f  
p robab i l i t i es .  The range o f  the assigned 
p robab i l i t i es  o f  the comerc ia l  appl icat ion 
o f  blotechnology i s  the narrowest i n  the 
case o f  soybeans and the widest f o r  wheat. 

Among the s i x  leas t  l i k e l y  crop 
improvements developed through 
blotechnology (Table 2) four were named f o r  
each of the three crops. Plants capable of 
f i x i n g  ni t rogen through an au tosu f f i c ien t  
process were. I n  general, assigned very low 
p robab l l i t i e s  of becoming conrnarclally 
available. This i s  pa r t i cu l a r l y  t rue  about 
soybeans which current ly  depends on 
R h i z o b i u ~ ~  f o r  ni t rogen supply. S imi lar ly .  
plants w i th  suppressed photorespiration. 
enhanced photosynthesis, and res is tan t  t o  
insects i n  storage have l i t t l e  chances of 
being avai lab le  i n  the foreseeable future. 

Changes I n  Yield and Input Use 

Changes i n  y i e l d  and input  use i n  crop 
plants t h a t  can be obtained using 
blotechnology r e l a t l v e l y  soon are also very 
promising i n  terms o f  the expected y i e l d  
change and. I n  some cases, the d i rec t ion  i n  
input  use. Corn, soybeans, and wheat 
res ls tan t  t o  insects would y i e l d  10 
percent, B percent, and 11 percent. 
respect ively (Table 3). Strong, pos l t l ve  
impact on y ie lds can be expected from other 
iwrovements i n  disease resistance. 
Herbicide tolerance w i l l  increase y ie lds 
less i n  the case of corn and wheat 
cu l t l va rs ,  but the increase i n  soybean 

y i e l d  i s  going t o  be substantial. Two 
qua l i t y  a l t e r i ng  technologles. plants w i t h  
hlgher prote in  content and changed amino 
ac id  balance w i l l  decrease yields. 

The resul ts  of the survey suggest t ha t  
the improvement o f  disease resistance 
through biotechnology appl icat ion w i l l  
lower s l gn l f l can t l y  the use o f  pest ic ides 
and labor i n  production o f  corn, soybeans, 
and wheat. I n  the case of pest-resistant 
wheat and insect res is tant  corn, the 
required f e r t i l i z e r  appl icat ion rates would 
have t o  be increased. 

Disease-resistant cu l t i va r s  seem t o  be 
among the most promising agr i cu l tu ra l  
technology improvements t h a t  can be 
developed using biotechnology. They have 
the po ten t ia l  o f  considerable y i e l d  
Increase whi le lowering the appl icat ion o f  
pesticides. Their  comerc ia l  in t roduct ion 
could lead t o  a lower average cost f o r  
producers, although i t  w i l l  depend on the 
seed p r l ce  o f  new cu l t i va rs .  Pr ivate 
developrent and ownership o f  propr ie tary  
r i gh t s  t o  a new c u l t i v a r  may l i k e l y  r esu l t  
i n  a hlgher seed p r i ce  than i n  the case o f  
publ ic ownership. 

Increased tolerance o f  herbicides would 
lead t o  a higher herbicide use i n  wheat 
production and hlgher appl icat ion o f  
phosphate and potash f e r t i l i z e r s  on soybean 
f i e l d s  whi le cu l t l va r s  w i t h  a hlgher 
p ro te in  content, i n  general, w u l d  have 
lower yields. Their  nu t r i en t  needs w i l l  
increase causing higher f e r t i l i z e r  
appl lcat ion. This i s  a lso . true, as 
suggested by the survey resul ts,  about corn 
and wheat w l th  changed amino a d d  balance. 

Regulatory Issues 

Since the implementation o f  of the 
Plant Variety Protect ion Act i n  1970. the 
In te res t  i n  p lant  breeding amng p r i va te  
f inns has widened s ign i f i can t l y .  The 
p o s s i b i l i t y  o f  obtaining a patent f o r  a new 
Imroved c u l t i v a r  made investment i n  a 
breeding program a t t rac t i ve .  That a lso 
strengthened economic incent ives through 
which some breeding programs are guided i n  
par t icu lar ,  by the s ize o f  possible 
revenues from seed sales. The survey o f  
s c i en t i s t  working i n  the area of 
ag r i cu l tu ra l  biotechnology provided 
information ind ica t ing  t h a t  a71 
technologles assigned a high p robab i l i t y  
value (Table 1) are l i k e l y  t o  be 
patentable. A patent on an improved 
c u l t i v a r  could lead t o  a monopoly and a 
possible high seed price. But, as some 
sc ien t i s ts  indicate, the progress i n  
biotechnology i s  so f a s t  t h a t  there are new 
ways t o  'get aroundn a patent (Biotech's 
Bewildering Tangle o f  Patents). 

The Plant Variety Protection Act 
provides a qua l i f i ed  -breeder w l t h  the 
ce r t i f i ca te  guaranteeing r i gh t s  t o  exclude 



others from reproducing, se l l ing.  o r  using 
the reoroduced olants. The aool icant must . - 
submit an accukate descr ipt ion o f  a new 
c u l t l v a r  t ha t  includes physical 
character is t ics  d ls t lnguish lng i t  from 
e a r l i e r  developed plants. Genetic 
engineering techniques al low making changes 
I n  p l a n t  organisms without developing 
dlst lngulshable physical character ist ics.  

Therefore, s w  lawyers suggest the 
adoption o f  isozyne analysis i n  iden t i f y ing  
cu l t l va r s  (Coronado). Isozynes are 
mult ip le-form enzymes performing ca ta l y t i c  
functions i n  an organism. Since they are 
Included i n  the genetic code o f  a plant, 
they can be Iden t i f i ed .  

Another legal  issue hindering the 
process o f  developing cu l t l va r s  using 
biotechnology are the imprecise regulat ions 
guiding the issue of permissions f o r  the 
f i e l d  tests .  Small groups o f  
envlronmentallsts have e f f ec t i ve l y  blocked 
several attempts t o  conduct t es t s  o f  
cu l t ivars .  Recently, i t  was urged t h a t  
cooperation among envi ronmentalist. 
industry. and the government could orovlde 
an acceptable so lu i ion  concerning tes ts  of 
ag r i cu l tu ra l  biotechnology (Crawford. 
1986b; Krupp). 

Opportunit ies Created by 
Agr i cu l tu ra l  Blotechnology 

Cult lvars.  developed using 
blotechnology by p r i va te  o r  publ ic  sector, 
provide the world, the United States, the 
Southeast, and the State of Georgia w i t h  
new opportunit ies. Higher y ie lds 
associated w i t h  improved cu l t l va r s  increase 
the possibility of more stable and abundant 
food supply f o r  the world. With 
predict ions o f  continuing increase o f  the 
world population blotechnology can 
contr ibute t o  g rm lng  food needs. Although 
the production and d i s t r i bu t i on  of food i s  
influenced by other factors, f o r  exalnple 
p r i ce  policy. c r e d i t  supply. and marketing 
system, none o f  them can be f u l l y  used i f  
the avai lab le  cu l t i va r s  produce lm 
yields. Some experts fea r  t h a t  without 
fu r the r  y i e l d  improvenent the impression o f  
food abundance w l l l  disappear w i t h i n  the 
next two decades (Hellor). 

Food supplies larger  than the quant i ty  
demanded are l i k e l y  t o  lower the market 
p r i ce  f o r  feed and food grains as wel l  as 
oilseed crops. Many countries w l t h  the 
most acute food shortages have a lso l im i t ed  
funds f o r  the importat ion o f  food and a 
lower p r i ce  nay enable them t o  purchase 
la rger  quant i t ies .  Consequently, the 
chances f o r  a l l e v i a t i n g  the world hunger 
can be enhanced. I n  addit ion. because some 
of the new cu l t i va r s  w i l l  be more 
nu t r i t i ous  (e.g. more desirable amino acid 
balance) the d i e t  de f i c l endes  o f  the 
people i n  d i f fe ren t  par ts  o f  the world can 
be eliminated. 

Feed grains w l t h  be t te r  n u t r i t i o n a l  
qua l i t i e s  developed uslng blotechnology 
w i l l  increase l ivestock and pou l t r y  
production, pa r t i cu l a r l y  i n  areas where 
c m r c i a l  feed i s  used. Due t o  improved 
qua l i t y  and larger  volume o f  grains. meat 
and da i ry  production can be expanded and 
add t o  the d i ve r s i t y  t h a t  human d ie ts  of ten 
lack. I n  addit ion. cereals w i t h  more 
desirable nu t r ien t  composition w l l l  
d i r e c t l y  supplement current ly  consumed 
foods. Better fed populations can b e c w  
rnore productive whi le enjoying hea l th ie r  
and longer l ives.  This re la t ionship has 
been recognized and the Yorld Bank i s  
rap id ly  expanding lending f o r  population. 
health, and n u t r i t i o n  projects (Pol icy 
Ref o n ) .  

The development o f  disease-resistant 
cu l t i va rs  i s  a l i k e l y  scenario according t o  
the survev resu l ts .  It allows a 
considerable decrease and, i n  s o n  cases, 
the e l l n l na t l on  o f  pesticides. Pesticides 
are o f ten  a cos t l y  input  t h a t  has t o  be 
applied on f i e l d s  i n  the danger o f  insect  
In festat ion,  spread of a fungus o r  other 
pest. 

Benefits o f  e l iminat ing pest ic ide use 
w l l l  l i k e l y  be d is t r ibu ted  i n  o r o ~ o r t l o n  t o  
the pes t l i l de  appl icat lon. Thus. regions 
w l t h  cl imate and natural  condit ions 
favorable f o r  pest propagation may be able 
t o  obtain considerable gains by lowering 
appl icat ion o f  pesticides. This w i l l  
f o l l w  i f  reslstance t o  the current ly  most 
c m m n  insects, bacteria. viruses. 
nematodes o r  fungi w i l l  be developed 
through blotechnology. The use o f  
pest ic ides I s  concentrated i n  productlon o f  
corn, cotton, and r i ce .  Therefore reglons 
where those crops are g ram w i l l  l i k e l y  be 
the f i r s t  t o  reduce the appl icat ion o f  
pesticides. 

I n  the United States, ag r i cu l tu re  i n  
southern reglons should be able t o  gain 
more from lower pest ic lde use than reglons 
w l th  cooler climates. For example. i n  1983 
fanners i n  Kansas spent 3 t  per acre o f  
planted wheat on insect ic ides and 854 per 
acre on herbicides. During the same 
growing season. wheat productlon i n  Georgia 
required fanners t o  spend 386 per  acre on 
Insecticides and 2.18i per acre on 
herbicides (FEOS Budget 1984). Disease 
resistance may also expand the cu l t i va t i on  
of s w  crops t o  areas where they could no t  
otherwise be economically produced. 

A decrease i n  pest ic ide use due t o  
Improvements i n  disease resistance 
developed through blotechnology w l l l  f i n d  
support among environmental i s t s .  
Pesticides increase crop y i e l d  through a 
short  term e l iminat ion o f  diseases, insects 
and weeds. However, the long t e r n  
effectiveness o f  pest ic ides has been 
questioned (Balk and Koeman; Tabashnik). 
One argument against the use o f  pest ic ides 



was thelr non-selective action. They were 
lethal both to disease causing pests as 
well as to natural predators. After the 
pesticides became ineffective, the altered 
balance of the asro-ecos~stem often allowed 
pests to reproduce - without natural 
conpetitors. 

Another argument against the use of 
pesticides is the increaslng number of 
reports about the acquired resistance to 
pesticides. Biotechnology introducing 
disease resistance to plants can ease the 
risk of negative effects of pesticide 
run-of f . 

However, some envl ronnental lsts oppose 
the introduction of biotechnologlcally 
developed cultlvars to agriculture f earing 
unpredictable consequences. Some of their 
legitimate concerns have been related to 
the precise implementation of the existing 
blotechnology regulation wlth regard to 
laboratory procedures and field testlng. 
Activity of a few envlronnentalists became 
an intensely discussed issue in scientific 
and business literature (for example: 
Wall Street Journal. 19B6a; 1986b; 1985~). 
Perhaps, this wlll lead to some cooperation 
betwen envlronmentallsts and business in 
the area of minimizing negatlve impacts of 
technology application. 

Disease resistant cultivars hay lover 
the application of pesticides but some 
other improvements, for exanple plants with 
hlgher protein content. may require 
Increased fertilizer use according to 
survey results. 

Ylth conventional nnthods of 
fertilizing, nitrogen often does not reach 
the plant but is leached or enters into 
chemical reactions with other elements. As 
much as one half of the nltrogen is lost 
(Power). Nitrogen run-of f causes water 
pollution and becomes an environmental 
hazard. Phosphorus and potassium uptake 
varies from 5 to 25 percent. and 40 percent 
to 75 percent, respectively (Hauck and 
Koshino). Although part of the nutrients 
remaining in the soil is absorbed by 
following crops some is lost away due to 
erosion. It is possible that in the long 
run blotechnology will be able to solve the 
problem by increaslng plant capabilities 
for nutrient uptake. 

In the case of increased demand for 
nitrogen the price for that fertilizer wlll 
increase due to the production process 
deDendence on non-renewable enerav 
feedstocks. Both, phosphate and potaik 
fertilizers also are based on natural 
resources that can be depleted. The 
scarcity of available deposits wlll be 
reflected in fertilizer price increases. 

Higher input prices wlll increase costs 
and limit the expansion of production. If 
the denand for grains and oilreeds should 

Increase faster than the production 
capacity. consumrs will have to pay a 
hlgher price for food. A larger volume of 
synthetic fertilizers applied on crops wlll 
Increase losses and the pollution of water. 

Anticipating Adjustment Processes 

New cultlvars developed using 
biotechnology create new opportunities. In 
order to capture opportunities and avoid 
the negatlve effects of blotechnology it is 
necessary to anticipate adjustment 
processes. Characteristics of adjustment 
processes wlll include spatial, time, and 
economic factors. The physical size of the 
geographic area, affected by biotechnology. 
determines the spatial dinnnsion in which 
the adjustment process will take place. In 
particular, the adjustment process will 
differ if global impacts are considered in 
comparison to impacts in the United States. 
the Southeast or Georgia. Furthennore, the 
adjustment processes will be stretched over 
time and they may be dlfferent in the short 
and the long run. Finally, the adjustment 
process triggered by the introduction of 
blotechnologlcally obtained cultivars wlll 
vary between macro- and mlcroeconomlc 
levels. 

Agricultural blotechnology development 
is concentrated in several industrialized 
countrles wlth the United States leading 
the group in terms of allocated funds and 
on-going research. But the actual 
comnercial application of cultivars 
obtained through blotechnology may take 
place in another country simply because of 
the complicated regulatory process in the 
U.S. An indication of that trend is the 
field test of an animal vaccine. 
genetically engineered in America, 
conducted in New Zealand and Argentina. 

The coawrcial introduction of new 
cultlvars outside the United States may 
Increase the competitiveness of other 
countrles on the world graln market. 
American fanners, especially those 
operating in marginal agricultural areas. 
would loose revenue generated from exported 
crops. Consumers in the United States 
would likely have to pay a higher price for 
many foods. 

The coanerclal application of 
blotechnologlcally developed crops, by 
fanners in the United States, before making 
them available to other countries. could 
result in the dlfferent sequence of 
adjustments. In global tern, it is likely 
to improve the cometitlve position of the 
United States. An Increased graln supply 
and lower prices would concentrate the 
world feed grain supply in a few 
countrles. The E.E.C. may have to increase 
thelr grain export subsidies, a move that 
can be prevented by the ability of the 
cwnunlty budget to finance such a 
strategy. The long term o u t c m  of the 



comoetlt lon on the world ara ln  market w l l l  
depend on the production cos t  per u n i t  o f  
output and i t s  r e l a t i on  t o  market pr ice. 

Within the United States, the 
in t roduct ion of corn and soybeans 
characterized by a l tered n u t r i t i o n a l  
qua l i t i e s  and disease resistance may, i n  
general, lead t o  concentration o f  feed 
g ra in  production i n  the North Central 
Region (Florkowski and H i l l ) .  Acreage 
operated i n  areas o f  marginal importance 
f o r  cereal productlon can be expected t o  
decrease. 

A la rger  supply o f  g ra in  on the world 
market and i t s  lower p r i ce  can discourage 
the production i n  countr ies w l t h  less 
favorable growing condit ions i n  the long 
run. A decrease i n  the domestic production 
would lead t o  a greater dependence on 
imported grains. Less developed countries 
have already become major ou t le ts  f o r  the 
U.S. corn exDorts i n  the Dast decade 
(Henneberry and Kargbo). S& sc ien t i s ts  
p ro jec t  t ha t  the food d e f i c i t  i n  developing 
countries w l l l  double o r  even t r l o l e  bv the 
year 2000 assuming the past t r end i  i n  
ag r i cu l t u ra l  production and population 
growth w i l l  continue (Paulino; Hel lor ) .  
Many countries. where the exchange reserves 
would not a l low extensive g ra in  purchases, 
w l l l  increasingly r e l y  on food a id  donors. 
espec ia l ly  as the p o s s i b i l i t i e s  o f  
expanding cultivation onto new lands 
dlmlnlsh (Newland). 

Grain importing countr ies may suf fer  
frm economlc and p o l i t i c a l  des tab i l i za t ion  
If the g ra in  in- f low i s  disturbed. This 
can be prevented by the biotechnologlcal 
development of cu l t i va r s  and microorganisms 
t h a t  w i l l  be adopted t o  farming condlt ions 
i n  d i f f e ren t  countries. An example o f  a 
po ten t i a l l y  e f fect ive technology i n  
ccinbating the ni t rogen f e r t i l i z e r  shortage. 
i n  some less developed economies. I s  Azolla 
use if nltrogen f i x i n g  capab i l i t y  of algae 
increases through blotechnology 
appl icat ion. Current ly ava i lab le  s t ra ins  
are no t  cost competit ive w l t h  ava i lab le  
subst i tutes (Rosegrant e t  al.) bu t  may 
becwe useful  i f  the annual ni t rogen needs 
increase from the present 60 m i l l i o n  tons 
t o  160 m i l l i o n  tons by the year 2000 
(RecMbinant DNA Safety Considerations). 

Reallocation o f  feed and food g ra in  
production and the possible withdrawal o f  
acreage from corn, wheat, and soybeans from 
operation may require adjustments. The 
withdrawn land can be planted w l t h  
a l te rna t l ve  crops. The s ign i f icance o f  
a l te rna t l ve  crops f o r  marginal ag r i cu l t u ra l  
areas may subs tan t ia l l y  increase. Other, 
non-farm use f o r  f a l l w e d  land nay have t o  
be found. Replanting It' w l t h  trees o r  
recreat ional use are some o f  the possible 
solutions. As a r e s u l t  a decrease i n  
erosion of top s o i l  i s  possible. 

Some of the r u ra l  comunl t les  t h a t  w l l l  
experience a slowdown i n  agr i cu l tu re  
without a corresponding development of 
other business are l i k e l y  t o  decl ine i n  
economlc and soc ia l  importance. For 
regions already suf fer ing from the 1980s 
ag r i cu l t u ra l  f i nanc ia l  c r i s i s ,  crops 
developed using blotechnology are no t  
l i k e l y  t o  provide any r e l i e f .  

Adjustments fo l lowing the c o m r c i a l  
appl icat ion of blotechnology are going t o  
take place a t  the fann leve l  as wel l .  New 
input  requirements and the possible wider 
choice of cu l t i va r s  w i l l  stress the 
importance o f  decisions w i th  regard t o  
resource manaoement. The access. 
col lect ion. and i ha l ys i s  o f  the i n f o m t i o n  
about the character is t ics  o f  new cu l t l va r s  
w i l l  become c ruc ia l .  An increased e f f o r t  
i n  f am i l l a r i z l ng  fanners w l t h  the new 
technology can be necessary. 

The competit ive s t ructure o f  American 
agr i cu l tu re  was. i n  the past, a major force 
behind the desire t o  constantly increase 
aroductlon e f f l c iencv  through a d o ~ t i o n  o f  
new technology. ~ew-technol6gy addption i s  
associated wlth, amng others. changes i n  
the quant i ty  and type o f  inputs - used. 
volume o f  productlon, market pr ices and 
conmodlty utilization. The c o m r c i a l  
in t roduct fon of biotechnologlcal ly 
developed cu l t l va r s  w l l l  a l t e r  the ex is t ing  
patterns o f  c o n n ~ ~ d i t y  production and 
d i s t r i bu t i on  because new technoloav may 
el iminate the ex is t ing  i n t e r r i i i o n a i  
comparative advantage i n  agr i cu l tu re  
through changes i n  inpu t  appl icat ion. 
y ie lds  and markets. 

This a r t i c l e  discussed only s o n  
opportuni t ies and adjustments t ha t - can  be 
expected from the c o n r r c l a l  use o f  p l an t  
b i o t e c h n o l o ~ ~ .  Recently Hansel s u m r l z e d  
the possible achleviments i n  animal 
blotechnology. His paper included a b r i e f  
evaluatlon of some economic impacts. Food 
orocessing i ndus tw  a lso  becomes af fected 
by b1ote:hnology iSt ipp).  The c k l e x i t y  
o f  the fu ture outcomes demands fu r ther  
a t ten t ion  o f  researchers. and aar l cu l tu ra l  
economists can con t i l bu te  - t o  the 
Interdisciplinary evaluation o f  
blotechnology impacts. 
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Table 1. Blotechnologies appl icable i n  corn, soybean, and wheat production assigned the highest 
subject ive p robab i l i t i es  of being developed. 

Corn Soybeans Wheat 
Technology Probab i l i t y  Technoloay Probabl l l ty  Technoloav Probab i l i t y  

Amino ac id  balance .82 
Herbicide tolerance .80 
Insect resistance .76 
Protein content .75 
Bacteria reslstance .72 
Fungus resistance .72 
L i p i d  composition .63 
y i r us  r e s l  stance .62 

Herbicide tolerance .85 
Rhlzobiurn .80 
Amino a d d  balance .74 
Insect resistance .73 
Fungus resistance .71 
Protein content .69 
Bacteria resistance .69 
Virus resistance .68 

Herbicide tolerance .B1 
Fungus reslstance .75 
Insect resistance .73 
Amino ac id  balance .69 
Protein content .68 
Bacteria resistance .63 
Virus reslstance .62 
Heat tolerance .57 

Table 2. Blotechnologies appl icable i n  corn, soybean, and wheat production assigned the lowest 
subject ive p robab i l i t i es  o f  being developed. 

Corn Sovbeans Wheat 
Technoloqy Probab l l i t v  Technolopv Probabi l i ty  Technoloav Probab i l i t y  

Photorespl r a t i on  .20 Autosuf f i c i e n t  .13 Rhizoblum .20 
Photosynthesis .33 Insects i n  storage .26 Autosuff ic ient .25 
Autosuf f i c i e n t  .34 Photorespiration .33 Photorespiration .26 
Ory matter par t .  .37 Storabi 1 1 t y  .35 Photosynthesis .33 
Insects i n  storage .42 Photosynthesis .40 Symbiotic -35 
Rhl7.obim .43 

Table 3. Expected percentage change i n  y i e l d  due t o  appl icat ion o f  biotechnology. 

Corn Sovbeans Wheat 
Yield Yield Yield . . 

Technoloay chanae Technoloa~ chanqe Technology chanae 

Amino acld balance 
Herblcide tolerance 
Insect resistance 
Protein content 
Bacteria resistance 
Fungus reslstance 
L ip id  canposit ion 
Virus reslstance 

0 Herbicide tolerance 
4 Rhizobium 

10 Amino acid balance 
-3 Insect resistance 
8 Fungus resistance 

10 Protein content 
2 Bacteria resistance 
8 Virus resistance 

10 Herbicide tolerance 
12 Fungus resistance 
-3 Insect resistance 
8 Amino ac id  balance 

12 Protein content 
1 Bacteria resistance 

10 Virus resistance 
7 


