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GROWTH HORMONE 

Upton Hatch, Henry Kinnucan 
and Joseph Molnar 

Bovine growth honone ( b ~ ~ ) l  i s  an 
emerging biotechnology t h a t  could have 
s i g n i f i c a n t  impl icat ions f o r  the d a i r y  
indust ry .  Research i s  needed t o  a s s i s t  i n  
understanding the innovation. development and 
adoption process w i t h  the u l t ima te  ob jec t ive  
o f  a n t i c i p a t i n g  the impact o f  t h i s  new 
technology. The d a i r y  i ndus t ry  i s  
experiencing rap id  technology change and 
considerable debate over appropr iate 
government po l icy .  I s o l a t i o n  o f  t h e  impacts 
o f  bGH i s  p a r t i c u l a r l y  important. This 
a r t i c l e  attempts t o  place the new b io log ica l  
innovations, and more s p e c i f i c a l l y  bGH. i n  the 
h i s t o r i c  evo lu t ion o f  a g r i c u l t u r a l  
technologies; synthesize the evidence on the 
economic f e a s i b i l i t y  o f  bGH; and an t l c lpa te  
the impact o f  t h i s  technology on the d a i r y  
industry.  

The h i s t o r y  of innovat ion i n  U.S. 
ag r i cu l tu re  has been periods of rap id  growth 
fol lowed by periods o f  ra the r  slow growth. 
H i s t o r i c a l l y .  h igh growth periods i n  U.S. 
ag r i cu l tu re  have been dominated by innovations 
i n  f a n  machinery. f e r t i l i z e r ,  seed, and 
chemicals. A rap id  decrease i n  f a n  
employment ran concurrent w i t h  the rap id  
growth i n  p roduc t i v i t y .  S t ruc tu ra l  changes 
were dramatic as f a n  labor  was replaced by 
newly developed techn ica l  inputs. From 1970 
t o  the present there has been a slower ra te  of 
p roduc t i v i t y  growth and fu r the r  concentrat ion 
of production i n  la rge farms. Labor 
d i s loca t ion  has not been a t  the dramatic r a t e  
o f  the 1920-1970 period, p r i n c i p a l l y  because 
a g r i c u l t u r a l  employment was so severely 
reduced i n  t h a t  e a r l i e r  era. Now, many 
observers be l leve U.S. ag r i cu l tu re  i s  moving 
i n t o  a per iod dominated by b i o l o g i c a l  
innovat ion and t h a t  new b i o l o g i c a l  
technologies w i l l  be the major source o f  
p r o d u c t i v i t y  growth i n  the future.  

Malor adjustments i n  a u r i c u l t u r a l  oroarams . - 
appea;inevltable, if pre l iminary  estimates o f  
product ion e f fec ts  are rea l ized (Tlegen. e t  
a l . )  Economists have an important r o l e  i n  
assessing these new technologies and i n  
recomnending appropr iate p o l i c y  t o  address 
t h e i r  impact on the U.S. a g r i c u l t u r a l  economy, 
consumers. and the in te rna t iona l  
competitiveness of a g r i c u l t u r a l  i npu t  
suppl iers.  W i l l  biotechnology lead American 
ag r i cu l tu re  i n t o  another per iod o f  rap id  
p r o d u c t i v i t y  growth? More spec i f i ca l l y ,  w i l l  
d a i r y  farmers r a p i d l y  adopt bGH and dup l ica te  

the dramatic r e s u l t s  obtained experimentally 
(Ka l te r  e t  a l . ) ?  

Economic F e a s l b l l l t y  and Expected Impact on 
the Dai ry  Indust ry  

Economic f e a s i b i l i t y  i s  based on the cost 
and returns t o  both the producers and users of 
the new technology. Engineering cost studies 
provide estimates o f  the product lon cost t o  
the a g r i c u l t u r a l  chemical f i rm.  F i e l d  t e s t i n g  
o f  b i o l o g i c a l  response and changes i n  i npu t  
requirements are used t o  judge f e a s i b i l i t y  of 
farmer use. Micro and macroeconomic modeling 
attempt t o  p ro jec t  the e f f e c t  of the new 
product on the indust ry .  

K a l t e r  e t  a l .  developed an engineering 
cost study t o  determine probable p lan t  s i ze  t o  
manufacture WH, p r o f i t a b i l i t y ,  and product 
pr ice .  Pr ice  i s  c l e a r l y  re la ted  t o  p l a n t  s ize  
i nd i ca t ing  t h a t  substant ia l  economies o f  scale 
e x i s t  between the smal lest  scale f a c i l i t y  
analyzed and p lants  w i t h  a d a l l y  capaci ty t o  
provide bGH f o r  6.5 m i l l i o n  cows. 

Evaluation o f  the comnerdal v i a b i l i t y  o f  
bGH ind icated t h a t  add i t i ona l  feed costs and 
the extent o f  improvement i n  m i l k  production 
are c l e a r l y  important var iables i n  determining 
the incent ive  t o  use bGH. However, even i f  
farm mi l k  p r i ces  deter iora ted sharply. a 
substant ia l  incent ive  would l i k e l y  e x i s t  t o  
adopt bGH w l th  p r i ces  ranging from 2 t o  4 
times raw productlon cost.  Market po ten t ia l  
o f  bGH w i l l  be determined by fac to rs  such as 
economies o f  scale i n  bGH production. 
fermentation y ie lds  from the i n d u s t r i a l  
process. and the d a i l y  response and r e s u l t i n g  
Increase i n  m i l k  production. 

B lo log ica l  Response 

B io log ica l  response i n  experimental t e s t s  
ranged from 25% t o  40% increase i n  m i l k  
product ion per ca r  (Ka l te r  e t  a however, 
f i e l d  r e s u l t s  o f ten  have been less dramatic 
than those obtained experimentally. Achieving 
a hlgh response w i l l  depend on good 
management, super ior  feed q u a l i t y  and the 
po ten t ia l  c l ima t i c  e f f e c t .  Two recent 
research resu l t s  tend t o  m i t i g a t e  the 
expectations f o r  hlgh b l o l o g i c a l  response. 
Spec i f i ca l l y .  i t  has been suggested t h a t  
expected response w i l l  be lowered i n  areas of 
the country where d a i r y  c a t t l e  are stressed by 
heat and humidity (Jorgenson). There i s  the 



p o s s i b i l i t y  t h a t  'burn out* from Increasing 
the i n t ens i t y  of production per cou w i th  the 
use o f  bGH w i l l  cause animal replacement a t  
more rapid rates (Fox). A shorter productive 
l i f e  f o r  da i ry  covs w i l l  increase costs. 

Without m l l k  p r l ce  supports, t he  Economic 
Research Service (ERS) estlmates a 5% ml l k  
supply increase would r e s u l t  i n  a p r i ce  o f  
$8.84 per hundred weight, a 10% increase would 
push p r i ce  down t o  $7.17. and a 15% response 
y ie lds a $5.50 pr ice. However, such p r i ce  
decllnes would c l ea r l y  r esu l t  i n  an e x i t  of 
resources, thus danpening the supply increase. 

Rates o f  Adoption 

Estimates of adoption and d i f f us i on  o f  bGH 
amng New York da i ry  farmers indicated a 
r e l a t l v e l y  rap id  r a t e  o f  adoptlon, w i th  a t  
l eas t  hal f  o f  the s ta te  herd on treatment 
w i t h i n  the f i r s t  year o f  ava i l ab i l i t y .  The 
c e i l i n g  l eve l  o f  adoptlon o f  63 t o  85%. 
depending on the techniques f o r  administering 
bGH may be achieved by about the t h i r d  year. 
Hatch e t  a l .  obtained s im i l a r  resu l t s  i n  a 
survey i n  the Southeast w i th  a range o f  
expected. supply response from 4.2 t o  23.5%. 
However, t h i s  rap id  adoption ra te  w i l l  be 
slowed i f  bGH implant technology i s  no t  
ava i lab le  upon in t roduct ion and i f  consumers 
i n i t i a l l y  react adversely (Mix). Another 
po ten t ia l  r es t r a i n t  on adoption i s  the pr lce 
of bGH. Daniel estimates t ha t  $0.40 per dose 
w i l l  not be p ro f i tab le  t o  da i ry  farmers. 

The Ka l te r  e t  a l .  approach d i d  no t  account 
f o r  the downward p r i c e  ef fects  on ml l k  
resu l t i ng  from widespread use o f  bGH. Should 
bGH become widely used and should pr ices 
adjust,  non-adopters could survive only i f  
b lo log lca l  response i s  r e l a t l v e l y  lou and 
demand f o r  m l l k  i s  h i gh l y  e las t i c .  Thus, use 
o f  bGH should. approach 100% i n  a dynamic 
environment. The resu l t s  of Ka l te r  e t  a l .  
Ind icate t h a t  ea r l y  adapters are characterized 
by higher herd productlon averages and use 
(pr imar i ly )  f ree  s t a l l  barns. 

Industry Inpacts 

I n  the aggregrate, as productlon increases 
due t o  the homne ,  m i l k  pr ices w i l l  f a l l  
reducing the shor t  term gains i n  farm re tu rn  
(Mix). The number of dairymen and the s lze o f  
the nat ional  da l ry  herd w i l l ,  by necessity. 
decl ine as the market seeks a new 
equi l ibr ium. Also, the s lze o f  the average 
da i ry  herd w l l l  increase and acres used f o r  
feed productlon w i l l  decrease (Mix). The s ize 
o f  the adjustment and i t s  t iming w l l l  depend 
no t  only on the productlon response t o  bGH and 
the ra te  of adoption, but on the leve l  and 
scope of government p r i ce  support programs f o r  
mi lk .  

Farms w i t h  low debt loads, good s o i l  
resources, and superior management w i l l  be i n  
the best pos i t i on  t o  survive the t rans i t i on .  
The f inanc ia l  pos i t i on  of i nd iv idua l  da i ry  

farms a f t e r  these adjustments u i l l  depend on 
response t o  bGH. feeding managewent strategies 
t o  increase in take and the economic and 
p o l i t i c a l  environment o f  the d ia ry  industry. 
A po l i cy  simulation model developed a t  Texas 
AW ind icates t h a t  very large farms w l l l  be 
favored (Yonkers, e t  al.) 

Other studies ind icate t h a t  if markets are 
allowed t o  clear,  the in t roduct ion of bWI w l l l  
lead t o  fu r the r  decllnes i n  m i l k  prices, as 
wel l  as farm and animal numbers (Magrath and 
Tauer). Output w i l l  f a l l ,  but i t s  decl ine 
w l l l  be lessened by bGn. Ka l te r  e t  a l .  
estimated t h a t  supply response w i l l  be 
approximately one-half o f  b lo log lca l  
response. They ind icate t h a t  bGH may lead t o  
the e x i t  o f  5,400 da l ry  farms w i t h i n  f i v e  
years i n  New York s ta te  and a 20 percent 
reduction i n  da i ry  corn. A f ree  market da l ry  
po l i cy  w l l l  leave t o t a l  output essen t ia l l y  
unchanged. The primary benef ic iar ies o f  bGH 
w l l l  be consumers who stand t o  gain 
substant ia l ly  from lower m i l k  and other da i ry  
product prices. 

A remaining issue i s  the extent t o  which 
benef i ts  o f  bGH are biased i n  favor of large 
high output farms. Over t ime these benef i ts 
u i l l  be capi ta l ized i n t o  pr ices o f  land and 
other assets t o  the bene f i t  o f  t h e i r  owners. 
I f  equitable d i s t r i bu t i on  o f  benef i ts  from bGH 
among farmers i s  a concern, then fu ture publ ic 
sector research should examine de l i ve ry  
systems, extension and feeding programs t h a t  
u i l l  decrease any s lze  bias i n  the bGH 
technology. 

The long term impl icat ions o f  bGH fo r  the 
U.S. da l ry  indust ry  has been the ob ject ive o f  
research e f f o r t s  by Boehlje and Cole. Total  
m l l k  productlon w l l l  increase dramatical ly 
resu l t i ng  e i t he r  i n  la rger  surplus stocks and 
government program expenditures t o  i so l a t e  
these excess supplies, o r  i n  s i gn i f i can t l y  
lover  m i l k  prices. Substantial reductions i n  
da l ry  cou numbers w i l l  r e s u l t  i n  the 
production o f  fewer da i r y  calves and less 
da i ry  beef; thus t o  maintain t o t a l  beef 
supplies, beef ca l f  production w i l l  increase. 

Regional s h i f t s  i n  m i l k  production are 
a lso l i k e l y  t o  occur w i t h  decreases i n  the 
Northern Great Plains and North Central States 
and increases i n  the Southeast and Eastern 
Corn Be l t  States. As bGH resu l t s  i n  increased 
productlon w i th  unchanged inputs, geographic 
regions are expected t o  become m r e  
se l f - su f f i c i en t  I n  m l l k  production and 
inter-region mi l k  shipments- may decrease 
s i gn i f i can t l y .  

Two generalizations concerning the 
p o s s i b i l i t y  o f  regional s h i f t s  i n  m i l k  
production are: 

(1) I f  supply i n  da i ry  surplus areas i s  
more p r i ce  responsive than demand i n  
da i ry  d e f i c i t  areas, then imports 
I n t o  the d e f i c i t  areas w i l l  increase. 
o r  



(2) if supply i n  da l ry  surplus areas i s  
more p r i ce  responsive than supply i n  
da i ry  d e f i c i t  areas, then imports 
I n t o  the d e f i c i t  areas w l l l  increase. 

Empirical evidence suggesting demand fo r  
m i l k  i s  h igh ly  i ne l as t i c  would support the 
p l a u s i b i l i t y  o f  (1) and expectations of faster  
adoptlon i n  export ing areas would support 
(2). Thus, i t  appears t h a t  market forces 
would tend tnrard increasing imports i n t o  
d e f i c i t  areas unless po l i c y  makers f i n d  t ha t  
outcome unacceptable. 

Yonkers e t  a l .  and Mix concur i n  t h e i r  
estlmates t ha t  the greatest changes i n  
regional production w i l l  occur i n  the Lake 
States and the Pac i f i c  Southwest. The l a t t e r  
i s  expected t o  expand dramatical ly i t s  share 
o f  nat ional  da i ry  production whereas the 
fonner region w i l l  experience the greatest 
decrease. The Southeast i s  r e l a t i v e l y  secure 
I n  i t s  regional share due t o  i t s  ra ther  high 
regional p r l ce  (Yonkers e t  al . )  

Government costs were estimated a t  $3.2 
b i l l i o n  i f  supply increases 15% and the p r l ce  
support l e ve l  i s  maintained (Tiegen e t  al.) 
The ERS study suggests several generalizations 
t ha t  are supported by past technological 
advances i n  agr icul ture: 

'Adoption of new technology i s  favorable 
f o r  i nd iv idua l  farmers -- assuming pr ices 
do no t  change; the marginal cost o f  
producing the o r i g i na l  .output  i s  less 
under the new technology than under the 
old; nonadopting f a m r s  are placed a t  a 
disadvantaae r e l a t i v e  t o  adaoters: 
adoption 07 the technology expands o;ltput; 
reduces prices, and can u l t ima te ly  reduce 
producer t o t a l  revenues ( I n  the absence o f  
p r i ce  supports). With Government p r l ce  
supports. some o f  the depressing e f fec ts  
on producer revenue can be control led, bu t  
only a t  the cost o f  higher pr ices t o  
consulners o r  higher program costs t o  
taxpayers. I f  incomes per fanu f a l l  
enough, farms w l l l  leave productlon and 
the e f f ec t s  of the new technology on the 
remaining farms w i l l  be moderated.# 
(Tiegen e t  al.. p. 61). 

Sumnnry and Conclusions 

Research evaluating the e f fec ts  of new 
technologies can be very benef ic ia l  i n  guiding 
an industry through an adjustment process. 
Because bGH w i l l  be introduced i n t o  an 
indust ry  already- experiencing rap id  technical 
change and considerable po l i c y  debate over 
t r e a t m n t  o f  chronic over supply, an t i c ipa to ry  
research on the e f fec ts  o f  bGH on the da l ry  
lndust ry  has a high po ten t ia l  pay o f f .  

The consensus i s  t ha t  bGH has high p r o f i t  
potent ia l  both t o  da i ry  fanners and 
agr i cu l tu ra l  chemical producers. Also, 
fanners are expected t o  adopt ra ther  rapidly.  
w i t h  ear l y  adapters being the good managers 
w i t h  r e l a t i v e l y  large farms. Management 

s k i l l s  and feed qua l i t y  w i l l  be c ruc ia l  t o  
p ro f i t ab l e  adoptlon o f  bGH. Several research 
resu l t s  negate the ear l y  analyses o f  bGH's 
po ten t ia l  b io log ica l  response. Under f i e l d  
condit ions. aoss i b l l i t l e s  ex i s t  that:  1) 
herds expked ' t o  stress from heat and humidity 
w l l l  achieve i n f e r i o r  resul ts.  2) the econoRIc 
l i f e  o f  a da i ry  animal may be shortened, and 
3) implant technology w l l l  be slow t o  develop. 

Project ing regional inpacts has caused the 
greatest d i f f i c u l t i e s .  Under the p reva i l i ng  
scenario, the fo l lowing resu l t s  are 
suggested: 1) average herd s ize w l l l  
increase, 2) nat ional  herd s ize w i l l  f a l l .  3) 
rnany da i ry  farms w i l l  no t  survive.and 4) fewer 
acres w i l l  be al located t o  feed production. 
Pressure t o  change da l ry  po l i c y  w i l l  be 
substant ial  resu l t i ng  from enomus  government 
costs t o  r es t r a i n  productlon. Expected 
regional sh i f t s  i n  productlon are la rge ly  
dependent upon the set  o f  assumptions i m p l i c i t  
I n  each r e s e a ~ h  ef for t .  The t r ad i t i ona l  
da i ry  producing areas o f  the Midwest and 
Northeast appear t o  be under substant ial  
pressure t o  maintain t h e i r  predominance, and 
the emergence o f  very large operators 
p a r t i c u l a r l y  i n  the Southwest seems l i k e l y .  

I n  almost a l l  the studies c i t e d  i n  t h i s  
paper, the authors have had d i f f i c u l t i e s  
I so l a t i ng  the ef fects  of one product (bGH) on 
an indust ry  experiencing great pressure f o r  
change, even without t h i s  new product. 
However, the goal of such an t i c ipa to ry  
research should be t o  a m  po l i c y  makers w i t h  
the best ava i lab le  information upon which t o  
develop fu ture pol icy.  

Upton. Hatch and Henry Kinnucan are Assistant 
Professors. and JoseDh Molnar i s  Professor o f  
~ g r l c u l t u r a l  Economt;~ and Rural Sociology. 
Alabama Agr icu l tura l  Experiment Station. 
Auburn Universi ty.  AL 36849. 

NOTES 

(1) Bovine growth hormone i s  a lso re fer red t o  
as bovine s m t o t r o p i n  (bST). 
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