
f- 

it.. 

DEVELOPMENT OF IMPROVED VARIETIES OF SOYBEANS 
SUPPORTING CULTURAL AND MARKETING PRACTICES FOR PRODUCTION IN THE TROPICS 

AND INFORMATION DELIVERY SYSTEM!S 

Annual Report on 
Contract AID/TA-C-1294 

April 1, 1977 to March 31, 1978 

Submitted to 
The U.S. Agency for International Development 

Department of State 
Washington, D.C. 

by 
The University of Illinois at Urbana-Champaign 

College of Agriculture 
International Soybean Program, INTSOY 



Table o f  Contents 

Page 

Report Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

A.  S t a t i s t i c a l  Summary . . . . . . . . . . . . . . . . . . . . 1 
B .  Nar ra t ive  Summary o f  Accomplishments. . . . . . . . . . . . 1 

Report o f  Progress  . . . . . . . . . . . . . . . . . . . . . . . . . 3 

A. Object ives  . . . . , . . . . . . . . . . . . . . . . . . . . 3 
B. Background . . . . . . . . . . . . . . . . . . . . . . . . . 3 
C .  Accomplishment by Object ives  . . . . . . . . . . . . . . . . 4 

1.  Development o f  Improved Genet ic  Mater ia l s  
f o r  lJse i n  LDC Breeding Programs . . . . . . . . . . 

2. Improvement of  Technologies f o r  Rhi zobium 
Production and Management i n  Tropica l  Ecologies .  . . 

3 .  Management and Expansion o f  t h e  Knowledge Base 
i n  Soybean Product ion,  P ro t ec t ion  and I l t i  l i z a t i o n .  . 

4 .  Improvement o f  t he  Knowledge Useful f o r  Disease 
Control i n  Soybeans . . . . . . . . . . . . . . . . 

5. Development o f  Model I n s e c t ,  Weed and Disease 
Control Management Systems Which can be Adapted 
o r  Modified f o r  S p e c i f i c  Environments. . . . . . . . 

6. Development o f  Improved Seed Storage  Technology. . . 
D .  Anci l la ry  Act . iv i t ies .  . . . . . . . . . . . . . . . . . . . 24 
E .  Administrat ion,  S t a f f  and Budget. . . . . . . . . . . . . . 24 

Appendices: 

I .  Report o f  William H .  ,Judy, Associate  Professor  o f  Agronomy 
and H .  J .  H i l l ,  Ass i s t an t  Agronomist. . . . . . . . . . . 

11. Report o f  Robert M. Goodman, Ass i s t an t  Professor  o f  
P l an t  Pathology. . . . . . . . . . . . . . . . . . . . . . 

111. Report o f  M. E .  Irwin. Ass i s t an t  P ro fe s so r  of 
Agricul t u r a l  Entomology. . . . . . . . . . . . . . . . . - 

IV. k p o r t  o f  A .  I .  Nelson and L .  S .  Wei , Professors  of  
Food Science . . . . . . . . . . . . . . . . . . . . . . . 

V .  Report o f  R .  Stewart  Smith* Ass i s t an t  P ro fe s so r  of  
S o i l  Microbiology. . . . . . . . . . . . . . . . . . . . . 

VI. Report o f  Jenn, Kogan, Research Ass i s t an t  i n  Economic 
Entomology Sec t ion ,  I l l i n o i s  Natural His tory  Survey. . . . 

VII.  Report o f  John Rouseman, Ass is tan t  Entomologist ,  Economic 
Entomology Sec t ion ,  I l l i n o i s  Natural His tory  Survey. . . . 

VIII .  Report o f  James B .  S i n c l a i r ,  P ro fe s so r  o f  P l an t  Pathology. 
IX. Report o f  Er ro l  D .  Rodda. Professor  o f  Agr i cu l tu ra l  

Engineering. . . . . . . . . . . . . . . . . . . . . . . . 



REPORT SUMMARY 

A.  S t a t i s t i c a l  Summary 

1. Projec t  T i t l e  and Contract Number: Development of  Improved Var ie t i e s  
of  Soybeans and Supporting Cul tura l  and Marketing Prac t i ces  f o r  
Production i n  the  Tropics and Information Delivery Systems - 
AID/ta-c-1294. 

2. Pr inc ipal  Inves t iga tor ,  Contractor and mailing address: 

William N .  Thompson, Director  
In te rna t iona l  Soybean Program, INTSOY 
College o f  Agriculture 
University of  I l l i n o i s  a t  Urbana-Champaign 
113 Mumford Hall  
Urbana, I l l i n o i s  61801 

3. Contract Period: Apri l  1, 1976 - March 31, 1979 

4. Period Covered by Report: Apri l  1, 1977 - March 31, 1978 

5. Total  AID Funding o f  Contract t o  Date: $2,085,855 

6.  Total  Expenditures f o r  Report Period: $632,740 

B. Narrat ive Summary o f  Accomlishments 

Accelerated progress was made toward the  development and e x p l o i t a t i o n  
of  t h e  inherent  po ten t i a l  o f  t h e  soybean as  an e f f i c i e n t  source o f  high 
q u a l i t y  p ro te in  and ed ib le  o i l  f o r  t h e  d i e t s  o f  both t h e  r u r a l  and urban 
poor i n  developing countr ies .  An a r ray  o f  t r i a l s  has been developed 
t o  i d e n t i f y ,  evaluate  and speed t h e  process o f  adoption of  improved 
soybean v a r i e t i e s  by producers i n  t r o p i c a l  and subt ropica l  a reas .  Sub- 
s t a n t i a l  a t t e n t i o n  i s  being given t o  c u l t i v a r s  which exh ib i t  r e s i s t ance  
t o  diseases and i n s e c t s .  The search continued f o r  soybean v a r i e t i e s  
exh ib i t ing  super ior  cooking q u a l i t i e s .  

Work got underway i n  mid 1977 i n  soybean microbiology a t  Puerto Rico. 
A c o l l e c t i o n  of  Rhizobium japonicum has been made and f i v e  separa te  
research p r o j e c t s  have been i n i t i a t e d  on nodulation parameters, number 
of  R .  japonicum necessary t o  e s t a b l i s h  s a t i s f a c t o r y  nodulation, screen- 
ing  of R .  japonicum s t r a i n s  f o r  growth a t  e levated  temperatures, evalua- 
t i o n  of  inoculant  c a r r i e r s  f o r  the  t r o p i c s ,  and screening f o r  n i t rogen 
f ixa t ion  on e igh t  sorghum hybrid l i n e s .  The t h r e e  bas ic  information 
systems, TAXIR, SIRIC, and IRCSA, were u t i l i z e d  i n  t h e  management and 
dissemination of  knowledge about soybean production, protec t ion  and 
u t i l i z a t i o n .  Two new t i t l e s  i n  the  INTSOY publ ica t ion  s e r i e s  were 
i ssued,  "Rust of  Soybean: The Problem and Research Needst1 - Number 12, 
a d  "Pedigrees of  Soybean Cul t ivars  Released i n  t h e  United S t a t e s  and 
Canada" - Number 13. In  addi t ion ,  the  manuscript f o r  Number 14 ttWhole 
Soybean Foods f o r  Home and Vil lage Use," was completed and w i l l  be 
published during the  next cont rac t  year .  



Work i n  d i s e a s e  con t ro l  cont inued t o  f e a t u r e  t h e  c o l l a b o r a t i v e  work o f  
v i r a l  and fungal  p l a n t  p a t h o l o g i s t s  and en tomologis t s .  Soybean mosaic 
v i r u s ,  cowpea mosaic v i r u s ,  bean golden mosaic v i r u s ,  Bac i l l u s  s u b t i l i s ,  
Phomopsis s o i a e  and v i r u s  v e c t o r  s t u d i e s  were t h e  focus of i n v e s t i g a t i o n s  
i n  t h i s  a r e a .  

Progress  cont inued i n  t h e  development o f  model i n s e c t  c o n t r o l  management 
systems.  S tud ie s  on t h r i p s ,  Orius  and t h e  velvetbean c a t e r p i l l a r  were 
cont inued.  Colleagues a t  t h e  Univers i ty  o f  Puerto Rico, Mayaguez Campus, 
a r e  t a k i n g  l eade r sh ip  o f  weed c o n t r o l  s t u d i e s .  

Cooperat ive work between UIUC and UPR/MC a g r i c u l t u r a l  eng inee r s  confirmed 
t h a t  reducing seed  moisture  conten t  and main ta in ing  it dur ing  s t o r a g e  
were e s s e n t i a l  i n g r e d i e n t s  f o r  p r e se rv ing  soybean seed  q u a l i t y  a t  an 
accep tab l e  l e v e l .  Follow up work on s t u d i e s  r epo r t ed  i n  l a s t  y e a r ' s  
annual r e p o r t  was conducted. The INTSOY re sea rch  s t a f f  engaged i n  a  
number o f  a n c i l l a r y  a c t i v i t i e s  r e l e v a n t  t o  t h e  genera l  o b j e c t i v e s  o f  t h e  
r e sea rch  p r o j e c t  and c o n t r i b u t o r y  t o  t h e  development o f  response  capab i l -  
i t i es  i n  soybean product ion,  p r o t e c t i o n  and use.  These a c t i v i t i e s  i n -  
c luded p a r t i c i p a t i o n  i n  sponsored t r a i n i n g  courses ,  conduct ing o f  
seminars and p rov id ing  advisory  s e r v i c e s  t o  LDC's under agency t a s k  
o r d e r s ,  and supply ing  information by d issemina t ion  o f  p u b l i c a t i o n s  and 
n e w s l e t t e r s  and response t o  i n q u i r i e s  by correspondence. 

"St 
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REPORT OF PROGRESS 

A. Objectives 

The purpose t o  which t h i s  con t rac t  cont r ibutes  is t h e  development and 
e x p l o i t a t i o n  of  t h e  inherent  p o t e n t i a l  of t h e  soybean a s  an e f f i c i e n t  
source o f  high q u a l i t y ,  e d i b l e  o i l  and high q u a l i t y  p ro te in  f o r  d i e t s  
o f  both t h e  r u r a l  and urban poor. S i x  continuing ob jec t ives  addressed 
the  generation o f  knowledge and development of technology. They include:  

1. Development o f  improved genet ic  mater ia ls  f o r  use i n  LDC soybean 
breeding programs 

2.  Improvement o f  technologies f o r  Rhizobium production and management 
i n  t r o p i c a l  ecologies 

3.  Management and expansion of  t h e  knowledge base i n  soybean production, 
p ro tec t ion  and u t i l i z a t i o n  

4.  Improvement o f  t h e  knowledge useful  f o r  d isease  cont ro l  i n  soybeans 

5. Development of  model i n s e c t ,  weed and d i sease  cont ro l  management 
systems which can be adapted o r  modified f o r  s p e c i f i c  t r o p i c a l  and 
subt ropica l  environments 

6 .  Development o f  improved seed s torage  technology 

B. Background 

This r epor t  concentrates on progress made i n  t h e  second year  of a three-  
yea r  research p ro jec t .  During t h e  f i r s t  year  s u b s t a n t i a l  progress was 
made toward each of t h e  s i x  con t rac t  objec t ives  enumerated above and a 
seventh ob jec t ive ,  phasing ou t  of  previous home processing a c t i v i t i e s  
o f  soybeans, was accomplished. Work continued on developing improved 
genet ic  mater ia ls  f o r  use i n  LDC breeding programs. Research on Rhizobium 
production and management was i n i t i a t e d  following up on recrui tment,  
planning and s i t e  se lec t ion  during t h e  f i r s t  con t rac t  year .  Three 
information systems, TAXIR, SIRIC, and IRCSA were u t i l i z e d  i n  the  manage- 
ment and dissemination of  knowledge on soybean production, p ro tec t ion  
and u t i l i z a t i o n .  

The INTSOY Newsletter continued t o  be well received by a general audience 
wanting t o  know more about soybean production, p ro tec t ion  and u t i l i z a t i o n .  
Additions were made t o  t h e  INTSOY Publ ica t ion  Ser i e s .  S tudies  on d isease  
cont ro l  were addressed on an i n t e r d i s c i p l i n a r y  bas i s  with p l a n t  pathology 
and entomology as t h e  lead  d i s c i p l i n e s .  Progress continued i n  t h e  develop- 
ment o f  model i n s e c t ,  weed and disease  cont ro l  management systems. Leader- 
s h i p  on weed contro l  s tud ies  was assumed by colleagues a t  t h e  University 
o f  Puerto Rico, Mayaguez Campus. Cooperative work between UIUC and 
UPR/K a g r i c u l t u r a l  engineers r e su l t ed  i n  t h e  publ ica t ion  o f  a study on 
improved soybean s torage  technology. The INTSOY research s t a f f  a l s o  



engaged i n  a  number o f  a n c i l l a r y  a c t i v i t i e s  r e l evan t  t o  t h e  general  
ob jec t ives  o f  t he  research p r o j e c t  and cont r ibuted  t o  t h e  development 
of  response c a p a b i l i t i e s  i n  soybean product ion,  p ro tec t ion  and use. 

Accomplishment by Object ives 

INTSOY follows an i n t e r d i s c i p l i n a r y  approach i n  addressing t h e  ob jec t ives  
of t h e  t a sks  i t  undertakes. This  approach i s  well  i l l u s t r a t e d  i n  the  
following summary r epor t s  on each o f  t he  continuing ob jec t ives .  Ind iv i -  
dual  researchers  cooperate  i n  addressing problems a s soc ia t ed  with i n t e r -  
r e l a t e d  ob jec t ives  i n  a  manner o f  opera t ion  t h a t  maximizes t h e  l imi t ed  
personnel ,  f a c i l i t i e s  and f i s c a l  resources  a v a i l a b l e  t o  t h e  program. 
The summaries o f  progress  on each ob jec t ive  a r e  augmented by complete 
r epor t s  by l ead  s c i e n t i s t s  i n  t h e  various d i s c i p l i n e s ,  and t h e i r  c o l l a -  
bo ra to r s .  These r e p o r t s  a r e  presented  a s  Appendices I  - IX. 

Objec t ive  I .  Development o f  Improved Genetic Mater ia l s  
f o r  Use i n  LDC Breeding Programs 

A s i g n i f i c a n t  amount o f  t h e  progress  i n  t h i s  a r e a  was provided by t h e  
INTSOY p l a n t  breeder  s t a t i o n e d  a t  UPR/MC under 211(d) g ran t  AID/CM/ta-g-73-49 
and has been repor ted  i n  t h e  annual r e p o r t s  o f  t h a t  g ran t .  Work i n  soy- 
bean v a r i e t y  development, d i sease  and i n s e c t  con t ro l ,  and cooking 
q u a l i t y  r e l a t i n g  t o  i d e n t i f i c a t i o n  o f  c h a r a c t e r i s t i c s  appropr i a t e  f o r  
incorpora t ion  i n  a  breeding program a r e  summarized below. 

Soybean Variety Development. The major o b j e c t i v e s  o f  t h e  soybean v a r i e t y  
development program inc lude  s e l e c t i o n  f o r  high s t a b l e  y i e l d  and h igh  
p r o t e i n  p e r  u n i t  o f  land a r e a ,  s u i t a b l e  photoperiod response,  r e s i s t a n c e  
t o  d i sease  and i n s e c t  p e s t s  t h a t  l i m i t  y i e l d  and seed q u a l i t y ,  and 
wide a d a p t a b i l i t y  i n  t r o p i c a l  and sub t rop ica l  environments. The INTSOY 
p l a n t  breeder  a t  UPR/MC evalua tes  t h e  t r o p i c a l  and sub t rop ica l  germ plasm 
and makes crosses  between high y i e l d i n g  temperate and t r o p i c a l l y  
adapted germ plasm. The v a r i e t i e s  developed i n  t h i s  Puerto Rico program 
a r e  evaluated i n  t h e  Soybean Prel iminary Observation T r i a l  (SPOT) which 
was c a r r i e d  ou t  a t  s i x  loca t ions  i n  1976 and a t  e i g h t  l oca t ions  i n  1977. 
S i x  v a r i e t i e s  from t h e  SPOT t r i a l  were s e l e c t e d  f o r  t h e  1978 I n t e r n a t i o n a l  
Soybean Variety Evaluation Experiments (ISVEX) t r i a l s .  ISVEX provides 
t h e  main t h r u s t  i n  t h e  v a r i e t y  development work. The ISVEX t r i a l  pro- 
v ides  an oppor tuni ty  f o r  t e s t i n g  the  adapta t ion  o f  soybean v a r i e t i e s  
under a  wide range o f  environmental condi t ions  i n  comparison with 
introduced and l o c a l l y  a v a i l a b l e  c u l t i v a r s  i n  the  coun t r i e s  where t r i a l s  
a r e  conducted. This comprehensive v a r i e t y  t e s t i n g  program depends upon 
t h e  voluntary co l l abora t ion  o f  t h e  cooperators .  The v a r i e t i e s  included 
i n  t h e  ISVEX have va r i ed  over  time. Var i e t i e s  have been grouped i n t o  
e a r l y ,  medium, and l a t e  maturing t r i a l s  a s  a  r e s u l t  o f  suggest ions by 
cooperators  and evalua t ion  by the  t r i a l  coordina tor ,  and t h i s  procedure 
has worked well i n  t h e  1976, 1977, and 1978 t r i a l s .  

The t r i a l  coordinator  supp l i e s  t h e  seed f o r  a l l  experiments except t h e  
l o c a l  v a r i e t y  included a t  the  opt ion  o f  t h e  cooperator ,  and provides 



inoculum, a s tandard s e t  o f  i n s t r u c t i o n s  and data  c o l l e c t i o n  shee t s .  
The country cooperator provides land, labor ,  f e r t i l i z e r  and management 
necessary f o r  t h e  experiment. Ins t ruc t ions  f o r  management and da ta  
c o l l e c t i o n  a r e  s tandardized and s e n t  t o  each cooperator.  General in fo r -  
mation re turned by t h e  cooperator includes add i t iona l  d e t a i l s  such a s  
l a t i t u d e ,  e levat ion  and s o i l  condi t ions ,  da te  o f  p lan t ing  and harvest ing,  
amount o f  moisture from r a i n f a l l  o r  i r r i g a t i o n ,  f e r t i l i z e r  use,  loca l  
v a r i e t i e s  t e s t e d ,  and observations on d iseases  and insec t s .  The data  
requi red  t o  be reported f o r  each p l o t  by the  cooperators includes 
y i e l d ,  nodulation, days t o  flowering, days t o  maturi ty,  p l a n t  height  
a t  maturi ty,  est imates o f  lodging and s h a t t e r i n g  and seed q u a l i t y .  
Samples of  each of  t h e  v a r i e t i e s  a r e  a l s o  re turned t o  INTSOY f o r  p ro te in  
and o i l  content  ana lys i s .  

The SPOT was organized i n  1975 t o  provide a means f o r  evaluat ing  t h e  
environmental response o f  newly-developed c u l t i v a r s  a t  a  l imi ted  number 
of s i t e s .  These c u l t i v a r s  were obtained from se lec t ions  i n  t h e  INTSOY 
breeding program i n  Puerto Rico and from soybean breeding programs o f  
cooperators i n  Asia and South America. There were s i x  new e n t r i e s  i n  
1977 and seven new e n t r i e s  i n  1978. The number o f  locat ions  has been 
increased from e igh t  i n  1977 t o  18 i n  1978 i n  o rde r  t o  ob ta in  a more 
p rec i se  evaluat ion  of t h e  new v a r i e t i e s  i n  d i f f e r e n t  environments. 
Five e n t r i e s  from t h e  1976 and 1977 SPOT t r i a l s  were se lec ted  f o r  inc lu-  
s ion  i n  t h e  1978 ISVEX. 

A new t r i a l  was organized t o  begin i n  1978 t o  t a p  t h e  pool o f  germ plasm 
being developed i n  country soybean programs throughout t h e  world. The 
t r i a l  i s  c a l l e d  t h e  Soybean In te rna t iona l  Experiment Variety Evaluation 
(SIEVE) t r i a l .  Cooperators from 15 coun t r i e s  cont r ibuted  48 c u l t i v a r s  
developed t o  t h e  F-6 o r  l a t e r  s tagesofor  t h e  1978 t r i a l .  This co l l ec t ion  
w i l l  be evaluated a t  oO, 18O, and 30 l a t i t u d e .  In add i t ion  t o  y i e l d ,  
observations w i l l  be made on agronomic and p e s t  r e s i s t a n t  c h a r a c t e r i s t i c s  
of these  v a r i e t i e s .  Selec t ions  from t h e  SIEVE t r i a l  and from t h e  Puerto 
Rico breeding program w i l l  be entered i n  t h e  SPOT t r i a l .  Se lec t ions  w i l l  
be made from t h e  SPOT t r i a l  f o r  inc lus ion i n  t h e  ISVEX t r i a l .  When t h e  
system i s  f u l l y  opera t ive  it is estimated t h a t  a  v a r i e t y  could move from 
t h e  breeder t o  t h e  farmer i n  a  minimum of  four  years  and t h a t  a l l  a c t i v e  
breeding programs i n  t h e  world could cont r ibute  t o  t h e  t r o p i c a l  and 
subt ropica l  genet ic  improvement program. For summaries and progress 
r e p o r t s  on t h e  1975, 1976, 1977, and 1978 ISVEX t r i a l s  and f o r  the  1976 
SPOT t r i a l ,  s e e  Appendix I .  

Disease Control Through Genetic Improvement. Work continued on i d e n t i -  
f i c a t i o n  of  t r o p i c a l l y  adapted soybean germ plasm r e s i s t a n t  t o  soybean 
mosaic v i rus ,  cowpea mosaic v i rus  and whi tef ly  t ransmit ted  v i rus .  In  
last y e a r ' s  annual r epor t  e i g h t  soybean l i n e s  were repor ted  t o  possess 
r e s i s t a n c e  i n  f i e l d  t r i a l s  t o  t h e  I l l i n o i s  severe  i s o l a t e  of soybean 
mosaic v i r u s  (SMV). Subsequent s t u d i e s  i n  t h e  greenhouse a t  Urbana 
revealed t h a t  c e r t a i n  of  these  l i n e s  were suscep t ib le  but d i f f i c u l t  
t o  inocula te  o r  were suscep t ib le  t o  another i s o l a t e  o f  t h e  v i rus  than 
t h a t  used i n  t h e  f i r s t  t e s t s .  Currently four  l i n e s  a r e  regarded a s  



posses s ing  promising r e s i s t a n c e  o r  immunity t o  s e v e r a l  i s o l a t e s  o f  SMV 
inc lud ing  Buffalo,  PI 341.242, PI 324.068, and PI 374.193. Work dur ing  
1977-78 has been concent ra ted  on Buffa lo .  

Buffalo has  been used a s  a  c u l t i v a r  t o  t e s t  over  100 SMV i s o l a t e s  grouped 
i n  seven s t r a i n s  based on t h e i r  a b i l i t y  t o  i n f e c t  a  range o f  supposedly 
SMV r e s i s t a n t  c u l t i v a r s .  Buffalo was immune t o  a l l  i s o l a t e s  except  f o r  
two which were p laced  i n  s t r a i n  G7, a  s t r a i n  which i n f e c t e d  a l l  " r e s i s t a n t t 1  
c u l t i v a r s  t e s t e d .  When Buffalo was i nocu la t ed  wi th  s t r a i n  G7 only  about 
h a l f  t h e  p l a n t s  became i n f e c t e d .  Reinoculat ion r e s u l t e d  i n  i n f e c t i o n  
o f  a l l  o f  t h e  p rev ious ly  noninfec ted  p l a n t s .  Buffalo t hus  does no t  
appear t o  possess  any immunity t o  s t r a i n  G7 but it i s  d i f f i c u l t  t o  
i nocu la t e .  

Buffalo i s  a  la te -matur ing  v a r i e t y  (Group VIII)  and has a  d e s i r a b l e  growth 
h a b i t  and o t h e r  agronomic c h a r a c t e r i s t i c s  which, i n  combination wi th  i t s  
immunity t o  a l l  but  t h e  most v i r u l e n t  o f  SMV i s o l a t e s ,  w i l l  be o f  p a r t i -  
c u l a r  i n t e r e s t  t o  breeders  who r e q u i r e  a  t r o p i c a l l y  adapted source o f  
SMV r e s i s t a n c e .  The c u l t i v a r s  Geguld and Hernon 147, t h e  p a r e n t s  of 
Buffalo,  have been t e s t e d  through t h e  cou r t e sy  o f  D r .  J .  R .  T a t t e r s f i e l d  
of Sa l i sbu ry ,  Rhodesia who supp l i ed  s eeds .  Geguld was s u s c e p t i b l e  t o  
t h e  I l l i n o i s  s eve re  i s o l a t e  (SMV-11-S) bu t  Hernon 147 was immune. No 
t e s t s  wi th  o t h e r  more v i r u l e n t  SMV i s o l a t e s  have been conducted t o  
d a t e  on t h e s e  p a r e n t a l  c u l t i v a r s .  Genetic s tudy  i s  now underway t o  
determine t h e  i n h e r i t a n c e  o f  Buffa lo ' s  SMV r e s i s t a n c e  and t o  i nco rpo ra t e  
t h i s  t r a i t  i n t o  advanced t r o p i c a l l y  adapted soybean c u l t i v a r s .  

Severa l  F1 p l a n t s  o f  t h e  c r o s s  Buffalo x J u p i t e r  were i nocu la t ed  wi th  
SMV-I1-S i n  t h e  f i e l d  i n  Puerto Rico during June,  1977. The p l a n t s  
were i nocu la t ed  twice ,  once a t  t h e  primary l e a f  s t a g e  and aga in  two 
weeks l a t e r .  J u p i t e r  has been found t o  be s u s c e p t i b l e  t o  t h e  SMV 
i s o l a t e  used i n  t h i s  s t udy .  The F1 p l a n t s  remained symptomless through- 
o u t  t h e  growing season.  I t  appears ,  t h e r e f o r e ,  t h a t  t h e  Buffalo source  
o f  SMV r e s i s t a n c e  i s  c o n t r o l l e d  by one o r  more dominant genes.  

The t h r e e  PI l i n e s  r e f e r r e d  t o  above a r e  a l s o  being t e s t e d  wi th  t h e  
seven SMV s t r a i n s ,  but  t h e  r e s u l t s  a r e  no t  y e t  a v a i l a b l e .  

Two experiments were conducted t o  s c r een  soybean c u l t i v a r s  f o r  r e s i s -  
t ance  t o  cowpea mosaic v i r u s  (CPMV-PR) i n f e c t i o n ;  one was conducted 
i n  t h e  greenhouse a t  Urbana and t h e  o t h e r  i n  t h e  f i e l d  a t  I s a b e l a ,  
Puerto Rico. I n  t h e  greenhouse experiment 112 named c u l t i v a r s  i n  
ma tu r i t y  groups O O - I V  were s e l e c t e d .  A l l  soybean c u l t i v a r s  i nocu la t ed  
with CPMV-PR became i n f e c t e d .  S l i g h t  v a r i a t i o n s  i n  symptoms were ob- 
se rved .  Systemic symptoms observed ranged from mild t o  s eve re  mosaic 
wi th  s eve re  s t u n t i n g .  Some c u l t i v a r s  showed top  n e c r o s i s  and growth 
was checked. P l a n t s  were k i l l e d  w i th in  t e n  days a f t e r  i n o c u l a t i o n .  

I n  a  f i e l d  s c r een ing  t r i a l  a t  I s a b e l a ,  Puerto Rico, 100 soybean c u l t i v a r s  
were chosen from ma tu r i t y  groups V t o  X ,  inc lud ing  p l a n t  i n t r o d u c t i o n s  
and named c u l t i v a r s .  Add i t i ona l ly ,  13  l i n e s  r e s i s t a n t  t o  feed ing  by 



b e e t l e s  were included.  A l l  c u l t i v a r s  inocula ted  with CPMV-PR i n  t h i s  
t r i a l  became i n f e c t e d .  Symptoms were s i m i l a r  t o  those  descr ibed  from 
t h e  greenhouse t e s t .  Systemic mosaic was common f o r  a l l  c u l t i v a r s  
inocula ted  with some showing systemic nec ros i s  i n  add i t ion .  Var ia t ions  
wi th in  c u l t i v a r s  were observed, but i t  was concluded t h a t  t h e  va r i a -  
t i o n s  observed were not  due t o  gene t i c  v a r i a t i o n s  of t h e  p l a n t s ,  but 
poss ib ly  due t o  l a t e  emergence o f  t h e  p l a n t s  i n  t h e  f i e l d  avoiding 
inocu la t ion .  I t  was a l s o  observed t h a t  CPMV-PR i n f e c t i o n  delayed 
matur i ty .  Virus i n f e c t e d  p l a n t s  remained green when hea l thy  p l a n t s  
i n  t h e  noninoculated subplo ts  reached matur i ty .  

The r e s u l t s  from both greenhouse and f i e l d  screening t r i a l s  a r e  i n t e r -  
e s t i n g  i n  t h a t  a l l  soybean c u l t i v a r s  t e s t e d  were s u s c e p t i b l e  t o  CPMV-PR 
i n f e c t i o n .  I n  most o f  the c u l t i v a r s  severe  symptoms were observed 
and pods were r a r e l y  produced on i n f e c t e d  p l a n t s .  

A v i s i t  was made t o  t h e  soybean breeding program o f  t h e  G .  B .  Pant 
Univers i ty  o f  Agr icul ture  and Technology, Pantnagar,  Ind ia  i n  September, 
1977 t o  observe f i e l d  r eac t ions  o f  soybean germ plasm and advanced 
breeding l i n e s  r e s i s t a n t  and immune t o  yellow mosaic v i r u s .  Seed o f  
PI 171.443 suppl ied  by t h e  soybean breeder ,  D r .  B .  B.  Singh, has been 
increased  f o r  t e s t i n g  a g a i n s t  t he  wh i t e f ly  t r ansmi t t ed  Rhynchosia 
mosaic and Euphorbia mosaic v i ruses  t h a t  a f f e c t  soybeans i n  t h e  new 
world. 

Fur ther  at tempts  were made t o  i d e n t i f y  soybean germ plasm, t r o p i c a l l y  
adapted and nor thern ,  with no incidence o f  SMV seed t ransmiss ion .  The 
e n t i r e  t r o p i c a l l y  adapted soybean germ plasm was screened f o r  t h e  i n c i -  
dence o f  seed borne mosaic v i r u s .  These experiments began i n  1976 and 
were p a r t i a l l y  repor ted  i n  l a s t  y e a r ' s  annual r e p o r t .  Seeds from SMV- 
i n f e c t e d  f i e l d  grown soybeans were harvested and t e s t e d  over  the  winter  
o f  1976-77 f o r  SMV seed t ransmiss ion  incidence.  Of 400 l i n e s  t e s t e d ,  
98 had r a t e s  o f  seed t ransmission low enough not  t o  be de tec t ed  when 
seed l ings  emerging from 200 seeds were eva lua ted .  These 98 l i n e s ,  
along with two known seed t r a n s m i t t e r s  were p lanted  a t  I s abe la ,  Puerto 
Rico i n  May, 1977 and again  inocula ted  by hand with t h e  I l l i n o i s  severe  
i s o l a t e  of  SMV. A t  t h e  end o f  t h e  season seeds were again harvested 
from SW-in fec ted  p l a n t s  and t e s t e d  i n  t h e  greenhouse f o r  seed t r ans -  
mission. These t e s t s  a r e  nea r ly  complete and r e s u l t s  i n d i c a t e  a t  
l e a s t  f i v e  l i n e s  with no seed t ransmission of  SMV-11-S. Completion 
o f  t h e  d a t a  c o l l e c t i o n  may r e s u l t  i n  one o r  two add i t ions  t o  t h i s  l i s t .  

Two types o f  experiments remain be fo re  t h i s  information could be used 
i n  v a r i e t y  improvement f o r  t r o p i c a l  a r e a s .  I t  must be demonstrated t h a t  
t h e  seed nontransmission cha rac te r  i s  s t a b l e  and i n h e r i t a b l e .  This  w i l l  
be t e s t e d  by block t e s t i n g  o f  l i n e s  i n  t h e  f i e l d ,  i nocu la t ing  the  l i n e s  
with SMV and examining l a rge  numbers o f  progeny seed i n  f i e l d  p l o t s  f o r  
evidence o f  seed t ransmission.  Some cross ing  wi th  the  l i n e  showing 
high incidence of  seed t ransmission w i l l  be conducted t o  determine if 
seed mntransmiss ion  i s  simply i n h e r i t e d .  In  a  second experiment 
t h e s e  l i n e s  w i l l  be t e s t e d  with o t h e r  s t r a i n s  o f  SbIV t o  determine if 
l i n e s  t h a t  a r e  seed nont ransmi t te rs  o f  one SMV s t r a i n  a r e  a l s o  nontransmit ters  



o f  o t h e r  s t r a i n s .  These experiments,  which a r e  time-consuming, w i l l  
be i n i t i a t e d  i n  t h e  1978-79 c o n t r a c t  yea r .  

Last  y e a r ' s  annual r e p o r t  de sc r ibed  t h e  e a r l y  s t a g e s  o f  t r a i l s  looking 
a t  s eed  t ransmiss ion  r a t e s  i n  no r the rn  germ plasm and matur i ty  groups 
I1 and 111. T h i r t y - f i v e  l i n e s  s e l e c t e d  f o r  t e s t i n g  dur ing  1977-78 
were chosen because they had low r a t e s  of seed t ransmiss ion  and because 
they  e x h i b i t e d  s l i g h t ,  i f  any, s eed  c o a t  d i s c o l o r a t i o n  (mot t l ing)  which 
is  an undes i rab le  symptom o f  t h e  s eed  produced by SMV-infected p l a n t s .  
Resu l t s  t h i s  y e a r  showed t h a t  s eed  c o a t  mo t t l i ng  cannot be  s e l e c t e d  
a g a i n s t  i n  t h i s  type  of  experiment.  The inc idence  and s e v e r i t y  of 
mo t t l i ng  was h igh  i n  a l l  l i n e s ,  but  t h e  inc idence  o f  SMV seed  t r a n s -  
mission was law. Fourteen l i n e s  were i d e n t i f i e d  t h a t  e x h i b i t e d  no 
evidence o f  SMV seed  t ransmiss ion  from seed l ings  emerging from 1,000 
seeds .  

Fu r the r  t e s t s  with Group I 1  and 111 l i n e s  d i s ca rded  l a s t  y e a r ,  due t o  
high seed  coa t  mot t l ing  inc idence ,  w i l l  be t e s t e d  i n  c o n t r a c t  yea r  1978- 
79. T e s t s  w i l l  a l s o  be conducted t o  determine t h e  inc idence  o f  seed  
t ransmiss ion  i n  t h e  14 l i n e s  t h a t  e x h i b i t e d  no evidence o f  SMV seed  
t ransmiss ion  when they were i nocu la t ed  wi th  o t h e r  SMV s t r a i n s .  

Appendix I 1  con ta in s  a  d e t a i l e d  r e p o r t  o f  work on i d e n t i f i c a t i o n  o f  
v i r u s - r e s i s t a n t  t r op i ca l l y - adap ted  soybean germ plasm and i d e n t i f i c a -  
t i o n  of soybean germ plasm wi th  low inc idence  o f  SMV seed  t ransmiss ion .  

I n s e c t  Control  Through Genetic Improvement. S e l e c t i v e  s t u d i e s ,  r epo r t ed  
i n  l a s t  y e a r ' s  p rogress  r e p o r t ,  toward t h e  development o f  i n s e c t  r e s i s -  
t a n t  g e n e t i c  m a t e r i a l  continued and some work was- i n t e g r a t e d  i n t o  a  
breeding  program s t a r t e d  i n  1971 t h a t  seeks  t o  i nco rpo ra t e  r e s i s t a n t  
t r a i t s  o f  PIS 171.451 and 229.358 i n t o  commercial v a r i e t i e s  o f  soybeans.  
Although t h e s e  PIS had o r i g i n a l l y  been s e l e c t e d  f o r  r e s i s t a n c e  t o  t h e  
Mexican bean b e e t l e ,  t h e r e  i s  evidence t h a t  they a l s o  con fe r  r e s i s t a n c e  
t o  o t h e r  soybean d e f o l i a t o r s  such a s  t h e  bean l e a f  b e e t l e s  and ve lve t -  
bean c a t e r p i l l a r s ,  both s e r i o u s  p e s t s  o f  soybeans i n  La t in  America. 
Work under t h i s  breeding program has  bean i n  coopera t ion  wi th  s c i e n t i s t s  
from USDA, UPR/MC, and Purdue Univers i ty .  Screening has  been done i n  
I l l i n o i s ,  Maryland, B r a s i l  and Puerto Rico. 

Appendix I11 con ta in s  more information on r e sea rch  on development o f  
improved g e n e t i c  ma te r i a l  f o r  use i n  LDC soybean breeding  programs t h a t  
has  been conducted by Univers i ty  o f  I l l i n o i s ,  I l l i n o i s  Natural  H i s to ry  
Survey, and United S t a t e s  Department o f  Agr i cu l tu re  personnel .  

V a r i e t a l  development and Cooking Qua l i t y .  The sea rch  was cont inued f o r  
v a r i e t i e s  o f  soybeans which become t h e  most t ende r  upon cooking. 
Twenty-seven v a r i e t i e s  o f  soybeans from t h e  1976 crop were t e s t e d  f o r  
tenderness  a f t e r  they  were cooked by one o f  f o u r  methods. The o b j e c t i v e  
tenderness  o f  each v a r i e t y  f o r  t h e  l a s t  t h r e e  yea r s  was compared t o  i t s  
chemical composition and phys i ca l  c h a r a c t e r i s t i c s  i n  a  s ea rch  f o r  f ac - .  
t o r s  which c o r r e l a t e d  wi th  t h e  tenderness  o f  cooked whole soybeans.  

Data from v a r i e t i e s  harves ted  i n  1974 and 1975 were r epo r t ed  i n  l a s t  
y e a r ' s  r e p o r t .  These experiments were r epea t ed  wi th  t h e  1976 crop i n  



o r d e r  t o  t e s t  cons is tency  from one crop  yea r  t o  t h e  next .  Major f a c t o r s  
i n f luenc ing  tenderness  were soaking and cooking s o l u t i o n s ,  soaking o r  
no t  soaking t h e  beans, and d i f f e rences  due t o  v a r i e t y .  

Composition o f  soaking and cooking s o l u t i o n s  had t h e  g r e a t e s t  e f f e c t  on 
o b j e c t i v e  tenderness  o f  cooked whole soybeans. Use o f  sodium bicarbonate  
s o l u t i o n s  i n s t e a d  o f  t a p  water  increased  t h e  tenderness  o f  soaked and 
cooked soybeans by 3 . 3  f o l d  and cooked but  nonsoaked beans by 1 . 7  f o l d .  
Soaking before  cooking increased  tenderness  o f  beans by 2 . 8  f o l d  when 
b icarbonate  is used and by 1.4 f o l d  when p l a i n  t a p  water  is used. 
The tenderness  of  cooked soybeans v a r i e d  with v a r i e t y  from 8 . 0  t o  
34 .3  i n  t h e  ca se  of  b icarbonate  soaked and cooked beans and from 52 t o  
96 f o r  nonsoaked and t a p  water  cooked soybeans. 

The r e l a t i v e  tenderness  among v a r i e t i e s  va r i ed  with soaking and cooking 
t rea tment .  A given v a r i e t y  was no t  always more t ende r  than  another  
given v a r i e t y  under a l l  f o u r  soaking and cooking cond i t i ons .  This  
year  t h r e e  v a r i e t i e s ,  Cobb, Ransom and Semmes, were among t h e  s i x  most 
t ende r  v a r i e t i e s  i n  a l l  f o u r  t rea tments .  

The tenderness  o f  each v a r i e t y  o f  cooked whole soybeans was not  cons is -  
t e n t  from one crop year  t o  t h e  next  over  t he  l a s t  t h r e e  yea r s .  Only 
Cobb soybeans were among t h e  s i x  most t ende r  v a r i e t i e s  i n  a l l  t h r e e  yea r s .  

Ce r t a in  c h a r a c t e r i s t i c s  c o r r e l a t e d  with t h e  tenderness  of  t h e  cooked 
whole soybeans, depending on t h e  soaking and cooking t rea tment  used. 
These c h a r a c t e r i s t i c s  were: a), change i n  weight a f t e r  soaking and cook- 
ing ,  b) change i n  weight a f t e r  soaking only  and c)  moisture con ten t .  

D e t a i l s  on t h e  r e s u l t s  summarized above can be found i n  Appendix IV. 

Objec t ive  2 .  Improvement o f  Technologies f o r  Rhizobium 
Production and Management i n  Tropica l  Ecologies 

The program o f  work under t h i s  o b j e c t i v e  began i n  June,  1977 with 
employment o f  D r .  R. Stewart  Smith a s  s o i l  mic rob io log i s t .  S i t e  s e l ec -  
t i o n ,  personnel  recru i tment ,  and planning had been done e a r l i e r .  The 
Rhizobium microbio logis t  is loca ted  on t h e  Mayaguez campus o f  t h e  Univer- 
s i t y  o f  Puerto Rico i n  f a c i l i t i e s  made a v a i l a b l e  by t h a t  i n s t i t u t i o n  
a s  p a r t  o f  t he  i n t e r i n s t i t u t i o n a l  c o l l a b o r a t i v e  agreement. The r e sea rch  
program i n i t i a t e d  during t h i s  c o n t r a c t  yea r  developed r a p i d l y .  The 
major t h r u s t  o f  t h e  r e sea rch  i s  t o  b e t t e r  understand some of  t h e  f a c t o r s  
a f f e c t i n g  Rhizobia and soybean nodula t ion  i n  t he  t r o p i c s .  Five s e p a r a t e  
research  p r o j e c t s  were i n i t i a t e d .  Prel iminary r e s u l t s  o f  each a r e  sum- 
marized bklow. More complete information is  presented  i n  Appendix V. 

1. Inf luence  of t h e  r a t e  o f  soybean emergence on nodulat ion parameters .  
Sand bench and f i r s t  f i e l d  experiments were completed and s t a t i s t i -  
c a l l y  analyzed. S i g n i f i c a n t  h i f f e r e n c e s  i n  p l a n t  and r o o t  dry weight 
were obta ined  i n  t h e  sand bench and f i r s t  f i e l d  experiment between 
n e a r l y  every ad jacent  p a i r  o f  t rea tments .  Data i n d i c a t e  t h a t  t h e  



i nc reas ing  number o f  days f o r  a  soybean seed t o  emerge r e s u l t s  i n  
a  success ive ly  sma l l e r  p l a n t .  Examination o f  t he  number o f  t a p  roo t  
nodules,  t o t a i  nodules and t o t a l  nodule weight p e r  p l a n t  a l s o  i n d i -  
c a t e s  a  s i g n i f i c a n t  decrease i n  t h e s e  nodulat ion parameters a s  t h e  
number of days t o  emerge inc reases .  A s i g n i f i c a n t  d i f f e rence  i n  
t o t a l  nodulat ion occurs  i n  both experiments when comparing t h e  two 
most vigorous t rea tments .  There were a l s o  s i g n i f i c a n t  d i f f e rences  
i n  p l a n t , w e i g h t  between these  two t rea tments  i n  both experiments.  
The s tudy sugges ts  t h a t  a s i g n i f i c a n t  v a r i a t i o n  i s  introduced i n t o  
t h i s  type o f  eva lua t ion  by sampling p l a n t s  which vary i n  seed l ing  
v igor .  I t  is recommended, t he re fo re ,  t h a t  only p l a n t s  o f  i n i t i a l  
uniform growth and v igo r  be u t i l i z e d  i n  s t u d i e s  o r  t e s t s  examining 
r h i z o b i a l  inoculants  and r h i z o b i a l  nodula t ion .  

2. Number of Rhizobium japonicum necessary t o  e s t a b l i s h  s a t i s f a c t o r y  
nodulat ion i n  t r o p i c a l  s o i l s .  One o f  t h e  more p r a c t i c a l  problems 
concerning inocu la t ion  o f  soybeans i n  LDC1s i s  t o  determine t h e  
minimum number of  Rhizobium japonicum b a c t e r i a  needed t o  produce 
acceptable  t a p  r o o t ,  t o t a l  nodu la t ion  and t o  o b t a i n  maximum seed 
y i e l d  i n  t h e  t r o p i c s .  Also t h e  longevi ty  o f  R .  japonicum i n  t rop-  
i c a l  s o i l s  under t h e  in f luence  o f  de t r imenta l  environmental f a c t o r s  
is an important ques t ion  t o  be determined. 

Data from two samplings f o r  nodulat ion and p l a n t  growth parameters 
have been c o l l e c t e d  but not  s t a t i s t i c a l l y  analyzed. Seed y i e l d  w i l l  
be obta ined  l a t e r  t o  complete t h e  po r t ion  o f  t h e  study concerned 
with t h e  number o f  rh izobia  requi red  t o  ob ta in  s a t i s f a c t o r y  nodulat ion.  

Although s t a t i s t i c a l  a n a l y s i s  of  t h e  c o l l e c t e d  nodulat ion da ta  has 
not  been performed, t h e  raw da ta  permit some general  comments. For 
both harves t ing  per iods  t h e  p l a n t  and roo t  dry weights were not  
a f f e c t e d  by t h e  r h i z o b i a l  i nocu la t ion  r a t e s .  I t  appears t h a t  ample 
s o i l  n i t rogen  was a v a i l a b l e  t o  provide s u f f i c i e n t  uniform vege ta t ive  
growth. Seed y i e l d  d i f f e rences  w i l l  be important i n  determining t h e  
adequate l e v e l  o f  nodulat ion t o  provide s u f f i c i e n t  n i t rogen f o r  
maximum seed y i e l d  under t r o p i c a l  condi t ions .  

Inocula t ion  l e v e l s  o f  R .  japonicum were made a t  d i f f e r e n t  l oga r i th -  
mic inc reases .  The logar i thmic  inc rease  i n  t h e  inocula t ing  l e v e l  
of R .  japonicum provided an inc rease  i n  both t h e  number of  t ap  roo t  
and t o t a l  nodules.  However, t h e  average nodule dry weight pe r  p l a n t  
became more s teady above the  3.9 x 10"~. /cm r a t e .  - T h i s - i s  causkd 
by t h e  inverse  r e i a t i o n s h i p  between t h e  t o t a l  numbers o f  nodules 
and t h e  average dry weight p e r  nodule. I t  is  hoped t h a t  s i g n i f i c a n t  
i nc reases  i n  seed y i e l d  w i l l  be achieved with nodulat ion.  This w i l l  
provide a  b a s i s  f o r  es t imat ing  the  r a t e  of  R .  japonicum requi red  
on v i r g i n  soybean s o i l  i n  t h e  t r o p i c s  t o  provide a  s a t i s f a c t o r y  
supply of  symbiot ica l ly  f ixed  n i t rogen t o  allow f o r  maximum y i e l d s .  



3.  Screening of  Rhizobium japonicum s t r a i n s  f o r  growth a t  e levated  
temperatures. High s o i l  temperature i s  a c h a r a c t e r i s t i c  i n  many 
areas  of  t h e  t rop ics  and subt ropics  which may be a s i g n i f i c a n t  
detr imental  f a c t o r  t o  the  establishment o f  R. japonicum i n  t h e  
seed zone. Preliminary screening of  R .  japonicum s t r a i n s  f o r  growth 
on agar spread p l a t e s  a t  various temperatures provided severa l  use- 
f u l  t rends .  When comparing t h e  various incubation temperatures 
u t i l i z e d ,  R a  onicum s t r a i n s  grew most r ap id ly  and profuse ly  

1E_, when incubated a t  30 c. The most s i g n i f i c a n t  observation from t h e  - 

f i r s t  two experiments i n  t h i s  s tudy i s  t h a t  s t r a i n s  of  R .  japonicum 
vary i n  t h e i r  a b i l i t y  t o  grow a t  temperatures above optimum. Pre- 
l iminary screening o f  R .  japonicum s t r a i n s  a t  high incubation temp- 
e ra tu res  i n d i c a t e s  the re  a r e  s i g n i f i c a n t  d i f ferences  among s t r a i n s .  
Fur ther  research w i l l  be conducted t o  extend t h e  inves t iga t ion  from 
agar  p l a t e  growth t o  hos t  nodulat ion a t  high temperatures with t h e  
most temperature t o l e r a n t  R .  japonicum s t r a i n s .  

4. Evaluation of  a l t e r n a t e  inoculant  c a r r i e r s  f o r  the  t r o p i c s .  A 
standard c a r r i e r  f o r  Rhizobia i n  inoculant  production throughout 
the  world has been f i n e l y  ground pea t .  This mater ia l  has been used 
f o r  over 40 years  and s t i l i  provihes the  bes t  s u i t a b l e  mater ia l  
both from t h e  rh izob ia l  b a c t e r i a  performance and economic standpoints .  
In the  development o f  inoculant  p r a c t i c e  and production i n  LDC1s, 
o the r  methods of  inocula t ing  and a l t e r n a t e  c a r r i e r s  w i l l  have t o  be 
developed because o f  t h e  general  lack o f  appropr ia te  pea t  sources 
i n  t h e  t r o p i c s .  Not a l l  pea t  sources a r e  s u i t a b l e  a s  an inoculant  
c a r r i e r ,  t he re fo re  a l l  p o t e n t i a l  pea t  ma te r i a l s  must be thoroughly 
t e s t e d  i n  a s soc ia t ion  with Rhizobia b a c t e r i a .  This s tudy seeks 
t o  evaluate  the  s u i t a b i l i t y  o f  a  chemically t r e a t e d  and nontreated 
coconut "coir" dus t  along with a semi-tropical  source of  muck and 
compare them t o  a commercially a v a i l a b l e  pea t  source from the  United 
S t a t e s .  Preliminary r e s u l t s  o f  the  study i n d i c a t e  t h a t  water hold- 
ing  capaci ty  f o r  the  c a r r i e r s  vary g r e a t l y .  The t r e a t e d  and untreated 
c o i r  had g r e a t e r  water holding capaci ty  than e i t h e r  of t h e  organic 
s o i l  ma te r i a l s  t e s t e d .  This would allow a much l a r g e r  quant i ty  of  
rh izob ia l  c u l t u r e  t o  be incorporated i n t o  a given weight of  t h e  
c o i r  ma te r i a l s .  However, f u r t h e r  t e s t i n g  must be performed t o  de te r -  
mine the  optimum moisture content i n  t h e  c o i r  c a r r i e r s  f o r  rh izob ia l  
growth and su rv iva l .  

P a r t i c l e  s i z e  d i s t r i b u t i o n  da ta  f o r  t h e  four c a r r i e r s  i n d i c a t e s  
t h a t  t h e  organic s o i l s  had a much higher percent  p a r t i c l e  s i z e ,  
smal ler  than 170 mesh. The f i n e  p a r t i c l e  s i z e  is  advantageous 
because of  an increased moisture absorbing r a t e  and g r e a t e r  a b i l i t y  
t o  adhere t o  seed when used as  a  seed appl ied  inoculant .  

The organic matter  content of  t h e  c o i r  c a r r i e r s  was much higher 
than t h e  organic s o i l s .  The physical  and chemical p roper t i e s  of 
t h e  c o i r  c a r r i e r  appears t o  be s a t i s f a c t o r y  a s  a  seed applied inocu- 
l a n t .  However, rh izob ia l  growth and survival  w i l l  determine i t s  
p o t e n t i a l  a s  an inoculant  c a r r i e r  i n  the  t rop ics .  



Carrier evaluations will continue via both agar plate counts and 
host nodulation examinations until rhizobial counts decrease to a 
level prohibiting reliable evaluations. 

5.  Nitrogen fixation screening with Azospirillum 1ipoTerum and eight 
sorghum hybrid lines. A cooperative project with staff from the 
Mayaguez Institute of Tropical Agriculture (MITA) was conducted at 
thk USDA Research station-at ~sabela, Puerto Rico. The objective 
of the trial was to screen eight sorghum hybrid lines for effective 
nitrogen fixation in association with an inoculated strain of 
Azospirillum lipoferum. 

The most probable number estimate for A. lipoferum from root seg- 
ments shows that both the inoculated and noninoculated plants con- 
tained appreciable numbers of this organism. This would indicate 
that Azospirillum was abundantly associated with sorghum roots even 
without inoculation and that inoculation with A. lipoferum had no 
effect on the population of this bacteria associated with the sorghum 
roots. 

In addition to the research studies reported above, a collection of 
Rhizobium japonicum strains was assembled to which will be added, 
as received, other strains demonstrating favorable characteristics. 
Thirty-four strains now in the collection were received from the 
USDA's Cell Culture and Nitrogen Fixation Laboratory, The Ohio State 
University, Cornell University and Texas AEM University. These strains 
were originally isolated from India, Brasil, Japan and several states 
in the United States. 

This collection served as the source of Rhizobium japonicum strains 
for the high temperature tolerance screening trial and will also 
be used to provide strains for future strain evaluations such as host 
strain efficiency evaluations and tolerance in acid Ph soils. 

During the next calendar year a study on the influence of weed 
competition in soybeans on the establishment of Rhizobium nodules 
will be conducted in cooperation with Dr. Guillermo Riveros at the 
Isabela Experiment Station. The experiment will have the objectives 
of investigating the effects of various weed competition levels on 
nodulation establishment, determining the yield loss resulting from 
the absence of nodulation by comparing inoculated versus uninoculated 
plots, and comparing possible yield losses resulting from any decrease 
in nodulation by comparing yields to a plot receiving nitrogen 
fertilizer. 

Observations were made of nodule damage due to feeding of the bean 
leaf beetle larvae (Cerotoma). Little research has been conducted 
to determine the extent of damage by Cerotoma and their influence 
on nitrogen fixation and possible yield loss. While counting the 
nodules of a soybean inoculation experiment at the Isabela Substation 



the  c h a r a c t e r i s t i c  nodule damage from Cerotoma was observed. 
In  two incidents  the  larvae  was observed protruding from a nodule. 
The extent  of  nodule damage from t h e  Cerotoma larvae  was 32% of 
the  t o t a l  nodules and 46% o f  t h e  p l a n t s  evaluated having a t  l e a s t  
one damaged nodule. In tent ions  a r e  t o  i n i t i a t e  research i n  t h i s  
problem a rea  during t h e  next contrac t  year i n  cooperation with an 
entomologist t o  be h i red  by the  University o f  Puerto Rico. Coop- 
e r a t i o n  with the  INTSOY entomology s t a f f  a t  t h e  Urbana-Champaign 
campus of the  University of  I l l i n o i s  w i l l  be encouraged and benefi- 
c i a l .  

Appendix V contains t h e  d e t a i l e d  repor t  o f  work under Objective 2. 

Objective 3. Management and Expansion o f  t h e  Knowledge Base 
i n  Soybean Production, Protect ion,  and U t i l i z a t i o n  

Five bas ic  information systems have been used t o  expand and make ava i l -  
a b l e  t o  cooperating s c i e n t i s t s  information on soybean production, pro- 
t e c t i o n ,  and u t i l i z a t i o n .  The In te rna t iona l  Soybean Variety Experiment 
(ISVEX), Soybean Preliminary Observation T r i a l  (SPOT), and Soybean In te r -  
na t ional  Experiment Variety Evaluation (SIEVE) provide a coordinated 
system of  expanding, managing, and disseminating t h e  knowledge of  
soybean germ plasm. This system was explained i n  the  discussion o f  
Objective 1. Closely a l l i e d  is the  Taxonomic Information Retr ieval  
System (TAXIR) f o r  maintaining t h e  germ plasm data  bank. In  soybean 
entomology a r e  the  Soybean Insect  Research Information Center (SIRIC) 
and the  In te rna t iopf l  Reference Collect ion of  Soybean-associated 
Arthropods (IRCSA)7 The INTSOY Newsletter and INTSOY Publicat ion Ser ies  
a l s o  provide means of disseminating information t o  soybean workers 
round the  world . 
TAXIR 

The soybean germ plasm data  bank (TAXIR) i s  a storage bank o f  i n f o r m -  
t i o n  concerning soybeans. Information i s  obtained from many sources and 
includes information on germ plasm ranging from named soybean v a r i e t i e s  
through co l l ec t ions  of  wild species  r e l a t e d  t o  the  cu l t iva ted  soybean. 
The data  a r e  entered and s tored i n  a system t h a t  can handle a t o t a l  of 
175 desc r ip t ive  b i t s  of  information f o r  each ent ry .  

Direct INTSOY s t a f f  s a l a r y  support f o r  TAXIR was phased out in  1977-78 
a s  o the r  sources o f  support f o r  the  system were iden t i f i ed .  A TAXIR 
publ ica t ion "Pedigrees of  Soybean Cult ivars Released i n  the United 
S t a t e s  and Canada" by T. Hymowitz, C.  A .  Newell, and S.  G .  Carmcr was 
published a s  Number 13 i n  the  INTSOY Publicat ion Ser ies .  

L / ~ t h  SIRIC and IRCSA a r e  i o i q t l y  supported by Contract AID/ta-c-12% 
and 211(d) Grant ATD/CM/ta-e-73-49 as the  strengthcninr of both systcrns 
adds t o  the  i n s t i t u t i o n a l  response capabi l i ty  of thc University of 
I l l i n o i s  as well a s  supporting the rcsearch t o  improve varieties of  
soybeans f o r  t rop ica l  and subtropical  condit ions.  
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SIRIC 

The Soybean I n s e c t  Reseti.rch Information Center  (SIRIC) i s  a computerized 
informat ion  s t o r a g e  and r e t r i e v a l  system f o r  t h e  worldwide l i t e r a t u r e  
o f  a r thropods  a s s o c i a t e d  wi th  soybeans.  SIRIC i s  p r i m a r i l y  a r e sea rche r  
s e r v i c e  o r i e n t e d  u n i t ,  o p e r a t i n g  i n  c l o s e  coopera t ion  wi th  t h e  Soybean 
Entomology Research Team o f  t h e  I l l i n o i s  Natural  His tory  Survey and t h e  
Univers i ty  o f  I l l i n o i s .  

The main o b j e c t i v e s  o f  t h e  c e n t e r  a r e  p e r i o d i c a l l y  r ea s se s sed  i n  response 
t o  changing information needs o f  r e sea rche r s .  Cur ren t ly ,  SIRIC views 
i ts  r e s p o n s i b i l i t i e s  a s  fo l lows  : 

1. To compile t h e  l i t e r a t u r e  o f  soybean- re la ted  a r thropods  and t o  
e s t a b l i s h  a d a t a  bank f o r  t h i s  l i t e r a t u r e .  

2. To organize  a c o l l e c t i o n  o f  r e l e v a n t  documents us ing  code word des-  
c r i p t o r s  f o r  ready r e t r i e v a l  by means o f  computerized sea rches .  

3 .  To he lp  soybean r e sea rche r s  w i th  t h e i r  in format ion  needs.  

These o b j e c t i v e s  were f u l l y  addressed dur ing  t h e  r e p o r t  pe r iod .  New 
procedures  f o r  t h e  i n p u t  ope ra t i ons  a l low f o r  more e f f i c i e n t  and ac-  
c u r a t e  load ing  of b i b l i o g r a p h i c  d a t a  and t h e  magnetic t apes .  By 
December, 1977 SIRIC f i l e s  contained 16,200 c i t a t i o n s  r e p r e s e n t i n g  an 
i n c r e a s e  o f  approximately 4,000 c i t a t i o n s  ove r  t h e  prev ious  yea r .  

During t h e  t ime covered by t h i s  r e p o r t ,  122 r eques t s  f o r  s e r v i c e  were 
f i l l e d  i n  t h e  form o f  computer p r i n t o u t s ,  manual compi la t ions ,  copies  
of documents, and r e f e r r a l  s e r v i c e s .  Requests o u t s i d e  t h e  scope of 
SIRIC were rou t ed  t o  t h e  proper  i n s t i t u t i o n  o r  s p e c i a l i s t .  Spec i a l  
c a r e  i s  exe rc i s ed  t o  s e e  t h a t  t h e  supply of document copies  a r e  i n  
accordance wi th  t h e  new U.S. copyr igh t  law ( T i t l e  17 - United S t a t e s  
Code) i n  e f f e c t  s i n c e  January 1, 1978. 

F i f t y - t h r e e  pe rcen t  o f  a l l  r eques t s  t o  SIRIC f o r  in format ion  o r  s e r v i c e s  
came from re sea rche r s  a t  t he  Univers i ty  o f  I l l i n o i s ,  p r i m a r i l y  t hose  
a s s o c i a t e d  wi th  INTSOY; t h e  remaining 47 pe rcen t  were rece ived  from 
i n d i v i d u a l s  and o t h e r  i n s t i t u t i o n s  i n  t h e  United S t a t e s  and abroad.  Key 
soybean i n s e c t s  a r e  a l s o  important  p e s t s  o f  corn ,  a l f a l f a ,  and o t h e r  
crops.  For t h i s  reason SIRIC has been a b l e  t o  answer ques t i ons  f o r  
information coming from re sea rche r s  working with c rops  i n  a d d i t i o n  t o  
soybeans.  

Bib l iographies  compiled and publ i shed  wi th in  t h e  framework o f  SIRIC 
have an importance t h a t  exceeds t h e i r  value a s  gu ides  t o  t h e  l i t e r a t u r e  
of  s e l e c t e d  i n s e c t  s p e c i e s .  Four b i b l i o g r a p h i e s  have been publ ished s o  
f a r  on t h e  l i t e r a t u r e  o f  ar thropods a s s o c i a t e d  with soybeans. SIRIC 
i s  now working on t h e  product ion  o f  t h e  f i f t h  b ib l iography  o f  two 
H e l i o t h i s  s p e c i e s  (He l io th i s  zea and H e l i o t h i s  v i r e s c e n s ) .  These a r e  
extremely important a g r i c u l t u r a l  p e s t s  on a world s c a l e .  Because o f  
t h e i r  importance, much fundamental r e sea rch  on ecology, physiology,  
g e n e t i c s  and behavior  has been conducted using t h e s e  s p e c i e s  a s  labora-  



t o r y  sub jec t s .  The bibliography should have g r e a t  i n t e r e s t  t o  soybean 
researchers  a s  well  a s  those i n t e r e s t e d  i n  p e s t  management i n  general .  

See Appendix VI f o r  the  complete r epor t  of SIRIC. 

I  RCSA 

The In te rna t iona l  Reference Col lec t ion  o f  Soybean-associated Arthropods 
(IRCSA) cur ren t ly  houses about 110,000 i d e n t i f i e d  specimens received 
from 23 soybean producing s t a t e s  i n  t h e  United S t a t e s  and from 35 
fore ign countr ies .  The purposes o f  t h e  c o l l e c t i o n  a r e  four- fo ld :  

1. To survey the  soybean-associated arthropods of a l l  soybean produc- 
ing  areas  of  t h e  world with major emphasis on t h e  phytophagous 
species  and t h e i r  p a r a s i t e s  and predators .  

2. To monitor the  major p e s t  spec ies  f o r  poss ib le  changes i n  d i s t r i -  
bution.  

3. To a i d  i n  p red ic t ing  i n s e c t  problems i n  a reas  i n i t i a t i n g  soybean 
production. 

4 .  To provide i d e n t i f i c a t i o n  se rv ices  f o r  soybean researchers  and 
producers. 

Major emphasis is  placed upon the  q u a l i t y  o f  the  i d e n t i f i c a t i o n s  of  the  
mater ia l  i n  t h e  co l l ec t ion .  To assure  a high l eve l  of  au thor i t a t iveness  
i n  t h e  determinations,  almost a l l  material  is submitted t o  ou t s ide  
sys temat is ts  who a r e  recognized exper t s  i n  t h e i r  f i e l d s  f o r  ve r i f i ca -  
t i o n .  A cooperat ive network o f  about 125 sys temat i s t s  i n  domestic and 
fore ign academic i n s t i t u t i o n s  has been assembled f o r  t h i s  purpose. 

During t h e  con t rac t  r epor t  period important and extens ive  acqu i s i t ions  
have been received from E l  Salvador, Costa Rica, Panama, Colombia, Ecuador, 
Nigeria, S r i  Lanka, Korea, and the  Phi l ippines .  During t h e  same period 
i d e n t i f i c a t i o n s  have been provided t o  soybean workers i n  Argentina, 
Bras i l ,  Colombia, Costa Rica, Ecuador, E l  Salvador, Panama, Peru, 
Puerto Rico, and S r i  Lanka. 

A t  t he  present  time co l l abora t ive  s tud ies  of  t h e  fauna o f  Mexico, 
Colombia, and Bras i l  a r e  being made. Addit ionally,  comprehensive 
s t u d i e s  o f  two p e s t  complexes, bean l e a f  bee t l e s  and s t i n k  bugs, are 
being conducted. With the  co l l ec t ion  of extens ive  mater ia ls  from t h e  
New World, IRCSA now hopes t o  expand holdings from t h e  Old World. The 
Old World c o l l e c t i o n  holds mater ia l  from Ethiopia,  Sudan, Uganda, Nigeria, 
South Africa,  I ran ,  Pakistan,  India ,  S r i  Lanka, Thailand, Indonesia, 
Malaysia, Phi l ippines ,  Japan, China, Korea and Aus t ra l i s .  In an attempt 
t o  i d e n t i f y  poss ib le  new sources of  mater ia l  f o r  t h e  co l l ec t ion  a 
ques t ionnai re  was c i r cu la ted  i n  t h e  f a l l  of 1977. Some 60 responses 
have been received t o  da te ,  including 20 from Africa,  5 from Europe 



and the  Near Eas t ,  11 from Asia, and 5 from A u s t r a l i a  and Oceania. 
These w i l l  be followed up i n  1978-79. 

S t a f f  o f  t h e  Insec t  Pes t  Management S tudies  group a r e  p r e s e n t l y  e d i t i n g  
a  book on sampling procedures f o r  soybean ar thropods.  This  book, going 
t o  researchers  and extension personnel around t h e  world, conta ins  the  
l a t e s t  methodology and technology f o r  sampling soybean ar thropods,  
both p e s t s  and b e n e f i c i a l  spec ie s .  I t  w i l l  make e s t ima tes  of popula- 
t i o n  d e n s i t i e s  more comparable between l o c a l i t i e s  and it w i l l  d e f i n i t e l y  
give a  good s t a r t  t o  entomologists beginning t o  work i n  t h e  f i e l d  o f  
soybean p e s t  management, r ega rd le s s  of  t h e i r  l oca t ion .  Approximately 
23 U.S. and fore ign  s p e c i a l i s t s  a r e  cooperat ing i n  t h e  p repa ra t ion  
o f  t h e  book, which should be completed by the  end o f  1978. 

See Appendix VII f o r  t h e  complete r e p o r t  on IRCSA. 

INTSOY Newslet ter  and Publ ica t ion  S e r i e s  

The INTSOY Publ ica t ion  S e r i e s  continues t o  expand. Two t i t l e s  were 
published i n  t h e  cu r ren t  c o n t r a c t  year .  They were: 

1. "Rust o f  Soybean : The Problem and Research Needs" Report of  a  
Workshop sponsored by the  Government o f  Phi l i p p i n e s  , t h e  In t e rna t iona l  
Soybean Program, INTSOY, The Asian Vegetable Research and Development 
Center ,  AVRDC, and t h e  Ph i l ipp ines  Counci 1 f o r  Agr i cu l tu ra l  and 
Resources Research, PCARR. INTSOY S e r i e s  No. 12. 

2. "Pedigrees o f  Soybean Cu l t iva r s  Released i n  t h e  United S t a t e s  and 
Canada" by T. Hymowitz, C .  A .  Newell, and S.  G.  Carmer. INTSOY 
S e r i e s  No. 13. 

Arrangements were made t o  r e p r i n t  INTSOY S e r i e s  No. 2 "Proceedings o f  
t h e  Workshop on Soybeans f o r  Tropical  and Subt ropica l  Conditions," 
copies  o f  which a r e  i n  heavy demand and supply o f  which had been ex- 
hausted.  I-n add i t ion ,  t he  manuscript f o r  "Whole Soybean Foods f o r  
Home and Vi l lage  Use," i s  i n  p repa ra t ion  s t ages  and w i l l  be published 
a s  No. 14 during t h e  next  con t rac t  year .  This  promises t o  be a  s i g n i -  
f i c a n t  pub l i ca t ion  as  i t  addresses t h e  problem o f  process ing  and use 
of soybeans f o r  human food using technologies  s u i t a b l e  f o r  home and 
v i l l a g e  l e v e l s .  

The INTSOY Newsletter,  while  no t  intended t o  be a  major vehic le  f o r  
d i s t r i b u t i o n  o f  d e t a i l e d  knowledge on soybean production, p ro tec t ion  
and u t i l i z a t i o n ,  remains an e f f e c t i v e  means o f  br inging such information 
t o  t h e  a t t e n t i o n  of i n t e r e s t e d  readers .  The Newslet ter ,  which i s  d i s t r i -  
buted f r e e  o f  charge, cu r ren t ly  has a  mail ing l i s t  o f  over  2,100, about 
two-thirds o f  whom have overseas addresses.  

Object ive 4 .  Improvement of t h e  Knowledge Useful 
f o r  Disease Control i n  Sovbeans 

Disease cont ro l  is addressed p r imar i ly  by s c i e n t i s t s  i n  p l a n t  pathology 
and entomology. Vira l  and fungal d i seases  and v i rus  vec tor  r e l a t ionsh ips  



a r e  t h e  primary a r e a s  of concen t r a t i on .  The v i r o l o g i s t  p a r t i c i p a t e d  
i n d i v i d u a l l y  o r  c o l l a b o r a t i v e l y  i n  t h e  fo l lowing  n i n e  major a c t i v i t i e s :  

Detec t ion  o f  SMV i n  seeds  and seed  p a r t s  by enzyme-linked immunosorbent 
assay  (ELISA). The purpose o f  t h e  work was t o  develop a procedure 
f o r  a c c u r a t e  and r e l i a b l e  t e s t i n g  of soybean seeds  f o r  t h e  presence 
of SMV t h a t  would be  qu i cke r ,  e a s i e r ,  and would r e q u i r e  less green- 
house space than  t h e  i n f e c t i v i t y  index method u t i l i z i n g  l o c a l  
l e s i o n s  on Top Crop beans.  The ELISA approach was chosen because, 
i n  p r a c t i c e ,  i t  is s imple ,  s e n s i t i v e ,  and conserva t ive  o f  m a t e r i a l s .  
S ince  t h e  test  uses  a n t i s e r a  and o t h e r  m a t e r i a l s  and r eagen t s  i n  
a lmost  micro amounts i t  promises t o  be very inexpensive.  ELISA is 
a l s o  s e n s i t i v e  t o  very small  amounts of v i r u s ,  i s  easy t o  do and 
t o  read ,  and r e q u i r e s  very l i t t l e  s p e c i a l  equipment. 

S t u d i e s  on t h e  mechanism of soybean mosaic v i r u s  (SMV) seed  t r a n s -  
mission.  Last  y e a r ' s  annual r e p o r t  commented on s t u d i e s  on SMV 
d e t e c t i o n  i n  reproduct ive  p a r t s  o f  soybean seeds  throughout t h e  re- 
p roduc t ive  growth o f  t h e  p l a n t .  These s t u d i e s  cont inued  i n  t h e  1977-78 
c o n t r a c t  y e a r  and were designed t o  l o c a t e  i n f e c t i v e  v i r u s  i n  mature 
seed  p a r t s  and t o  compare i n f e c t i v i t y  tests with ELISA a s  methods 
t o  s tudy  seed  i n f e c t i o n  by SMV. I n  t h e  i n t e r e s t  o f  t e s t i n g  whether 
ELISA could be used t o  p r e d i c t  t h e  i nc idence  o f  seed  t ransmiss ion ,  
seed  p a r t s  were t e s t e d  both by i n f e c t i v i t y  and ELISA. The r e s u l t s  
o f  t hose  tests imply t h a t  SMV seed  t ransmiss ion  i s  t h e  r e s u l t  o f  
embryo i n f e c t i o n  and ELISA cannot be  used on whole seeds  t o  accu ra t e ly  
p r e d i c t  t h e  inc idence  o f  seed  t ransmiss ion  i n  a seed  l o t .  Dissec t ion  
o f  seeds  o r  t e s t i n g  o f  germinated s eed l ings  should b e  used i f  ELISA 
tests a r e  t o  be employed i n  seed c e r t i f i c a t i o n .  

3. Stud ie s  on t h e  v i r u l e n c e  o f  seedborne SMV i s o l a t e s  from t h e  USDA 
Soybean G e r m  Plasm C o l l e c t i o n s .  SMV is t h e  most widespread soybean 
v i r u s  pos ing  an important  t h r e a t  t o  soybean product ion  i n  a r ea s  
where aphid vec to r s  a r e  p l e n t i f u l  and a c t i v e .  Research on SMV is 
based on a need t o  gene ra t e  in format ion  t h a t  may be used t o  con t ro l  
SMV spread  i n  t h e  f i e l d .  S ince  t h e  v i r u s  is seedborne, a t t e n t i o n  
has  been given t o  reducing t h e  preva lence  o f  seedborne v i r u s  i n  
l i n e s  and v a r i e t i e s .  The use  o f  g e n e t i c  r e s i s t a n c e  t o  i n f e c t i o n  
by SMV has a l s o  been s t u d i e d .  While o t h e r  soybean workers have 
r e l e a s e d  v a r i e t i e s  r e p o r t e d l y  r e s i s t a n t  t o  SMV i n f e c t i o n ,  no one 
had p rev ious ly  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  t h a t  va r ious  SMV s t r a i n s  
d i f f e r i n g  i n  v i r u l e n c e  might e x i s t .  To test t h i s ,  SMV i s o l a t e s  
from a wide range o f  soybean germ plasm were c o l l e c t e d  and t h e  v i ru -  
l ence  o f  t h e  i s o l a t e s  were t e s t e d  aga ins t  s i x  r e p o r t e d l y  r e s i s t a n t  
and two known s u s c e p t i b l e  soybean v a r i e t i e s .  

4 .  Genetic s t u d i e s  on cowpea mosaic v i r u s .  S tud i e s  on the  g e n e t i c s  
of CPMV begun l a s t  y e a r  were concluded. The o b j e c t i v e  of t h e  s tudy  
was t o  determine i f  s t r a i n s  o f  t h i s  mul t i -com~onent ,  b e e t l e  t r a n s -  
mi t t ed  v i r u s  can recombine t o  form new pa thotypes .  The r e s u l t s ,  



which have been publ ished,  showed t h a t  gene t i c  pseudorecombination 
can occur .  Work on t h i s  v i r u s  i s  be ing  concluded because t h e  v i r u s  
does no t  appear t o  spread  t o  soybeans r e a d i l y  even when i n f e c t e d  
cowpeas a r e  i n t e r p l a n t e d  with soybeans. 

5. S tud ie s  of  t h e  DNA genome o f  bean golden mosaic v i r u s  (BGMV), a  
wh i t e f ly  t r ansmi t t ed  p l a n t  v i r u s .  Work on t h i s  novel p l a n t  v i r u s  
begun l a s t  yea r  has cont inued.  Bean golden mosaic v i r u s  i s  t h e  
first  wh i t e f ly  t r ansmi t t ed  v i r u s  discovered and cha rac t e r i zed .  
The v i r u s  conta ins  an unusual ly small  s ing le - s t r anded  DNA genome 
molecure. The r e s u l t s  o f  t h e s e  s t u d i e s  have been pbbl ished;  
however, s e v e r a l  b a s i c  ques t ions  having t o  do with how such a  small  
DNA molecule can cause d i s e a s e  and whether t h e  v i r u s  i s  mult i -  
component o r  no t  have n o t  y e t  been reso lved  and work is  t h e r e f o r e  
cont inuing .  

6 .  Prepara t ion  and t e s t i n g  o f  t h e  s p e c i f i c  an t i se rum t o  BGMV. BGMV 
was p u r i f i e d  and used t o  immunize a  six-pound New Zealand white  
r a b b i t .  Sera  were obtained from t h e  r a b b i t  a t  var ious  t imes although 
t h e  v i r u s  used f o r  i n j e c t i o n  was h i g h l y  p u r i f i e d  an t ibod ie s  s p e c i f i c  
f o r  p h y t o f e r r i t i n  were a l s o  p r e s e n t  i n  t h e  BGMV ant iserum. Since 
BGMV i n f e c t e d  p l a n t s  produce l a r g e  amounts o f  p h y t o f e r r i t i n  and 
s i n c e  p h y t o f e r r i t i n  l e v e l s  i n  hea l thy  p l a n t s  a r e  very low, t h e  
presence o f  p h y t o f e r r i t i n  i n  immunogens o r  an t ibod ie s  s p e c i f i c  
f o r  p h y t o f e r r i t i n  i n  v i r u s  a n t i s e r a  must b e  reckoned wi th  i n  t h e  
i n t e r p r e t a t i o n  o f  s e r o l o g i c a l  t e s t s  w i th  t h i s  v i r u s .  The BGMV 
ant iserum has  been used t o  s tudy  t h e  sedimentat ion components 
a s s o c i a t e d  with BGMV and has been d i s t r i b u t e d  t o  coopera tors  i n  
Niger ia ,  Ind ia ,  I s r a e l ,  and B r a s i l  f o r  t e s t i n g .  

U l t r a s t r u c t u r e  o f  an  i n f e c t i o n  by BGMV. A s tudy  has been made o f  
t h e  time course  and u l t r a s t r u c t u r a l  a spec t s  o f  BGMV i n f e c t i o n  i n  
bean c e l l s  using t h e  e l e c t r o n  microscope. The work showed t h a t  
BGMV i n f e c t s  t h e  n u c l e i  o f  bean c e l l s  a s soc i a t ed  wi th  phloem. 
Dramatic u l t r a s t r u c t u r a l  a l t e r a t i o n s  occur  i n  i n f e c t e d  n u c l e i  t h a t  
a r e  un l ike  any caused by previous ly  known p l a n t  v i r u s e s .  These 
observa t ions  have been used t o  diagnose a  d i s e a s e  from a  weed 
p l a n t  common i n  Costa Rica a s  caused by a  wh i t e f ly - t r ansmi t t ed  
v i r u s  t h a t  i n f e c t s  soybean i n  t r o p i c a l  America. 

8. Attempts t o  p u r i f y  and c h a r a c t e r i z e  whi te f ly-  t r ansmi t t ed  v i ruses  
from soybeans. Unsuccessful a t tempts  t o  p u r i f y  soybean i n f e c t e d  
wh i t e f ly - t r ansmi t t ed  v i r u s e s  were made e a r l y  i n  1977 i n  cooperat ion 
with D r .  J u l i o  Bird,  Univers i ty  o f  Puerto Rico, and i n  l a t e  1977 
i n  cooperat ion with D r .  J .  Vetten, I n t e r n a t i o n a l  I n s t i t u t e  o f  Tropical  Agri 
c u l t u r e  i n  Niger ia .  A coopera t ive  i n v e s t i g a t i o n  i s  now underway with 
D r .  S.P.S. Beniwal t o  s e e  i f  e l e c t r o n  microscopy can be  used t o  
d iagnos t  soybeans i n f e c t e d  with mung bean yellow mosaic v i ruses  
from Ind ia .  



9. Attempt t o  pur i fy  t h e  agent causing lima bean golden mosaic 
i n  Nigeria. In col labora t ion with D r .  J. Vetten o f  IITA an un- 
successful  attempt was made t o  pur i fy  t h e  lima bean golden mosaic 
agent. This is  suspected t o  be a v i rus  r e l a t e d  t o  BGMV. Serologi- 
ca l  t e s t s  a r e  now underway a t  IITA t o  check t h i s  p o s s i b i l i t y  more 
d i r e c t l y .  

Detailed r e s u l t s  of  soybean v i rus  research a r e  i n  Appendix 11. 

Fungal and Bacter ia l  Diseases 

The major t h r u s t  of t h e  research on fungal and b a c t e r i a l  d iseases  i s  
t o  b e t t e r  understand t h e  e f f e c t s  of various microorganisms on soybean 
seeds and seed q u a l i t y  and development o f  control  methods. The fungal 
and b a c t e r i a l  pa thologis t  concentrated on an assessment o f  f ac to r s  
t h a t  influence disease ,  diseased seeds and seed q u a l i t y ,  and control  
of  soybean diseases .  In assessing fac to r s  t h a t  influence disease ,  
a number o f  s tud ies  were completed on t h e  associa t ion and e f f e c t  of  
Bacil lus s u b t i l i s  on soybean seed germination i n  v i t r o  and emergence 
i n  s o i l .  In one study surface  d i s in fec ted  soybeans were placed on 
moist ce l lu lose  pads and subjected t o  a temperatgre serie;  o f  f i v e  
degree centigrade increments from 15' through 55 C. A s  temperature 
increased the  inci4..,,ce of  0.  s u b t i l i s  increased and germination de- 
creased. Seeds previously s to red  a t  d i f f e r e n t  temperatures were placed 
on ce l lu lose  pads a t  3 5 ' ~  and pota to  dextrose agar (PDA) a t  2 5 ' ~  a t  
two-week i n t e r v a l s  f o r  e igh t  weeks. There was a r e s u l t i n g  decrease 
i n  germination and concomitant increase i n  occurrence of  0. s u b t i l i s  
a s  s torage  temperatures increased.  

I n  another study 26 surface  d i s in fes ted  soybean seed l o t s  of t h e  c u l t i -  
vars ,  Bragg, Dare, H i l l ,  Lee 68 and Amsoy 7 1  were bioassayed f o r  
B.  s u b t i l i s .  The seed l o t s  were obtained from f i v e  s t a t e s  and occur- 
rence of  0 .  s u b t i l i s  among a l l  seed l o t s  did not  d i f f e r  among s t a t e s .  

In a t h i r d  t e s t  Amsoy 71  soybean seeds were t r e a t e d  with streptomycin 
s u l f a t e  a t  5, 10, 15, 25 o r  35 milograms per 20 grams of seeds. After  

0 varying t h e  numbers of  hours of  exposure a t  25 washed cotyledons 
were bioassayed. Inh ib i t ion  zones o f  B.  s u b t i l i s  were noted and found 
t o  increase  i n  s i z e  with an increase  i n  r a t e  and time. Thin layer  
chronmtography confirmed streptomycin a c t i v i t y  i n  t i s s u e s  of  t r ea ted  
seeds. 0. s u b t i l i s  was cons i s t en t ly  i s o l a t e d  from dead and decayed 
seeds. Streptomycin t r ea ted  seeds produced s i g n i f i c a n t l y  lower currents  
o f  decayed seeds and s i g n i f i c a n t l y  higher germination i n  v i t r o  than 
nontreated seeds. 

A continuing study concentrates on t h e  epidemiology o f  Phomopsis so jae ,  
causal fungus of  soybean pod and stem b l i g h t  d isease .  Harvested soybean 
pods containing mature seeds a t  t h r e e  s tages  o f  senescence were inocu- 
l a t e d  with Phomopsis spp. Pods were e i t h e r  wounded o r  nonwounded and 
placed i n  a moist chamber a t  room temperature. Visible les ions  developed 
g f t e r  two t o  four  days, t h e  majority beveloping a t  t h e  base of  t r i cho ies  



with p e n e t r a t i o n  occurr ing  between epidermal c e l l s .  Pods o f  a l l  
c u l t i v a r s  a t  a l l  t h r e e  s t ages  o f  senescence were invaded by Phomopsis spp. 
Seed i n f e c t i o n  was delayed i n  green pods with reduced s e v e r i t y  i n  
frequency compared t o  t h a t  of yellow and brown pods. 

The q u a l i t y  o f  d i seased  seeds  was f u r t h e r  s tud ied  by measuring t h e  
compositional changes and reduct ion  o f  o i l  q u a l i t y  i n  soybean seeds 
i n f e c t e d  with Phomopsis s o j a e .  Three s e e d l o t s  o f  Wells soybeans with 
g r e a t e r  than 20% seedborne Phomopsis spp. were bulked and seed  was sep- 
a r a t e d  on t h e  presence o r  absence o f  v i s u a l  symptoms o f  Phomopsis spp. 
i n f e c t i o n .  Seeds e x h i b i t i n g  symptoms had 12% germination compared t o  
86% f o r  symptomless seeds .  S e e d  weight,  volume and d e n s i t y  were s i g n i f i -  
c a n t l y  lower i n  s e e d l o t s  wi th  v i s i b l e  symptoms. Soybean meal was measured 
f o r  p r o t e i n  and o i l  percentage.  O i l  and p r o t e i n  content  was s i g n i f i -  
c a n t l y  h ighe r  f o r  meal from seed  wi th  symptom express ion .  Meal from 
seed e x h i b i t i n g  symptoms was gray with a  ranc id  odor.  Various t e s t s  
o f  o i l  o f  seed e x h i b i t i n g  symptoms showed t h a t  o i l  q u a l i t y  was reduced. 

Control of soybean d i s e a s e  s t u d i e s  concent ra ted  on seed t rea tment  and 
fungic ide  sprays .  One s tudy  i n d i c a t e d  t h e  seed  t rea tments  could a f f e c t  
seed q u a l i t y  by in f luenc ing  t h e  fungi  a s soc i a t ed  wi th  seed  a t  t h e  end 
of  t he  growing season. Competition between t h e  fungal  microf lora  i s  
a l t e r e d  with seed  t rea tment  and a f f e c t s  t h e  type  o f  fungi  i s o l a t e d .  In  
another  s tudy  t h e  soybean v a r i e t y  Amsoy 71 was t r e a t e d  wi th  aqueous 
polye thylene  s o l u t i o n s ,  soaked, d r i e d ,  and p l an ted .  Germination was 
e i t h e r  l e s s  than o r  no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  o f  nont rea ted  
seed.  F i e l d  emergence o f  seeds t r e a t e d  wi th  p e n i c i l l i n  G p l u s  th i ram 
dus t  was s i g n i f i c a n t l y  h ighe r  than t h a t  o f  non t r ea t ed  seeds and seeds  
t r e a t e d  with thiram alone.  

Reports were made on two s t u d i e s  about var ious  seed t rea tments  e f f e c t s  
on emergence and y i e l d  under f i e l d  condi t ions .  Seed lo t s  were e i t h e r  
t r e a t e d  with polye thylene  g lycol  incorpora ted  p e n i c i l l i n  G o r  l e f t  
a s  con t ro l .  Emergence i n  y i e l d  from seeds t r e a t e d  wi th  PEG p l u s  peni -  
c i l l i n  G were not  s i g n i f i c a n t l y  g r e a t e r  than those  from non t r ea t ed  
seeds,  which sugges ts  t h a t  con t ro l  of b a c t e r i a  on soybean seeds without 
fungal c o n t r o l  may have l i t t l e  e f f e c t  on germination. In  t h e  second 
s tudy ,  seed samples were s e l e c t e d  from soybean l o t s  harves ted  from 
e i t h e r  Benlate  sprayed (good q u a l i t y  seeds)  o r  nonsprayed (poor q u a l i t y )  
p l a n t s  and were t r e a t e d  wi th  var ious  methods and p lan ted .  The mean 
percent  emergence was s i g n i f i c a n t l y  h ighe r  from t h e  nont rea ted ,  good 
q u a l i t y  seeds than from any o t h e r  t rea tment .  Seeds t r e a t e d  wi th  DPX-115B 
a t  two ounces and Benlate-T a t  f o u r  ounces produced a  s i g n i f i c a n t l y  
h ighe r  y i e l d  than nont rea ted ,  poor q u a l i t y  seeds and were n o t  s i g n i f i -  
c a n t l y  d i f f e r e n t  from nont rea ted ,  good q u a l i t y  seed.  

In  a  t e s t  o f  fungic ide  sprays ,  Wells soybeans were f i e l d  p l an ted  and 
sprayed wi th  one, two, o r  t h r e e  a p p l i c a t i o n s  o f  n i n e  fungic ides  before 
f lowering,  dur ing  e a r l y  f lowering,  early-podding , mid-pod, la te-pod,  
o r  very  la te-pod s t a g e s .  P l an t s  were threshed  and a  t o t a l  y i e l d  of  
1000 seed weight recorded. Seeds were germinated on a  PDA wi th  germina- 
t i o n  being considered when the  r a d i c a l  was 1 . 5  t imes t h e  length  of t h e  
cotyledons.  Germination was h ighe r  and t h e  occurrence o f  Phomopsis spp. 



and t o t a l  fungi were lower when fungicides were applied a t  mid-pod o r  
early-pod p lus  m.id-pod. Differences between fungicide treatments were 
more apparent among seeds from l a t e  harvest  than f i r s t  harves t  with 
respec;- t o  y ie ld .  -seed weight, germination i n  v i t r o ,  t o t a l  fungi ,  
A l t e rna r i a  spp. and recovery of Phomopsis spp. 

See Appendix VIII f o r  a  d e t a i l e d  repor t  of research  on soybean fungal 
and b a c t e r i a l  d iseases .  

Virus Vector Studies  

Soybean Mosaic Virus (SMV) occurs wherever soybeans a r e  grown and is  t h e  
most common and most important v i rus  i n f e c t i n g  soybeans. Because t h e  
amount of  SMV f i e l d  spread d i f f e r s  between growing regions,  it is  i m -  
po r t an t  t o  i s o l a t e  f a c t o r s  responsib le  f o r  t h e  spread. SMV i s  t ransmit ted  
from generat ion t o  generat ion through t h e  seed ( v e r t i c a l  t ransmission) 
and i n  t h e  f i e l d  by various spec ies  of  aphids i n  a  nonpers is tent  manner 
(hor izonta l  t ransmission).  Two f a c t o r s  s tand out  a s  being extremely 
important i n  t h e  f i e l d  spread o f  SMV: percentage of  t h e  p lanted  seed 
t h a t  i s  SMV in fec ted  and f l i g h t  timing and abundance of  vec to r  species .  
INTSOY s t u d i e s  have indica ted  t h a t  t h e r e  a r e  no important a l t e r n a t e  
hos t  p l a n t s  of SMV i n  c e n t r a l  I l l i n o i s  and t h a t  a l t e r n a t e  p l a n t s  probably 
p lay  a minimal r o l e  a s  primary inoculum sources i n  t h e  Midwest. L i t t l e  
i s  known about t h i s  aspect  i n  o the r  a reas  a s  y e t .  Aphids do not  colonize  
soybeans i n  t h e  U.S. and very r a r e l y  do they colonize soybeans i n  t h e  
western hemisphere. Thus, t h e  soybean i t s e l f  i f  not  a  f a c t o r  i n  t h e  
populat ion dynamics of  f i e l d  vectors ,  a t  l e a s t  i n  t h e  U.S., and probably 
not  i n  t h e  western hemisphere. Some species  of aphids do colonize soy- 
beans i n  Afr ica  and Asia and t h i s  added f a c t o r  must be understood i n  
those a reas .  

Because SMV i s  seed t ransmit ted ,  i t  is  endemic i n  seed lo t s  everywhere. 
In t h e  North Central  United S t a t e s  in fec ted  seed from one growing season 
provides the  primary inoculum source during t h e  next .  The percent  of 
in fec ted  seed can, t o  a  l a rge  ex ten t ,  determine t h e  p o t e n t i a l  f o r  f i e l d  
spread. While the  incidence of  SMV in fec ted  seed i n  c e r t i f i e d  seed lo t s  
produced i n  I l l i n o i s  i s  well below .01%, it may be much g r e a t e r  e l s e -  
where i n  t h e  world. 

A second cooperat ive study between virology and entomology s t a f f  focused 
on the  transmission of cowpea mosaic v i rus  from cowpeas t o  cowpeas 
and soybeans and t h e  f i e l d  spread o f  CPMV-PR. Beetles  werp allowed 
t o  feed on a s i n g l e ,  heal thy cowpea seedl ing  f o r  two days immediately 
before use i n  transmission experiments. Beetles were a l s o  allowed t o  
feed  on seedlings inoculated with CPMV-PR. Twenty seedlings each o f  
cowpeas and soybeans were exposed t o  b e e t l e s  previously fed on infec ted  
leaves and 10 each t o  bee t l e s  previously f ed  on heal thy  leaves.  None 
of the  f i e l d  co l l ec ted  bee t l e s  were v i r u l i f e r o u s  s i n c e  no cowpea p l a n t s  
exposed t o  individual  bee t l e s  showed any v i r u s - l i k e  symptoms. A 1 1  
cowpea p lan t s  and th ree  out  of 20 soybean p l a n t s  inoculated by b e e t l e s  
f ed  on in fec ted  leaves became in fec ted .  No transmission was obtained 
from p lan t s  exposed t o  bee t l e s  previously fed  on heal thy  leaves.  



Two s i m i l a r  experiments were conducted a t  I s a b e l a ,  Puer to  Rico t o  
check f i e l d  spread  o f  CPMV-PR. Cowpeas were mechanical ly  i nocu la t ed  
with CPMV-PR when p l a n t s  were a t  t h e  primary l e a f  s t a g e .  Two weeks 
a f t e r  p l a n t i n g  a l l  noninoculated cowpea p l a n t s  were removed and rep laced  
with soybeans.  The spread  o f  t h e  v i r u s  was determined by observ ing  t h e  
number o f  soybean p l a n t s  i n f e c t e d  with CPMV-PR which was confirmed by 
s e r o l o g i c a l  tests. Many soybean p l a n t s  with v i r u s - l i k e  symptoms were 
found dur ing  t h e  f i rst  obse rva t ions ,  bu t  r e s u l t s  from sero logy  t e s t s  
i n d i c a t e d  t h a t  t he se  p l a n t s  were no t  i n f e c t e d  with CPMV-PR. The 
i n j u r y  i n  soybeans caused by b e e t l e  feed ing  was about 5 t o  10% con- 
sumption o f  t h e  l e a f  a r e a  a t  t h e  canopy top .  Again, no CPMV-PR 
i n f e c t e d  soybean p l a n t  was found. 

Appendix I1 and Appendix 111 con ta in  more d e t a i l e d  r e p o r t s  o f  v i r u s  
v e c t o r  s t u d i e s .  

Ob jec t ive  5. Development of Model I n s e c t ,  Weed and Disease Control 
Management Systems Which Can Be Adapted o r  Modified f o r  S p e c i f i c  Environments 

/ 

The entomology group gave l e a d e r s h i p  t o  t h e  development o f  p e s t  manage- 
ment systems through two s t u d i e s .  one s tudy  considered the-bionomics 
and s p a c i a l  d i s t r i b u t i o n  o f  soybean a s s o c i a t e d  t h r i p s .  Two spec i e s  
o f  t h r i p s  were s t u d i e d .  S e r i c o t h r i p s  v a r i a b i l i s  and F r a n k l i n i e l l a  t r i t i c i  
were found t o  co lonize  soybean p l a n t s  i n  I l l i n o i s ,  Kentucky, and Missouri .  
Hor izonta l  d i s t r i b u t i o n s  w i th in  f i e l d s  and among p l a n t s  d i d  no t  d i f f e r  
s i g n i f i c a n t l y .  However, both s p e c i e s  were v e r t i c a l l y  s t r a t i f i e d  w i th in  
t h e  soybean canopy. Both s p e c i e s  occur red  i n  soybean f i e l d s  throughout 
t h e  growing season.  However, peak popula t ion  l e v e l s  appeared e a r l i e r ,  
popula t ion  d e n s i t i e s  were g e n e r a l l y  h ighe r ,  and r a t e s  o f  popula t ion  
bui ldup  and d e c l i n e  were more pronounced i n  t h e  southern  l o c a t i o n s .  

Although damage th re sho lds  have n o t  been e s t a b l i s h e d  f o r  t h e s e  t h r i p s  
spec i e s ,  t h e r e  a r e  some gu ide l ines  t h a t  could he lp  determine sampling 
procedures:  

1. There a r e  two c r i t i c a l  s i t e s  on soybean p l a n t s  f o r  t h e s e  co loniz ing  
spec i e s ,  t e rmina l  buds f o r  F .  t r i t i c i  and t h e  f i f t h  from uppermost -- 
t r i f o l i o l a t e s  f o r  S. v a r i a b i l i s  immatu re~ .  

2 .  D i s t r i b u t i o n  p a t t e r n s  ranged from uniform t o  aggregated with no 
d e t e c t a b l e  r e l a t i o n s h i p s  between p a t t e r n  and p l a n t  growth s t a g e  o r  
t h r i p s  d e n s i t y  . 

3.  Border rows have an unknown e f f e c t  on t h r i p s  popula t ion .  

4.  S. v a r i a b i l i s  appears  t o  cause  g r e a t e s t  damage during t h e  vege t a t i ve  
s t a g e s  of p l a n t  growth. 

A s tudy  conducted f o r  t h e  p a s t  t h r e e  yea r s  on f i e l d  a c t i v i t y  of Orius  
i n s i d i o s u s  was monitored dur ing  t h e  r e p o r t  pe r iod .  Data has  n o t  been 



completely analyzed, but results from wind directed impact trapping 
indicate that this species tends to fly into the wind, and with a similar 
but stationery impact trap, prevailing wind had little effect on flight 
direction. Sex ratios tended to change through the season from more 
males in the spring to slightly more females in the fall. The 30th or 
31st week of the year seemed to be the changeover point. Other aspects 
of Orius flight activity are being analyzed. 

Appendix I11 contains a more detailed report of this research. 

Objective 6. Development of Improved Seed Storage Technology 

Last year's annual report contained the results of a study conducted 
by the Departments of Agronomy and Agricultural Engineering at UIUC and 
the Department of Agricultural Engineering, UPR/MC, that was developed 
to study practical and inexpensive methods for storing seed under 
tropical conditions. The maintenance of soybean seed quality during 
storage in hot, humid environments typical of LDC's was recognized 
as a limiting factor in soybean production. High quality seed is re- 
quired to obtain stands for profitable soybean production. As local 
seed production becomes possible, a storage technology suitable for the 
environment and scale of operations becomes essential. The study showed 
that soybean seed does not store well as compared to other legumes. The 
major environmental factors influencing seed deterioration were tempera- 
ture and moisture. 

During the 1977-78 contract year some follow-up work to the study was 
accomplished. Using Woodworth seed grown in Puerto Rico at the Isabela 
substation, 432 200g. samples were prepared. The storage conditions 
were designed to correspond to the resources available to farmers for 
seed storage in the tropics. Five factors were studied; storage condi- 
tions, moisture levels, container types, storage periods, and seed 
treatment. Seeds were planted in the sand bed at Isabela. All five 
factors studied were statistically significant in the maintenance 
of emergence in sand. The most significant single factor was initial 
moisture content. The rapid loss of germination in storage in the 
tropics under the conditions of this experiment was directly related to 
percentage of moisture level of the seed in storage at the time seeds 
were in storage. The best containers for storage are those that main- 
tain a low initial moisture content. Seeds treated with thiram did not 
germinate any better than the untreated seeds. Insulation also had 
no effect of practical significance. Parallel sealed can storage tests 
in Urbana at 25'~ (the mean ambient temperature at Puerto Rico) gave 
germination results similar to those obtained at Isabela. The seed 
multiplied in Puerto Rico stored less well than the parent seed from 
Illinois. Details of this experiment may be found in Appendix IX. A 
paper reporting on this research has been prepared for presentation at 
the 1978 Summer Meeting of the American Society of Agricultural Engineers 
to be held at Utah State University, Logan, Utah, June 27-30, 1978. 



D.  Anc i l l a ry  A c t i v i t i e s  ""I! 
d 

INTSOY s t a f f  have p a r t i c i p a t e d  i n  a  number of a c t i v i t i e s  funded by 
noncont rac t  sources  b u t  suppor t i ve  of t h e  o b j e c t i v e s  o f  t h e  c o n t r a c t .  

S ince  $975 INTSOY has  sponsored two sho r t - t e rm a p p l i e d  soybean t r a i n i n g  
courses  ."Soybean Process ing  f o r  Food Uses , I 1  a  six-week course ,  i s  t augh t  
i n  t h e  s p r i n g  and "Technical and Economic Aspects o f  Soybean Production," 
a  course  l a s t i n g  about fou r  months, i s  taught  dur ing  t h e  l a t e  s p r i n g  
and summer growing season .  The courses  were developed i n  coopera t ion  
wi th  t h e  U.S. Department o f  A g r i c u l t u r e ' s  O f f i c e  o f  I n t e r n a t i o n a l  
Tra in ing ,  t h e  U.S. Agency f o r  I n t e r n a t i o n a l  Development, t h e  Food and 
Agr i cu l tu re  Organiza t ion  and o t h e r  donor groups. E igh ty - f ive  persons 
from 50 c o u n t r i e s  had r ece ived  t r a i n i n g  i n  t h e  two courses  p r i o r  t o  
1978. 

I n  e a r l y  s p r i n g  o f  1977 a f t e r  a  y e a r  of p lanning  and p r e p a r a t i o n ,  t h e  
Asia/Oceania Soybean Rust Workshop convened i n  Manila, The P h i l i p p i n e s .  
Jo in ing  INTSOY i n  sponsoring and suppor t ing  t h e  Workshop was t h e  Govern- 
ment o f  The Ph i l i pp ines ,  The Asian Vegetable Research and Development 
Center  (AVRDC) and t h e  P h i l i p p i n e  Council  f o r  Agr i cu l tu re  and Resources 
Research (PCARR). INTSOY, through t h e  a e g i s  of t h i s  r e sea rch  c o n t r a c t ,  
was a b l e  t o  provide  f o r  t h e  t r a v e l  and t r a n s p o r t a t i o n  expenses of n i n e  
p a r t i c i p a n t s  from f i v e  c o u n t r i e s  o f  t h e  reg ion .  The papers  presen ted  
a t  t h e  Workshop were publ i shed  a s  Number 12 i n  t h e  INTSOY S e r i e s  t h a t  
has  been re fe renced  e a r l i e r  i n  t h e  r e p o r t .  

Research c o n t r a c t  s t a f f  cont inue  t o  p a r t i c i p a t e  i n  a  number o f  a r e a s  
c o n s i s t e n t  wi th  t h e  o v e r a l l  goals  o f  t h e  c o n t r a c t .  Advisory s e r v i c e  
has been provided under Agency supported t a s k  o r d e r s ,  e . g . ,  suppor t  t o  
Facul ty  o f  Agronomy, Univers i ty  o f  Panama, i n  development o f  app l i ed  
r e sea rch  programs i n  soybean product ion and p r o t e c t i o n .  I n t e r n a t i o n a l  
o rgan iza t ions  such a s  t h e  Food and Agr i cu l tu re  Organizat ion o f  t h e  United 
Nations have reques ted  and r ece ived  a s s i s t a n c e  from INTSOY s t a f f  on 
i d e n t i f i c a t i o n  missions,  t e c h n i c a l  c o n s u l t a t i o n s ,  and count ry  programs. 
Considerable  c o n s u l t a t i o n  between INTSOY s t a f f  members and s c i e n t i s t s  
o f  i n t e r n a t i o n a l  a g r i c u l t u r a l  r e sea rch  c e n t e r s  cont inues .  

Workshops, seminars ,  and conferences have been en r i ched .by  t h e  cont r ibu-  
t i o n s  o f  INTSOY re sea rch  s t a f f .  Co l l abo ra t i ve  programs under va r ious  
memoranda o f  understanding have a l s o  b e n e f i t t e d  from t h e  p a r t i c i p a t i o n  
o f  t h e  c o n t r a c t  s t a f f .  These a n c i l l a r y  a c t i v i t i e s  a r e  suppor t i ve  o f  
both t h e  t o t a l  INTSOY program and o f  t h e  r e sea rch  c o n t r a c t  under r e p o r t .  
P a r t i c i p a t i o n  i n  t h e s e  a c t i v i t i e s  en r i ches  and broadens t h e  c a p a c i t i e s  
o f  t h e  r e sea rch  s t a f f  and a r e  an important  p a r t  o f  t h e  t o t a l  program. 

E .  Adminis t ra t ion,  S t a f f  and Budget 

The program cont inues  t o  be adminis te red  by a  D i r ec to r  and A s s i s t a n t  
D i r ec to r  l oca t ed  a t  UIUC and an Assoc ia te  D i r ec to r  l oca t ed  a t  UPR/MC. 
S t a f f  o f  t h e  two u n i v e r s i t i e s  have worked cont inuous ly  and i n  c l o s e  
harmony t o  i n t e g r a t e  t h e  a c t i v i t i e s  o f  t h e  r e sea rch  c o n t r a c t  and 



complementary agency supported p r o j e c t s  and t o  t h e  o v e r a l l  programs of  
t h e  r e spec t ive  campuses. The Direc tora te  s t a f f  rece ives  pol icy  guidance 
from an executive committee comprised of  heads o f  departments involved 
i n  t h e  program and rep resen ta t ives  from t h e  Experiment S t a t i o n ,  t h e  
Cooperative Extension Service ,  In t e rna t iona l  Agr icul tura l  Programs, 
and t h e  Office of  In te rna t iona l  Programs and Studies .  

A t  t he  end of  t h e  r e p o r t  per iod  t h e  Di rec to ra te  and profess ional  group 
numbered 7.25 f u l l - t i m e  equivalent  s t a f f .  They were a s s i s t e d  by 14.0 
fu l l - t ime  equivalent  support  personnel .  The s i g n i f i c a n t  con t r ibu t ion  
of  t h e  various support  personnel t o  the  o v e r a l l  success and progress 
during p r o j e c t  goals  i s  g r a t e f u l l y  acknowledged. A l i s t i n g  of  a l l  
personnel who have served during t h e  l i f e  o f  t h e  con t rac t  i s  presented  
on pages 26, 27, and 28. 

Funds f o r  p r o j e c t  opera t ions  i n  t h e  second year  of  t h e  con t rac t  were 
adequate and during t h e  yea r  funds f o r  t h e  balance of  t h e  con t rac t  
were made ava i l ab le .  Summary of  expenditures f o r  t h e  f i r s t  two yea r s  
of  the  p r o j e c t  and an es t imate  of  requirements t o  t h e  end of t h e  con t rac t  
a r e  given below. 

Program Budget 

Line Item 

1. S a l a r i e s  

A. Professional  
B. Support 

2. Fringe 

3. I n d i r e c t  Cost 

4. Travel & 
Transpor ta t ior  

5. Other Direc t  
Costs 

6. Equipment 6 
Supplies  

4ctual  Exp. 
4/1/76- 3/31/77 

$214,225 

(103,250) 
(1  10,975) 

21,740 

141; 390 

42,280 

31,205 

28,875 

Actual Exp. 
4/1/77- 3/31/78 

$274,648 

(146,857) 
(127,791) 

27,298 

179,133 

38,349 

50,897 

62,415 

$632,740 ( $479,715 

Tota l  Exp. 
4/1/76- 3/31/78 

$488,873 

(250,107) 
(238,766) 

49,038 

320,523 

80,629 

82,102 

91,290 

$1,112,455 

E s t .  Exp. 
4/1/78-3/31/79 

$429,065 

(215,465) 
(213,600) 

40,385 

246,350 

47,000 

97,800 

112,800 

$973,400 

Total  E s t  . Budget 

$91 7,938 

(465,572) 
(55 1,366) 

89,423 

566,873 

127,629 

179,902 

204,090 

$2,085,855 



INTSOY Projec t  S t a f f  

Apri l  1, 1976 - March 31, 1978 

Rank/Ti t l e  Department 

~ -- 

FTE Name 

A. Professional  S t a f f  

Abrams, Raul Assoc . Director  

Asst. Entomologist 

A s s t .  Agronomist 

Asst. Professor 

Asst. Professor 

Asst. Agronomist 

Professor 

Asst. Professor 

Assoc. Professor 

A s s  t . Director  

A s s t .  Professor 

Professor 

Professor 

Professor 

A s s  t . Professor 

I NTSOY 
Administration 

Bouseman, J. K .  Ag. Entomology 
(from 8/21/77) 

Dunker, R. E .  Agronomy 
( t o  10/20/76) 

F e r r i e r ,  L .  K .  Food Science 
( t o  10/5/77) 

Goodman, R.  M. 

H i l l ,  H. J. 

Plant  Pathology 

Agronomy 
(from 12/1/76) 

H i t t l e ,  C .  N .  Agronomy 
(4/1/76 t o  7/9/76) .25 

Ag. Entomology 1 .0  Irwin, M. E .  

Judy, W .  H. Agronomy 
(from 6/ 1/77) .75 

I NTSOY -25 
Administration 

Minor, H. C .  Agronomy 
( t o  4/17/78) 

Food Science .25 
(from 8/21/ 77) 

Nelson, A.  I .  

Rodda, E .  D. Ag . Engineering .25 
( t o  8/20/77) 

S i n c l a i r ,  J. B. 

Smith, R.  Stewart 

P lant  Pathology .25 

Agronomy 1 .0  
(from 6/ 13/77) 
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Rank/Title Depart men t FTE Name 

A. Professional Staff 
(con1 t.) 

Thompson, W. N. Director I NTSOY 
Administration 

Wei, L. S. Food Science 
(from 10/21/77) 

Whigham, D. K. Asst. Professor Agronomy 
(to 4/11/77) 

B. Support Staff 

Allison, Elizabeth 
(Schae f er) 

Res. Assistant Ag. Entomology 
(from 6/7/76) 

Anderson, Debora Res. Assistant Agronomy 
(from 5/21/77) 

Appleman, J. D. Res. Assistant Food Science 
(to 11/23/76) 

Baer, K. D. 

Bowers, G. R. , Jr. 

Res. Assistant 

Res. Assistant 

Food Science 

Plant Pathology 
(from 5/21/76) 

Brinkman, G. S. Res. Assistant Plant Pathology 
(from 5/21/76) 

Burnsmier, Helen 

Cunningham, Patricia 

Clerk I11 

Clerk-Typist I11 

Agronomy 

I NTSOY 
Administration 

Agronomy 
(from 7/ 2 1/ 76- 
10/31/77) 

Eckenbeck, Susan L. Res. Assistant 

Endsley, Margaret R. 

Foor, S. R. 

Clerk-Typist I11 

Res. Assistant 

Agronomy 
(to 9/27/77) 
Plant Pathology 
(from 4/ 1/ 77 to 
7/ 20/ 7 7) 

Halbert, Susan E. Res. Assistant 

Res. Assistant 

Ag. Entomology 
(from 5/21/76) 

Kanthamani, S. Food Science 
(to 11/23/76) 



Name 
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Rank/Title Department FTE 

B. Support Staff 
(conlt.) 

Kogan, Jenny Res. Assistant Ag. Entomology 
(from 1/21/77) 

McClary, Richard D. Res. Assistant Plant Pathology 
(from 9/21/77) 

McCune, T. D. Res. Assistant Food Science 
(to 8/20/76) 

Newell, Christine A. Res. Associate 

Primmer, R. R. Assistant I 

Rokke, Douglas L. Staff Assistant 

Schneider, Barbara L. Res. Assistant 

Shock, Teresa L. Asst. Plant 
Pathologist 

Taeger , Deanna Secretary 

Thongmeearkom , P . Res. Assistant 

Toews, Vicki L. Clerk-Typist I11 

Tucker, Margaret E. Clerk-Typist I11 

Weger, Laura Clerk-Typist 111 

Yeh, C. C. Res . Assistant 

Agronomy 
(to 8/20/77) 

Ag . Engineering 
(to 4/29/77) 

Ag . Engineering 
(from 8/ 8/ 77) 

Agronomy 
(from 2/ 1/78) 

Plant Pathology 
(from 9/7/76) 

I NTSOY 
Administration 

Plant Pathology 

Plant Pathology 

Food Science 

Agronomy 
(from 10/5/77) 

Plant Pathology 
(from 1/ 2 1/ 78) 

ra( 

h i  

pi, 

L 



APPENDIX I  

Development o f  Improved Genetic Materials  and Production T r a i t s  
William H .  Judy, Associate Professor o f  Agronomy and 

H .  J .  H i l l ,  Ass i s t an t  Agronomist 

I .  SOYBEAN VARIETY DEVELOPMENT 

The major objec t ives  of  the  soybean v a r i e t y  development program include 
s e l e c t i o n  f o r  high, s t a b l e  y i e l d  and high p ro te in  per  u n i t  of land area .  
In  order  t o  accomplish t h i s ,  the  breeding and t e s t i n g  program has con- 
cen t ra ted  on s e l e c t i o n  of  v a r i e t i e s  with a s u i t a b l e  photoperiod re -  
sponse, r e s i s t ance  to. d iseases  and i n s e c t s  which l i m i t  y i e l d  and q u a l i t y ,  
and wide agronomic a d a p t a b i l i t y  t o  t r o p i c a l  and subt ropica l  environ- 
ments. 

In  order  t o  accomplish these  objec t ives ,  INTSOY has posted a p l a n t  
breeder a t  UPR/MC f o r  the  purpose of evaluat ing  t h e  t r o p i c a l  and sub- 
t r o p i c a l  germplasm and making cro3Tes between high y ie ld ing  temperate 
and t r o p i c a l l y  adapted germplasm.- The v a r i e t i e s  developed i n  t h e  
Puerto Rico program a r e  evaluated i n  the  Soybean Preliminary Observa- 
t i o n  T r i a l  (SPOT) which was c a r r i e d  out  a t  s i x  locat ions  i n  1976 and 
a t  e igh t  locat ions  i n  1977. This program has now begun t o  pay o f f  
a s  the re  a r e  s i x  v a r i e t i e s  i n  t h e  1978 ISVEX t r i a l s  which were s e l -  
ec ted  through t h i s  breeding program. 

The prel iminary t h r u s t  i n  the  soybean v a r i e t y  development work i s  
through t h e  In te rna t iona l  Soybean Variety Evaluation Experiments (ISVEX). 
The ISVEX t r i a l  provides an opportunity f o r  t e s t i n g  the  adaptat ion 
of soybean v a r i e t i e s  under a  wide range of environmental condit ions 
i n  comparison with introduced and l o c a l l y  ava i l ab le  c u l t i v a r s  i n  t h e  
country where the  t r i a l s  a r e  conducted. This comprehensive v a r i e t y  
t e s t i n g  program depends upon the  voluntary col labora t ion  o f  coopera- 
t o r s .  The p a r t i c i p a t i o n  has grown from 33 countr ies  and 90 locat ions  
i n  the  f i r s t  year  of  research con t rac t  AID/CM/ta-c-73-19 t o  over 
70 countr ies  and 186 locat ions  during 1977. Table 1 shows the  d i s t r i -  
bution of  cooperators who completed the  1976 ISVEX and returned agro- 
nomic da ta  and seed samples f o r  o i l  and p ro te in  ana lys i s .  

Over the  years ,  the  kinds of  v a r i e t i e s  included i n  t h i s  t r i a l  have 
var ied  considerably.  A s  a  r e s u l t  of  evaluat ion by the  t r i a l  coordi- 
na tor  and of suggestions by cooperators ,  t h e  v a r i e t i e s  were grouped 
i n t o  e a r l y ,  medium and l a t e  maturing t r i a l s .  This procedure was 
followed f o r  the  four th ,  f i f t h ,  and s i x t h  ISVEX during 1976, 1977, 
and 1978. The c u l t i v a r s  included during these  th ree  years  a r e  l i s t e d  

i/ A. I .D .  2 l l ( d )  Grant AID/CM/ta-g-49 i s  the  primary support f o r  t h e  
p l a n t  breeder and d e t a i l s  of  t h a t  work a r e  i n  repor ts  of t h a t  grant.  
Work reported here is complementary t o  the  211(d) grant  work as  was 
planned a t  t h e  inception of  Contract AID/CM/ta-c-73-10 and the  211(d) 
Grant. 



i n  Table 3. In  1977, t h e r e  were 26 v a r i e t i e s  from maturi ty group 0 
t o  IX. For t h e  f i r s t  time, v a r i e t i e s  developed i n  the  INTSOY soybean 
breeding program a t  Puerto Rico were included i n  ISVEX. These v a r i e t i e s  
include CH-3, UFV-1, SJ-2, Hardee LS, Orba, and IAC-2. In  addi t ion ,  
INTSOY cooperators i n  Colombia supplied Tunisia and Caribe. A l l  e igh t  
a r e  adapted t o  t r o p i c a l  and sub t rop ica l  condit ions.  

The t r i a l  coordinator  supp l i e s  the seed f o r  a l l  experiments except 
the  loca l  v a r i e t y ,  and provides inoculum, a s tandard s e t  of  i n s t r u c t i o n s ,  
and da ta  c o l l e c t i o n  shee t s .  The cooperator i n  t h e  country provides 
t h e  land, labor,  f e r t i l i z e r  and management necessary f o r  the  experi-  
ment. Ins t ruc t ions  f o r  management and d a t a  c o l l e c t i o n  a r e  s tandardized 
and sen t  t o  each cooperator.  General information re turned by t h e  co- 
opera tor  included d e t a i l s  such a s  l a t i t u d e ,  e l eva t ion  and s o i l  condi- 
t i o n s ,  plus da te  of p lan t ing  and harves t ing ,  amount of  moisture from 
r a i n f a l l  o r  i r r i g a t i o n ,  f e r t i l i z e r  use, l o c a l  v a r i e t i e s  t e s t e d ,  and 
observations on d iseases  and i n s e c t s .  The da ta  repor ted  f o r  each p l o t  
by t h e  cooperators included y i e l d ,  nodulatioq, days t o  flowering, days 
t o  maturi ty,  p l a n t  he ight  a t  maturi ty,  es t imates  of lodging and s h a t t e r -  
ing,  and seed q u a l i t y .  Samples of  each of the  v a r i e t i e s  were a l s o  re -  
turned t o  INTSOY f o r  p ro te in  and o i l  content  ana lys i s .  Data from the  
t r i a l s  a r e  then in te rp re ted  according t o  ecologica l  zones which a r e  
categorized according t o  l a t i t u d e  and altitude. 

A l l  da ta  have been received f o r  both t h e  t h i r d  ISVEX (1975) and four th  
ISVEX (1976) and a r e  being in te rp re ted  f o r  publ ica t ion .  The d i s t r i -  
bution of  ISVEX among environmental zones i s  shown An Table 8. During 
1975, 75% of t h e  t r i a l s  were c a r r i e d  ou t  between 20 N and 20 S i n  
t r o p i c a l  and subt ropica l  geographical a reas ;  i n  1976, 62% of t h e  t r i a l s  
were located i n  these  a reas .  

The Soybean Preliminary Observation T r i a l  (SPOT) was organized i n  
1975 t o  provide a means f o r  evaluat ion  of  t h e  environmental response 
of newly developed c u l t i v a r s  a t  a  l imi ted  number of  s i t e s .  The 
c u l t i v a r s  included i n  SPOT during 1976, 1977, and 1978 a r e  l i s t e d  i n  
Table 5.  These c u l t i v a r s  have been obtained from se lec t ions  i n  t h e  
INTSOY breeding program i n  Puerto Rico and from soybean breeding programs 
of cooperators i n  Asia and South America. There were s i x  new e n t r i e s  
i n  1977 and seven new e n t r i e s  i n  1978. The number o f  locat ions  has 
been increased from e igh t  i n  1977 t o  18 i n  1978 i n  order  t o  ob ta in  a 
more p rec i se  evaluat ion  of new v a r i e t i e s  i n  d i f f e r e n t  environments. 
Five e n t r i e s  from t h e  1976 and 1977 SPOT t r i a l s  were se lec ted  f o r  
includion i n  t h e  1978 ISVEX. 

A t  t h e  time of t h i s  r epor t ,  INTSOY has received reques ts  from 81 
countr ies  f o r  211 ISVEX t r i a l s  t o  be conducted i n  1978. To da te ,  
80 t r i a l s  have been forwarded t o  cooperators .  

While conducting the  ISVEX and SPOT t r i a l s  i t  became evident t h a t  
t h e r e  were a number of  soybean breeding programs which were develop- 
ing improved and adapted v a r i e t i e s  of soybeans. Therefore, the  
soybean v a r i e t y  development group decided t o  organize a system t o  
take  advantage of t h i s  promising germplasm pool.  A new t r i a l  was 



organized t o  begin i n  1978 which is be ing  c a l l e d  t h e  Soybean In t e rna -  
t i o n a l  Experiment Var ie ty  Evaluat ion (SIEVE) t r i a l .  A t o t a l  o f  66 
p l a n t  breeders  were contac ted  with t h e  r eques t  t h a t  they  c o n t r i b u t e  
up t o  t h r e e  c u l t i v a r s  developed t o  t h e  F-6 o r  l a t e r  s t a g e s .  There 
were 48 c u l t i v a r s  con t r ibu ted  from coopera tors  i n  15 d i f f e r e n t  c o u n t r i e s  
a s  shown i n  Table 6.  

This  SIEVE c o l l e c t i o n  i s  t o  be eva lua ted  a t  oO, 18O, and 30' l a t i t u d e .  
I n  a d d i t i o n  t o  y i e l d ,  observa t ions  w i l l  be made on a l l  agronomic 
and p e s t - r e s i s t a n c e  c h a r a c t e r i s t i c s  o f  t h e s e  v a r i e t i e s .  S e l e c t i o n s  
from t h i s  SIEVE t r i a l  and from t h e  Puerto Rico breeding program w i l l  
be  en t e red  i n  t h e  SPOT t r i a l .  I t  is expected t h a t  approximately 50 
t o  100 e n t r i e s  can be handled i n  t h e  SIEVE t r i a l  and 20 t o  40 v a r i e t i e s  
i n  t h e  SPOT t r i a l .  S e l e c t i o n s  w i l l  be made from t h e  SPOT t r i a l  f o r  
i n c l u s i o n  i n  t h e  ISVEX t r i a l  which w i l l  cont inue  with 16 v a r i e t i e s .  
The c u l t i v a r s  i n  t h e  SPOT t r i a l  w i l l  b e  i nc reased  i n  o r d e r  t o  have 
s u f f i c i e n t  seed  f o r  those  s e l e c t e d  t o  go i n t o  t h e  ISVEX t r i a l  t h e  
fol lowing yea r .  When t h i s  system is f u l l y  o p e r a t i v e ,  it i s  es t imated  
t h a t  a  v a r i e t y  can move from t h e  breeder  t o  t h e  farmer i n  a  minimum 
of four  years  and t h a t  a l l  a c t i v e  breeding programs i n  t h e  world 
could c o n t r i b u t e  t o  t h e  t r o p i c a l  and s u b t r o p i c a l  gene t i c  improvement 
program. 

Vp t o  now, t h e  top y i e l d s  i n  t r o p i c a l  and sub t rop ica l  l o c a t i o n s  have 
been obta ined  with c u l t i v a r s  developed i n  temperate environments.  These 
temperate c u l t i v a r s  do n o t  produce i d e a l  p l a n t  types  when grown i n  t h e  
t r o p i c s  but  t h e  breeding program a t  Puerto Rico has demonstrated t h a t ,  
by c ros s ing  temperate c u l t i v a r s  with e x o t i c  t r o p i c a l  and sub t rop ica l  
m a t e r i a l ,  v a r i e t i e s  can be developed which produce a  more i d e a l  p l a n t  
type  and h ighe r  y i e l d s .  However, now INTSOY has developed t h e  complete 
v a r i e t a l  development system SIEVE-SPOT-ISVEX which ppovides a  system 
f o r  thorough eva lua t ion  and r a p i d  in t roduc t ion  o f  t h e  best-adapted 
v a r i e t i e s  f o r  a l l  t r o p i c a l  and sub t rop ica l  soybean breeders .  

A survey was developed and d i s t r i b u t e d  among coopera tors  i n  November, 
1976. The r e p l i e s  a r e  t a b u l a t e d  i n  Table 7. Most respondents  be l i eved  
t h e r e  was a  good oppor tuni ty  f o r  an inc rease  i n  soybean acreage  i n  
t h e i r  country and t h a t  t h e  beans, i f  produced, would be used f o r  human 
food. There was s t r o n g  suppor t  f o r  t h e  germplasm, t r a i n i n g ,  and 
communication func t ions  o f  INTSOY. There was a l s o  an expressed need 
f o r  t echn ica l  a s s i s t a n c e  from INTSOY f o r  improving product ion and 
u t i l i z a t i o n .  

11. INTSOY SUPPORT FOR SCIENTISTS I N  ALLIED AND RELATED DISCIPLINES 

Two v a r i e t i e s  o f  soybeans were s e n t  t o  an INTSOY coopera tor  a t  t h e  
Univers i ty  o f  L ibe r i a ,  College o f  Agr i cu l tu re ,  n e a r  Monrovia, f o r  t h e  
purpose of  ca r ry ing  o u t  s o i l  f e r t i l i t y  experiments on t h e  Univers i ty  
farm. The s o i l  is  a c i d i c  and low i n  a v a i l a b l e  phosphorus. There i s  
a  high r a i n f a l l  p a t t e r n  which a f f e c t s  t h e  f e r t i l i t y  s t a t u s  o f  t h e  s o i l  
and s a t i s f a c t o r y  growth o f  soybeans. I t  is  expected t h a t  r e sea rch  
c a r r i e d  ou t  a t  t h e  Univers i ty  w i l l  be o f  va lue  i n  L ibe r i a  a s  wel l  a s  
i n  comparable high r a i n f a l l  a r e a s  o f  t h e  t r o p i c s .  



Cooperators were provided inoculum and soybean v a r i e t i e s  f o r  t h e  
purposes o f  i d e n t i f y i n g  t h e  b e s t  c a r r i e r s  o f  Rhi zobia and improved 
methods f o r  applying t h e  inoculum t o  t h e  seed o r  t o  t h e  s o i l .  Inocu- 
lum was s e n t  t o  Senegal,  E th iopia ,  and Indonesia .  C u l t i v a r s  of nodu- 
l a t i n g  and non-nodulating i s o l i n e s  were s e n t  t o  Ghana.. High-yielding 
adapted v a r i e t i e s  o f  soybeans were supp l i ed  t o  French A n t i l l e s  and 
t o  t h e  NIFTAL P r o j e c t  a t  Pa ia ,  Hawaii. The importance of  t h e  N-fixing 
a b i l i t y  o f  soybeans t o  t h e  crop i t s e l f  and t o  o t h e r  subsequent crops 
grown i n  t h e  same f i e l d  has been i n c r e a s i n g l y  recognized a s  one of 
i ts  major b e n e f i t s .  

V a r i e t i e s  o f  soybeans have been s e n t  t o  Bo l iv i a ,  B r a s i l ,  Colombia, 
Peru, E l  Salvador ,  France, Honduras, Niger ia ,  and Upper Volta  i n  
o r d e r  t o  supply soybean b reede r s  and agronomists w i th  improved c u l t i -  
va r s  f o r  c ros s ing  and s e l e c t i o n .  The c o l l e c t i o n  o f  c u l t i v a r s  s e n t  t o  
t h e  coopera tor  supplements t hose  v a r i e t i e s  which had a l r e a d y  been 
s e n t  through ISVEX and SPOT t r i a l s .  Af t e r  conducting INTSOY v a r i e t y  
t r i a l s ,  cooperators  a r e  a b l e  t o  more p r e c i s e l y  i d e n t i f y  t h e  cha rac t e r -  
i s t i c s  o f  c u l t i v a r s  which were r equ i r ed  f o r  s p e c i f i c  purposes w i th in  
each country.  Ass is tance  has been given t o  coopera tors  who have need 
f o r  c u l t i v a r s  wi th  reduced p h o t o s e n s i t i v i t y  o r  t o l e r a n c e  f o r  s a l i n e  
o r  a c i d i c  s o i l  cond i t i ons .  

A smal l  l o t  o f  a l l  ISVEX and SPOT e n t r i e s  were s e n t  t o  t h e  P lan t  
Quarant ine Sec t ion  o f  EAAFRO i n  Nairobi ,  Kenya f o r  c l ea rance  and p l ace -  
ment i n  co ld  s to rage .  These 45 v a r i e t i e s  w i l l  then  be a v a i l a b l e  t o  
soybean improvement programs i n  Kenya, Uganda, and Tanzania.  

Seed f o r  drought t o l e rance  t r i a l s  were s e n t  t o  ICARDA a t  Aleppo and 
t o  t h e  Minis t ry  o f  Agr i cu l tu re  a t  Douma nea r  Damascus, S y r i a .  The 
Douma s t a t i o n  was a l s o  s e n t  a  nematode r e s i s t a n t  v a r i e t y  t r i a l .  

A small  l o t  o f  a l l  ISVEX v a r i e t i e s  were s e n t  t o  Rodale P re s s ,  an 
organic  gardening and vegetab le  r e sea rch  o rgan iza t ion  i n  Pennsylvania,  
i n  o r d e r  t o  o b t a i n  an eva lua t ion  o f  t h e i r  sprout ing  q u a l i t i e s .  

Aluminum and manganese t o x i c i t y  a r e  a s s o c i a t e d  with low pH s o i l s  and 
a r e  t y p i c a l  o f  high r a i n f a l l  t r o p i c a l  s o i l s .  Low r a i n f a l l  t r o p i c a l  
and s u b t r o p i c a l  s o i l s ,  on t h e  o t h e r  hand, a r e  t y p i c a l l y  s a l i n e .  Seed 
f o r  two t r i a l s  were s e n t  t o  t h e  Univers i ty  o f  Hawaii f o r  eva lua t ion  
i n  a  l iming and manganese s tudy .  A s e t  o f  v a r i e t i e s  was s e n t  t o  
Saudi Arabia f o r  eva lua t ion  f o r  s a l t  t o l e r a n c e  on i r r i g a t e d  land.  

111. RESEARCH CARRIED Om BY RESEARCH ASSISTANTS 

A r e sea rch  p r o j e c t  by a  r e sea rch  a s s i s t a n t ,  a  Univers i ty  o f  I l l i n o i s  
graduate  s tuden t ,  was undertaken t o  i d e n t i f y  t hose  s t a g e s  o f  develop- 
ment a t  which var ious  soybean p l a n t  d e n s i t i e s  undergo t h e  s p e c i f i c  
e f f e c t s  o f  competi t ion.  A second purpose was t o  i d e n t i f y  t h e  
s t a g e s  o f  p l a n t  development when p a r t i c u l a r  p l a n t  popula t ions  s t a r t  
t o  l o s e  t h e i r  a b i l i t y  t o  compensate f o r  reduct ions  i n  p l a n t  s t a n d .  



Varie t ies  Hark and Williams were evaluated a t  four p lan t  populations 
which were thinned a t  ha l f  the  o r i g i n a l  population a t  t h r e e  vegeta t ive  
and th ree  reproductive s tages  of development. More than 30 p lan t  
c h a r a c t e r i s t i c s  were s tudied i n  reference  t o  competition among p lan t s  
and i n  compensation f o r  reduction i n  p lan t  population. I t  i s  expected 
t h a t  the  r e s u l t s  of t h i s  research w i l l  improve knowledge about manage- 
ment o f  t h e  crop and s e l e c t i o n  of spec i f i c  genotypes f o r  higher, more 
s t a b l e  y ie ld .  Results  w i l l  be used i n  devising s t r a t e g i e s  t o  cope 
with s tand reduction which might r e s u l t  from various causes such a s  
pes t  o r  o the r  environmental e f f e c t s .  

Another research a s s i s t a n t  has begun greenhouse research on t h e  
e f f e c t s  of low pH and aluminum t o x i c i t y  on soybeans. S o i l s  with low 
pH a r e  typical  of high r a i n f a l l  a reas  i n  t h e  t r o p i c s  and subtropics .  
S ix  v a r i e t i e s  have been evaluated i n  t h e  greenhouse t o  determine 
which a r e  more t o l e r a n t  t o  low pH and aluminum. Experiments w i l l  then 
be c a r r i e d  ou t  i n  t h e  f i e l d  i n  Puerto Rico i n  order  t o  evaluate  the  
e f f e c t  o f  a high-aluminum s o i l  on p lan t  growth and development and 
t o  examine severa l  methods f o r  ameliorat ion of t h i s  p a r t i c u l a r  problem. 
A l l  advanced l i n e s  o f  soybeans from the  p lan t  breeding program i n  
Puerto Rico w i l l  be screened f o r  aluminum tolerance  i n  t h e  greenhouse 
using high-aluminum s o i l s .  

IV. COOPERATION WITH OTHER INTERNATIONAL ORGANIZATIONS 

In  1976, INTSOY c a r r i e d  out  soybean v a r i e t y  t r i a l s  i n  cooperation 
with the  In te rna t iona l  I n s t i t u t e  f o r  Tropical Agriculture (IITA) i n  
Ibadan, Nigeria. The t r i a l  was composed o f  16 v a r i e t i e s .  Eight 
v a r i e t i e s  were supplied by IITA and e i g h t  by INTSOY. The ha l f - se t s  
were sent  d i r e c t l y  t o  t h e  cooperator from each in te rna t iona l  organiza- 
t i o n  and then were planted a t  the  same time by t h e  cooperator. During 
1976, 79 cooperative INTSOY/IITA t r i a l s  were c a r r i e d  out  i n  African 
countr ies .  This system was continued i n  1977 when 65 cooperative 
INTSOY/IITA t r i a l s  were c a r r i e d  o u t  i n  t r o p i c a l  and subtropical  a reas .  

The ISVEX t r i a l s  f o r  North Africa and Middle Eastern countr ies  were 
sen t  i n  cooperation with t h e  FA0 Regional Field Food Crops Projec t  
which has headquarters i n  Cairo, Egypt and f i e l d  s t a f f  i n  Sudan, I r aq ,  
and Syr ia .  The soybean agronomist located i n  Tehran, I ran  i d e n t i f i e d  
t h e  locat ions  f o r  t h e  ISVEX t r i a l s  throughout t h e  Middle East  and 
North Africa.  

The French t r o p i c a l  food research organizat ion I n s t i t u t  de Recherches 
Agronomiques Tropicales (IRAT) cooperated with INTSOY by conducting 
ISVEX t r i a l s  a t  a number of locat ions  i n  West Africa. 

Low phosphorus a v a i l a b i l i t y  is  the  f a c t o r  most frequently l imi t ing  
p lan t  growth a f t e r  ni trogen.  There a r e  sources of  rock phosphate of 
varying q u a l i t y  throughout the  world. A p ro jec t  was i n i t i a t e d  i n  
Upper Volta t o  evaluate a loca l  source of rock phosphate. This 
p ro jec t  i s  i n  cooperation with t h e  West German A I D  organizat ion and 
t h e  In ternat ional  F e r t i l i z e r  Development Center i n  Alabama. The 
INTSOY agronomist provided t h e  soybean seed v a r i e t i e s ,  Davis and Forres t ,  
and suggested a research design f o r  t h e  th ree  year  experiment. 



V. DISCUSSION OF RESULTS FROM ISVEX AND SPOT 

During 1975, cooperators i n  90 countr ies  conducted 259 ISVEX t r i a l s .  
Of these ,  cooperators i n  64 countr ies  re turned useable da ta  f o r  143 
t r i a l s .  These da ta  a r e  being analyzed and i n t e r p r e t e d  f o r  pub l i ca t ion  
i n  t h e  summer of 1978. 

During 1976, cooperators i n  84 countr ies  conducted 292 ISVEX t r i a l s .  
Of these ,  cooperators  i n  65 countr ies  returned da ta  from 138 s i t e s .  
There were 114 s i t e s  with da ta  s u i t a b l e  f o r  combining wi th in  environ- 
mental zones. The d i s t r i b u t i o n  of  t r i a l  s e t s  i s  shown i n  Table 8. 
The r e s u l t s  f o r  y i e l d  of g ra in  and days t o  maturi ty f o r  t h e  f i v e  
highest-yielding v a r i e t i e s  wi th in  environmental zones a r e  repor ted  i n  
Tables 9, 10, and 11. 

The data  from j o i n t  INTSOY/IITA t r i a l s  conducted i n  1976 and which 
were s u i t a b l e  f o r  combining wi th in  the  environmental zone a r e  repor ted  
i n  Table 12. 

For ISVEX & r i a l s  cogducted i n  t r o p i c a l  and subt ropica l  a reas  
between 30 N and 30 S,  y i e l d  of g ra in  decreased s t rong ly  with 
increase  i n  a l t i t u d e  and s l i g h t l y  with increase  i n  l a t i t u d e .  
Days t o  flowering increased with an inc rease  i n  both a l t i t u d e  and 
l a t i t u d e .  However, t h e  time requi red  f o r  maturi ty increased 
more with increas ing a l t i t u d e  than with increas ing l a t i t u d e .  
Al t i tude  had l i t t l e  e f f e c t  on p l a n t  he ight .  P lan t s  grew t a l l e r  
a t  higher l a t i t u d e s  with l i t t l e  e f f e c t  on lodging. Neither  
lodging nor s h a t t e r i n g  were ser ious  problems a t  most s i t e s .  
Seed weight decreased with increas ing l a t i t u d e  but a l t i t u d e  had 
no cons i s t en t  e f f e c t .  ,Surpr is ingly ,  seed q u a l i t y  decreased 
with a l t i t u d e  but was not a f fec ted  a s  t r i a l s  moved c l o s e r  t o  
t h e  equator.  O i l  percentage increased with l a t i t u d e  but p r o t e i n  
content  d id  not  e x h i b i t  t rends .  

B. Summary of 1976 ISVEX 

The 1976 ISVEX t r i a l  cons is ted  o f  a pool of 27 c u l t i v a r s  which 
were var ious ly  apportioned among e i g h t  d i f f e r e n t  s e t s .  Each 
s e t  was designed f o r  s p e c i f i c  environmental condit ions (see Table 4 
f o r  desc r ip t ion  o f  environmental zones and Table 8 f o r  d i s t r i b u t i o n  
of t r i a l  s e t s  among environmental zones). Of t h e  group of 27 
v a r i e t i e s  evaluated i n  1976, nine c u l t i v a r s  were common t o  t h e  
p a s t  th ree  ISVEX, seven were new, and four  were common among a l l  
e igh t  t r i a l  s e t s .  

The high g ra in  y i e l d  achieved i n  t h e  experimental p l o t s  with 
good management i n  t h e  ISVEX t r i a l s  ind ica tes  t h a t  soybeans do have 



product ion p o t e n t i a l  i n  many new a reas  o f  t h e  world. For example, 
t h e  v a r i e t y  P i c k e t t  71 y i e lded  6,535 kilograms per  h e c t a r e  (kg/ha) 
i n  an experiment conducted i n  Jordan.  Bossier  y i e lded  6,126 kg/ha 
i n  Peru. There were f i v e  loca t ions  where t h e  y i e l d s  exceeded 
5,000 kg/ha. These included I r a n ,  where Wells y i e lded  5,492 kg/ha, 
S r i  Lanka, where Forres t  y i e lded  5,376 kg/ha, T a h i t i ,  where Davis 
y i e lded  5,288 kg/ha, Bol iv ia ,  where t h e  v a r i e t y  Bragg y ie lded  
5,153 kg/ha, and Egypt, where Calland y ie lded  5,022 kg/ha. There 
were two s i t e s  i n  Asia where t h e  mean y i e l d  f o r  a l l  v a r i e t i e s  was 
was 4,700 k i l o s  per  hec ta re ;  f o u r  s i t e s  i n  South America averaged 
4,371 kg/ha; t h r e e  s i t e s  i n  Af r i ca  averaged 4,363 kg/ha; and 
t h r e e  s i t e s  i n  t h e  Middle East averaged 4,363 kg/ha. 

I n  t h e  more t r o p i c a l  environmental zones I ,  11, and I V ,  Davis and 
For re s t  were among t h e  f i v e  h ighes t -y i e ld ing  v a r i e t i e s  (Table 9) 
as well  a s  i n  t h e  environmental zones I11 and V - V I I I  (Table 10) 
which a r e  more sub t rop ica l  i n  c l imate .  Other v a r i e t i e s  such as 
Improved Pel ican ,  Bossier ,  and Bragg c o n s i s t e n t l y  y i e lded  well  
i n  these  environmental zones. The f i v e  h ighes t -y ie ld ing  v a r i e t i e s  
i n  more temperate c l imates  such as zones I X  and X a r e  shown i n  
Table 11. 

Combined analyses  were made ac ross  s i t e s  w i th in  t h e  environmental 
zones when f i v e  o r  more s i t e s  were a v a i l a b l e  i n  a  zone. 

Environmental Zone I ,  0'-10' l a t i t u d e ,  0-500m a l t i t u d e  : A t  t hese  
15 s i t e s ,  Davis was repor ted  as t h e  h ighes t  y i e l d i n g  c u l t i v a r  a t  
2525 kg/ha (Table 9 ) .  - T h i s  was s i g n i f i c a n t l y  h ighe r  thap  For re s t ,  
Improved Pel ican ,  Bragg and Williams. The average y i e l d '  f o r  Zone I 
was 2271 kg/ha. J u p i t e r  was t h e  l a t e s t  maturing c u l t i v a r  with 
115 days t o  ha rves t ;  Williams was e a r l i e s t  a t  88 days t o  matur i ty .  
The mean days t o  matur i ty  f o r  Zone I was 95 days. Days t o  maturi ty 
was p o s i t i v e  and s i g n i f i c a n t l y  c o r r e l a t e d  with y i e l d .  The t a l l e s t  
v a r i e t y  was Improved Pel ican  a t  74 cm and t h e  s h o r t e s t  was Davis 
a t  33 cm. P lant  he ight  was a l s o  p o s i t i v e  and s i g n i f i c a n t l y  
c o r r e l a t e d  with y i e l d .  Other agronomic c h a r a c t e r i s t i c s  which had 
a  p o s i t i v e  s i g n i f i c a n t  c o r r e l a t i o n  wi th  g r a i n  y i e l d  inc luded 
nwnber o f  p l a n t s  harves ted ,  pods p e r  p l a n t ,  and 100 seed  weight.  

Environmental Zone I V ,  11'-20' l a t i t u d e ,  0-500m a l t i t u d e :  Davis 
was t h e  h ighes t  y i e ld ing  c u l t i v a r  with 2466 kg/ha (Table 9 ) .  
However, t h e  y i e l d  o f  Davis was not  s i g n i f i c a n t l y  d i f f e r e n t  from 
Calland, For re s t ,  Cobb o r  Bragg. Woodworth, a  group I11 c u l t i v a r ,  
matured e a r l i e s t  a t  84 days; Improved Pel ican  matured l a t e s t  a t  
102 days. Because o f  t h i s  l a t e r  matur i ty ,  Improved Pel ican  had 
a  p l a n t  he ight  o f  86cm a s  compared t o  t h e  mean of  48cm. Bossier  
was t h e  s h o r t e s t  v a r i e t y  a t  36cm. Nodule nwnber and nodule weight 
had a p o s i t i v e  but  small s i g n i f i c a n t  c o r r e l a t i o n  wi th  y i e l d .  
Maturity,  p l a n t s  harves ted ,  pods pe r  p l a n t ,  and 100 seed weight 



were p o s i t i v e  and s i g n i f i c a n t l y  c o r r e l a t e d  with y i e l d ,  although 
t h e  c o r r e l a t i o n  c o e f f i c i e n t s  were no t  a s  s t r o n g  a s  i n  t h e  combined 
a n a l y s i s  f o r  Zone I .  

Environmental Zone I  I  I ,  0'- 10' l a t i t u d e ,  above l O O O m  a l t i t u d e  : 
The mean y i e l d  f o r  a l l  v a r i e t i e s  a t  t h e  s i x  s i t e s  was 1535 kg/ha 
(Table 10) .  This was 500 kg/ha lower than t h e  mean f o r  a l l  v a r i e t i e s  
i n  Zone I .  H i l l  was t h e  h ighes t  y i e l d i n g  c u l t i v a r  with 1990 kg/ha, 
but  t h e  f i v e  top y i e l d i n g  v a r i e t i e s  d id  not  d i f f e r  s i g n i f i c a n t l y  
from one another .  Improved Pel ican  was t h e  l a t e s t  maturing 
c u l t i v a r  a t  150 days, and a l s o  t h e  t a l l e s t  a t  70 cm. Agronomic 
parameters such a s  days t o  f lower,  days t o  matur i ty ,  p l a n t  he ight ,  
number o f  pods p e r  p l a n t  were p o s i t i v e  and s i g n i f i c a n t l y  c o r r e l a t e d  
with y i e l d .  

Environmental Zone VI, 11'-20' l a t i t u d e ,  above l O O O m  a l t i t u d e  : The 
f i v e  s i t e s  con t r ibu t ing  t o  t h e  combined a n a l y s i s  f o r  Zone VI r e -  
por ted  a  mean y i e l d  of-2809 kg/ha f o r  a l l  v a r i e t i e s  (Table 10) .  
Davis was t h e  h ighes t  y i e l d i n g  c u l t i v a r  with 3207 kg/ha, but  
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  among t h e  top  f i v e  v a r i e t i e s .  
Davis took t h e  most days t o  flower, 43 days, and t o  mature, 109 
days, o f  t h e  top  f i v e  y i e l d i n g  c u l t i v a r s .  Davis a l s o  grew t a l l e s t  
a t  66cm compared t o  t h e  mean o f  53cm. Calland was t h e  e a r l i e s t  
and t h e  s h o r t e s t  v a r i e t y  o f  t h e  top  f i v e  v a r i e t i e s  with 97 days 
t o  matur i ty  and a  p l a n t  he igh t  o f  45cm. Days t o  matur i ty  and 
days t o  flower were weakly c o r r e l a t e d  with y i e l d .  However, nodule 
number, nodule weight,  p l a n t s  harves ted  pe r  p l o t ,  pods p e r  p l a n t ,  
and 100 seed weight were p o s i t i v e  and s i g n i f i c a n t l y  c o r r e l a t e d  
with y i e l d .  

Environmental Zone VII,  21'-30' l a t i t u d e ,  0-500m a l t i t u d e :  Davis 
was t h e  h ighes t  y i e l d i n g  c u l t i v a r  with 2371 kg/ha but  t h e r e  was 
no s i g n i f i c a n t  d i f f e rence  among t h e  top  f i v e  y i e l d i n g  v a r i e t i e s  
(Table 10) .  Ransom was t h e  l a t e s t  v a r i e t y  t o  mature a t  117 days, 
but  only  For re s t ,  which matured a t  106 days, was s i g n i f i c a n t l y  
d i f f e r e n t  from o t h e r  v a r i e t i e s .  There was no s i g n i f i c a n t  d i f f e r -  
ence i n  p l a n t  he igh t  among t h e  top  f i v e  v a r i e t i e s .  Mean days t o  
matur i ty  i n  t h i s  zone was 106 days and t h e  mean p l a n t  h e i g h t  was 
51cm. Days t o  f lower,  days t o  matur i ty ,  nodule number, nodule 
weight,  p l a n t  he igh t ,  p l a n t s  harves ted ,  pods p e r  p l a n t ,  and 100 
seed weight were a l l  p o s i t i v e  and s i g n i f i c a n t l y  c o r r e l a t e d  with 
y i e l d .  

Environmental Zone X, 31'-40' l a t i t u d e ,  0-500m a l t i t u d e :  This  
environmental zone is t h e  t r a n s i t i o n  between more t r o p i c a l  and 
more temperate reg ions .  Because o f  s h o r t e r  day l eng th ,  t h e  U.S. 
v a r i e t i e s  developed i n  t h e  upper midwest y ie lded  more than those  
developed i n  t h e  southern a reas .  Williams, Group 111, averaged 
3,324 kg/ha over  t h e  e i g h t  s i t e s ,  bu t  t h e r e  was no s i g n i f i c a n t  
d i f f e rence  among t h e  top  f i v e  v a r i e t i e s  (Table 11) .  Cal land 
matured l a t e s t  a t  122 days. Only Woodworth matured s i g n i f i c a n t l y  
e a r l i e r  than Calland. Williams was t h e  t a l l e s t  p l a n t  a t  91cm 



compared t o  t he  mean of 85cm f o r  t h e  t o p  f i v e  v a r i e t i e s .  Days 
t o  flower and days t o  ma tu r i t y  were not  p o s i t i v e l y  c o r r e l a t e d  
with y i e l d .  Nodule number, p l a n t  h e i g h t ,  p l a n t s  ha rves t ed  
pe r  p l o t ,  pods pe r  p l a n t ,  and 100 seed weight were a l l  p o s i t i v e  
and s i g n i f i c a n t l y  c o r r e l a t e d  with y i e l d .  

Summary o f  t r o p i c a l  and sub t rop ica l  l o c a t i o n s :  Between 3 0 ' ~  and 
30°s l a t i t u d e s ,  t h e  days requi red  be fo re  f lowerinn and days t o  
ma tu r i t y  i nc re s sed  with i n c r e a s e  i n  l a t i t u d e  and a l t i t ude - .  P l an t  
he igh t  increased  wi th  inc reas ing  l a t i t u d e .  P l an t  he igh t  and 
amount o f  lodged p l a n t s  were no t  h igh ly  c o r r e l a t e d .  Nei ther ,  
lodging nor s h a t t e r i n g  were s e r i o u s  problems a t  most s i t e s ,  and 
t h e r e  was no c o n s i s t e n t  r e l a t i o n s h i p  o f  s h a t t e r i n g  and environ-  
mental zone. Weight p e r  100 seed (seed weight) decreased with 
inc reas ing  l a t i t u d e ,  bu t  increased  with inc reas ing  a l t i t u d e .  Pod 
number, another  parameter o f  y i e l d ,  was found t o  be i n v e r s e l y  
c o r r e l a t e d  with 100 seed weight .  Pod number increased  wi th  
inc reas ing  l a t i t u d e ,  bu t  decreased with inc reas ing  a l t i t u d e .  
O i l  percent  increased  wi th  l a t i t u d e ,  but  p r o t e i n  percent  was 
not  r e l a t e d  t o  environmental f a c t o r s .  

J o i n t  INTSOY/IITA t r i a l s ,  Environmental Zone I ,  0'- l o o l a t i t u d e ,  
0-500m a l t i t u d e :  These t r i a l s  cons i s t ed  o f  e i g h t  IITA v a r i e t i e s  
and e i g h t  INTSOY v a r i e t i e s  s e l e c t e d  f o r  adap ta t ion  t o  t r o p i c a l  
reg ions .  Resul t s  o f  t h e  s i x  combined s i t e s -  a r e  r epo r t ed  i n  
Table 12. Davis was t h e  h ighes t  y i e l d i n g  c u l t i v a r  with 2138 kg/ha. 
There was no s i g n i f i c a n t  d i f f e r e n c e  i n  y i e l d  among e n t r i e s .  The 
mean g ra in  y i e l d  o f  1887 kg/ha f o r  a l l  v a r i e t i e s  was lower than  
t h e  mean f o r  t h e  group o f  s i t e s  i n  Zone I ,  r epo r t ed  i n  Table 9, 
however, t h e  mean y i e l d  f o r  t h e  IITA and INTSOY group o f  e n t r i e s  
was comparable. A s  a  group, t h e  IITA e n t r i e s  matured l a t e r  and 
grew t a l l e r .  Entry TGx 13-3-2644 matured l a t e s t  a t  107 days and 
Williams e a r l i e s t  a t  83  days. 

C.  Summary o f  1976 SPOT 

The soybean g r a i n  y i e l d  and days t o  f lowering a r e  r epo r t ed  i n  
Tables 1 3  and 14, r e s p e c t i v e l y ,  f o r  t h e  s i x  s i t e s  which conducted 
t h e  SPOT during 1976. 

The SPOT loca t ions  ranged from 2' t o  29' l a t i t u d e  and from 8m t o  
1506m a l t i t u d e .  The f i v e  h ighes t -y i e ld ing  v a r i e t i e s  (o the r  than 
t h e  s tandard  v a r i e t i e s  J u p i t e r  and Bossier)  included Hardee LS, 
SJ-1, CH-3, SJ-2, and Santa Rosa. Because of  supe r io r  agronomic 
c h a r a c t e r i s t i c s  and wider a d a p t a b i l i t y ,  t h r e e  v a r i e t i e s  Hardee LS, 
CH-3 and SJ-2 were s e l e c t e d  f o r  i n c l u s i o n  i n  t h e  1978 ISVEX t r i a l .  

Days t o  f lowering and t o  matur i ty  decreased a s  l a t i t u d e  and a l t i -  
tude  increased .  Both days t o  f lower and t o  matur i ty  a r e  c o r r e l a t e d  
with p l a n t  h e i g h t .  P l an t  he igh t  i s  c o r r e l a t e d  with lodging and 
pods pe r  p l a n t .  However, n e i t h e r  pods p e r  p l a n t  nor  100 seed weight 
i s  h igh ly  c o r r e l a t e d  with g ra in  y i e l d .  



VI. PROGRESS REPORT ON THE FIFTH ISVEX (1977) 

A t o t a l  of 186 ISVEX t r i a l s  was dispatched t o  84 countr ies  during 1977. 
The group e n t r i e s  included 50 c u l t i v a r s  plus one blend. The range i n  
maturi ty groups was from 00 t o  IX. These e n t r i e s  were divided i n t o  
ea r ly ,  medium and l a t e  maturing groups and d i s t r i b u t e d  among environ- 
mental zones. Cul t ivars  Williams, Mitchell ,  Calland, and Cobb were 
common t o  each t r i a l .  The blend designated B - 1  was composed of Davis 
(VI) , Bossier (VII) , and Cobb (VIII) . Blends g ive  a wider range of 
maturi ty and favorable p l a n t  c h a r a c t e r i s t i c s  i n  one p lan t ing  and 
have had some success i n  t h e  United S t a t e s .  

The INTSOY/IITA t r i a l  was composed of e i g h t  INTSOY and e i g h t  IITA 
v a r i e t i e s .  Williams and Cobb were the  common v a r i e t i e s  i n  t h e  ISVEX 
and INTSOY/IITAotrials. oThese t r i a l s  were d i s t r i b u t e d  t o  coopera- 
t o r s  between 20 N and 20 S l a t i t u d e s .  

So f a r ,  da ta  have been returned from 42 locat ions  which conducted 
ISVEX. 

VII. PROGRESS REPORT ON THE S1XT-l ISVEX (1978) 

Three s e t s  o f  c u l t i v a r s  a r e  cu r ren t ly  being d i s t r i b u t e d  i n  1978. The 
cooperat ive t r i a l s  with IITA have been discontinued a f t e r  two years  
of  t e s t i n g .  A s  of the  da te  of  t h i s  r epor t ,  211 t r i a l s  had been re-  
quested from 81 countr ies .  Eighty t r i a l s  have been dispatched and 
others  w i l l  be sen t .  

T r i a l  s e t s  were developed t o  include v a r i e t i e s  more adapted t o  environ- 
mental condit ions.  Se t  A is designed f o r  t r o p i c a l  condit ions and in -  
cludes e n t r i e s  i n  maturi ty groups VI-IX. S e t  B ,  f o r  subt ropica l  zones, 
includes maturi ty groups IV-VIII. S e t  C,  f o r  l a t i t u d e s  g r e a t e r  than 
30°, contains maturi ty groups 00- IV. Cu l t iva r s  which cons i s t en t ly  
have shown high y i e l d  p o t e p t i a l  i n  pas t  years, such a s  Davis, Forres t ,  
Improved Pelican,  J u p i t e r ,  Bossier ,  and Williams, have been included 
i n  the  1978 ISVEX. Williams (111) is included i n  a l l  t h r e e  s e t s  a s  
a  s tandard check. 

Several new c u l t i v a r s  have been entered  i n  ISVEX. Tropical s e t  A 
has been completely revised.  Af ter  undergoing two years of  prel iminary 
t e s t i n g  i n  SPOT, the  seed f o r  se lec ted  c u l t i v a r s  developed i n  t r o p i c a l  
a reas  was increased i n  Puerto Rico. These new e n t r i e s  include CH-3 
(Taiwan) , UFV- 1 (Bras i l )  , Orba (Indonesia) , and Hardee LS (INTSOY, 
Puerto Rico). Three c u l t i v a r s ,  developed i n  South America, have been 
well evaluated and were a l s o  added i n  1978. These include Tunia and 
Caribe, both from Colombia and IAC-2 from Bras i l .  This is the  f i r s t  
year  t h a t  t h e  majori ty of  c u l t i v a r s  (11 out  of 16) i n  t h e  t r o p i c a l  s e t  
a r e  from maturi ty groups VIII and IX. Newly developed U.S. e n t r i e s  
include Franklin and Union, c u l t i v a r s  developed i n  t h e  midwest with 
r e s i s t ance  t o  a l l  t h ree  races  o f  cys t  nematode and two races  of  phyto- 
phthora root  r o t .  Crawford, developed from a Williams-Columbus cross ,  
is r e s i s t a n t  t o  sha t t e r ing  and has b e t t e r  seed q u a l i t y .  El f  i s  t h e  
f i r s t  semi-dwarf determinate group I11 v a r i e t y  ever developed with 



excellent resistance to lodging and a high response to good management. 
Gasoy 17, developed in Georgia, and James, developed in Delaware, 
also have promise for potential adaptation to subtropical areas. 
Several early maturity cultivars have been entered for the first 
time in the temperate trials. Among these are Harcor and Evans. 

The data requested from each trial have also been changed in 1978. 
Because of lack of response from cooperators, the nodule rating system 
has been simplified. Abundance and activity can now be recorded with 
a numerical rating rather than actually counting and weighing all the 
nodules. Pod height (lowest pod height from ground level) has been 
added as a parameter because of the potential loss if pods are set 
too close to the ground surface. 

Lack of seed quality limits soybean production under tropical condi- 
tions. Little is known at present about how ISVEX varieties differ 
in seed quality. Therefore, information on seed quality has been 
requested through observation and germination of harvested seed. 

The instruction booklet has been improved. Additions include both 
a summary page and narrative for crop management and data collection. 
A listing of INTSOY publications and other publications on soybean 
production has been included. Addresses of specialists in production 
problems and pest management have been added to aid the cooperator 
in solving individual problems. A list of selected characteristics 
of all varieties was included in the instruction booklet in order to 
aid cooperators in identifying varieties that may be most adapted 
to their areas. This information includes maturity group; insect, 
disease, and nematode resistance; special morphological traits; and 
country of origin. 

, I . .  - 
I .  



Tabte 1 : Locutions whiah compteted the fowth ISVm 12976) and s i t e s  whiah rshmtsd 
samptss for o.iZ and protein amZyais 

Protein & Oil 
Region Country Locat ion samples 
AFRICA . A l p  ria U1e:gis -'Ii Li:ina s 

Fo r7;;e b l;;i 
Pal-skou . . -. 

Gaberones 
>iai;zlap;.c 

Lesatlio 

>.la1 i 

Sigcr 

Sigcr ia 

Niodcs iti 
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TabZe 1 ' i ~ d ' d ]  : Lccatiorts &&h ~ Z e t e ~  the fourth I .  f 19 761 Q& sites which 
rstumed ecarptee for ml and protein anat~aio  ... " - . . - 

Protein tj oil 
Region Coi~ntry Lcmvt ion samples 

.#RTC4 S I ~ Z  i 1 and Hi:: DB~IIJ 
:\hlker~ls . . 

(00n.i;. d) .'. 
rkulgconyo s 

Tmzulia 

Togo .41mutchou s 
Ijarkoissi . ?- . 
b;~*ie  s 
K i t  ,msbao s 

Zaire 

Zanbia 

Indones i:l 

Nepal 

Pakistan Is l a l a i ~ ~ ~ d  
Kotdi j i 
h'otdij i 
hlmrc 
Lahore 
Flitigora 
Mind1 
SlGl t 
Tancla j tun 
T.uzclo j am 
Unerkot 
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~abZe I [cod'd) : Losrrt.Eon8 tahioh ccarp~eted the *fourth ImE:X (19781 and s€ts ohCoh 
retwszsd aa~lptes fop a i l  and p r o t e i n  anatyeis 

Protein & oil 
Region Country Ulcation samples 

;U1.4 !'hilippines Los lilarlgz -. v 

(cont 'd) 
Sri  Lanka i\lutl~ar;li:~a . - . . 

~Uctiiai-,unr;l 
. ~ ~ ~ t u ~ u k o l a ~ ~ a l e ~ ; i  
Bnrt~tarnicla 
Bancinraliela 
Btultlarm-ela 
C;a~ulortn~~ . -,- . 
Carno ruria 
GLUUIO III\\-~ 
l i i l  inochclii 
Kilinochccili 

* ~ ~ l ~ ~ i l l ~ ~ ~ ~ ~ ~ ~ l l l ; ~ ~ ~ l  S 

?lailaillup;)allau:~s 
O k k q ~ i  ti!-a 

-. Putralrun 
T l ~ i r ~ u i e l ~ c l > -  

Thailtud U~on L3cn 
Sarah r i  
Sukotha i 
S d o t h a i  
Sura t Tlculi 
Suriarl F J ~ I  

Italy 

Portugal 

Sovi Sad 

Sat And 1-0s 



TabZe 1 (&*$Ie: L o a t h  &Zch mmpZeted the fob rSa:EY 122776) and s i t e s  which 
mtzmed sampZes fur oi Z a d  prote-in anaZysCs 

Protein C Oil 
R e g k  c3lnXmy Lacatian samples 
;,zasc- J.; Lgic.', . . t l i . L I Y l a X l  . fl1llg~~t 

( ~ ~ m t  'd) P o s o ~ ~ c ~ : ~  

'I'ri11iL;iJ i; T o D ~ o  Port-  of-Siiai~! s 

i (cbri&s Fort \'i 1s 

hliclilc K 
Pa l  i~ t tmy  x 
IPortoviej o 
P i i l ~ i l i ~ ~ g i c  s 
Quito x 

BEST AVAILABLE COPY 



Table 1 [ c o n t ' d l  : L o c a t i a m  wk ich  completed t h e  douhth l S V E X  ( 19761 a d   hit^ 
wkich 4etLulned 4ample6 604 o i l  and p a t e i n  a n d y b h  

e 
Region 

-- - 

Country Lacat ion 
b t e i n  & O i l  

sanples  

Peru 
La Vina 
Lirna 

Tacm- 
T r e i n t a  y Tres 



Table 2: L i s t  o f  coopemtors participating i n  the f i f t h  International Soybean Variety 
Evaluation Experiment f 19 7 7 )  

Region Country Name Address 

AFRICA Algeria Officer-in-charge Station Regionale I. D.C. I. 
Khemis -Mi liana (El -Asnam) 
ALGERIA 

Benin R. Vanbercie I .R.A.T. 
B. P. 422 
Cotonou 
Republ ique Populaire du BENIN 

Botswana Dr. D. E. Gollifer Agricultural Research Station 
P.O. Box 0033 
Gab erones , BOTSWANA 

Cameroon I&. J. Praquin I RAF 
B.P. 44 
Dschang, CAMEFOON 

Central Mr. hnilein LeFort Director Project 
African FA0 Recherche Agronomique 
Republic PNLlR 

B. P. 872 
Banqui, CENTRAL AFRICAN REPUBLIC 

Congo Ing. Ivetic Obrad PT)R PROJECT ILO 68-507 
P.O. Box 465 
Brazzaville 
PEOPLE'S REPUBLIC OF CONGO 

EiZflt Mr. Addas Hassan Shuwailiya Alexandria University 
Faculty of Agriculture 
Agronomy Department 
Alexandria, E m  

Dr. Ali Abdel-Aziz, Head Grain Legume Research Section 
Field Crops Research Institute 
Agricultural Research Centre 
Giza, EGYPT 

Ethiopia Dr. Alem hkngistu Agricultural Experiment Station 
P.O. Box 32 
Debre Zeit, ETHIOPIA 



Table 2 (Con'dl: L i s t  of  cooperators part ic ipat ing i n  the f i f t h  Internat ional  Soybean 
Variety Evaluation Experiment (19 77) 

Region Country Name Address - 

AFRICA Ethiopia Mr. Gebre Mariam Shekour Jirmna Research Station 
(cont 'd) P.O. Box 192 

Jimna, ETHIOPIA 

Gabon 

Gambia 

Ghana 

Dr. Abdurahman Ali Awassa Research Station 
P.O. Box 6 
Awassa 
Sidamo, ETHIOPIA 

Mr. J. Van Amerongen Project FA0 GAR 75/003 "CIAN" 
B.P. 2183 
Libreville, GABON 

Mr. D. J. bloles 

Yaw Baafi Nimoh 

Upland Crop Specialist 
Rural Development Project 
Ministry of Agriculture and 

Natural Resources 
Private Bag 
Banjul, THE GAlBIA 

Grains Development Board 
P.O. Box 4000 
Kumasi, M A  

Mr. Hector Mercer-Quarshie Crops Research Institute 
P.O. Box 3785 
Kumas i , GHANA 

Dr. Bob Dadson 

Dr. Andrew Aryeetey 

Ivory Coast Dr. A. D. Assa 

Liberia 

Mr. James Kokro 

Department of Crop Science 
Faculty of Agriculture 
University of Ghana 
Legon, GHANA 

Agr. Res. Station 
P.O. Box 9 
Kpong, GHAJ'4 

Ministry of Agriculture 
R.P. 4322 
Ab id j an, IVORY COAST 

Pro j ec t Manager 
College of Agriculture and Forestry 7 
University of Libel'ia d 
Irlonrovia , LIBERIA 
Central Agricultural Expt. Station 

"9 

Ministry of Agriculture 4 
bbnrovia , LIBERIA 

a*) 



Ta3Ze 2 (Cont'd): L is t  of cooperators participating i n  the f i f t h  InternationaZ Soybean 
Variety EvaZuation Experiment (19 7 7 )  

Region Country Name - Address 

AFRICA Liberia Mr. Lasana Krolnah 
(cont d) 

M r .  Al-Haji Henries 

D r .  A. L. Owadally Mauritius 

hbrocco 

Niger 

Nigeria 

Rhodesia 

Wanda 

Senegal 

D r .  Mohamed Abdouh Yacoubi 

hh-. 0. Sidibe 

M r .  E. U. Edem 

D r .  J. R. Tat ters f ie ld  

Ton That Trink 

College of Agriculture and Forestry 
University of Liberia 
Monrovia, LIBERIA 

Central Agricultural E-qt . Sta.  
Suakoko , LIBERIA 

Divisional Sc ien t i f i c  Officer 
Government of Mauritius 
Ministry of Agriculture and 

Natural Resources 
Redui t , MAWTIUS 

I n s t i t u t  Agronomique Hassan I1 
B.P. 704 Agdai 
Rabat, MDROCCO 

Centre Nationp.1 de Recherches 
Agronolniques de Tarnan 
B.P. 240 
Mardi, NICER 

National Cereals Research I n s t i t u t e  
Uyo Research Stat ion 
PhlB 1032 
Uyo, Cross River S ta te  
NIGERIA 

i Iead 
Crop Breeding I n s t i t u t e  
P.O. Box 8100 
Causeway 
Salisbury, W IODESIA 

Chef du G r o u p e  des Plantes 
Vivrieres de llISAR 

1s.m 
I n s t i t u t  des Sciences 
Agronomiques ~u handa  
Stat ion de M o n a  
B.P. 138 Butare 
REPUi3LIQLE RWAW.4ISE 

Research Coordinator 
om FA0 
B.P. 154 
Dakar, SENEGAL 



Table 2 (Cont ' d )  : Lis t  of  coopemtors participating i n  the 
Variety Evaluation Experiment (19 77) 

Region Country Name 

AFRICA Somalia Mr. William F. Lyon 
(con t ' d.) 

Sudan 

Swaziland 

Tanzania 

Togo 

Uganda 

Mr. A. A. Mohammed 

Mr. David Hopkinson 

Mrs. Janet  Cumberland 

Dr. Paul C. Duffield 

Mr. Alan Carpenter 

Mr. J. bbrquette 

M r .  Koffi Kpandja 

M r .  C. K .  Bulungu 

f i f t h  International Soybean 

Address 

Entonologis t 
F.40 Project  SOM/72/014 
Mogadiscio, SOMALIA 
% W P ,  P.O. Box 20 
Grand Central S t a t ion  
New York, rlPI 10017 
USA 

Director of Agricul tural  Research 
I n s t i t u t e  

Ministry of Agriculture 
blogadiscio, SOMALIA 

Agronomist 
FAO/UNDP Land Development Project  
P.O. Box 913 
Khartoum, SUDAN 

Crop Agronomist 
Malkerns Research S ta t ion  
P.O. Box 4 
blal kerns , SWAZ I LAND 

% USAID 
P.O. Box 9130 
Dar e s  Salaam 
TAVZAN I A 

FAO/UNDP 
blinistry of Agriculture and Lands 
P.O. Box 159 
Zanzibar, TANZANIA 

Le Chef de r .  A Mission 
IRAT au T O ~ O  

B.P. 1163 
Lome, TOGO 

Direction de l a  Recherche 
Agronomique 

s / c  Direction de LtAgriculture 
B.P. 341 
Lome, TOGO 

Department of Crop Science 
Makerere University 
P.O. Box 7062 
Kampala, U W A  



Li 

Table 2 (Con t fd ) :  L i s t  of cooperators participating i n  the fijptla International Soybean 
-a Variety EvaZuation Eqeriment (19 7 7 )  

Lr 
Region Country Name - Address 

.err 

AFRICA Upper Volt a Mr. 0. Russell 
t (cont ' d) 

Le Directeur 
IWO/Hv 
Secteur Haute-Volta 
B.P. 21 Koudougou 
UPPER VOLTA 

Dr. C. I. Korteweg Food and Agriculture Organization 
of the United Nations 

Centre dfExperimentation du Riz 
et des Cultures Irriguees 

B.P. 130 
bis Bobo-Dioulasso 
UPPER VOLTA 

Mr. Joseph Kabore D i  rec teur  des Services Agricoles 
B.P. 7028 
Ouabadongou, UPPER VOLTA 

Zaire Mr. Miaswekama Nkusu 

Mr. Edward Charles 

INERA - h l ~ n g ~  
Bukavu, ZAIRE 

SEDA 
Service du Developpement Agricole 
B.P. 1 Tshikapa 
REPUBLIQUE W ZAIRE 

Methodist Mission Mr. Ron Monroe 
% Doug Crowder 
B.P. 4750 
Kinshasa 2 .  ZAIRE 

CIbE-ffT Team Leader 
Programme National htais 
Department de 1 'Agriculture 
Lumbmbashi , ZAIRE 

Mr: Thomas G. Hart 

Minis try of Rural Developmellt 
Department of Agriculture 
P.O. Box 11 

Zambia Mr. F; Javaheri 

Bangladesh Dr. Peter R. Hobbs 
F I 

ASIA Associate Agronomist 
The Ford Foundation 
P.O. Box 98, Ranma 
Dacca 2, BANGLADESH 



Table 2 (Cont ' d l :  L i s t  o f  cooperators part ic ipat ing i n  the f i f t h  Internat ional  Soybean 
Variety Evaluation Experiment f 19 7 7 )  

Region Country N a m e  
-. 

Address 

ASIA 
(cont Id) 

Bang lades h Dr. A. J a l i l  Miah .Head, Plant Genetics Division 
I n s t i t u t e  of Nuclear Agriculture 
Bangladesh Agricultural 

University Campus 
Myrnens ingh , BANGLADESH 

Burma Dr. E. W. Bolle-Jones Pro j e c t  Manager 
FAO/BUR/72/003 
% UNDP , Post Box 650 
Rangoon, BURMA 

India D r .  S. Selvaraj Asst. Crop Specia l i s t  (Pulses) 
K. K. Agri. Experiment I n s t i t u t e  
Kudumiamal a i  
Tamil Nadu, INDIA 

Prof. of Agric. Botany 
College of Agriculture 
Ilebal 
Bangalore, 560024 
Karnataka , INDIA 

Dr.  G. Shivashankar 

Indonesia I r .  Soenjoto Djojodiridjo Department of Agronomy 
University of Gadjah blada 
J ogj akarta , INDONESIA 

Director Lernbaga Pnsat Penel i t i tan  
Pertanian 

Jalan Merdeka No. 99 
Bogor, INIONES IA 

Korea Keun Young Park Chief, Upland Crop Cultural 
Section 

Crop E-xperiment Stat ion 
Officer of Rural Development 
Suweon, KOWA 

Malaysia Mr. Mohamed Shah bin Kadir Managing Director 
Soya InJus t r i e s  
P.O. Box Pudu 6035 
Kuala Lumpur, MALAYSIA 

D r .  N. G. Thai Tsiung Department of Agronomy 
Miri 
Sarawak , MALAYSIA 



Table 2 (Cont ' d l  : L i s t  o f  cooperators part ic ipat ing i n  the f i  j t h  Internat ional  Soybean 
Variety Evaluation Eqe-riment f 1977) 

Reg ion Country Name - Address 

ASIA Nepal M. P. Bharati 
(cont ' d) 

.4gronamy Division 
Agronomy Experimental Farm 
Khumaltar 
Kathmandu GPU 404 
NEPAL 

Pakistan Mr. A. I-I. Chaudlry 

M r .  Sayid Badshah 

Oilseeds Botanist 
Agric. Res. Inst .  
Tando j am, PAKISTAN 

Economic Botanist 
Agricultural Research I n s t i t u t e  
Taimib Peshawar 
PAKISTAN 

Dr. M. J. Tahir Deputy Director of Research (Crops) 
Agricultural Research Council 
L- 13 Almackaz 
F - 7/2 
I s  lamabad, PAKISTAN 

Mr. Robert Troedson Agronomist, Agricultural Project 
Technical Services Association 
23-2 Race Course Road 
Lahore 3 - PAKISTAN 

Mr. Somabad A. Khan Oilseeds Botanist 
Punj ab Agricultural Res . Ins t . 
Lyal lpur , PAKISTAV 

Philippines Conrado R. Bartolome I n s t i t u t e  of Plant Breeding 
University of Philippines a t  

Los Bmos 
College, Laguna, PHILIPPINES 3720 

Mr. Benj amin M. Legaspi Bureau of Plant Industry 
Economic Garden 
Los Banos , Laguna 
THE PHILIPPINES 

Central Agricultural Res. I n s t i t u t e  
Gannoruwa 
Peradeniya 
SRI LANKA (CEYL.ON) 

S r i  Lanka M r .  H. M. E. Herath 

Dr.  Carl N. IIittle Central Agricultural Experiment Sta.  
Gannoruqa 
Peradeniya 
SRI LANU (CEYLON) 



Table 2 (Cont ' d )  : List  o f  cooperators participating i n  the f i f t h  Internutional Soybean 
Variety EvaZuation Experiment (19 77) 

Region Country : h e  - Address 

ASIA Sr i  Lanka Dr. N. Vignaiajah 
(cont ' d) 

.4gricultural Research Station 
Maha I lluppal lariia 
SRI LANKA (CEYLON) 

EUROPE 

Taiwan Mr. S . Shanmugasundaram Res . Assoc. (Breeding 
The Asian Vegetable Research 

and Development Center 
P.O. Box 42 
Shanhua , Tainan , 7 41 
TAIWAN, REPUBLIC OF (EIINA 

Thai land Dr. Paisan Laosuwan 

Dr. Arwooth NaLampang 

D r .  Dumrong Ti yawalee 

Aree llraranyuwat 

D r .  Prasarn Yingchol 

Portugal M r .  Abilio Silva 

Director 

Faculty of Agriculture 
Khon Kaen University 
Khon Kaen , W L A N D  

Department of Agriculture 
Leader of O i l  Crop Project 
Ministry of Agriculture 
Bangkhen, Bongkok 9 
THAILAND 

Plant Science Department 
Faculty of Agriculture 
Chiang Mai University 
Chiang blai , ?IlAILAND 

Research Agronomist 
Northeast Agricultural Center 
Tha Phra 
Khon Kaen, THAILAND 

Department of Agronomy 
Kasetsart University 
Bangkok 9 ,  'I)lAILAii 

.4gronomis t 
Insti tuto Nacional de 

Investigacao Agraria 
Quinta do Marques 
Oeiras, PORTUGAL 

Estacio Agra ria 
Ponta Delgada 
S. Miguel - Azores 
PORTUGAL 



Tab le  2 (Cont ' d )  : List  of cooperators participating i n  the 
Variety Evaluation Experiment (19 771 

Fi f th  International Soybean 

Region Country Name - Address 

ELROPE Czechoslovakia Ing . Teodor Sinsky, CSC. 
(cont ' d) 

Vyskumny Ustav Rastlinnej 
Vyroby, Bratislavska Cesta 2696 
92168 Piestany, CZEaIOSLOVMIA 

I t a ly  Prof. Guiseppe Rivoira Ins t i t u to  d i  Agronmia Generale e 
Coltuazioni Erbacee 

Universita d i  Sassari  
Via E. De Nicola 
Cod. Post. 07100 
Sassari ,  ITALY 

D r .  D. Bagnara Centro Studi Nucleari Casaccia 
00060 S. Mariadi Galeria 
Rome , ITALY 

Poland Prof. Dr. Jerzy Szyrmer Instytut  Hodowli I Aklimatyzac j i 
Ros 1 i n  

Radz ikow 
05-870 Blonie K/Warszawy 
POLAND 

MESO-AMERICA Belize D r .  J. P. Cal Agronomist 
Department of Agriculture 
Ministry of Agriculture Lands 
Belmopan, BELIZE 

Guatemala Director Ins t i t u to  de Ciencia y Tecnologia 
Galeria Espana, 5' Piso 
7 Ave. 11-59, Zona 0 
Guatemala City, GUATEMALA 

Honduras Director Estacion Experimental de Guaymas 
Direction -4gricola Regional :Jo. 3 
San Pedro Sula, HONDURAS 
C.A. 

Mexico Dr. Guillermo H. Bravo Geneticist 
Food Legumes Program 
Coinision Ejectiva Para e l  Desarrollo 
Agricola y Ganadero del  Estado 

de Mexico 
Plaza Fray Andres de Castro 
Portales Edificios "A" y "B" 
Toluca, bEXICO 



Table 2 (Cont Id) : List  of cooperators participating i n  the f i f t h  InternationaZ Soybean 
Variety EvaZuation Experiment (19 7 7 )  

Reg ion Country Name Address 

MIDDLE EAST Iran Dr. L. H. Camacho UNDP Building 
12 KH Bandar Pahlavi 
Off Takhte Jamshid 
Tehran, IRAN 

Dr. J. Carapetian College of Agriculture and 
Animal Ilusbandry 

P.O. Box 32 
Rezaiyeh, IRAN 

Dr. G. Noor M o h m d i  Department of Agronomy 
College of Agriculture 
Jundi Shapur University 
Golestan, Ahvaz 
I RAN 

Dean 

Saudi Arabia Mr. Ziad Adham 

College of Agriculture 
Karaj , Iran 

Acting Director General of Agri. 
Research and Dev. Dept. 

Ministry of Agri . G !Vater 
Riyadh, SAUDI ARABIA 

Dr. Hsieh Sang Yan Chinese Agricultural Technical 
Mission 

P.O. Box 143 
Hof uf 
Al-Hassa, SAUDI ARABIA 

Syria Eng. Ahmad Kabalan Minister of Agriculture 
Ministry of Agriculture 
Damascus, SYRIA 

OCEANIA New Caledonia Monsieur le Chef du B.P. 43 
Service de 1 'Agriculture Nounea , NFlV CALEDONIA 

Australia Giaeme Robertson Department of Agriculture 
Kunumara 
Western Australia 
AUSTWIA 

Fiji ?h-. R. Viner Research Officer, Dry Zone 
Department of Agriculture 
Legalega Research Station 
P.O. Box 36 
Nadi Airport, FIJI 



Table 2 f Cont ' d )  : Lis t  of cooperators participating i n  the f i f t h  International Soybean 
Variety Evaluation Experiment f 19 77) 

Region Country Name Address 

OEAiiIA Tahiti Mr. Jean- Louis Reboul Service de 1'Economie Rurale 
(cont ' d) B.P. 100 

Papeete 
Polynesie Francaise , , TAHITI 

SOUIlI AMERICA Argentina 

Bolivia 

Brazil 

Nora blancuso Secretaria De Estado de Agricu1tur:l 
y Ganaderia De La Nacion 

INTA - Estacion Experimental 
Regional Agropecuaria Pergaiiinu 

Casilla De Correo Yo 31-2700 
Pergamino 
PCIA. BS. AS. 
A R E T  I NA 

Ing. Agr. Raul Vicentini INTA - Estacion Experimental 
Agropecuaria 

Casilla de Correo No. 128 
3100 - Parana - Entre Rios 
ARGENT1 NA 

Wilhelm Reupke 

Richard J. Peters 

Instituto Nacional de Tecnologia 
Agropecuaria 

Av. Corrientes 320 
330 Posadas 
Misiones, ARGENTINA 

Agricultural Officer 
USAID Bolivia 
.4PO New York 09867 
P. A. L. 

Dr. Iloward L. Cabe 

Ing. Hebert Zurita 0. Enc. Oleaginosas y Fibrotextiles 
Estaciorl Experimental 
Casilla 247 
Santa Cruz, i3OLIVIA 

IPB - Co~nircio De Sementes 
LIDA 
Avegida Euzebio Matoso 
891 - .;\nd 
CEP 01047 
Sao Paulo, BRAZIL 

Mr. Carmine Rosito Centro de Experimentaacao e 
Pesquisas-Fecotrigo 

Caixa Postal, 10 
98.100 - Cruz Alta - RS 
BRAZIL 



Table 2 (Cont ' d l :  Lis t  of cooperators participating i n  the f i f t h  International Soybean 
Variety Evaluation Experiment (19 77) 

Region Country Name Address - 
SOUI'H AMERICA Brazil 
(cont 'd) 

Chile 

Colombia 

Ecuador 

Guyana 

Chris Suebert 

Dr. Fazil Rahman 

Convenio UPWEPA g G  
Rua amazonas 115-5 Andra 
Belo Horizante 
Minas Gerais, BRAZIL 

INPA 
Caixa Postal 478 - 69.000 
Manaus 
Amazonas, BRAZIL 

Dr. Juan E. Lira Director of Research 
Faculty of Agronomy 
Universidad Catolica de Chile 
Santiago, CHILE 

Dr. P. C. Parodi Universidad Catolica de Chile 
Facultad Catolica de Chile 
Departamento de Fitotecia 
Casilla 114-D 
Santiago, CHILE 

Ing. Gilberto Bastidas R. Director of Nacional Programa 
Leguminosas de Grano y 
Oleaginosa Anuales 

I. C .A. , Palmira, COLOI+,BIA 

Ing. Eduardo Calero H. Head Research 2 
Oilseed Program 
INIAP (Instituto Nacional De 
Invest igaciones Agropecuarios) 

Estacion Experimental Boliche 
A~artado No. 7069 
Guayaquil , EClJADOP. 

Hennan Adams 

French Guiana Monsieur le Chef 
de la klission 

Agricultural Officer (Soybeans) 
Ministry of National Development 

6 Agriculture 
Central Agricultural Station 
bbn Repos, East Coast, 
GUYANA 

I RAT 
B.P. 60 
97391 Cayenne Cedex 
GUYANE FRAIVCAI SE 



Table 2 (Cont'd): Lis t  0," coopemtors participating i n  the f i f t h  International Soybean 
Vcke t y  Evaluation Experiment (19 7 7 )  

Region Country Name Address 

SOUTH AMERICA Paraguay Ing. Robert Casaccia % Ministerio de Agricultura 
(cont ' d) y Ganaderia 

Instituto Agronomico Nacional 
Presidente Franco 472 
Asuncion, PARAGUAY 

Peru 

Surinam 

Ur'Jguay 

Ing. Hugo Soplin V. 

Rodolfo Vargas S. 

Universidad Nacional Agraria 
la blolina 

Department de Fitotecnia 
Apartado 456 
Lima, PERU 

Coordinator Nac ional Soya 
Covenio con AID 
% Ing. Jose Rodriguez Acevedo 
USAID 
Lima, PEW (ID) 
Department of State 
Washington, DC 20520 

blr. Edgardo S. Vilcapoma Professor de Oleaginosas 
Universidad Nacional .Agraria 
de la Selva 

Apartado 156 
Tingo blaria, PERU 

Ir. T. Van Der Sar 

Officer- in-charge 

Ing. Luis Amerrdola 

Venezuela Dr. Luis blarcano C. 

P.O.B. 1914 
Paramaribo 
SLRINAM 

Est. Exp. De. IlEste 
Av. Brasil 139 
Treinta Y Tres 
URUGUAY 

Proyecto Suelos y Cultivos 
Estacion Experimental del Norte 
Gral, Flores 390 
Tacuarembo , URUGUAY 

President Fundac ion 
Servico Para El Agricultor 
Edificio Cavendas, Piso 8, 
Oficiana 806 

Av. Francisco de Pliranda 
Apartado 2224 
Caracas, VENEZUELA 



Table 3 : List of cuttivars included i n  ISVEX during the years 19 76, 1977 
and 1978. 

1976 1977 1978 
Mat. Mat. k t  . 

Cult ivar E!x? Cultivar group Cult ivar Group 

1. Jupiter I X  Jupiter I X  Jupiter I X  
2. Bossier V I  I Bossier V I  I Bossier V I  I 
3. Imp.  Pelican V I I I  Imp. Pelican V I  I I Imp.  Pelican V I I I  
4. Williams I I I Williams I11 Williams I11 

5. Ransom V I  I Ransom V I  I Ransom V I  I 
6. Cobb V I  I I Cobb V I I I  Cobb V I I I  
7. Forrest V Forrest V Forrest V 
8. Davis V I  Davis V I  Davis V I  

9. Calland I I I Calland I11 Calland I11 
10. Bragg V I  I Bragg V I  I Bragg V I  I 
11. Columbus I V  Columbus I V  Columbus I V  
12. Cutler 71 I V  Cutler 71 I V  

13. Mitchell I V  Mitchell I V  
14. Woodworth I I I 1Voodworth I I I CH- 3 
15. Hill V Hill V UFV- 1 
16. Pickett 71 V I  Semmes V I  I SJ- 2 

17. Clark 63 
18. Essex 
19. Wells 
20. Beeson 

Clark 63 
Essex 
Wells 
Beeson 

Hardee LS 
Orba 
IAC- 2 
Tunia 

V I I I  

Amsoy 71 
Kahal a 
Rillito 

Car ibe 
Kahala 
Rillito 
Gasoy 17 

James 
Crawf ord 
Elf 
Frank1 in 

29. 
30. Corsoy 
31. Hodgson 
32. Hark 

Union 
Corsoy 
Hodgson . 
Evans 

Corsoy 
Hodgson 
Hark 

33. 
34. Steele 
35. Swift 
36. Altona 

Harcor 
Steele 
Swift 
Altona 

Steele 
Swift 



Table A : Description of environmenta2 zones and dis tr ibut ion of the 
third (2975) and fourth (2976) ISVEX. 

Environmental Latitude Elevation Number of sites 
zone (m) 1975 1976 

3/ > 4l0- - ALL 2 5 

1 / ~  = less than or equal to - 
2/1 = greater than - 

3/> = greater than or equal to - 



Table 5 : L i s t  of c u t t i v a r s  incZucZed i n  SPOT dur ing  t h e  years  1976, 2977, 
and 1978. 

SJ- 2 
m- 3 
Jupiter 
Bossier 

Buffalo 
M- 79 
Hardee LS 
Santa Rosa 

Oribi 
Rhoda 
M- 98 
SJ- 1 

M- 216 
Kanrich 

SJ- 2 
m- 3 
Jupiter 
Bossier 

Buf fa10 
M- 79 
Ilardee LS 
Santa Rosa 

W-23-2-1 (1) 
UFV- 1 
IAC- 73-4013 
UFV-1 (BP-20) 

Orba 
Local 

ACC 21201' 
IAC 73-4085 
Jupiter 
Bossier 

IAC 2 
IAC 70-25 
IAC 1 
Santa Rosa- 

Parana 
Mineira 
IAC 73-4013 
Dowl ing 

Bedford 

1Fcc 2120 at 12 sites; Santa Rosa substituted at other sites - 



Ya.hZe 6 : PZarlt ! ~ z . c e ~ ~ ~ ~ r c  and l i s t  of cu l t i vars  inc77ulcil i n  t7;e ,;fir::/: So!yhecnz I?ztcrnuti.o~znl E~;~:pcrirnerrtaZ 
Vixriety EvaZuntion (SIF'IrE) -l,z.*i.a% f o I IE  1?o~r~~!7.r~~te~~? -in 1978 

Cou~ltry Name and Address of contributor Plant J3rceder Name of cu l t  ivar --- - - - - - - -- - -- - - --- - - - - - -- - - - - - - - - 

Australia D r .  J .  L .  Rose 
1 lermitage Research Stat ion 
Via Warwick, 4370 
meensland, AUSTRALIA 

Brazil blanoel Albina Coelho De f~liranda 
Ins t i t u t e  Agronomiquc dc Cixal~ilias 
Caixa l'ostal, 28 
Campinas, Estade de Sao I'aulo 
BRASIL 

lk. J .  L. Rose F:leglcr 
Purple Semstar 

Rerrieu Alfonsa cle IAC 72-1385 
Souza K i  i l l 1  TAC 73-4055 

Colombia Gilberto Bastidas Ramos (;i lher to  Br~sticlas R .  ICA L. 109 
I 

rl Institute Colombiano Agropecuaria ZCA ICA 1,. 124 
a Apartado Aereo 233 
I I C A  I,inea 125 

Palmira (val le)  
COmhIRIA, S.A. 

Ecuador Ing. Eduardo Calero 11. 
Progrania de Oleaginosa de C.C. 
Estacion Experimental Roliche 
Apartado 7069 
Gua~~aqui 1 , I:.CIJNX)R 

Herman Aclams 
Central Agricultural  Stat ion 
blon Repas, East Coast Danarara 
GUYANA, S.A. 

Ing . 1:~luardo Calero Ecuador 1 
Ing. ( ; o r b  niaz I'ct cad o r 2 
Ing . Pmon Vinces Ticl~r~dor 3 
In:;. Carlos Sec i 1 l a  

D r .  Kuell llinson (;. twa. 78 
Ilerman Adans G.  i~nk. 78 
Christ ian Nwasike 

Honduras J u l i o  Romero Julio R m r o  STA'I'SA- 194-A 
Tropical Agriculture Research Services SIATSA-194 

(SIATSA) 
La Lima, Cortes 
1-lO.W~JRlS , C . A. 

BEST AVAILABLE COPY 

L.. 



Table 6 ( c a n t ' d ) :  Plant breeders and l i s t  of cul t ivars  included i n  the f i r s t  Soybean International Eqer i -  
mental Variety Evaluation (SIEVE) triul t o  be condttcted i n  1978. 

Country Name and Address of Contributor Plant Breeder Name 'of cu l t  ivar 

India 

I 
N 
\O Indonesia 

I 

Nigeria 

Puerto Rico 

D r .  B. B. Singh Dr. B. B. Singh PK- 73- 86 
Senior Research Officer UPSM- 19 
Department of Plant Breeding PK- 73 - 94 
G.  B. Pant University of Agriculture PK-74-326 

6 Technology 
Pantnagar 263145 INDIA 

Dr. B. B. Singh Anhxr 
D r .  K. Hinson Alankar 

D r .  B. B. Singh 
D r .  E. E. Hartwig 

Ahmad Dimyati Rodiah Sumarno B/1667 
Department of Agronomy Ahmad Dimyati 1343/1611- 1-6-0 
Central Research Ins t i tu te  for Agriculture Darman FI. Arsyad 
Jalan Merdeka 99 0. Sutrisno 
Bogor, INDONESIA 

Director Unknown 
Ins t i tu te  for  Agricultural Research 
Samaru 
Zaria, NIGERIA 

Dr. E. H. Paschal I1 
INTSOY Soybean Breeder 
University of Puerto Rico 
Mayaguez, PUERTU RICK) 

D r .  E. H. Paschal, I1 Acc 2120 
and others IAC 73-4085 

IAC 2 
IAC 73-4013 
IAC 70-25 
IAC 1 
Mineira 
paran; 



Table 6 ( ~ 0 n X ' d )  : Plant breeders and l i s t  of cultivars included i n  the f i r s t  Soybean InternationaZ Experi- 
mental Variety Evaluation (SIZVE) t r i a l  t o  be conducted i n  1978. 

Count rv Name and Address of Contributor Plant Breeder Name of cultivar 

Rhodes i a J. R. Tattersfield J. R. Tattersfield Impala 
Crop Breeding Institute Kudu 
Box 8100 
Causeway 
Salisbury, RHODESIA 

Taiwan 

I 
M y Thailand 

U.S.A. 

S . Shanmugasundaram 
Associate Plant Breeder 
The Asian Vegetable Research and 

Development Center 
P.O. Box 42, Shanhua, Tainan 741 
Taiwan, REPUBLIC OF CHINA 

Dr. Arwooth Nalampang 
Oil Crop Project 
Department of Agriculture 
Bangkhen, Bangkok 9 
THAIUW 

C. E. Caviness 
Agronomy Department 
University of Arkansas 
Fayetteville, AR 72701 

Dr. Kuell Hinson 
Agronomy Department, 304 Newel1 Hall 
University of Florida 
Gainesville, FL 32611 

Dr. H. R. Boerma 
3111 Plant Sciences Building 
University of Georgia 
Athens, GA 30602 

S. Shanmugasundaram 30217- 2-4 
T. S. Young 30104- 1- 1 

30229-8 

Dr. A. Nalmang 

C. E. Caviness 

Kuell Hinson 

H. R. Boerma 

S.J. 4 
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Table 6 ( c o n t ' d ) :  Plant breeders and l i s t  of cu l t ivars  included i n  the f i r s t  Soybean International Experi- 
mental Variety Evaluation (SIEVE) t r i a l  t o  be conducted i n  1978. 

Country Name and Address of Contributor - Plant Breeder Name of cu l t ivar  
- 

U. S.A. 

Zambia 

Shelby Baker 
University of Georgia 
Coastal Plain Experiment Stat ion 
Tifton, GA 31794 

D r .  Sam Anand 
McNair Seed Company 
P.O. Box 706 
Laurinburg, N.C. 28352 

F. Havaheri 
Soybean Coordinator 
P.O. Box 11 
Magoye, ZAT+lE3 IA 

Shelby Baker CaSoy 17 

Dr. S. C. h a n d  FlcNair 3182 
McNair 3181 
McNair 3253 



Table 7: Responses by cooperators t o  INTSOY survey conducted i n  lYovember, 1976. 

-- 
Climat ic  Regions 

Quest  i ons  Responses Suh- 
T ron ica l  t r o p i c a l  

I f  ava i l ab l e ,  Yes % 83 
would soybeans No % ' 4  
be  used a s  hu- 
man food 

P o t e n t i a l  f o r  Good X 79 h 9 
inc rease  i n  
c u r r e n t  acreage  Small o r  none X 21. 3 1 

Current  usage 
of soybeans 

Human food ! 28 
O i l  X 38 
Ileal f o r  l i v e s t o c k  X 32 

:low i;sy IXTSOY Providin? germplasn 2 41  
g ive  a s s i s t a n c e  Providing publ ica-  
i n  product ion t i o n s  and l i t e r a -  
of soybeans t u r e  % 23 

P r o v i d i n ~  a s s i s t a n c e  
f o r  t e c h n i c a l  prob- 
lems X 17 
Providing equipment 
and inoculun & o t h e r  
ma te r i a l  a s s i s t a n c e  2 - 
Provide t r a i n i n g  f o r  
personnel  ! 9 

Hor- ~ 3 ; -  INTSOY Provide in format ion  
provide a s s i s -  on u t i l i z a t i o n  and 
t ance  i n  u t i l i -  p roces s ing  % 21 
z a t i o n  of soy- Provide t e c h n i c a l  
beans a s s i s t a n c e  f o r  pro- 

cess ing  and u t i l i -  
z a t  ion  % 11 
Provide m a t e r i a l  
a s s i s t a n c e  f o r  pro- 
cess ing  atid u t i l i -  
za t i o ~ l  X 7 - 
Provide t r a i n i a g  
f o r  p rocess ing  and 
u t i l i z a t i o n  X 2 



Table 8: Distribution of trial sets among environmentat zones for the fourth 
ISVEX (1976) 

Number Range of Environmental 
Trial of maturity zone 
set cult ivars groups distribution 

16 I11 - VIII V, VI, VII 

D 16 I1 - VI VIII, IX, X, XI 

F 8 
INTSOY/ I ITA 

G 8 
INTSOY /SEARCA 



T d l e  9 :  Y i e ld  o f  soybean grain and &?s t o  mzturity o f  the i v e  highest-yielding 
soybean mcltivars i n  the fourth ISVE,V 11975) conducted wzder s i m i k r  
ecological conditions i n  environmental zone I, 11, and N 

Environmental Cul tivar Yield Days to 
zone (kg/h& Maturity 

Zone I Davis - 3 - 3  9 9 7 - 7 -  

0-500 m 
0-10' latitude Forrest 2330 9 0 
15 sites 

112p. ?e l i cLm 33b5 9 8 

Zone I1 Ual-i s 178 0 no data 
501-1000 m 
0-10" latitude Bossier 1665 I 1 

1 site 
l i i l l  ims 1338 I 1 

Zone TV D:LY i s 2 466 3 J 
0-500 m 
11- 20" latitude Cal lanil 3536 8s 
16 sites 

Forrest 2290 97 

' Cobb 2 2 3  9 2 

BEST AVAILABLE COPY 



'Pa5Ze 20: Y ie ld  o soybean grain and days t o  maturity o f  the  f ive hig?~est-  
yielding soybean cuZtivars i n  the  fozlrth IS'JEX (2976)  conducted 
under simi Zar eco ZogicaZ conc?itio?zs i n  environmentaZ zones 111, 
v, V I ,  VII and V I I I  

Er,vir~ninent'al 
zone 

Cult iva r  Yield Days t o  
(kg/ha) mnturi t)l 

Zone I11 
.Above 1 ,00 0 in 
0-10" l a t i t u d e  
6 si tes 

Zone V 
501-1000 m 
11- 20" l a t i t u d e  
1 s i t e  

3 n e  1'1 
-4b01~e 10110 m 
11- 20" l a t i cude  
5 s i t e s  

Zone ?'I1 
0-500 m 
21-50" l a t i t u d e  
16 si tes 

--- - 

H i l l  1990 
Davis 193-1 
Forres t  1867 
Cobb 1697 
Imp. Pelican 1661 

Davis 
Bragg 
Ransom 
Eossier 
Forres t  

Davis 5207 
Essex 3122 
Calland 31-14 
Colurnbus 5111 
Ransorn 3961 

Davis 
Ransom 
Bossier 
Forres t  
B r a s  

lone VIII Clark 63 170C 96 
501-1000 m Calland 1632 97 
21-50' l a t i t t ide  H i  11 lei24 9 6 
2 s i t e s  Forrcs t 1391 96 

h'illiams 1510 9 7 



Tabte 22: Yield of soybean gm5n and days t o  m a t d t y  of the ,%ve highest- 
yielding cultivurs i n  the +Fourth I , Z  (2976 )  conducted u n d ~ r  
similar ecological conditions i n  environmental zones lT and X 

Environmental Cult ivar Yield Days to 
zone 

Zone IX Ransom 2SOO 
.4ho\-e 1000 m Itrood\blor t h 2678 
21-50" la~ltude Pickctt 71 2550 
2 sites Nil liams . 2528 

Cutler 71 2502 

Zone S I\'i 11 iams 
0- 5OOn .hsoy 71 
51-40" latitude !focd\ior t h 
Q sites Beeson 

Calland 



Table 1 2 :  Yield of soybean grain and days to m a t u r i t y  of cuZti.vars i n  the joint 
INTSOYIIITA coo~e~uztive t r ia l s  conducted a t  s i x  tropicaZ ecoZogicaZ 
s i tes  i n  1976 (&vimnmentat zone I, 0-500 m eZevation and 0-10' latitude) 

Yield Days to 
Cultivar (kg/ha) maturity 

Jupiter 2103 105 

TGhI 194-4-2371 

Imp. Pelican 

TO1 355-2-4341 

TO1 3-19-1-8 

Williams 

Ocbb 

TGx bb-5100 

Clark t?3 

Bossier 



Ta3le 13: YieZr? o f  so3bean grain of cu2tivars a t  tlze s i x  locations where t71e Tirst ,Tf'O:" I,WS corz:htctc(.l 
in 2976 

-- Mean y i e i d  ---- (kg/)w) --.-----.a ---- 
, , ! ! , I i , l  ; ! !  r * v  i t  

Bol i che  I ,a guna Tsaheln $pnit!a P p n p a g a r  $4, ?ki;b 
Ecuador P11i.I.ip~ines r\lerto ~ i c o  T:I i.Ya41 h ~ d : i a ,  , ?! . ,ci \.a , j 

ZOS Iiit  1.4ON lat 18"N l a t  2,3"?l 181 2!I0!j l a t  l gOa, ,  ; ~ t  A l l  
Ci i l  t i v a r  17m 5 Om 140m 8rn 243;n 506111 

---.- -- - --.- - - -. -. s i tes  

Jupi ter 1 / 4375 (1)- 421 (11) 1785 (5) 614 i7 )  1125 (51 - 1664 [6)L1 
bl- 79 4234 (2) 238 (23 1634 (8) ~ 4 2  (ii) 

!I7' lX' 1500 (9) 
1354 (11) 

Ilardee LS 3936 (3) 599 (7) 2108 (1) 138!) [''I 1836 (1J ,  
1311 ria l o  3735 (4)  458 (9) 1237 (12) 683 (61 333 (14) 2308 (4)  1469 (101 

' P  

~ f f -  f 3605 (5) 668 f6) 1635 (7) i 2 d i  (2) ii)Ai [pj 1672 [4) 
rbl- 216 3605 (6) 149 (1.4) 1527 (10j  , ,772 ( n i  113s (13 

I 
r( 

San ta  Rosa 3547 (7) 753 (5) 1921 (2) 446 (11) i n 4 4  (71 1652 (7) 
S T - 2  3443 (8) 1232 (2) 1850 (3)  352 (4 )  859 (3) 1668 (5) 

Rtlosa 3310 (9) 959 (4) 1226 (13) 552 28)' 2694 135 isso (8) 
O r i b i  3293 (10) 521 (5) 1417 (11) 313 (13j 2888 (1) 1526 (91 
k1- 98 3273 (11) 316 (12) 1558 (9) 76i (5) 465 [12) 1268 1112) 
Dossiei- 3250 (12) 1209 (3) 1706 (6)  333 (12J 2743 (2) 1513 (2) 

i26d 131 
I 

SJ- 1 2759 (13) 1369 (1) 1816 (4) i n 7  i3); 1736 171 16So (3) 
Kanrich 2653 (14) 438 ( lo )  780 (14) 305 (14j  347 (13) 1305 (10) 973 (14) 

l/Number i n  parentheses  i n d i c a t e s  rank o f  c u l t i v a r  ruitllin eicjl  i o c s t i 6 6  
2-/14ean of  f i v e  l o c a t i o n s  on ly  - 



Table 14: Days t o  -fZmer of cuZtivars a t  the six Zooations where the T i r s t  SPOT was conducted i n  1976 

Cult ivar 

Jupiter 
M- 79 
Hardee LS 
Buffalo 

r; 
b 

Santa Rosa 
8 SJ- 2 

Rhosa 
Oribi 
M- 98 
Bossier 

Mean davs to flower 

Boliche Laguna Isabela Shanhua Pantnagar Salisbury 
Ecuador Philippines. Puerto Rico Taiwan India Rhodesia 
2"s lat 14"N lat 18"N lat 23"N lat 29"N lat 18"s lat 
17m 50m 140m 8m 243m 1506m 

Mean 37 37 4 3 30 5 1 64 



APPENDIX I1 

I n t e r n a t i o n a l  Soybean Virology Research 
R .  M. Goodman 

A s s i s t a n t  P ro fe s so r ,  P l a n t  Pathology 

I d e n t i f i c a t i o n  o f  v i r u s - r e s i s t a n t  t r op i ca l l y - adap ted  soybean germplasm. 

a .  Soybean mosaic v i r u s  

Work r epo r t ed  i n  t h e  1976-1977 annual r e p o r t  on r e s i s t a n c e  o f  t r o p i c a l  
soybean germplasm l i n e s  t o  i n f e c t i o n  by SMV has cont inued i n  t h e  
p r e s e n t  c o n t r a c t  y e a r .  E ight  soybean l i n e s  were r epo r t ed  l a s t  yea r  
t o  possess  r e s i s t a n c e  i n  f i e l d  t r i a l s  t o  t h e  I l l i n o i s  severe  i s o -  
l a t e  (SMV-11-S) o f  SMV. Subsequent s t u d i e s  i n  t h e  greenhouse a t  
Urbana have r evea l ed  t h a t  c e r t a i n  o f  t h e s e  l i n e s  were s u s c e p t i b l e  
bu t  d i f f i c u l t  t o  i n o c u l a t e  o r  were s u s c e p t i b l e  t o  another  i s o l a t e  
o f  t h e  v i r u s  than  t h a t  used i n  t h e  f i rst  t e s t s .  Cur ren t ly  we r e -  
gard t h e  fol lowing l i n e s  a s  possess ing  promising r e s i s t a n c e  o r  
immunity t o  s e v e r a l  i s o l a t e s -  o f  SMV: ~ u f f a l o  (Rhodesia Agric . 
I .  72 (2) : 37 ) ,  P . I .  341.242, P . I .  324.068, and P . I .  374.193. Work 
d u r z g  1977 and 1978 has  been concent ra ted  on Buffa lo .  

Buffalo was one o f  t h e  400 l i n e s  p l a n t e d  i n  J u l y ,  1976 a t  I s a b e l a ,  
Puerto Rico. The p l a n t i n g  was i n  h i l l  p l o t s ,  and the  des ign  was 
a randomized complete block r e p l i c a t e d  s i x  t imes .  Ten seeds  were 
p l a n t e d  i n  each h i l l .  A t  t h e  primary l e a f  s t a g e  t h e  h i l l s  were 
th inned  t o  s i x  p l a n t s  and no te s  taken on t h e  preva lence  o f  SMV 
i n f e c t e d  s eed l ings  a r i s i n g  from seeds .  Then a l l  p l a n t s  i n  f i v e  
r e p l i c a t e s  were i nocu la t ed  by manually rubbing t h e  leaves  with 
inoculum prepared  from SMV- 11-S i n f e c t e d  soybeans (cv.  Rampage) 
i nocu la t ed  14 t o  21 days prev ious ly .  The inoculum conta ined  3 m l  
0.05 M sodium phosphate b u f f e r ,  pH 7.0, p e r  gram t i s s u e  ( f r e s h  
weight) p l u s  a smal l  amount o f  600 mesh Carborundum and was appl ied  
with a s t e r i l i z e d  gauze pad. 

Symptom readings  were taken  i n  l a t e  J u l y  and e a r l y  September, when 
we noted t h a t  none o f  t h e  i nocu la t ed  Buffalo p l a n t s  were showing 
symptoms. We harves ted  t h e  seeds o f  t h i s  c u l t i v a r  and t e s t e d  
them f u r t h e r  i n  t h e  greenhouse a t  Urbana. There we a t tempted  t o  
i n f e c t  s e v e r a l  hundred seed l ings  over  a s e v e r a l  month pe r iod .  I n  
on ly  one case were symptoms seen and t h i s  was a l s o  t h e  on ly  case  
i n  which we could demonstrate t h e  presence o f  SMV i n f e c t i v i t y  i n  
t h e  i nocu la t ed  p l a n t s .  We do no t  know i f  t h e  one p l a n t  t h a t  be- 
came i n f e c t e d  was of  some o t h e r  v a r i e t y ,  bu t  t h i s  r e s u l t  r a i s e s  
t h e  p o s s i b i l i t y  o f  Buffalo being heterogeneous f o r  SMV r e s i s t a n c e .  
S ince  Buffalo was no t  s e l e c t e d  f o r  SMV r e s i s t a n c e  ( indeed i t s  
having SMV r e s i s t a n c e  was a s u r p r i s e  t o  D r .  J .  R .  T a t t e r s f i e l d  
who bred t h i s  v a r i e t y ,  persona l  communication), t h i s  i s  no t  an 



implausible  p o s s i b i l i t y .  Nonetheless,  t h e  v a s t  major i ty  o f  
Buffalo p l a n t s  inocula ted  a t  t h e  primary l ea f  s t a g e  and r e i n -  
ocula ted  2 t o  3  weeks l a t e r  were immune t o  i n f e c t i o n  by SMV-11-S. 

Subsequently, we have i s o l a t e d  over 100 SMV i s o l a t e s  from seeds 
obtained from t h e  USDA soybean germplasm c o l l e c t i o n s  (See con t rac t  
ob jec t ive  4 ) .  We have placed each o f  t hese  i s o l a t e s  i n  one o f  
seven s t r a i n s  based on t h e i r  a b i l i t y  t o  i n f e c t  a  range of  p u t a t i v e l y  
SMV-resistant c u l t i v a r s .  Buffalo was among t h e  c u l t i v a r s  used 
f o r  these  t e s t s ,  and i t  was immune t o  a l l  i s o l a t e s  except f o r  two 
which were placed i n  s t r a i n  G7. S t r a i n  G7 i n f e c t e d  a l l  " r e s i s t a n t "  
c u l t i v a r s  t e s t e d  inc luding  P . I .  96.983 and Tokyo. The symptoms 
of S t r a i n  G7 i n f e c t i o n  o f  Buffalo were severe  systemic nec ros i s  
and bud b l i g h t  about two t o  th ree  weeks a f t e r  i nocu la t ion .  S t r a i n  
G7 i n f e c t i n g  suscep t ib l e  soybean c u l t i v a r s  such a s  Rampage and 
Clark causes t y p i c a l  mosaic symptoms t h a t  a r e  d i f f i c u l t  t o  d i f f e r -  
e n t i a t e  from t h e  symptoms caused by S t r a i n  G 1  which i n f e c t e d  
none of  the  r e s i s t a n t  c u l t i v a r s .  ( I t  may be of i n t e r e s t  t o  note  
t h a t  when Buffalo i s  inocu la t ed  with S t r a i n  G7 only about h a l f  
the  p l a n t s  become i n f e c t e d .  Reinoculation r e s u l t s  i n  i n f e c t i o n  
of a l l  o f  t h e  previous ly  noninfec ted  p l a n t s .  Buffalo thus  does 
not  appear t o  possess  any immunity t o  S t r a i n  G7 but i t  i s  d i f f i c u l t  
t o  inocu la t e  .) 

We have conducted l e s s  exhaust ive t e s t s  with P . I .  96.983, which 
i s  c u r r e n t l y  i n  wide use a s  a  source o f  SMV r e s i s t a n c e  f o r  temperate 
soybean improvement. Our r e s u l t s  show t h a t  t h i s  l i n e ,  l i k e  Buffalo, 
a l s o  has a  high degree o f  r e s i s t a n c e  t o  many SMV i s o l a t e s .  P . I .  96.983 
i s  s u s c e p t i b l e  t o  S t r a i n  G7 and a l s o  t o  a  seedborne i s o l a t e  (ISP-29) 
belonging t o  S t r a i n  G6 i s o l a t e d  by R .  M. Goodman i n  1975 from 
Calland soybeans grown a t  S e v i l l e ,  Spain ,  t o  which Buffalo i s  
immune. 

Buffalo i s  a  l a t e  maturing v a r i e t y  (group VIII)  and has a d e s i r -  
a b l e  growth h a b i t  and o t h e r  agronomic c h a r a c t e r i s t i c s  which i n  
combination with i t s  immunity t o  a l l  bu t  t h e  most v i r u l e n t  o f  
SMV i s o l a t e s  w i l l  be o f  p a r t i c u l a r  i n t e r e s t  t o  breeders  who requ i re  
a  t r o p i c a l l y  adapted source o f  SMV r e s i s t a n c e .  We have t e s t e d  
t h e  c u l t i v a r s  Geduld and Hernon 147, t h e  parents  o f  Buffalo,  
kindly suppl ied  t o  us  by D r .  J .  R .  T a t t e r s f i e l d ,  Crop Breeding 
I n s t i t u t e ,  P. 0 .  Box 8100, Causeway, Sa l i sbury ,  Rhodesia. Geduld 
was suscep t ib l e  t o  SMV-11-S but Hernon 147 was immune. No t e s t s  
wi th  o t h e r  more v i r u l e n t  SMV i s o l a t e s  have been conducted t o  da te  
on these  pa ren ta l  c u l t i v a r s .  We a r e  now engaged i n  a  gene t i c  
s tudy t o  determine the  inhe r i t ance  of Buffa lo ' s  SMV r e s i s t a n c e  
and t o  incorpora te  t h i s  t r a i t  i n t o  advanced, t r o p i c a l l y  adapted 
soybean c u l t i v a r s  (Ph.D. t h e s i s  work by Glenn R. Bowers, J r . ) .  

Several  F p l a n t s  o f  t h e  c ross  Buffalo x  J u p i t e r  were inocula ted  
with sMV-11-s i n  the  f i e l d  i n  Puerto Rico i n  June, 1977. The 
p l a n t s  were inocula ted  twice,  once a t  t h e  primary l e a f  s t a g e  and 
again two weeks l a t e r .  We have found J u p i t e r  t o  be suscep t ib l e  



t o  t h e  SMV i s o l a t e  used i n  t h i s  s tudy .  The F p l a n t s  remained 
symptomless throughout t h e  growing season.  11 appears ,  t h e r e f o r e ,  
t h a t  t h e  Buffalo source  o f  SMV r e s i s t a n c e  i s  c o n t r o l l e d  by one o r  
more dominant genes.  

The t h r e e  P . I .  l i n e s  r e f e r r e d  t o  above a r e  a l s o  being t e s t e d  w i th  
t h e  seven SMV s t r a i n s  b u t  t he  r e s u l t s  a r e  n o t  y e t  a v a i l a b l e .  

b.  Cowpea mosaic v i r u s  

Two experiments were conducted t o  s c r een  soybean c u l t i v a r s  f o r  
r e s i s t a n c e  t o  CPIIV-PR i n f e c t i o n ;  one was conducted i n  t h e  green- 
house a t  Urbana, and t h e  o t h e r  i n  t h e  f i e l d  a t  I s a b e l a ,  Puer to  Rico. 
I n  t h e  greenhouse experiment,  112 named c u l t i v a r s  (Table 1) i n  
matur i ty  groups 00 t o  IV were s e l e c t e d .  Seeds o f  each c u l t i v a r  
were p l an t ed  i n  t h r e e  10-cm p o t s  (5 s e e d s / p o t ) .  Seedl ings  (10- 
12 days o ld)  i n  two po t s  were l e f t  noninoculated f o r  comparison. 
Symptom development i n  i nocu la t ed  p l a n t s  was recorded u n t i l  15 days 
a f t e r  i n o c u l a t i o n .  

Inocula ted  soybeans showed symptoms o f  CPMV-PR i n f e c t i o n  a t  t h r e e  
t o  f o u r  days a f t e r  i n o c u l a t i o n .  

A l l  soybean c u l t i v a r s  i nocu la t ed  w i th  CPMV-PR became i n f e c t e d .  
S l i g h t  v a r i a t i o n s  i n  symptoms were observed.  Systemic symptoms 
observed ranged from mild t o  s eve re  mosaic with s e v e r e  s t u n t i n g .  
Some c u l t i v a r s  ( a s t e r i s k e d  i n  Table 1) showed top  n e c r o s i s  and 
growth was checked. C u l t i v a r  Kabbot i n  matur i ty  group 0  showed 
l o c a l  l e s i o n s  on inocu la t ed  leaves  bu t  systemic symptoms were mild 
and p l a n t s  were on ly  s l i g h t l y  s t u n t e d .  C u l t i v a r s  Chusei and Sa to-3  
i n  matur i ty  groups I11  and IV, r e s p e c t i v e l y ,  showed s e v e r e  r e a c t i o n s .  
I n f ec t ed  p l a n t s  o f  both c u l t i v a r s  showed l o c a l  n e c r o t i c  l e s i o n s  
and top  n e c r o s i s .  P l a n t s  were k i l l e d  w i th in  10 days a f t e r  i n -  
o c u l a t i o n .  The number o f  soybean c u l t i v a r s  showing t o p  n e c r o s i s  
i n  each matur i ty  group i s  summarized i n  Table  2. 

I n  t h e  f i e l d  sc reen ing  t r i a l  a t  I s a b e l a ,  Puerto Rico, 100 soybean 
c u l t i v a r s  were chosen from matur i ty  group V t o  X (Table 3 ) .  Included 
i n  t h i s  s e l e c t i o n  were p l a n t  i n t r o d u c t i o n s  and named c u l t i v a r s .  I n  
a d d i t i o n ,  13  l i n e s  r e s i s t a n t  t o  feed ing  by b e e t l e s  provided by 
bl. Kogan, Univers i ty  o f  I l l i n o i s ,  were a l s o  inc luded .  

The p l o t  was 26x35 m and was d iv ided  i n t o  s i x  9x9 m subp lo t s .  
The fou r  meter borders  a long t h e  s i d e s  o f  t h e  main p l o t  were p l a n t e d  
w i th  Improved Pe l ican  soybeans.  Ten seeds o f  each s e l e c t e d  c u l t i -  
v a r  were randomly p l an t ed  i n  one o f  100 h i l l s  (1  m spac ing  between 
h i l l s )  i n  each subp lo t .  Seedl ings  i n  each h i l l  were th inned  t o  
s i x  s e e d l i n g s / h i l l .  Seedl ings  i n  f i v e  subp lo t s  were mechanical ly  
i nocu la t ed  wi th  CPMV-PR a t  8 t o  10 days o l d  and those  i n  one 
subp lo t  were l e f t  noninoculated f o r  comparison. Inocu la t i on  was 
repea ted  seven days l a t e r  t o  minimize escapes .  Symptoms were 
recorded a t  7 days and 40 days a f t e r  i n o c u l a t i o n .  Symptomless p l a n t s  
i n  t h e  i nocu la t ed  subp lo t s  were marked and seeds from t h e s e  p l a n t s  
were harves ted .  These seeds  were p l an t ed  i n  t h e  greenhouse and 
t e s t e d  aga in  f o r  r e a c t i o n s  t o  CPMV-PR i n f e c t i o n .  



Table 1 .  Soybean c u l t i v a r s  s e l e c t e d  from matur i ty  groups 00 t o  I V  used 
i n  screening  t r i a l s  t o  t e s t  f o r  s u s c e p t i b i l i t y  t o  t h e  Puerto Rico 
i s o l a t e  of  cowpea mosaic v i r u s .  

Maturi ty  Group 00 

Acme 
F 1 ambrau 
Hida tsa  

Matur i ty  Group 0 

Manitoba Brown 
Pagoda* 
Pando* 

Ear ly  White Eyebrow* Kabo t t 
Goldsoy Minsoy* 

Matur i ty  Group I 

Blackhawk 
Bombay 
Burwe 1 1 * 
Cayuga 
Earlyana 
E l  ton 
Giant  Green* 
Habaro* 

Matur i ty  Group I 1  

Aksarben 
Bans e i  
Black Eyebrow* 
E t u m  
Goku 
Harosoy 

Maturi ty  Group 111 

A.  K .  (Harrow) 
Bavender Spec ia l  A 
Chus e i *  
Cloud 
Columbia* 
Dunfield 
Ennis I* 
Fuj i 
Guelph 

Maturi ty  Group IV 

Ao da * 
Bethel 
Boone 
Car 1 i n  
Cus ter  

Hoosier* 
Kagon* 
Manchu, Montreal* 
Manchuria 
Medium Green* 
Mendota 
Norsoy* 
Ontario* 

Kanro 
Kanum 
Korean 
Manchu (Madison) 
Protana 
R i  chland* 

Harman 
I l l i n g t o n  
I 1  1 i n i  
I 1  soy* 
J o  gun * 
Lincoln 
L i t t l e  Wonder 
Manchu 
Manchurea 13177 

Green and Black* 
Hahto (Michigan) 
Harbinsoy 
Higan 
Hongkong 

Sioux* 

Poland Yellow* 

Ottawa* 
Por tuga l  
Renvi 11 e 
Sac 
Soyso t a *  
Wisconsin Black 

Seneca 
Sousei 
To ku 
Waseda 
Wea 
Yellow Marvel 

M i l l e r  67* 
0s aya* 
Pennsoy 
Shingto 
W i  1 lomir* 
Wing J e t  
Wolverine* 

Morse 
Norredo 
Patoka 
Pa t te rson* 
Peking 



Table 1 (Continued) 

Maturity Group IV (cont .) 

Cutler 
Cypress No. I 
De 1 mar 
Ebony 
Emperor 
Fabul in 
Funk Delicious* 

Hurrelbrink 
Jefferson* 
Kent 
Kingston* 
Kingwa* 
Macoupin 
Midwest 

Polysoy 
Sato-3I* 
Scott* 
Shiro 
So0 ty 
Wi 1 son 

* Cultivars showed top necrosis. 

Table 2. The numbers of soybean cultivars showing top necrosis due to 
infection by the Puerto Rico isolate of cowpea mosaic virus. 

Maturity group Number of cultivars with top necrosis Percentage 
Number of cultivars tested 



Table 2 .  The numbers of soybean cultivars showing top necrosis due t o  infection 

by the Puerto Rico isola te  of cowpea mosaic virus. 

blaturity group Number of cultivars with top necrosis Percentage 
Number of cultivars tested 



Table 3. Selected soybean c u l t i v a r s  from maturi ty group V t o  X used 
i n  r eac t ion  t e s t s  t o  in fec t ion  by the  Puerto Rico i s o l a t e  o f  
cowpea mosaic v i rus .  

Maturity Group V 

CH # 3  
Santa Rosa 
C-H25-18-l(2) 

Hardee Late Selec t ion SJ- 2* 
UFV- 1 Miniera 
Buffalo PI 219.653* 
SJ- 1 ICA-Curive 

Maturity Group VI 

Orba 
C-H25- 18-9(2) 

Maturity Group VII 

Maturity Group VIII 

C-Hl8- 1- l ( 1 )  
Arisoy* 
Barchet 
Seminole 
Nanda 
PI 133.226* 
PI 159.925 
PI 164.885* 
PI 174.854 
PI 175.175 
PI 181.696* 
PI 181.698* 
PI 183.900f 

Maturity Grow IX 

J u p i t e r  
Hardee 
PI 181.699 
PI 205.901 

Maturity Group X 

PI 205.910* 
PI 215.690 
PI 240.669 
Bossier 
S i a t s a  194 
PI 281.894 
PI 281.900* 



Table 3 (continued).  

P o t e n t i a l  Beet le  Res i s t an t  Lines 

*Cul t ivars  o r  p l a n t  i n t roduc t ions  wi th  systemic nec ros i s  symptoms. 

A l l  c u l t i v a r s  inocula ted  with CPMV-PR i n  t h i s  t r i a l  became in fec t ed .  Symptoms 
were s i m i l a r  t o  those descr ibed  f o r  t h e  greenhouse t e s t .  Systemic mosaic 
was common f o r  a l l  c u l t i v a r s  inocula ted ,  wi th  some showing systemic nec ros i s  
i n  a d d i t i o n  ( a s t e r i s k e d  i n  Table 3 ) .  Great v a r i a t i o n s  wi th in  c u l t i v a r s  
were observed, i . e . ,  some p l a n t s  i n  the  inocula ted  h i l l s  were apparent ly  
hea l thy ,  d e s p i t e  t h e  two inocula t ions  employed, and some were in fec t ed .  
In  t h e  greenhouse, s eed l ings  emerged from seeds harves ted  from the  
symptomless p l a n t s  were a l l  i n fec t ed  when inocu la t ed  wi th  CPMV-PR. I t  
was t h e r e f o r e  concluded t h a t  t h e  v a r i a t i o n s  observed were not  due t o  
gene t i c  v a r i a t i o n s  o f  t h e  p l a n t s  but  could be due t o  l a t e  emergence of 
t h e s e  p l a n t s  i n  t h e  f i e l d  so  they  were not  inocula ted .  I t  was a l s o  observed 
i n  t h i s  t e s t  t h a t  CPMV-PR i n f e c t i o n  delayed matur i ty .  Vi rus- infec ted  p l a n t s  
remained green when the  hea l thy  p l a n t s  i n  t h e  noninoculated subplo t  reached 
matur i ty  . 
The r e s u l t s  from both greenhouse and f i e l d  screening t r i a l s  a r e  very 
i n t e r e s t i n g  i n  t h a t  a l l  soybean c u l t i v a r s  t e s t e d  were s u s c e p t i b l e  t o  
CPMV-PR inf .ect ion.  In  most of  t h e s e  c u l t i v a r s ,  severe  symptoms were 
observed and pods were r a r e l y  produced on i n f e c t e d  p l a n t s .  

Resu l t s  of  t h e s e  screening  t r i a l s  may be use fu l  i n  view o f  t h e  type of 
r e a c t i o n s  expected i n  soybeans t o  CPMV i n f e c t i o n  i n  f u t u r e  screening 
t r i a l s .  Should t h e  v i r u s  become a t h r e a t  t o  soybean product ion and 
sources o f  r e s i s t a n c e  be needed, c u l t i v a r s  o t h e r  than those included 
i n  our  t r i a l s  must be used i n  t h e  screening.  
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c .  Whi te f ly- t ransmi t ted  v i r u s  

I  v i s i t e d  t h e  soybean breeding program of D r .  B .  B. Singh a t  t h e  
G.  B. Pant Univers i ty ,  Pantnagar ,  I n d i a  i n  September 1977, t o  
observe t h e  f i e l d  r e a c t i o n s  o f  soybean germplasm and advanced 
breeding l i n e s  r e s i s t a n t  and immune t o  yel low mosaic v i r u s .  
P. I .  171.443 and Glycine formosana a r e -  t h e  sources  o f  immunity 
t o  yel low mosaic v i r u s  used by D r .  Singh. A s  r e p o r t e d  l a s t  yea r ,  
we have inc reased  t h e  seed  o f  P. I .  1711443 supp l i ed  by D r .  ~ i n g h  
f o r  t e s t i n g  a g a i n s t  t h e  wh i t e f ly - t r ansmi t t ed  Rhynchosia nnsgic and 
Euphorbia mosaic v i r u s e s  t h a t  i n f e c t  soybeans i n  t h e  New World., 

I d e n t i f i c a t i o n  of soybean germplasm wi th  low inc idence  of SMV seed  
t ransmiss ion  

T r o p i c a l l y  adapted soybeans 

The e n t i r e  t r o p i c a l l y  adapted soybean germplasm was sc reened  f o r  
t h e  inc idence  of seedborne soybean mosaic v i r u s .  These experiments 
were begun i n  1976 and r epo r t ed  on i n  a  pre l iminary  way l a s t  y e a r .  
Seeds from SMV i n f e c t e d  f ie ld-grown soybeans were harves ted  and 
t e s t e d  o v e r  t h e  w in t e r  1976-1977 f o r  SMV seed  t r ansmis s ion  inc idence .  
Of 400 l i n e s  t e s t e d ,  98 had r a t e s  o f  seed  t ransmiss ion  low enough 
n o t  t o  be  d e t e c t e d  when seed l ings  emerging from 200 seeds  were 
eva lua ted .  These 98 l i n e s  a long wi th  two known seed  t r a n s m i t t e r s  
were p l a n t e d  a t  I s a b e l a ,  Puerto Rico i n  May 1977 and aga in  inocu- 
l a t e d  by hand wi th  t h e  I l l i n o i s  s e v e r e  i s o l a t e  o f  SMV. A t  t h e  
end o f  t h e  season,  seeds were aga in  harves ted  from SMV-infected 
p l a n t s  and t e s t e d  i n  t h e  greenhouse f o r  s eed  t ransmiss ion .  This  
time 1000 seeds  were p l a n t e d  and d a t a  on percentage  seed  t ransmiss ion  
were recorded.  These t e s t s  a r e  n e a r l y  complete and t h e  r e s u l t s  
i n d i c a t e  a t  l e a s t  f i v e  l i n e s  wi th  no seed  t ransmiss ion  of SMV-11s. 
These a r e  P . I .  325.779, P . I .  240.664, U F V - 1 ,  Arisoy,  and P . I .  203.406 
Completion o f  t h e  d a t a  c o l l e c t i o n  may r e s u l t  i n  one o r  two add i t i ons  
t o  t h i s  l i s t .  

Two types  o f  experiments remain be fo re  t h i s  in format ion  could be  
used i n  v a r i e t y  improvement f o r  t r o p i c a l  a r e a s .  We must demonstrate 
t h a t  t h e  seed  nontransmission c h a r a c t e r  i s  s t a b l e  and h e r i t a b l e .  
Th i s  we w i l l  test  by block t e s t i n g  o f  t h e  l i n e s  i n  t h e  f i e l d ,  
i n o c u l a t i n g  t h e  l i n e s  with SMV and examining progeny seed  i n  
l a r g e  numbers i n  f i e l d  p l o t s  f o r  evidence o f  seed  t ransmiss ion ;  
we w i l l  a l s o  conduet some c ros s ing  wi th  a  l i n e  showing high i n c i -  
dence o f  s eed  t ransmiss ion  t o  determine i f  seed  nontransmission 
i s  simply i n h e r i t e d .  In  a  second type  o f  experiment w e  s h a l l  test 
t h e s e  l i n e s  wi th  o t h e r  s t r a i n s  o f  SMV t o  determine i f  l i n e s  t h a t  
a r e  seed non t r ansmi t t e r s  o f  one SMV s t r a i n  a r e  a l s o  non t r ansmi t t e r s  
o f  o t h e r  s t r a i n s .  These experiments,  which a r e  time consuming, 
w i l l  begin i n  t h e  1978-79 c o n t r a c t  yea r .  

b .  Northern germplasm 

Last y e a r ' s  r e p o r t  de sc r ibed  t h e  e a r l y  s t a g e s  o f  o u r  t r i a l s  look- 
i n g  a t  seed  t ransmiss ion  r a t e s  i n  matur i ty  groups I 1  and I11 germ- 
plasm. The 35 l i n e s  s e l e c t e d  i n  1976-77 f o r  t e s t i n g  dur ing  1977-78 



were chosen because they  had low r a t e s  o f  seed  t ransmiss ion  and 
because they e x h i b i t e d  s l i g h t ,  i f  any, seed coa t  d i s c o l o r a t i o n  
(mo t t l i ng ) ,  which i s  an undes i r ab l e  symptom on t h e  seed  produced 
by SMV i n f e c t e d  p l a n t s .  

Resu l t s  t h i s  y e a r  showed t h a t  seed  c o a t  mo t t l i ng  cannot be s e l e c t e d  
a g a i n s t  i n  t h i s  t ype  o f  experiment.  The inc idence  and s e v e r i t y  
o f  mo t t l i ng  was high i n  a l l  l i n e s .  But t h e  inc idence  of SMV seed  
t ransmiss ion  was low. Fourteen l i n e s  were i d e n t i f i e d  t h a t  ex- 
h i b i t e d  no evidence o f  SMV seed  t ransmiss ion  from seed l ings  emerging 
from 1000 seeds .  These were Cloud, Manchu 2204, Mukden, V i rg in i a ,  
F.C. 31.678, P . I .  60.279, P . I .  68.680, P . I .  70.019, P . I .  70.036, 
P . I .  88.303, P . I .  91.115, P . I .  92.684, P . I .  92.718-2 and P . I .  360.835. 

Fu r the r  t e s t s  wi th  group I 1  and I11 l i n e s  d i scarded  l a s t  y e a r  due t o  
high seed  coa t  mo t t l i ng  inc idence  w i l l  be t e s t e d  i n  c o n t r a c t  y e a r  
1978-79. Also, t e s t s  w i l l  be conducted t o  determine t h e  inc idence  
of seed t ransmiss ion  i n  t h e  above l i n e s  i nocu la t ed  wi th  o t h e r  SMV 
s t r a i n s .  

Detect ion o f  SMV i n  seeds  and seed p a r t s  by ELISA 

a .  This  r e sea rch  i s  coopera t ive  work supported i n  p a r t  by t h e  INTSOY 
c o n t r a c t  and i n  p a r t  by g r a n t s  from t h e  I l l i n o i s  Crop Improvement 
Assoc ia t ion  and t h e  I l l i n o i s  A g r i c u l t u r a l  Experiment S t a t i o n .  The 
purpose o f  t h e  work was t o  develop a  procedure f o r  accu ra t e  and 
r e l i a b l e  t e s t i n g  o f  soybean seeds f o r  t h e  presence o f  soybean 
mosaic v i r u s  t h a t  would be qu i cke r ,  e a s i e r ,  and r e q u i r e  l e s s  
greenhouse space than  t h e  i n f e c t i v i t y  index method u t i l i z i n g  l o c a l  
l e s i o n s  on Top Crop beans descr ibed  i n  l a s t  y e a r ' s  r e p o r t .  

I t  has been o u r  goal  t h i s  p a s t  y e a r  t o  begin development of a  mass- 
s c r een ing  t e s t  f o r  t h e  d e t e c t i o n  o f  v i r u s  i n  soybean seed  l o t s  
t h a t  i s  both e f f e c t i v e  and e a s i l y  managed. Coupled wi th  t h i s  
o b j e c t i v e  has  been t h e  product ion o f  h igh  q u a l i t y  r a b b i t  anti-St# 
s e r a  f o r  use i n  t e s t i n g .  

This  p a s t  y e a r  has  been spen t  ca ta loguing  and t i t e r i n g  t h e  e x i s t i n g  
s tock  o f  a n t i s e r a ,  c u l t u r i n g  and p u r i f y i n g  SMV, and producing a  
f r e s h  supply o f  h igh  t i t e r  SMV ant iserum. We have a l s o  been ex- 
p l o r i n g  va r ious  methods o f  t e s t i n g  f o r  SMV i n  seeds and t e s t i n g  
v i r u s  a c t i v i t y  i n  seeds  by t h e  l o c a l  l e s i o n  method. The l o c a l  
l e s i o n  t e s t s  have i n d i c a t e d  t h a t  v i r u s  i s  p re sen t  i n  d e t e c t a b l e  
amounts i n  a  s i n g l e  seed .  

Unfortunately,  mott led seed coa t  c o l o r  i s  no t  a  r e l i a b l e  i n d i c a t o r  
of t h e  presence o r  t r a n s m i s s i b i l i t y  o f  v i r u s .  The l o c a l  l e s i o n  
t e s t  i n  i t s e l f  i s  a l s o  n o t  a  good t e s t  s i n c e  i t  r e q u i r e s  greenhouse 
space,  t e s t  p l a n t s ,  i ncuba to r s ,  and t ime.  Our o r i g i n a l  p l an  of 
u s ing  double d i f f u s i o n  through aga r  has met only l i m i t e d  success .  
SMV does no t  e a s i l y  d i f f u s e  through aga r  and must be broken with 
p y r i d i n e  o r  SDS, both o f  which can cause spur ious  r e s u l t s .  When 



ground seeds  were used t h e  high carbohydrate  conten t  a l s o  caused 
poor r e s u l t s  by leav ing  t h i c k  milky r i n g s  whi le  d i f f u s i n g  through 
t h e  aga r .  P a r t s  o f  germinated p l a n t s  can be embedded i n  aga r  bu t  
t h i s  p l a n  a l s o  had i t s  drawbacks. Technica l ly ,  e i t h e r  o f  t h e s e  
tests could probably be made workable but  bo th  a r e  time-consuming, 
t ed ious ,  and use  l a r g e  amounts o f  ant iserum. 

Another approach has  been t o  use  a  l a t e x  f l o c c u l a t i o n  t e s t .  Latex 
spheres  can be  made t o  adhere t o  a n t i b o d i e s .  When t h e  l a t e x -  
s e n s i t i z e d  an t ibod ie s  a r e  exposed t o  v i r u s  i n  c a p i l l a r y  p i p e t t e s  
o r  s p o t  p l a t e s ,  v i s i b l e  f l o c c u l a n t  complexes o f  v i r u s  and a n t i -  
body appear .  This  t e s t  has t h e  advantage o f  speed s i n c e  it may 
b e  r ead  i n  f i f t e e n  minutes t o  one hour.  This  test  i s  under con- 
s i d e r a t i o n  but  a s  o f  now i t  i s  ou r  second choice because i t  i s  
not  always easy  t o  read ,  r e q u i r e s  some s p e c i a l  equipment, and 
t h e  l a t e x - s e n s i t i z e d  an t ibod ie s  must be  used i n  f a i r l y  concent ra ted  
amounts. 

Our f i rs t  choice s o  f a r  has been ELISA. ELISA i s  a  mnemonic f o r  
enzyme-linked immunosorbent assay .  ELISA is  i n  theory  a  compli- - 
c a t e d  test b u t i n  p r a c t i c e  it i s  e l e g a n t l y  s imple,  s e n s i t i v e ,  and 
conserva t ive  o f  m a t e r i a l s .  Since t h e  test  uses  a n t i s e r a  and 
o t h e r  m a t e r i a l s  and reagents  i n  almost micro amount i t  should 
a l s o  prove t o  be very inexpensive.  ELISA i s  a l s o  s e n s i t i v e  t o  
very smal l  amounts o f  v i r u s ,  i s  easy t o  do and t o  read ,  and 
r e q u i r e s  very l i t t l e  s p e c i a l  equipment. 

ELISA works because it i s  p o s s i b l e  t o  bond an enzyme t o  t h e  gamma 
g l o b u l i n  f r a c t i o n  o f  an t i se rum and t o  bind g lobu l in  t o  v i r u s .  I n  
t h e  presence  of  t h e  s p e c i f i c  s u b s t r a t e  t h e r e  is  a  v i s i b l e  measurable 
r e a c t i o n .  This  r e a c t i o n  i s  s p e c i f i c ,  l o c a l  and s e n s i t i v e .  

The kind o f  assay  we have used is t h e  double-antibody method. 
Unlabel led ant ibody i s  bound e l e c t r o s t a t i c a l l y  t o  t h e  su r f ace  of 
a  po lys ty rene  microhaemagglutination p l a t e .  Virus ,  if p r e s e n t ,  
binds t o  t h e  un l abe l l ed  ant ibody.  I n  t u r n ,  t h e  enzyme-labelled 
an t ibody  b inds  t o  t h e  v i r u s  and i n  t h e  presence o f  s u b s t r a t e  
shows a  color-change r e a c t i o n .  I f  t h e r e  i s  no v i r u s  t h e r e  w i l l  
be no l a b e l l e d  ant ibody bound and hence no c o l o r  change. The 
v i r u s  i s  t h e  l i m i t i n g  f a c t o r  i n  t h i s  t e s t .  

The enzyme we use  is  a l k a l i n e  phosphatase.  We f irst  determined 
how t o  do t h e  t e s t  and t h a t  i t  does work. We have a l s o  prepared 
l a b e l l e d  and un labe l l ed  gamma g lobu l in  and a l l  t h e  necessary 
b u f f e r s  and s o l u t i o n s .  The time f a c t o r  seems t o  be t h e  major draw- 
back t o  t h i s  t e s t  s i n c e  t h e r e  i s  a t  l e a s t  one overn ight  incuba t ion  
r equ i r ed .  However, once t h e  p repa ra t i ons  a r e  made t h e  a c t u a l  
r e a c t i o n  t a k e s  t h i r t y  minutes.  

We have a l s o  conducted s t u d i e s  t o  show t h a t  seeds ,  seed  p a r t s  
( t e s t a ,  endosperm and embryo), and va r ious  p l a n t  p a r t s  ( r o o t s ,  
l e aves ,  stem s e c t i o n s ,  e t c . )  can be used a s  sources  o f  an t igen  



f o r  t h e  t e s t .  In  an experiment, we s e n s i t i z e  a  p l a t e  and s t o r e  
i t  u n t i l  use.  When requi red  we thaw the  p l a t e ,  wash i t ,  crush 
p i eces  o f  t i s s u e  from t h e  seeds o r  p l a n t  t o  be t e s t e d  i n t o  a  
small volume of s a l i n e  on t h e  p l a t e ,  incubate ,  wash, add var ious  
reagents  i n  o rde r  with appropr i a t e  washes, and t ake  t h e  da ta  a l l  
wi th in  a  2-3  hour per iod .  Thus i n  a  h a l f  day a  s i n g l e  opera tor  
can t e s t  60 t o  180 samples. 

a 
We have a l s o  done extens ive  t e s t s  comparing t h e  i n f e c t i v i t y  method 
wi th  ELISA using seed p a r t s  and var ious  o t h e r  types  o f  t i s s u e s  i n  
which t h e  presence of SMV was unknown o r  concealed from t h e  person 
doing t h e  t e s t .  We have found very high ( v i r t u a l l y  p e r f e c t )  
c o r r e l a t i o n  between these  two t e s t s .  

b. S tud ie s  on t h e  mechanism of  SMV seed transmission 

In  t h e  1976-1977 annual r e p o r t ,  we repor ted  s t u d i e s  on t h e  de tec t ion  
of SMV i n  reproduct ive p a r t s  of  soybean seeds throughout the  r e -  
product ive  growth o f  t he  p l a n t .  We concluded t h a t ,  i n  p l a n t s  i n -  
ocu la t ed  during vege ta t ive  growth s t ages ,  a l l  flowers and immature 
seeds and pods became in fec t ed .  A s  seeds and pods matured t h e  
presence o f  i n f e c t i v e  v i rus  decreased. When two soybean v a r i e t i e s  
were compared, t h e  v a r i e t y  with r e l a t i v e l y  high incidence of 
v i r u s  t ransmiss ion  through seed a l s o  had a  high incidence of 
i n f e c t i v e  v i r u s  remaining i n  z ~ a t u r e  seed; t h e  v a r i e t y  with low 
seed t ransmission incidence had a  low incidence of  i n f e c t i v e  
v i r u s  i n  mature seed. 

Our s t u d i e s  i n  t h e  cu r ren t  y e a r  were designed t o  l o c a t e  i n f e c t i v e  
v i r u s  i n  mature seed p a r t s  and t o  compare i n f e c t i v i t y  t e s t s  with 
ELISA a s  methods t o  study seed i n f e c t i o n  by SMV. In  one s tudy,  
t h e  incidence o f  i n f e c t i v e  SMV from t h e  t e s t a ,  cotyledon, embryo 
o r  e n t i r e  seed was measured a t  R6, R7, and R8 (R7 corresponds t o  
phys io logica l  matur i ty ;  R8 is  harves t  ma tu r i ty ) .  The r e s u l t s  
(Table 4)  i n d i c a t e  t h a t  seed t ransmission i s  a s soc ia t ed  with t h e  
presence o f  i n f e c t i v e  SFIV i n  embryos, a s  t h e  percentage seed t r ans -  
mission by Midwest and Merit was about 40% and 0%, r e spec t ive ly .  

In t h e  i n t e r e s t  o f  t e s t i n g  whether ELISA could be used t o  p r e d i c t  
t h e  incidence o f  seed t ransmission,  we t e s t e d  seed p a r t s  both by 
i n f e c t i v i t y  and ELISA. The frequency of  samples t h a t  were p o s i t i v e  
by ELISA and negat ive by t h e  i n f e c t i v i t y  t e s t  (Table 5) l ed  t o  a  
s e r i e s  o f  experiments i n  which de tec t ion  of  SMV i n  seed coa t s  of  
Midwest soybeans was t e s t e d  by the  two methods. The r e s u l t s  
(Table 6) i n d i c a t e  t h a t  SMV ant igen  i s  p resen t ,  which g ives  a  
p o s i t i v e  ELISA r e s u l t ,  but t h a t  i n f e c t i v i t y  i s  absent .  This suggests  
t h a t  v i r u s  was p resen t  a t  an e a r l i e r  s t a g e  i n  seed development and 
was i n a c t i v a t e d  during matur i ty ,  leaving noninfec t ive  an t igen .  
The r e s u l t s  a l s o  showed t h a t  t h e  v i rus  an t igen  was i n  the  seed coat  
r a t h e r  than on i t s  su r face  and t h a t  t h e  s t e r i l i z a t i o n  of t h e  seed 
c o a t  su r faces  with t r i sodiwn phosphate d id  not  a f f e c t  t he  r e s u l t s  
wi th  e i t h e r  de t ec t ion  method. 



Table 4. Incidence o f  i n f e c t i v e  SMV i n  seeds and seed  p a r t s  o f  Midwest 
and Merit soybeans t e s t e d  a t  3  l a t e  s t a g e s  of matur i ty .  

Soybean Maturity Percentage seeds o r  seed p a r t s  wi th  i n f e c t i v e  SMV 
Var ie ty  S t  age Seed Tes ta  Cotyledon Embryo 

Merit 

Midwest R6 81.3 81.3 17.3 21.3 

R7 90.7 86.7 36.0 42.7 

R 8  36.0 2.7 32.0 33.3 

R6 93.3 89.3 21.3 16.0 

R 7  88.0 86.7 9 .3  6 .7  

R8 0.0 0.0 0.0 0 .0  

Table 5. Comparison o f  ELISA and i n f e c t i v i t y  t e s t s  f o r  d e t e c t i o n  o f  SMV 
i n  seed  p a r t s  d i s s e c t e d  from t h e  R8 seeds o f  SMV-infected Midwest 
soybeans. 

No. t e s t s  posi t ive/No.  samples t e s t e d  
Method Tes ta  Cotyledon ~ m b r y o  

ELISA 72/ 75 26/ 75 25/ 75 

I n f e c t i v i t y  2/75 24/ 75 251 75 

The impl ica t ions  o f  t h e  above r e s u l t s  a r e  t h a t  SMV seed transmission i s  
t h e  r e s u l t  o f  embryo i n f e c t i o n  and ELISA cannot be used on whole seeds 
t o  accura t e ly  p r e d i c t  t he  incidence o f  seed t ransmission i n  a  seed l o t .  
Dissec t ion  o f  seeds o r  t e s t i n g  o f  germinated seed l ings  should be used if 
ELISA t e s t s  a r e  t o  be employed i n  seed c e r t i f i c a t i o n .  



Table 6. Detection of SMV i n  seed t e s t a s  by ELISA and i n f e c t i v i t y .  

No. samples posi t ive/No.  samples t e s t e d  

Experiment Treatment- a  / ELISA I n f e c t i v i t y  

S t e r i l i z e d  25/ 25 O /  25 

Not s t e r i l i z e d  25/25 0/25 

S t e r i l i z e d  25/25 O/ 25 

Not s t e r i l i z e d  25/25 0/25 * 

S t e r i l i z e d  25/25 O/ 25 

Not s t e r i l i z e d  25/25 O/ 25 

a/ Surface s t e r i l i z a t i o n  o f  R8 seeds was by soaking 1 minute i n  10% 
t r i sodium phosphate followed by r i n s i n g  i n  d i s t i l l e d  water.  

c .  S tudies  on t h e  v i ru lence  of seedborne SFW i s o l a t e s  from the  USDA 
soybean germplasm c o l l e c t i o n s .  

SMV i s  t h e  most widespread soybean v i r u s  and it poses an important 
t h r e a t  t o  soybean product ion i n  a reas  where aphid vec to r s  a r e  p l e n t i -  
f u l  and a c t i v e .  Our research  on SMV i s  based on a  need t o  gener- 
a t e  information t h a t  may be used t o  con t ro l  SMV spread i n  t h e  f i e l d .  
Since the  v i r u s  is seedborne we have given some a t t e n t i o n  t o  
reducing t h e  prevalence of seedborne v i r u s  i n  our  l i n e s  and 
v a r i e t i e s .  We have a l s o  s tud ied  t h e  use of  gene t i c  r e s i s t a n c e  t o  
i n f e c t i o n  by SMV. Other workers have r e l eased  v a r i e t i e s  p u t a t i v e l y  
r e s i s t a n t  t o  SMV i n f e c t i o n  but  no one had previously inves t iga t ed  
the  p o s s i b i l i t y  t h a t  var ious  SMV s t r a i n s  d i f f e r i n g  i n  v i ru l ence  
might e x i s t .  We have the re fo re  c o l l e c t e d  SMV i s o l a t e s  from a  wide 
range of soybean germplasm and t e s t e d  the  v i ru lence  of t h e  i so -  
l a t e s  aga ins t  s i x  p u t a t i v e l y  r e s i s t a n t  and two known suscep t ib l e  
soybean v a r i e t i e s .  Seeds were obtained from t h e  USDA soybean 
germplasm c o l l e c t i o n s  a t  Urbana, I l l i n o i s ,  and S t o n e v i l l e ,  Mississippi  

Accessions s e l e c t e d  f o r  v i r u s  i s o l a t i o n  were from t h e  most recent  
i n t roduc t ions  and from a s  wide a  geographical range a s  poss ib l e .  
A l l  seeds used, however, were produced i n  t h e  U.S., and thus i t  
cannot be assumed t h a t  t he  geographical o r i g i n  of  t h e  accession 
i s  a l s o  t h e  o r i g i n  o f  t h e  v i r u s  i s o l a t e s .  Twenty-three accessions 
from the  Urbana germplasm c o l l e c t i o n  and 53  from t h e  S tonev i l l e  
germplasm c o l l e c t i o n  were used a s  sources of seedborne SMV. 



About 90 soybean seeds o f  each accession were p l an ted  i n  a sand- 
bench i n  the  greenhouse. Soybean seedl ings  with mosaic symptoms 
two weeks a f t e r  p l a n t i n g  were t r ansp lan ted  i n t o  composted, auto-  
claved s o i l  i n  c l ay  p o t s .  The d iseased  p l a n t s  were l a t e r  used 
t o  prepare inoculum f o r  inocu la t ion  o f  soybean d i f f e r e n t i a l s .  

Inoculum was gene ra l ly  prepared one week a f t e r  t r ansp lan t ing  from 
t r i f o l i o l a t e  leaves  showing mosaic symptoms. Four o r  f i v e  tri- 
f o l i o l a t e  leaves from diseased  p l a n t s  were homogenized i n  b u f f e r ,  
a small amount o f  Carborundum (600 mesh) was added, and t h e  inocu- 
lum was appl ied  by rubbing the  leaves of t e s t  p l a n t s .  

SMV samples were a l s o  c o l l e c t e d  from field-grown soybeans. Th i r ty  
fou r  SMV-infected p l a n t s  found i n  t h e  soybean germplasm f i e l d  
t r i a l  a t  Urbana, I l l i n o i s  i n  1977 and 27 samples from t h e  f i e l d  
t r i a l  a t  S t o n e v i l l e ,  a l s o  i n  1977, were c o l l e c t e d .  F i e ld  co l l ec -  
t i o n s  a t  S t o n e v i l l e  were made on June 10, 1977 when t h e  p l a n t s  
were a t  t h e  primary l e a f  s t a g e .  Leaf samples i n  v inyl  bags were 
brought by a i r p l a n e  from S t o n e v i l l e  t o  Urbana and kept i n  t h e  
r e f r i g e r a t o r  before  inocu la t ions  on Rampage soybeans i n  t h e  
greenhouse were made. A t  Urbana, f i e l d  c o l l e c t i o n s  were made on 
J u l y  7, 1977, when t h e  p l a n t s  had produced the  t h i r d  t r i f o l i o l a t e  
leaves .  

Diseased soybeans c o l l e c t e d  from t h e  f i e l d  were used t o  inocu la t e  
t h e  primary leaves o f  Rampage soybeans,and Rampage soybean leaves  
showing mosaic symptoms about t e n  days a f t e r  i nocu la t ion  were 
used a s  inoculum t o  inocu la t e  soybean d i f f e r e n t i a l s .  When Rampage 
soybeans were inocula ted  with inoculum prepared from f i e l d - c o l l e c t e d  
samples, t h e  inoculum was indexed by t h e  Top Crop bean index method 
t o  comfirm t h a t  SMV was p resen t .  I s o l a t e s  showing symptoms i n  
Rampage soybeans and inducing l o c a l  l e s i o n  formation on t h e  
detached leaves of Top Crop beans were used f o r  f u r t h e r  d i f f e r -  
e n t i a t i o n  on t h e  bas i s  o f  r eac t ions  on soybean d i f f e r e n t i a l s .  

The inocula ted  p l a n t s  were kept  i n  a greenhouse i n  which tempera- 
t u r e s  ranged from 18 - 30 C .  Supplemental l i g h t i n g  was from 
f luo rescen t  l i g h t s  t o  g ive  a d a i l y  l i g h t  per iod  of  14 h r .  To t e s t  
whether temperature a f f e c t e d  symptom development i n  soybean 
d i f f e r e n t i a l s ,  experiments were conducted with r ep resen ta t ive  
i s o l a t e s  o f  each group i n  growth chambers maintained a t  23 2 1 C ,  
and 30 - + 1 C with 14 h r  l i g h t  and 10 h r  dark per iods .  

A l l  SMV i s o l a t e s  were c l a s s i f i e d  i n t o  groups on t h e  bas i s  of 
r eac t ions  o f  soybean d i f f e r e n t i a l s .  Virus i s o l a t e s  s e l e c t e d  from 
each r e a c t i o n  group t o  be used f o r  f u r t h e r  s tudy were maintained 
by inocu la t ion  t o  soybean p l a n t s  i n  t h e  greenhouse. The soybean 
c u l t i v a r  Rampage was used t o  maintain t h e  i s o l a t e s .  

Soybean d i f f e r e n t i a l s  were prepared by seeding f i v e  t o  s i x  seeds 
of  each d i f f e r e n t i a l  i n  a c l ay  p o t ,  and a l l  germinated seedl ings  



were inocula ted .  Ten po t s  wi th  f i v e  t o  s i x  p l a n t s  of  each 
d i f f e r e n t i a l  were used f o r  i nocu la t ion  o f  each r e p r e s e n t a t i v e  
i s o l a t e  a t  t h e  f i r s t  i nocu la t ion .  This was repea ted  with f i v e  
po t s  wi th  f i v e  t o  s i x  p l a n t s  a f t e r  t he  f i r s t  t e s t  was completed. 

The research  approach was t o  c o l l e c t  soybean mosaic v i r u s  i s o l a t e s  
from sand-bench and f i e l d  grown soybean seed l ings  and t o  mechani- 
c a l l y  inocu la t e  a  range of  soybean c u l t i v a r s  inc luding  r e s i s t a n t  
and suscep t ib l e  types .  Buffalo, Davis, Kwanggyo, Marshall ,  Ogden 
and York soybeans were the  SMV r e s i s t a n t  c u l t i v a r s  used. Rampage 
soybeans were used a s  an SIW-susceptible c u l t i v a r  and Clark was 
used a s  moderately s u s c e p t i b l e  t o  SMV. 

I s o l a t e s  were d i f f e r e n t i a t e d  on t h e  b a s i s  of  major d i f f e rences  
i n  symptoms such a s  l o c a l  l e s ions  on inocu la t ed  primary leaves 
and t h e  occurrence of  systemic symptoms and whether o r  not  t h e  
symptoms involved nec ros i s  o r  mosaic p a t t e r n s .  

Appropriate t e s t s  (ELISA, hos t  range and o t h e r  serology methods) 
were used t o  show t h a t  t h e  v i r u s e s  i s o l a t e d  from t h e  seed and 
f i e l d  samples were SMV and contained no o t h e r  v i ruses .  

Twelve ou t  o f  53 soybean P.1.s  from t h e  S t o n e v i l l e  germplasm 
c o l l e c t i o n ,  and seven out  o f  23 soybean P.1.s  from t h e  Urbana 
germplasm c o l l e c t i o n ,  produced one o r  more seedl ings  wi th  v i r u s  
symptoms. From these  19 soybeans, 37 i s o l a t e s  of  SMV were obtained.  
Each i s o l a t e  was obta ined  from a  s i n g l e  p l a n t  showing mosaic symptoms. 

Clark and Rampage produced mosaic symptoms when inocu la t ed  with 
each o f  t h e  37 i s o l a t e s .  I n  c o n t r a s t ,  only f o u r  i s o l a t e s  caused 
symptoms i n  Davis and York. Twelve o f  t h e  37 i s o l a t e s  caused 
n e c r o t i c  symptoms i n  Marshall and n ine  o f  t h e  37 i s o l a t e s  caused 
nec ros i s  i n  Ogden. Kwanggyo produced nec ros i s  only when inocula ted  
wi$h i s o l a t e  32-2, and none of  t h e  i s o l a t e s  obta ined  from seeds 
caused v i s u a l  o r  l a t e n t  i n f e c t i o n  i n  Buffalo. 

The 37 seedborne i s o l a t e s  were c l a s s i f i e d  i n t o  f i v e  groups accord- 
ing  t o  t h e  r eac t ions  they caused i n  t h e  s i x  soybean c u l t i v a r s  used 
a s  d i f f e r e n t i a l s  (Table 7) .  Representat ive i s o l a t e s  of each group 
were s e l e c t e d  f o r  f u r t h e r  i n v e s t i g a t i o n .  

I s o l a t e  32-2 (Table 7) was t h e  only unique i s o l a t e  obta ined  i n  
t h i s  s e r i e s  o f  t e s t s .  Three i s o l a t e s  showed reac t ions  s i m i l a r  
t o  those caused by i s o l a t e  016-2, n ine  i s o l a t e s  gave r eac t ions  
s i m i l a r  t o  those of  i s o l a t e  83-2, e i g h t  i s o l a t e s  gave r e a c t i o n s  
s i m i l a r  t o  those o f  i s o l a t e  60, and s i x t e e n  i s o l a t e s  gave r eac t ions  
s i m i l a r  t o  those of  i s o l a t e  019-2. 

Twenty-seven i s o l a t e s  from 20 soybeans i n  t h e  USDA S t o n e v i l l e  
germplasm c o l l e c t i o n  grown a t  S t o n e v i l l e ,  Miss iss ippi ,  and 34 
i s o l a t e s  from 34 soybeans i n  t h e  USDA Urbana germplasm c o l l e c t i o n  



of  soybean grown a t  Urbana, I l l i n o i s ,  were obtained. Each 
i s o l a t e  was inoculated t o  Rampage soybeans t o  provide inoculum 
f o r  inocula t ion  of the  soybean d i f f e r e n t i a l s .  A l l  i s o l a t e s  
produced mosaic symptoms i n  Rampage soybeans. 

Table 7. Reactions of  soybean c u l t i v a r s  a s  d i f f e r e n t i a l s  t o  i s o l a t e s  
of soybean mosaic v i rus  obtained from seeds of  soybean germplasm 
co l l ec t ions .  

Soybean a/ 
b/ 

Symptoms caused by SMV isola tes-  
Cul t i v a r s  32- 2- 016-2 83-2 6 0 019-2 

Clark 

Rampage 

Davis 

York 

Marshal 1 

Ogden 

Kwanggyo 

Buffalo 

a/ :Reactions on the  inoculated primary leaves / reac t ions  on t h e  
noninoculated t r i f o l i o l a t e  leaves -: Symptomless, no v i rus  was detec ted  
by Top Crop indexing, M:Mosaic symptoms,N:Necrosis 

b/:Designation o f  representa t ive  i s o l a t e  of SMV f o r  each group 



Seven i s o l a t e s  showed the  same reac t ions  on t h e  d i f f e r e n t i a l s  a s  
t h e  32-2 i s o l a t e .  Eight i s o l a t e s  r e s u l t e d  i n  t h e  83-2 i s o l a t e  
type r e a c t i o n s .  S ix teen  i s o l a t e s  showed t h e  same reac t ions  a s  t h e  
60 i s o l a t e  type r e a c t i o n  group, and eleven i s o l a t e s  belonged t o  
t h e  019-2 i s o l a t e  type r e a c t i o n  group. 

A s  shown i n  Table 8, i s o l a t e  s 29 r ep resen t s  t h e  019-2 type ,  
u  484 represents  t he  60 type,  u  35 r ep resen t s  t h e  83-2 type,  and 
s14-3 r ep resen t s  t he  32-2 type .  However, two o t h e r  r e a c t i o n  types  
were discovered,  which were not  found i n  t h e  i s o l a t e s  obta ined  
from t h e  seeds p lanted  i n  t h e  sand bench. I s o l a t e s  u  670 and 
u  613 produced n e c r o t i c  symptoms i n  Buffalo.  The u  670 i s o l a t e  
caused mosaic symptoms i n  Clark,  Rampage, Davis, and York, and 
nec ros i s  i n  Marshall ,  Ogden, Kwanggyo, and Buffalo.  Because i t  
i n f e c t e d  a l l  o f  t h e  d i f f e r e n t i a l s ,  i t  was t h e  most v i r u l e n t  of 
a l l  t he  i s o l a t e s  o f  SMV t e s t e d  i n  t h i s  s tudy.  

A second group of  i s o l a t e s  t h a t  d i f f e r e d  from those  previous ly  
discovered were those showing t h e  same r e a c t i o n s  a s  i s o l a t e  u  427. 
Clark,  Rampage, Davis, and York were suscep t ib l e  t o  i n f e c t i o n  by 
u  427 type i s o l a t e s  and produced mosaic symptoms. Marshall and 
Kwanggyo produced necros is  while Ogden and Buffalo remained 
symptomless. Eleven i s o l a t e s  showing r eac t ions  s i m i l a r  t o  t h e  
u  427 i s o l a t e  were found. 

No i s o l a t e s  showing the  same p a t t e r n  of r eac t ions  a s  t h a t  caused 
by i s o l a t e  016-2 were obtained from e i t h e r  f i e l d  c o l l e c t i o n s .  

Ninety-eight i s o l a t e s  of  SMV, 37 from seeds and 61  from f i e l d  
samples, thus were c l a s s i f i e d  i n t o  seven d i f f e r e n t  s t r a i n s  based 
on t h e  symptoms they produced i n  soybean d i f f e r e n t i a l s .  Those a r e  
designated a s  SMV-G1, SMV-G2, SMV-G3, SMV-G4, SMV-G5, SMV-G6, and 
SMV-G7 f o r  i s o l a t e  types 019-2, 60, 83-2, 016-2, 32-2, u  427, and 
u  670, r e spec t ive ly  (Table 9 ) .  

Of the  98 i s o l a t e s  o f  SMV used i n  these  t e s t s ,  SMV-G1 inc ludes  
27 i s o l a t e s ,  11 from seeds and 16 from f i e l d  samples; SMV-G2 
inc ludes  24 i s o l a t e s ,  8  from seeds and 16 from f i e l d  samples; 
SMV-G3 inc ludes  17 i s o l a t e s ,  8  from seeds and 9  from f i e l d  samples; 
SMV-G4 inc ludes  3  i s o l a t e s ,  a l l  from seeds ;  SMV-G5 inc ludes  8  
i s o l a t e s ,  one from seed and 7  from f i e l d  samples; SMV-G6 inc ludes  
17 i s o l a t e s ,  a l l  from f i e l d  samples; and SMV-G7 inc ludes  two i s o -  
l a t e s  from f i e l d  samples. 

Grouping was on t h e  b a s i s  o f  r eac t ions  o f  one o r  two p l a n t s  of  
each soybean d i f f e r e n t i a l  i n  t e s t s  conducted between Apr i l  and 
September, 1977. I s o l a t e s  c l a s s i f i e d  e a r l y  i n  t h i s  per iod  were 
used subsequently a s  s tandards  t o  compare t h e i r  r eac t ions  with 
i s o l a t e s  t e s t e d  l a t e r .  Af t e r  t h e  i n i t i a l  t e s t s  were completed, 
the  one i s o l a t e  from each group ind ica t ed  above was s e l e c t e d .  
The r e p r e s e n t a t i v e  i s o l a t e s  were then t e s t e d  together  i n  t h e  
greenhouse two times, and i n  t h e  growth chambers one time; the  
r e s u l t s  showed t h a t  the  r eac t ions  were cons i s t en t  and reproducible .  
The l a t t e r  t e s t s  were conducted during November and December, 1977. 



Table 8. Reactions of soybean cul t ivars  as d i f ferent ia ls  t o  i so la tes  of soybean 

mosaic virus obtained from f i e l d  samples collected from the USDA soybean gem- 

plasm collections. 

Soybean a/ Symptoms caused by S?;Y isolates- 

cult ivars u 67&/ u 4 2 7  s 14-3 u 35 u 484 s 2 9  

Clark - bj - bl - b l  -/M - Dl -fiI 

Davis - /hl -m -/?*I -1- -/ - -1- 

York -/hi - /hi - /bl -/ - -1- -/ - 

Marshall N/N . N/N -1- N/N N/N -/ - 

Ogden N/N -/- - / - N/N -1- -/- 

Kwanggyo N/N N/N N/N -/ - -/ - -/ - 

Buff a10 N/N -1- -1- -1- -/- -/ - 

a': Reactions on the inoculated primary leaves / reactions on the noninoculated 

t r i f o l i o l a t e  leaves -: Symptomless, no virus was detected by Top Crop indexing, 

M : bbsaic sympto~ns, N : Necrosis 

b': Designation of representative i so la t e  of 9 N  fo r  each group 



Table 9. Reactions of soybean cultivars as differentials  to  each group of soybean mosaic virus 

i sola tes  obtained from the USllA soybean gemplasm collections. 

Soybeq a/ Symptoms caused by 34V isolates- 

cu l t  ivars SW- G 7 SMV- GG 3W-G5 9N-G4 SN-G3 3W-G2 b/ SMV-G1- 

Clark 

I 
N 
m Davis 
I 

York 

Marshall 

Ogden 

Buffalo 

- - 

5': Reactions on the inoculated primary leaves / reactions on the noninoculated t r i f o l i o l a t e  leaves 

-:Symptmless, no virus was detected by Top Crop indexing, M:Mosaic symptoms, N:Necrosis 

b': &signation of 3.W i so la te  group 



The r e s u l t s  i n  the  growth chamber when t h e  temperature was 24C 
were s i m i l a r  t o  those obtained i n  t h e  greenhouse. Necrotic 
symptoms were more conspicuous a t  30+1 C than a t  24fl C ,  but 

no q u a l i t a t i v e  differences i n  react ions  were noted a t  t h e  higher 
temperature. 

Inoculat ion o f  soybean d i f f e r e n t i a l s  with seven representa t ive  
SMV i s o l a t e s  showed consis tent  and dis t inguishing di f ferences  
among the  i s o l a t e s .  The r e s u l t s  o f  these  t e s t s  a l s o  indicated  
di f ferences  among the  soybean c u l t i v a r s  used a s  d i f f e r e n t i a l s  
f o r  these  t e s t s ,  suggesting t h a t  t h e  various " res i s t an t "  v a r i e t i e s  
used possess d i f f e r e n t  genet ic  systems f o r  r es i s t ance  t o  SMV. 

The necro t i c  symptoms observed i n  SMV-infected Buffalo, Davis, 
York, Kwanggyo, Marshall, and Ogden soybeans were e s s e n t i a l l y  the 
same regardless  of the  responsible i s o l a t e  of SMV: they were 
a l s o  q u i t e  s imi la r  t o  those described by previous workers. 
Necrosis caused by SMV i n  r e s i s t a n t  c u l t i v a r s  was d i f f e r e n t  from 
t h a t  caused by tobacco r ingspot  v i rus  which does not  genera l ly  
cause systemic in fec t ion  t o  form les ions  and does cause severe 
s tun t ing  o f  the  p lan t s .  The r e s u l t s  obtained i n  t h i s  study confirm 
previous observations which suggested t h a t  nec ro t i c  symptoms caused 
by SMV a r e  associa ted  with v i r u l e n t  i s o l a t e s  in fec t ing  soybean 
c u l t i v a r s  r e s i s t a n t  t o  l e s s  v i ru len t  i s o l a t e s .  The occurrence 
of systemic necrosis  caused by v i ru len t  s t r a i n s  of  SMV is a ser ious  
t h r e a t  t o  e f f o r t s  towards improving soybeans f o r  SMV-resistance, 
a problem t h a t  has already occurred i n  production f i e l d s  i n  
South Korea. 

SMV i s o l a t e s  in fec t ing  Davis, York, and Buffalo a r e  reported here 
f o r  the  f i r s t  time i n  t h e  U.S. In  addi t ion  t o  the  s u s c e p t i b i l i t y  
o f  those soybean c u l t i v a r s ,  it may be s i g n i f i c a n t  t h a t  a t  l e a s t  
two i s o l a t e s  i n  SMV-G7 and one i s o l a t e  i n  SMV-G6 (ISP-29) a r e  able  
t o  cause severe nec ro t i c  symptoms o r  mosaic symptoms i n  P . I .  96.983, 
which has been shown previously t o  have res i s t ance  t o  SMV and 
is now i n  wide use a s  a source of SMV res i s t ance  f o r  U.S. soybean 
v a r i e t y  improvement. 

The most widely grown soybeans, Wayne, Clark, Lee, Amsoy, Corsoy, 
Bragg, Dare, Chippewa, Beeson, and Harosoy, not  only have a narrow 
genet ic  background but  they a l s o  are  r e l a t e d  t o  Clark, Davis, 
Ogden, Rampage and York which were suscept ib le  t o  many of the  SMV 
i s o l a t e s  used i n  t h i s  study. The information obtained i n  t h i s  
study w i l l  be valuable f o r  re-evaluation of a l l  ' r e s i s t a n t '  soybean 
c u l t i v a r s  o r  l i n e s  and f o r  more s a t i s f a c t o r y  evaluation of  l i n e s  
f o r  SMV res i s t ance  i n  t h e  fu tu re .  These newly recognized SMV 
s t r a i n s  w i l l  a l s o  be useful  f o r  genet ic  s tud ies  on host -v i rus  
in te rac t ions ,  and f o r  s tud ies  on o the r  b io logical  p roper t i e s  of 
the  v i r u s  such a s  seed transmission, aphid transmission and 
serological  p roper t i e s .  

There has been no evidence t h a t  t h e  SMV i s o l a t e  groups contain 
v i ruses  o ther  than SMV according t o  symptomatology, Top Crop 



indexing,  se ro logy  and h o s t  range t e s t s .  However, t h e  p o s s i b i l i t y  
t h a t  one o r  more of t h e  SMV groups could c o n s i s t  o f  a  mixture  o f  
SMV s t r a i n s ,  e s p e c i a l l y  i n  i s o l a t e s  ob t a ined  from f i e l d  samples, 
has  no t  been completely e l imina ted .  

Genet ic  s t u d i e s  on cowpea mosaic v i r u s .  

S t u d i e s  on t h e  g e n e t i c s  of cowpea mosaic v i r u s  (CPMV) which began 
l a s t  y e a r  were concluded. Our o b j e c t i v e  was t o  determine whether 
s t r a i n s  o f  t h i s  multicomponent, b e e t l e  t r a n s m i t t e d  v i r u s  can r e -  
combine t o  form new pa thotypes .  Two n a t u r a l  s t r a i n s  o f  CPMV were 
used which d i f f e r e d  i n  symptomatology and a n t i g e n i c  s p e c i f i c i t y .  
The r e s u l t s ,  which have been pbbl i shed ,  showed t h a t  g e n e t i c  
pseudorecombination can occur .  Our work on t h i s  v i r u s  is being 
concluded because t h e  v i r u s  does n o t  appear  t o  spread  t o  soybeans 
r e a d i l y  even when i n f e c t e d  cowpeas a r e  i n t e r p l a t n e d  wi th  soybeans.  

S t u d i e s  on t h e  DNA genome o f  bean golden mosaic v i r u s ,  a  whi te f ly-  
t r a n s m i t t e d  ~ l a n t  v i r u s .  

Our work on t h i s  novel p l a n t  v i r u s  which was begun l a s t  y e a r  has  
cont inued.  Bean golden mosaic v i r u s  is t h e  first wh i t e f ly - t r ansmi t t ed  
v i r u s  d i scovered  and cha rac t e r i zed .  We showed t h a t  t h e  v i r u s  
con ta in s  an unusual ly  small  s i ng l e - s t r anded  DNA genome molecule.  
The r e s u l t s  of t he se  s t u d i e s  have been publ i shed .  Severa l  b a s i c  
ques t i ons ,  having t o  do wi th  how such a  small  DNA molecule can 
cause d i s ea se  and whether t h e  v i r u s  i s  multicomponent o r  n o t ,  
have no t  been r e so lved  and work i s  t h e r e f o r e  cont inu ing .  

P repa ra t i on  and t e s t i n g  o f  a  s p e c i f i c  ant iserum t o  BGMV. 

BGMV was p u r i f i e d  and used t o  immunize a  6 l b .  New Zealand white  
r a b b i t .  Weekly in t ramuscular  i n j e c t i o n s  were given o f  v i r u s  
emul s i f i ed  i n  Fruend 's  complete ad juvant .  Se ra  were ob ta ined  
from t h e  r a b b i t  a t  va r ious  times. The d i l u t i o n  endpoint  t i t e r  of 
t h e  serum a f t e r  4 weeks reached 1/320 when t e s t e d  a g a i n s t  t h e  
sap  o f  i n f e c t e d  p l a n t s  i n  Ouchterlony double d i f f u s i o n  t e s t s .  

Although t h e  v i r u s  used f o r  i n j e c t i o n  was h igh ly  p u r i f i e d ,  a n t i -  
bodies  s p e c i f i c  f o r  p h y t o f e r r i t a n  were a l s o  p re sen t  i n  t h e  BGMV 
ant iserum. The endpoint t i t e r  o f  t h e  p h y t o f e r r i t i n  an t ibod ie s  
was u s u a l l y  l e s s  than  1/32,  however, and t h e  an t ibod ie s  could be 
c r o s s  absorbed wi th  p u r i f i e d  p h y t o f e r r i t i n .  S ince  BGMV-infected 
p l a n t s  produce l a r g e  amounts o f  p h y t o f e r r i t i n  and s i n c e  phyto- 
f e r r i t i n  l e v e l s  i n  hea l thy  p l a n t s  a r e  very low, t h e  presence o f  
p h y t o f e r r i t i n  i n  immunogens, o r  an t ibod ie s  s p e c i f i c  f o r  phyto- 
f e r r i t i n  i n  v i r u s  a n t i s e r a ,  must be reckoned wi th  i n  t h e  i n t e r -  
p r e t a t i o n  o f  s e r o l o g i c a l  t e s t s  wi th  t h i s  v i r u s .  The BGMV a n t i -  
serum has  been used t o  s tudy  t h e  sedimentat ion components asso-  
c i a t e d  wi th  BGMV and has  been d i s t r i b u t e d  t o  coopera tors  i n  Niger ia ,  
I n d i a ,  I s r a e l  and B r a s i l  f o r  t e s t i n g .  



g. U l t r a s t r u c t u r e  of i n f e c t i o n  by BGMV. 

A s tudy has been made of  t he  time course and u l t r a s t r u c t u r a l  
aspec ts  of  BGMV i n f e c t i o n  o f  bean c e l l s  using t h e  e l e c t r o n  micro- 
scope. The work, which has been accepted fo.r pub l i ca t ion ,  showed 
t h a t  BGMV i n f e c t s  t he  nuc le i  of bean c e l l s  a s soc ia t ed  wi th  the  
phloem. Dramatic u l t r a s t r u c t u r a l  a l t e r a t i o n s  occur i n  t h e  in -  
f e c t e d  nucle i  t h a t  a r e  un l ike  any caused by previous ly  known p l a n t  
v i ruses .  We have a l ready used these  observat ions t o  diagnose a  
d i sease  from a  weed p l a n t  common i n  Costa Rica a s  caused by a  
whi te f ly- t ransmi t ted  v i r u s  t h a t  i n f e c t s  soybeans i n  t r o p i c a l  
America. 

h.  Attempts t o  pu r i fy  and cha rac te r i ze  whi te f ly- t ransmi t ted  v i r u s e s  
f mm soybeans. 

Unsuccessful a t tempts  t o  p u r i f y  soybean-infect ing whi te f ly-  
t r ansmi t t ed  v i ruses  were made i n  e a r l y  1977 i n  cooperat ion with 
D r .  J u l i o  Bird, Universi ty of Puerto Rico, and i n  l a t e  1977 i n  
cooperat ion with D r .  J .  Vetten, I n t e r n a t i o n a l  I n s t i t u t e  f o r  
Tropica l  Agr icul ture ,  Nigeria .  A cooperat ive i n v e s t i g a t i o n  is 
now underway with D r .  S.P.S. Beniwal t o  see  i f  e l e c t r o n  microscopy 
can be used t o  diagnose soybeans in fec t ed  with mung bean yellow 
mosaic v i r u s e s  from India .  

i .  Attempt t o  p u r i f y  t h e  agent causing lima bean golden mosaic i n  
Nigeria .  

I n  co l l abora t ion  with D r .  J. Vetten o f  IITA, Nigeria ,  we attempted 
but f a i l e d  t o  p u r i f y  the  lima bean golden mosaic agent .  This i s  
suspected t o  be a  v i r u s  r e l a t e d  t o  BGMV. Sero logica l  t e s t s  a r e  
now underway a t  IITA t o  check t h i s  p o s s i b i l i t y  more d i r e c t l y .  

Yield l o s s e s  and f i e l d  t ransmission o f  soybean v i ruses .  

a .  Soybean mosaic v i r u s  

These s t u d i e s  a r e  cooperat ive work with t h e  INTSOY entomologist 
and a r e  covered i n  t h e  r e p o r t  by D r .  M. E .  Irwin. 

b. Cowpea mosaic v i r u s  

The discovery of  na tu ra l  i n f e c t i o n  of  soybeans by CPMV-PR and 
t h e  severe  d i sease  caused by t h i s  v i rus  ( see  1976-77 con t rac t  
r epor t )  l e d  t o  a  s e r i e s  of  experiments t o  determine t h e  l i k e l i -  
hood o f  CPMV-PR becoming a  problem i n  soybean production. The 
s ign i f i cance  o f  CPMV i n f e c t i o n  of soybeans i n  soybean production 
would depend p r imar i ly  on t h e  t ransmission of  t h e  v i rus  from a  
primary source t o  nearby p lan t s  by b e e t l e s ,  t h e  e f f e c t  of t h e  
v i r u s  i n f e c t i o n  on soybean seed y i e l d ,  and t h e  s u s c e p t i b i l i t y  of 



d i f f e r e n t  soybean c u l t i v a r s  t o  t h e  i n f e c t i o n .  To exp lo re  t h e s e  
f a c t o r s ,  t h r e e  types of s t u d i e s  were conducted. Transmission o f  
CPMV-PR by b e e t l e  vec to r s  i n  t h e  f i e l d  and greenhouse was t e s t e d ,  
y i e l d  reduc t ions  i n  soybeans due t o  CPMV-PR i n f e c t i o n  were measured, 
and soybean c u l t i v a r s  were screened t o  i d e n t i f y  p o s s i b l e  sources  
o f  r e s i s t a n c e .  

Transmission of CPMV-PR from Cowpeas t o  Cowpeas and Soybeans. 
Bean l e a f  b e e t l e s ,  Ceratoma t r i f u r c a t a ,  were c o l l e c t e d  from a 
soybean f i e l d  a t  Tolono, I l l i n o i s  i n  August 1976. Ind iv idua l  
b e e t l e s  were allowed t o  feed  on a  s i n g l e  hea l thy  cowpea seed l ing  
(10 days o ld )  f o r  two days immediately before  use i n  t h e  t r a n s -  
mission experiments.  These cowpea p l a n t s  were maintained i n  t h e  
greenhouse f o r  one month t o  a s su re  t h a t  each b e e t l e  was no t  v i r u l i -  
f e rous .  Acquis i t ion  feeding was by al lowing each b e e t l e  t o  feed  
f o r  48 hours on t r i f o l i o l a t e  leaves  from cowpea p l a n t s  i nocu la t ed  
wi th  CPMV-PR 14 days e a r l i e r  o r  on leaves  from comparable hea l thy  
p l a n t s  he ld  i n  p e t r i  d i shes  ( 1 . 5 ~ 6  cm). Leaf t u r g i d i t y  was pre-  
s e rved  by inc luding  a  small  p i e c e  o f  moistened f i l t e r  paper  i n  
each p e t r i  d i sh .  I nocu la t i on  feed ing ,  which was a l s o  f o r  48 hours,  
was by conf in ing  each b e e t l e  t o  each hea l thy  cowpea o r  soybean 
seed l ing  (10 o r  12 days o l d ,  r e s p e c t i v e l y )  using c y l i n d r i c a l  
(5x20 cm) c e l l u l o s e  n i t r a t e  cages.  Twenty seed l ings  each o f  
cowpea and soybean were exposed t o  b e e t l e s  prev ious ly  f e d  on 
i n f e c t e d  leaves and 10 each t o  b e e t l e s  prev ious ly  f e d  on hea l thy  
leaves .  Inocula ted  cowpeas and soybeans were maintained i n  t h e  
greenhouse f o r  t h r e e  weeks f o r  symptom development. Leaves from 
symptomless p l a n t s  were used a s  inoculum i n  indexing t o  S c o t i a  
beans. 

None o f  t h e  f i e l d - c o l l e c t e d  b e e t l e s  were v i r u l i f e r o u s  s i n c e  no 
cowpea p l a n t s  exposed t o  i nd iv idua l  b e e t l e s  showed any v i r u s l i k e  
symptoms. A l l  cowpea p l a n t s  and t h r e e  ou t  o f  20 soybean p l a n t s  
i nocu la t ed  by b e e t l e s  fed  on i n f e c t e d  leaves  during a c q u i s i t i o n  
feeding became i n f e c t e d .  Symptoms t y p i c a l  of CPMV-PR appeared 
on cowpeas 5 days and on soybeans 13 days a f t e r  i nocu la t i on  feed- 
i ng .  No t ransmiss ion  was ob ta ined  from p l a n t s  exposed t o  b e e t l e s  
prev ious ly  f e d  on hea l thy  leaves .  Transmission r a t e s  from cowpeas 
t o  cowpeas and from cowpeas t o  soybeans i n  my experiments a r e  i n  
very good agreement wi th  those  r epo r t ed  by Jansen and S t a p l e s  i n  
1970. 

F i e ld  Spread o f  CPMV-PR. Two s i m i l a r  experiments were conducted a t  
I s abe l a ,  Puerto Rico; one was p lan ted  on 29 October 1976 (winter)  
and t h e  o t h e r  on 24 May 1977 (summer). P l o t  s i z e  f o r  both exper i -  
ments was 3 5 ~ 2 6 . 5  m. Cowpeas were p lan ted  i n  rows p a r a l l e l  t o  t h e  
long a x i s  with 0.65 m between rows. The c e n t e r  21 rows o f  cowpeas 
were marked i n t o  two small  subplo ts  which had 5 m borders  from t h e  
p l o t  edges and between subp lo t s .  In  t he se  two subp lo t s ,  every 
o t h e r  row o f  cowpeas was mechanically i nocu la t ed  wi th  CPMV-PR when 
t h e  p l a n t s  were a t  t h e  primary l e a f  s t a g e  (10 days o l d ) .  Two 
weeks a f t e r  p l an t ing ,  a l l  noninoculated cowpea p l a n t s  were removed 
and rep laced  with soybean ( c u l t i v a r  Improved Pe l i can ) .  The spread 



Table 10. Transmission ra tes  of the Puerto Rico i so la te  of cowpea mosaic virus 

from cowpea source leaves t o  cowpeas and soybeans by the bean leaf  beetle,  

Ceratana t r i furca ta .  

Source leaves Test plant Transmission 1 
% Transmission 

Infected Cowpeas 20/202 100 

Soybeans 3/20 15 

Heal thy Cowpeas 0/10 0 

Soybeans 0/10 0 

' ~ e e t l e s  were allowed a 48-hr acquisition feeding period followed immediately 

by the same period of inoculation feeding. 

'~ransrnission was expressed as  nunber of plants infected over number of plants 

inoculated. 



o f  t h e  v i r u s  was determined by observing t h e  number of soybean 
p l a n t s  i n f e c t e d  with CPMV-PR which was confirmed by s e r o l o g i c a l  
t e s t s .  The f i r s t  observa t ions  were during t h e  seventh week a f t e r  
p l an t ing ,  a f t e r  which i n f e c t e d  cowpea p l a n t s  i n  one subplo t  were 
removed t o  induce b e e t l e  migrat ion t o  nearby soybeans. Cowpeas 
i n  t h e  o t h e r  subplo t  were l e f t  undisturbed f o r  comparison. Second 
observa t ions  were during t h e  e leventh  week a f t e r  p l a n t i n g  o f  cowpeas. 

Many soybean p l a n t s  wi th  v i r u s - l i k e  symptoms were found during t h e  
f i r s t  observa t ions  bu t  r e s u l t s  from serology t e s t s  i n d i c a t e d  t h a t  
t h e s e  p l a n t s  were no t  i n f e c t e d  wi th  CPMV-PR. A t  t h i s  s t a g e  of  
soybean growth and development, t h e  c h a r a c t e r i s t i c  i n j u r y  on 
l eaves  caused by feeding o f  t h e  bean l e a f  b e e t l e  was v f ry  low 
( l e s s  than  5% o f  l e a f  a r e a  a t  t h e  canopy top  was consumed) i n  
t h e  winter  experiment. The i n j u r y  i n  soybeans caused by b e e t l e  
feeding was about 5-10% consumption of t h e  l e a f  a r e a  a t  t h e  canopy 
top i n  t h e  summer experiment. Again, no CPMV-PR i n f e c t e d  soybean 
p l a n t  was found. 

During t h e  second observa t ions ,  one CPMV-PR i n f e c t e d  soybean p l a n t  
was found i n  t h e  subplo t  where i n f e c t e d  cowpea p l a n t s  were removed 
i n  t h e  win te r  experiment. No CPMV-PR i n f e c t e d  soybean p l a n t  was 
found i n  t h e  summer experiment. Soybean p l a n t s  i n  t h e  summer 
experiment were i n f e s t e d  with t h e  v e l v e t  bean c a t e r p i l l a r  (Ant icars ia  
gemmatalis) and t h e  p l a n t s  had t o  be sprayed with i n s e c t i c i d e s  two 
weeks before  t h e  second observa t ions .  

The low transmission observed during winter  experiment could be 
due t o  reduced b e e t l e  a c t i v i t y  and popula t ion  during t h e  winter  
season. I t  may be because cowpea p l a n t s  were i n f e c t e d  with powdery 
mildew a t  one week before  t h e  f i r s t  observa t ions .  Powdery mildew 
i n f e c t e d  p l a n t s  had mycelium-covered leaves  wi th  l e s s  green c o l o r .  
These leaves  could have been l e s s  a t t r a c t i v e  t o  b e e t l e s  s i n c e  i n j u r y  
i n  cowpeas due t o  b e e t l e  feeding  was a l s o  low. During t h e  summer 
experiment, however, b e e t l e s  were p reva len t  a s  i nd ica t ed  by t h e  
degree of  i n j u r y  caused by b e e t l e  feeding  but  t ransmiss ion  d id  
n o t  occur.  This  s i t u a t i o n  cannot be explained with our  p re sen t  
knowledge of t h e  complex v i rus-vec tor -hos t  r e l a t i o n s h i p .  The 
t ransmiss ion  r a t e  (15%) of  CPMV-PR from cowpeas t o  soybeans, 
i nd ica t ed  from greenhouse s t u d i e s ,  should be  s u f f i c i e n t  f o r  
secondary spread of t h e  v i r u s  i n  t h e  f i e l d .  This  i s  compatible 
wi th  our  previous observat ions of  n a t u r a l l y  i n f e c t e d  soybeans i n  
Puerto Rico, a s  b e e t l e  t ransmiss ion  seems t o  be t h e  only means o f  
t h e  spread o f  t h e  v i r u s  i n  t h e  f i e l d .  

Yie ld  Reductions i n  Soybeans Due t o  CPMV-PR In fec t ion .  Three 
s i m i l a r  experiments were conducted using Improved Pel ican  soybeans 
p l an ted  on* 29 December 1976, 13 May 1977, and 1 J u l y  1977. The 
experimental design was a  randomized complete block, s p l i t  p l o t  
wi th  f o u r  r e p l i c a t i o n s  i n  t h e  f i r s t  experiment and f i v e  r e p l i c a -  
t i o n s  i n  t h e  o t h e r  experiments. Each subplo t  cons i s t ed  of  f i v e  



treatment rows. Each treatment row i n  t h e  f i r s t  experiment was 
f i v e  meters long; i n  l a t e r  experiments rows were s i x  meters long. 
Treatment rows i n  each subplot  were separated by one row of  non- 
t r e a t e d  soybeans on each s i d e .  Spacing between r o w s  was 60 cm. 
The f i v e  treatments each subplot  received were inocula t ions  of 
0, 25, 50, 75, and 100% o f  p l a n t s  a t  e i t h e r  the  primary l e a f  s t age  
o r  the  midbloom s tage .  Plants  were l e f t  noninoculated f o r  0% 
inocula t ion and every fourth p l a n t ,  every o the r  p l a n t ,  th ree  out  
o f  f o u r  p l a n t s ,  and a l l  p l a n t s  were inoculated f o r  25, 50, 75, and 
100% inoculat ions,  respect ively .  

Soybeans were mechanically inoculated when they were a t  the  
primary l e a f  s t a g e  (8 t o  10 days a f t e r  p lant ing)  o r  a t  t h e  midbloom 
s t a g e  when approximately h a l f  of  t h e  flower buds had co lo r .  P lo t s  
were hand-harvested. Seeds from the  0.5 m ends o f  each treatment 
row were not included i n  y i e l d  measurements t o  minimize edge 
e f f e c t s .  Seeds were dr ied  t o  a uniform moisture content of 10% 
(29 December 1976 plant ing)  o r  11% before being weighed. 

Inoculated soybean p lan t s  i n  t h e  f i e l d  showed typ ica l  symptoms o f  
CPMV-PR in fec t ion  within 5 t o  7 days a f t e r  inocula t ion.  Infected  
p lan t s  were counted severa l  weeks a f t e r  inocula t ion t o  v e r i f y  t h a t  
a l l  o r  nearly a l l  o f  the  inoculated p lan t s  became in fec ted .  In  
t h e  experiment planted 13 May 1977 t h e  primary l e a f  s t a g e  inocula- 
t i o n  was repeated 10 days a f t e r  t h e  f i r s t  inocula t ion s ince  some 
inoculated p lan t s  were not in fec ted  a f t e r  the  f i r s t  inocula t ion.  

Yield data  from a l l  treatments were recorded a s  gram seed weight 
p e r  treatment row. The mean y i e l d s  from a l l  t reatments were 
ca lcula ted  and compared t o  t h a t  o f  t h e  noninoculated control  
(Figure 1 ) .  Within one standard deviat ion range, a  s t r a i g h t  l i n e  
showing t h e  re la t ionsh ip  o f  these  p l o t s  could be drawn except f o r  
t h e  primary leaf  s t age  inocula t ion i n  t h e  experiment planted 1 Ju ly  
1977. Correlat ion coef f i c ien t s  ( r )  o f  these  p l o t s  f o r  t h e  primary 
l e a f  s tage  and the  midbloom s t a g e  inoculat ions a r e  -0.9839 and 
-0.9899, -0.9744 and -0.9748, and -0.9202 and -0.9503, respect ively  
f o r  experiments p lanted  29 December 1976, 13 May 1977, and 
1 Ju ly  1977. A l l  values o f  ' r '  except t h a t  f o r  t h e  primary leaf  
s t a g e  inoculat ion from experiment planted 1 Ju ly  1977 were s ign i -  
f i c a n t  a t  the  5% confidence i n t e r v a l .  

The mean o f  t h e  y i e l d  data  from each treatment was a l s o  converted 
t o  kilograms per  hectare  bas is  and used i n  the  ca lcu la t ion  of  
analys is  o f  variance (Table 6 ) .  The e f f e c t  o f  inocula t ion level  
but not inoculat ion time was s i g n i f i c a n t  a t  both 1% and 5% con- 
f idence i n t e r v a l s .  I n  the  experiment planted on 29 December 1976, 
s i g n i f i c a n t  y i e l d  reduction was obtained (P .05) when 25% o r  more 
of the  p lan t s  were inoculated and (P .01) when 50% o r  more of  the  
p lan t s  were inoculated.  For midbloom s tage  inocula t ion,  s ign i -  
f i c a n t  y i e l d  reduction (P .05) was obtained when 75% o r  more of 
the  p lan t s  were inoculated i n  a l l  th ree  experiments. 
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Figure 1. Relationship between yield (expressed as % of noninoculated . 

cl control) and inoculated levels from three experiments with four replica- 
tions for  experiment plai ted 29 December 1976 and f ive replications for  

"9 
the other two experiments. Soybeans were inoculated with the Puerto 1 

Rico isola te  of cowpea mosaic virus a t  the primary leaf stage, o r  midbloom b-8 

stage. Vertical bars represent one standard deviation range. 
9 



S i g n i f i c a n t  y i e l d  r educ t ion  r e s u l t e d  when 25% o f  t h e  p l a n t s  were 
inocu la t ed  with CPMV-PR a t  t h e  primary l ea f  s t a g e  (Table 10) .  
However, t h e r e  was no s i g n i f i c a n t  d i f f e r ence  i n  any o f  t h e  exper i -  
ments between t h e  two inocu la t ion  t imes employed. Midbloom s t a g e  
inocu la t ion  always gave h igher  y i e l d s  than  primary l e a f  s t a g e  inocu- 
l a t i o n ,  a l though t h e  d i f f e r e n c e  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  
The y i e l d  d i f f e r e n c e s  between inocu la t ion  t imes were g r e a t e s t  when 
a l l  t h e  p l a n t s  were inocu la t ed .  

The very  low y i e l d  from 100% i n o c u l a t i o n  of  t h e  primary l e a f  
s t a g e  is i n  agreement with observa t ions  i n  both t h e  f i e l d  and i n  
t he  greenhouse t h a t  CPMV-PR i n f e c t e d  soybeans produce very  l i t t l e  
i f  any seed .  This  is because of t h e  f lower bud b l i g h t  symptoms. 
However, t h e  y i e l d  reduct ions  a t  o t h e r  i nocu la t ion  l e v e l s  were n o t  
p ropor t iona l  t o  t he  number of p l a n t s  i nocu la t ed .  I n  t h e  f i r s t  
experiment t h e  s l o p e  of t h e  l i n e  showing t h e  r e l a t i o n s h i p  of  
percentage y i e l d  and inocu la t ion  l e v e l s  was l a r g e r  (-0.9077) than 
t h e  s lopes  measures i n  t h e  summer experiments (-0.8539 and -0.8532). 
During the  win ter  months t h e  p l a n t s  were subjec ted  t o  s h o r t e r  
days. The amount of v e g e t a t i v e  growth under t hese  condi t ions  was 
l e s s  than  t h a t  achieved i n  t he  summer experiments when p l a n t s  
were more a p t  t o  perform up t o  t h e i r  gene t i c  p o t e n t i a l  and should 
be producing more y i e l d  t o  compensate f o r  t h e  i n f e c t e d  p l a n t s .  
Caviness and Miner i n  1962 found s t and  r educ t ion  o f  up t o  45% 
a t  two weeks be fo re  bloom had no e f f e c t  on soybean seed y i e l d .  
A s i m i l a r  e f f e c t  was r epo r t ed  wi th  increased  spac ing  wi th in  rows 
o f  navy beans Phaseolus v u l g a r i s ,  by Goulden i n  1976. A s  ob- 
se rved  i n  my experiments,  CPVM-PR i n f e c t e d  soybean p l a n t s  were 
s t u n t e d  and sometimes k i l l e d .  Thus, i n f e c t e d  p l a n t s  con t r ibu ted  
l i t t l e  competit ion with uninfec ted  p l a n t s  f o r  l i g h t  energy and 
n u t r i e n t s .  This  would a l low t h e  uninfected soybean p l a n t s  t o  
e x h i b i t  compensative a b i l i t y  and produce more y i e l d  than they  would 
have had t h e  i n f e c t e d  p l a n t s  been hea l thy  in s t ead .  This would 
exp la in  t h e  d i sp ropor t iona te  y i e l d s  a t  25, 50, and 75% inocula-  
t i o n  l e v e l s  i n  t h e  summer experiments.  

Information on y i e l d  reduct ion  due t o  v i r u s  i n f e c t i o n s  i s  va luable  
i n  making dec is ions  about whether con t ro l  measures, which may be 
expensive, a r e  warranted. This  l i n e  o f  s tudy is needed t o  ga in  
more i n s i g h t  i n t o  the  p o t e n t i a l  t h r e a t  o f  v i r u s  d i seases  but  i s  
o f t e n  overlooked. The ser iousness  o f  CPMV i n  cowpeas has been 
recognized and up t o  100% y i e l d  reduct ions  have been observed 
i n  western Niger ia .  However, l i t t l e  was known about t h e  e f f e c t  
of  t h i s  v i r u s  on soybeans. Although my s tudy  on t h e  f i e l d  spread 
o f  v i r u s  from i n f e c t e d  cowpeas t o  soybeans grown nearby ind ica t ed  
low t ransmiss ion  r a t e ,  t h e  p o s s i b i l i t y  s t i l l  e x i s t s  t h a t  CPMV may 
become a s e r ious  t h r e a t  i n  soybean product ion s i n c e ,  under some 
circumstances,  t h e  n a t u r a l  i n f e c t i o n  o f  soybeans by CPMV can occur  
i n  sub t rop ica l  a r e a s .  The r e s u l t s  suggest  t h a t  s i g n i f i c a n t  y i e l d  
l o s s  occurs  i n  soybeans when t h e  incidence o f  i n f e c t i o n  is  above 
25%. Such d i s e a s e  incidence might occur  i n  s i t u a t i o n s  where CPMV- 
i n f e c t e d  cowpeas and soybeans a r e  grown c l o s e  by and when t h e  timing 
of  t h e  two crops encourages migrat ion o f  t h e  b e e t l e  vec to r  from 
senescing,  i n f e c t e d  cowpeas t o  young soybean seed l ings .  



Table 11. Yields (kg/ha) from soybean plants inoculated with the Puerto Rico 

i so la t e  of cowpea mosaic virus.  

Growth s t a t e  Mean yie ld  &/ha) a t  inoculation levels  (%) shown 
-- 

a t  inoculation 0 25 5 0 7 5 100 

Planted 29 December 1976 

Primary 1430.51 

Midbl oom 1406.92 

Planted 13  May 1977 

Primary 

Midbloom 

Planted 1 July 1977 

Primary 1641.13 

bfidbloom 1384.76 

'PI 

LA 
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APPENDIX I11 

Report on In te rna t iona l  Soybean Entomological Research 
Michael E .  Irwin, Ass is tant  Professor 

Agricultural  Entomology 

I .  DEVELOPMENT OF IMPROVED GENETIC MATERIAL FOR USE IN LDC SOYBEAN 
BREEDING P R O G W  

A. Breeding program (R. L. Bernard and Kogan): In  1971 a breeding 
program was i n i t i a t e d  t o  incorpora te  r e s i s t a n c e  t r a i t s  o f  PIIS - - 
17 1.45 1 and 229.358 i n t o  commercial v a r i e t i e s  of soybeans. 
Although these  PI 'S had been o r i g i n a l l y  se lec ted  f o r  r e s i s t ance  
t o  the  Mexican bean b e e t l e  the re  i s  evidence t h a t  they a l s o  
confer r e s i s t a n c e  t o  o t h e r  soybean d e f o l i a t o r s  such a s  bean l ea f  
b e e t l e s  and velvetbean c a t e r p i l l a r s ,  both se r ious  pes t s  o f  soybean 
i n  Latin America. 

Crosses were performed by Richard L. Bernard (USDA-ARS, Urbana) 
and i n i t i a l  screening of progenies was done i n  the  greenhouse. 
F2 mater ia ls  were sent  t o  Bras i l  and Puerto Rico, and a recent  
note by Paschal and Minor s t a t e s  t h a t  some denree o f  r e s i s t a n c e  
was conferred on Ant icars ia  gemmatalis, the  velvetbean c a t e r p i l l a r  
(Attachment A) . 
Data from Indiana and Maryland on res i s t ance  r a t i n g  show t h a t  
r e s i s t a n c e  was recovered a t  about 50 percent i n  some of the  bes t  
progenies. Given the  c h a r a c t e r i s t i c s  o f  the  i n f e s t a t i o n s  i n  
some LDC's  these  l eve l s  o f  r e s i s t ance ,  i f  confirmed by addi t ional  
f i e l d  and laboratory t e s t s ,  should be enough t o  produce about a 
75 percent reduction i n  i n s e c t i c i d e  appl ica t ions  against  de fo l i a -  
t o r s .  This est imate i s  based on t h e  f a c t  t h a t  i n  most outbreak 
s i t u a t i o n s  populations a re  f requent ly  a t  the  border-l ine of t h e  
es tabl i shed economic in ju ry  l eve l s .  The addi t ional  r e s i s t ance  
incorporated i n t o  these  l i n e s  may, therefore ,  t i p  the  equil ibrium 
enough t o  maintain most populations below t h a t  l eve l .  These 
r e s u l t s  a r e  preliminary; however, the  r e s u l t s  a r e  q u i t e  encour- 
aging. 

11. EXPANSION OF ?HE KNOWLEDGE BASE IN SOYBEAN PRODUCTION, PROTECTION 
AND UTILIZATION (Kogan, Irwin, Eastman) 

A. Sampling methods f o r  soybean associated arthropods: A book on 
sampling procedures f o r  soybean arthropods i s  being prepared 
with t h e  cooperation o f  23 U.S. and foreign s p e c i a l i s t s .  About 
one ha l f  o f  the  chapters  have been received and e d i t i n g  w i l l  
begin soon. There i s  a t e n t a t i v e  agreement with Springer Verlag 
f o r  publ ica t ion  o f  the  book which should be completed by the  end 

This book w i l l  b r ing  t o  researchers and extension personnel 
around the  world the  l a t e s t  methodology and technology f o r  



sampling soybean ar thropods ,  both p e s t s  and b e n e f i c i a l  spec i e s .  
I t  w i l l  a i d  i n  making e s t ima te s  o f  populat ion d e n s i t i e s  com- 
pa rab le  between l o c a l i t i e s ,  and it w i l l  g ive  a  good s t a r t  t o  
entomologists  beginning t o  work i n  t h e  f i e l d  of  soybean p e s t  
management, no ma t t e r  where they a r e  l oca t ed .  

111. SOYBEAN DISEASE CONTROL 

A. Soybean Mosaic Virus (SMV) Epidemiology (M.E. I rwin,  R .  M.  Goodman, 
S. E .  Ha lbe r t ,  E .  A. A l l i son ,  T. L .  Shock). 

Soybean mosaic v i rus  (SMV) occurs  wherever soybeans a r e  grown 
and from a global  pe r spec t ive ,  i s  probably t h e  most common and 
most important  v i r u s  i n f e c t i n g  soybean. The impact of  SMV on 
soybean y i e l d  v a r i e s  depending on l o c a l i t y .  I t  is  very important 
i n  South Korea, Indonesia ,  and Ecuador. I n  small  experimental 
p l o t s  w e  have r e c e n t l y  measured y i e l d  reduct ions  o f  over  75% when 
100% of  'Williams1 soybeans were mechanically inocula ted  with t h e  
I l l i n o i s  Severe I s o l a t e  o f  SMV 9 days a f t e r  p l a n t i n g  (growth 
s t a g e  VI).  In  t h e  same experiment we de t ec t ed  reduct ions  of  
over  30% i n  s eed l ing  emergence from seeds produced by p l a n t s  
inocula ted  a t  growth s t a g e  V I  (Figure 1 ) .  

These r e s u l t s  s t r o n g l y  sugges t  t h a t  time o f  i nocu la t ion  i s  d i r e c t l y  
and p o s i t i v e l y  c o r r e l a t e d  with y i e l d  q u a l i t y  and q u a n t i t y  (Figure 1 ) .  
I n  f a c t ,  i f  p l a n t s  a r e  i n fec t ed  a t  o r  a f t e r  bloom ( R 2  o r  l a t e r ) ,  
seed  t ransmiss ion  inc idence  i s  low. Time of  i n f e c t i o n  i s  c r i t i c a l  
f o r  f i e l d  spread  and seed  t ransmiss ion  i n  seed  l o t s  under condi- 
t i o n s  i n  t h e  North Cent ra l  United S t a t e s  and probably under condi- 
t i o n s  throughout t h e  world. 

Because the  amount of  f i e l d  spread  d i f f e r s  between growing r eg ions ,  
it i s  important t o  i s o l a t e  t h e  f a c t o r s  respons ib le  f o r  spread.  
SMV is  t r ansmi t t ed  from genera t ion  t o  genera t ion  through t h e  seed  
( v e r t i c a l  t r ansmis s ion ) ,  and i n  t h e  f i e l d  by var ious  spec i e s  of 
aphids i n  a  non-pe r s i s t en t  manner (ho r i zon ta l  t ransmiss ion) .  Two 
f a c t o r s  s t and  o u t  a s  be ing  extremely important i n  t h e  f i e l d  spread  
of SMV based on ou r  experiments (1975-1978) and l i t e r a t u r e  accounts:  
percentage o f  t he  p l an ted  seed  t h a t  i s  SMV i n f e c t e d ,  and f l i g h t  
t iming and abundance o f  v e c t o r  spec i e s .  

We have i n i t i a l l y  e l e c t e d  t o  s tudy  t h e  i n t e r a c t i o n s  between t h e  
v i r u s  and i t s  p o t e n t i a l  v e c t o r s ,  both i n  t h e  f i e l d  and l abo ra to ry ,  
i n  I l l i n o i s  where proper  equipment and f a c i l i t i e s  a r e  a v a i l a b l e .  
The types o f  experiments w e  a r e  conducting w i l l  g ive us good i n d i -  
c a t i o n s  o f  p o t e n t i a l  weak l i n k s  i n  t h e  f i e l d  spread  process  and 
w i l l  enable  us t o  make reasonable judgements about t h e  y i e l d  l o s s  
t h re sho lds  t ak ing  i n t o  account t h e  v i r u s  s t r a i n ,  t h e  soybean var- 
i e t y ,  t h e  spec i e s  o f  aphid vec to r s  and t h e  t iming o f  t h e  i n t e r a c t i o n  
o f  v i r u s ,  vec to r s  and p l a n t  growth s t a g e s .  





We have concluded from our  s t u d i e s  t h a t  the re  a r e  no important 
a l t e r n a t e  hos t  p l a n t s  o f  SMV i n  c e n t r a l  I l l i n o i s ,  and t h a t  
a l t e r n a t e  p lan t s  probably play a minimal r o l e  a s  primary inoculwn 
sources i n  t h e  midwest. We know nothing about t h i s  aspect  i n  o t h e r  
areas .  Aphids do not  colonize soybeans i n  t h e  U.S. and very ra re -  
l y  do they colonize soybeans i n  t h e  Western Hemisphere (see below). 
Thus, the  soybean i t s e l f  is  not  a f a c t o r  i n  t h e  populat ion dyna- 
mics o f  f i e l d  vectors ,  a t  l e a s t  i n  the  U.S., and probably no t  i n  
the  Western Hemisphere. Some species  o f  aphids do colonize 
soybeans i n  Africa and Asia and t h i s  added f a c t o r  must be under- 
s tood i n  those areas .  

Because SMV i s  seed t ransmit ted ,  it i s  endemic i n  seed l o t s  
everywhere. In  the  North Central  United S t a t e s  infec ted  seeds 
from one growing season provide the  primary inoculwn source during 
the  next .  The percent  o f  in fec ted  seed can, t o  a l a rge  ex ten t ,  
determine the  p o t e n t i a l  f o r  f i e l d  spread.  We est imate t h e  incidence 
o f  SMV i n f e c t i o n  i n  c e r t i f i e d  seed l o t s  produced i n  I l l i n o i s  i s  
well  below 0.01%. Elsewhere i n  t h e  world, t h i s  may be much 
higher.  In one s e t  o f  experiments, we found i n f e c t i o n  r s t e s  a s  
high a s  13% i n  'Williams' soybeans mechanically inoculated a t  
s t age  VI. Seed transmission incidence va r i e s  widely with soybean 
genotype; the  h ighes t  incidence reported was i n  ' M i  b e s t  ' (68%) . 
Preliminary r e s u l t s  from a s e t  o f  experiments, i n d i c a t e  t h a t  the  
o l d e r  the  p lan t  a t  time o f  aphid inocula t ion ,  the  longer t h e  time 
i n t e r v a l  u n t i l  the  v i rus  can be recovered from t h e  p l a n t .  In  
f a c t ,  under f i e l d  condit ions working with our s tandard t o o l s  
( I l l i n o i s  Severe SMV I s o l a t e ,  'Williams' soybean, and Myzus 
pe r s i cae  ap te rae ) ,  the  time i n t e r v a l  was g r e a t e r  than one month 
when soybean p lan t s  were inocula ted  by aphids a t  growth s t age  R2. 
Therefore, the  time i n t e r v a l  f o r  secondary f i e l d  spread might be 
g rea t .  In la rge-sca le  f i e l d  p l o t s  we showed t h a t  the  major, i f  
not  only, spread o r ig ina ted  from the  primary inoculwn source 
(Figure 2) .  Preliminary laboratory s t u d i e s  supported these  f i e l d  
r e s u l t s  . 
In  prel iminary t e s t s ,  i n f e c t i v i t y  was recordable by l o c a l  l e s ion  
indexing 6 days a f t e r  i n i t i a l  inocula t ion  o f  'Williams' soybean 
a t  growth s t age  VI. When aphids were used t o  recover the  v i rus ,  
a t  l e a s t  10 days were required between sap inocula t ion  and re-  
covery. Therefore, SMV i n  ea r ly  sap  inoculated p lan t s  can be 
detec ted  4 days before secondary spread by aphid vectors  can occur 

Since the  e f f e c t  o f  inocula t ion  on y i e l d  q u a l i t y  and quan t i ty ,  
e i t h e r  by sap o r  aphid vectors ,  decreases a s  t h e  soybean p l a n t  
develops (Figure I ) ,  time o f  inocula t ion  i s  an important f a c t o r  
t o  consider .  This means t h a t  the  timing of  f l i g h t  a c t i v i t y  of 
p o t e n t i a l  aphid vectors  i s  c r i t i c a l .  A t  l e a s t  under t h e  c l i m a t i c  
regime o f  c e n t r a l  I l l i n o i s ,  t he  time period between 10 days a f t e r  
p lan t ing  and flowering (about 4 weeks) seems most c r i t i c a l  f o r  
f i e l d  spread by aphid vectors .  We bel ieve  t h a t  t h i s  c r i t i c a l  
time per iod  i s  s i m i l a r  under o t h e r  c l ima t i c  regimes. 
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Fig. 2. 

Pattern of spread of SlW from primary inoculum source (sol id l ines  i n  center). Field 
300' x 300' Williams soybeans, Urbana, I l l i n o i s ,  1976. 



Continued capture o f  a l a t e  aphids i n  soybean f i e l d s  i n  I l l i n o i s  
produced an i n t e r e s t i n g  p i c t u r e  o f  the  re la t ionsh ip  between aphid 
species ,  numbers, and t h e i r  po ten t i a l  t o  transmit  SMV. Over 63 
species o f  aphids have been i d e n t i f i e d  from l i v e  trapping with 
ne t s  within soybean f i e l d s  i n  Urbana during t h e  p a s t  two seasons 
(Table 1 ) .  

Table 1. Aphid species  co l l ec t ing  during l i v e  trapping i n  soybean f i e l d s ,  
Urbana, I l l i n o i s .  

Acyrthosiphon sca r io lae  

Anoecia corni  

Anuraphis maidi radisc is  

Aphis armoraciae 

Aphis a sc lep iad i s  

Aphis c i t r i c o l a  

Aphis coreopsidis  

Aphis craccivora 

Aphis fabae 

Aphis gossypii 

Aphis h e l i a n t h i  

Aphis n e r i i  

Aphis rumicis 

Aphis sp .  Y 

Aphis spp. 

Aulocorthum so lan i  

Brachycaudus h e l i c h r i s i  

Brachycolus asparagi  

Calaphis b e t u l e l l a  

Capitophorus elaegni  

Capitophorus hippophaes 

Cavariel l a  n r .  hendersoni 

Chai tophorus s p  . 
Colopha ulmi 

Dactynotus spp. 

Drepanaphis a c e r i f o l i i  

Dysaphis plantaginea 

Dysaphis tu l ipae .  

Eulachnus ri l e y i  

Forda marginata 

Hyadaphis erysimi 

Hyadaphis foeni c u l i  

Hyalopterus pruni 

Hys teroneura s e t a r i  ae 

Macrosiphoniel l a  f r i g i d i c o l a  

Macrosiphoniella ludovicianae 

Macrosiphoniella sanborni 

Macrosiphum avenae 

Macrosiphum euphorbiae 

Macros iphum s p  . 
Myzocallis asc lepiadis  

Myzocallis occula ta  

Myzocallis t i l i a e  

Myzocallis walshii  

Myzus pers icae  

Myzus sp .  

Nasonovia 1 actuacae 

Nasonovi a s p  . 
Nearctaphis bakeri  

Nearctaphis cra taegi  f o l i i  

Pemphiginae (undetermined) 

Periphyl lus  sp. 

Rhopalomyzus poae 

Rhopalosiphum mai d i s  

Rhopalosiphum nymphaeae 

Rhopalosiphum padi 

Rhopalosiphum rufiabdominalis 

Schi zaphi s graminum 

Sitomyzus rho i s  

Therioaphis maculata 

Therioaphis rhemi 

Therioaphis tri f o l i i  

Trama r a r a  

Of those, some were determined only t o  genus. Others contain 
complexes o f  severa l  species;  f o r  ins tance ,  t h e  Pemphaginae contain 
a t  l e a s t  5 species.  We est imate t h a t  c lose  t o  80 species  of aphids 
regu la r ly  pass through- -and a l i g h t  on--soybean p l a n t s  i n  Urbana. 
Because aphids are not a s  d iverse  i n  t r o p i c a l  cl imates,  we f e e l  



t h a t  the number of  aphid species  i s  probably much reduced i n  
the  t ropics  and subtropics .  A s imi l a r  study has been planned 
t o  t e s t  the hypothesis i n  Peru and E l  Salvador. 

Of those species co l lec ted  i n  soybean f i e l d s  i n  I l l i n o i s ,  the 
following a r e  known SMV vectors (Table 2) .  

Table 2 .  Po ten t ia l  SMV vectors  col lected from soybean f i e l d s ,  Urbana, I l l i n o i s .  

Successful 

Aphis craccivora 

Macrosiphum euphoribae 

Myzus pers icae  

Rhopalosiphum maidis 

Vectors c i t e d  i n  l i t e r a t u r e  , Vectors not previously c i t e d  

Aphis fabae 

Aphis gossypii 

Aulocorthum solan i  

Hyadaphis erysimi 

Field Transmiss ion 

Many successes 

Rhopalosiphum padi 

Field Transmission 

One success 

Aphis armoracicae 

Aphis c i t r i c o l a  

Capitophorus elaegni  

Hysteroneura s e t a r i a e  

Therioaphis maculata 

The most important aphid species found t o  transmit SMV i n  the  
f i e l d  (Urbana, IL) along with the  percentage of  transmission 
successes (=number transmitted/number caught) a r e  tabulated 
i n  Table 3. 

Table 3. Field transmission by aphid species ,  Urbana, I l l i n o i s  1976 

Species Percent Transmission 

Aphis craccivora 

Myzus persicae 

Macrosiphum euphoribae 

Rhopalosiphum maidis 

Rhopalosiphum padi 



Most o f  t h e  spec ie s  o f  aphids l i s t e d  i n  Table 2 and 3 a r e  
cosmopolitan, occurr ing  wherever a g r i c u l t u r a l  crops a r e  grown. 
Although no spec ie s  o f  aphids normally co lonize  soybeans i n  
Urbana, Aphis c racc ivora  occas iona l ly  w i l l  co lonize  i f  soybean 
p l a n t s  a r e  s t r e s s e d .  Aphis gossypi i  co lonizes  soybeans i n  
Ecuador. A. c racc ivora ,  A. g lyc ine  and Aulocorthum s o l a n i  a r e  
repor ted  t o  co lonize  soybeans i n  p a r t s  o f  Asia and Afr ica .  
Over 65% o f  a l l  aphids l i v e  t rapped i n  Urbana belonged t o  one 
o r  another  o f  t h e  spec ie s  l i s t e d  i n  Table 3 .  That means n e a r l y  
two-thirds o f  t h e  specimens belong t o  about 6% o f  t h e  s p e c i e s .  
By knowing t h e  most importdnt spec ie s  of vec to r s ,  we can concen- 
t r a t e  on t h e  f l i g h t  a c t i v i t y  o f  t h e s e ,  r e a l i z i n g  t h a t  a t  l e a s t  
most of  t h e  f i e l d  spread o f  SMV must be a t t r i b u t e d  t o  t h e s e  few 
spec ie s .  There a r e  a couple o f  o t h e r  spec ie s  t h a t  could be 
important i n  f i e l d  spread,  but  we have no information about 
them. They a r e  Aphis c i t r i c o l a ,  A. gossypi i  and Schizaphis  
graminum. They have a l l  t r ansmi t t ed  SMV i n  t h e  labora tory .  

F l i g h t  a c t i v i t y  p a t t e r n s  from a. t h r e e  y e a r  s tudy i n d i c a t e  t h a t  
c e r t a i n  spec ie s  t end  t o  f l y  i n  t h e  s p r i n g  (e .g .  Aphis c racc ivora)  
while  o t h e r s  f l y  i n  t h e  f a l l  (e .g.  Rhopalosiphwn maidis ) .  Major 
f l i g h t s  o f  t h e s e  aphid spec ie s  do no t  occur  a t  t h e  same times 
each yea r ,  nor  a r e  abundances c o n s i s t e n t  from y e a r  t o  yea r .  

From t h e  s tandpoin t  o f  v i r u s  spread ,  t h e  f l i g h t  d i r e c t i o n  o f  
a l a t e  aphids can be extremely important .  Wind has a s t r o n g  
e f f e c t  on aphid f l i g h t  d i r e c t i o n .  Most spec ie s  o f  aphids were 
c o l l e c t e d  on t h e  windward s i d e  o f  a s t i c k y  t r a p  i n  two seasons 
o f  s tudy .  One spec ie s ,  Aphis c i t r i c o l a ,  was caught predominantly 
on t h e  leeward s i d e  i n  1975 (Figure 3 ) .  Whether A. c i t r i c o l a  
a c t u a l l y  f l i e s  i n t o  t h e  wind is  no t  known; it might be  s o  l i g h t  
i n  weight t h a t  i t  wraps around t h e  c o l l e c t i n g  con ta ine r  and is  
c a r r i e d  by eddies  onto t h e  l e e  su r face .  Fur ther  experiments 
t h i s  coming summer should give us more i n s i g h t  i n t o  i t s  t r u e  
behavior .  

SMV spread i n  a l a rge - sca le  'Williams1 soybean f i e l d  n e a r  Urbana, 
I L  was l e s s  dur ing  t h e  1977 season than  during t h e  1976 season.  
There was a reduct ion  i n  t h e  number o f  a l a t a e  captured i n  1977 
over  those  from 1976, and t h e  seasonal  d i s t r i b u t i o n  o f  t h e  aphids 
d id  not  favor  SMV spread i n  1977. In  1976, f l i g h t  a c t i v i t y  o f  
aphids was e a r l y  and spread o f  SMV was f a i r l y  s teady ( inocula ted  
f i e l d )  where an inoculum source was p resen t  (witness  t h e  con t ro l  
f i e l d  spread)  (Figure 4 ) .  In 1977 aphid f l i g h t  a c t i v i t y  was very  
l a t e .  The r ap id  though l a t e  r i s e  i n  v i r u s  spread  was undoubtedly 
due t o  an aphid f l i g h t  a c t i v i t y  peak between 40-60days a f t e r  soy- 
bean p lan t ing .  Both p l o t s  contained SMV inoculum sources ,  but  
one a l s o  included s t r i p s  o f  aluminum t o  r e p e l  f l y i n g  aphids.  
Prel iminary a n a l y s i s  sugges ts  t h a t  t h i s  measure was unsuccessful .  
Figure 5 i n d i c a t e s  t h e  f l i g h t  phenology o f  aphids capable of t r a n s -  
m i t t i n g  SMV over  t h e  p a s t  t h r e e  summers. I t  is i n t e r e s t i n g  t o  
no te  t h a t  during 1975 most aphids flew during t h e  middle o f  t h e  
summer (mid Ju ly -ea r ly  September) , while i n  1976 f l i g h t  a c t i v i t y  





Figure 4. 

Fie ld  spread of SXV from point source i n  Tolono, I l l i n o i s ,  1976 

Fl ight  phenology of SW transmitting aphids, 1976 season.  
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was e a r l y  and i n  1977 f l i g h t  a c t i v i t y  was l a t e .  This ind ica tes  
t h a t  aphid f l i g h t  a c t i v i t y  v a r i e s  with year.  The cause o f  t h i s  
s h i f t  i n  a c t i v i t y  p a t t e r n  is not  known. 

Rhopalosiphum maidis and R .  padi were co l l ec ted  i n  sunflower 
b a r r i e r s  near  soybeans a t  1 f t  baow canopy, a t  canopy l e v e l ,  
and 1 f t .  above canopy l eve l .  Nearly 1.7 X more specimens were 
co l l ec ted  above than below canopy. For Rhopalosiphum spp. 
b a r r i e r s  may be i n e f f e c t i v e  i n  con t ro l l ing  SMV spread because 
of aphid behavior. 

Dark green canopy color  a t t r a c t e d  1.4X more aphids than did  a l i g h t  
green canopy and t h e  d i f ference  was s t a t i s t i c a l l y  s i g n i f i c a n t  
( P  0 1 )  The numbers o f  aphids co l l ec ted  i n  t h e  dark green 
canopy p l o t  and mixed green p l o t  [p lants  o f  dark green and l i g h t  
green approximately 50:50) were not  s i g n i f i c a n t l y  d i f f e r e n t  (P70.1) 
f o r  Rhopalosium maidis, but  were f o r  a l l  aphids (PGO. 1 ) .  This 
ind ica tes  t h a t  canopy color  has an e f f e c t  on t h e  landing o f  a l a t e  
aphids, and t h a t  the  yellower canopy color  i s  not  a s  a t t r a c t i v e  
as  is t h e  darker green color  (Figure 6 ) .  

IV. DEVELOPMENT OF PEST MANAGEMENT SYSTEMS 

A. Bionomics and s p a t i a l  d i s t r i b u t i o n  o f  soybean-associated t h r i p s  
(M. E .  Irwin; K .  V. Yeargan, University of  Kentucky; N .  Marston, 
USDA, Columbia, Missouri).  

Throughout the  world, phytophagous t h r i p s  c o n s t i t u t e  one o f  the  
most abundant complexes o f  arthropods i n  soybean f i e l d s .  I n  an 
extensive survey o f  arthropods o f  Missouri soybeans conducted by 
Blickenstaff  and Huggans i h  1962, ~ e r i c o t h r i p s  v a r i a b i l i s  ( ~ e a c h )  
was 7X more numerous than the  second most abundant spec ies ,  
Empoasca fabae (Harris) (Homoptera : Cicadel l idae)  . Two addi t ional  
species  o f  phytophagous t h r i p s ,  F rank l in ie l l a  t r i t i c i  (Fitch) and 
F. fusca (Hinds), were among t h e  e igh t  most abundant arthropod 
species  sampled. Together, these t h r e e  t h r i p s  species  accounted 
f o r  more than h a l f  of  the  arthropod specimens caught during t h e  
survey. I n  an in tens ive  arthropod survey o f  soybeans i n  the  
Yagui Valley, Mexico, conducted by Pacheco i n  1976, 4.5X more 
Ca l io th r ips  phaseoli  (Hood), a phytophagous species ,  were col lec ted  
than t h e  second most abundant species ,  Bemisia tabaci  Glennadius 
(Homoptera: Aleyrodidae) . Thrips a r e  known vectors of soybean 
vi ruses ,  and t h e i r  pes t  s t a t u s  could increase  once the  ac tua l  
r e la t ionsh ip  between various species  o f  t h r i p s  and v i rus  spread 
i s known. 

During 1975, d e n s i t i e s  o f  Se r ico th r ips  v a r i a b i l i s  (Beach) 
(Thysanoptera: Thripidae) were monitored i n  small f i e l d  p l o t s  o f  
soybeans t r e a t e d  with systemic i n s e c t i c i d e s ;  carbofuran i n  t h e  
furrow, carbofuran as  an 18 cm band, te rbufos  a s  an 18 cm band, 
and disul fo ton as  an 18 cm band. Adults and immatures were 
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tabula ted  separa te ly .  Immature t h r i p s  were b e t t e r  ind ica to r s  of 
systemic insec t i c ide  a c t i v i t y .  Although the  dens i t i e s  o f  immature 
t h r i p s  var ied  between systemic treatments,  t h e  main d i f ferences  
were between a l l  systemic treatments and the  control .  The 
dens i t i e s  were lower i n  t h e  systemic treatments f o r  a t  l e a s t  one 
month a f t e r  i n i t i a t i o n  of  t h e  experiment and f o r  a f u r t h e r  week 
i n  the  d i su l  foton and terbufos treatments.  A 1  though t h e  
systemic treatments maintained d e n s i t i e s  of immature t h r i p s  
s i g n i f i c a n t l y  below leve l s  o f  t h e  con t ro l s ,  a s t a t i s t i c a l l y  
s i g n i f i c a n t  y i e l d  d i f ference  could not  be detected.  Results  
a r e  tabula ted  i n  Table 4. 

During 1976, a j o i n t  experiment was conducted on t h e  s p a t i a l  
and temporal d i s t r i b u t i o n  of  phytophagous t h r i p s  i n  soybeans. 
Two species of phytophagous t h r i p s ,  Se r ico th r ips  v a r i a b i l i s  
(Beach) and Frank l in ie l l a  trit i c i  (Fitch) ,were found t o  
colonize soybean p l a n t s  i n  Urbana, I l l i n o i s ,  Lexington, 
Kentucky and Columbia, Missouri. Horizontal d i s t r i b u t i o n  
within f i e l d s  and among p lan t s  d id  not d i f f e r  s i g n i f i c a n t l y .  
However, both species  were v e r t i c a l l y  s t r a t i f i e d  within t h e  
soybean canopy. A l l  s tages  of F.  t r i t i c i  were concentrated 
i n  terminal buds and blossoms. Adults of S. Var iab i l i s  
were found most commonly on the  two uppermost f u l l y  expanded 
t r i f o l i o l a t e s .  Both species occurred i n  soybean f i e l d s  through- 
out  the  growing season. Populations of F.  t r i t i c i  peaked 
e a r l i e r  than those of  S. v a r i a b i l i s .  Both species  o f  t h r i p s  
reached peak population l eve l s  about a week e a r l i e r  i n  Lexington 
than i n  Urbana. Also, population d e n s i t i e s  were general ly higher 
and r a t e s  o f  population buildup and decl ine  were more pronounced 
a t  t h e  Kentucky s i t e .  

Although damage thresholds have no t  been es tabl ished f o r  these  
t h r i p s  species ,  the re  a r e  some guidelines t h a t  could help determine 
sampling procedures: 1) t h e r e  a r e  two c r i t i c a l  sites on soybean 
p l a n t s  f o r  these  colonizing species (terminal buds f o r  F.  t r i t i c i  
and f i f t h  from uppermost t r i f o l i o l a t e s  f o r  S. v a r i a b i l i s  immatures); 
2)  d i s t r i b u t i o n  p a t t e r n s  ranged from uniform t o  aggregated with no 
detec table  re la t ionsh ip  between p a t t e r n  and p lan t  growth s t age  o r  
t h r i p s  densi ty;  3) border rows have an unknown e f f e c t  on t h r i p s  
populations; 4) S. v a r i a b i l i s  appears t o  cause g rea tes t  damage 
during t h e  vegetat ive s tages  of  p lan t  growth (VI-V6). The x vs. 
the  r a t i o  o f  t h e  S: over x (RV) (Figure 7) allows one t o  ca lcu la te  
t h e  number o f  samples needed t o  achieve a desired level  o f  accuracy 
f o r  e i t h e r  species.  Therefore, when sampling, it i s  advisable 
t o  avoid border rows, but otherwise s e l e c t  p l a n t s  t o  be sampled 
a t  random. S. v a r i a b i l i s  can be sampled by turning over t h e  
f i f t h  from uppermost t r i f o l i o l a t e  o r  the  lowest t r i f o l i o l a t e ,  
whichever i s  youngest, and counting t h e  number o f  immature t h r i p s .  
F .  t r i t i c i  can be sampled by removing the  t h r i p s  from t h e  terminal 
bud and counting them. The number o f  sampling u n i t s  can be ca l -  
culated from Figure 7. 
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B .  Orius f i e l d  dynamics (M. E .  Irwin, E .  A. A l l i son ) :  For t h e  p a s t  
t h r e e  years  f i e l d  a c t i v i t y  o f  Orius i n s i d i o s u s  has been monitored. 
Data have no t  been completely analyzed, b u t  r e s u l t s  from wind 
d i r e c t e d  impact t rapping  i n d i c a t e  t h a t  t h i s  spec ie s  tends t o  
f l y  i n t o  t h e  wind, and with a  s i m i l a r  bu t  s t a t i o n a r y  impact 
t r a p ,  p r e v a i l i n g  wind had l i t t l e  e f f e c t  on d i r e c t i o n  o f  f l i g h t  
(Table 5 ) .  Sex r a t i o s  tended t o  change through t h e  season (1975 
and 1977) from more males i n  t h e  sp r ing  t o  s l i g h t l y  more females 
i n  t h e  f a l l .  The 30th o r  31s t  week o f  t h e  y e a r  seemed t o  be 
t h e  changeover p o i n t  both yea r s .  Other aspec ts  o f  Orius f l i g h t  
a c t i v i t y  a r e  being analyzed. 

Table 5.  Number and percent  Orius in s id iosus  c o l l e c t e d  on four  quadrants 
o f  two c y l i n d r i c a l  impact t r a p s ,  one s t a t i o n a r y  (catches from 
N, E ,  S,oW quadrants ) ,  and one wind d i r e c t e d  (catches from wind- 
ward, 90 t o  windward, leeward, 270' t o  windward). Urbana, I L ,  
1975. P reva i l ing  wind from SW. 
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ATTACHMENT A 

h t i c a r s i a  gemmatalis and r e s i s t a n t  c u l t i v a r s  o f  soybean (Paschal 
and Minor) : The fol lowing i s  a manuscript (minus t a b l e s )  by 
E .  H .  Paschal I1 and H .  C .  Minor, INTSOY soybean breeder  and 
agronomist r e spec t ive ly .  

Velvetbean C a t e r p i l l a r  Resis tance i n  Soybean Se lec t ions  
From Crosses Involving Mexican Bean Beet le  Res i s t an t  P lan t s  

Segregat ing populat ions a r i s i n g  from crosses  involv ing  two sources o f  
Mexican bean b e e t l e  (Epilachna v a r i v e s t i s  Mulsant) r e s i s t a n c e  were 
screened and s e l e c t e d  f o r  r e s i s t a n c e  t o  velvetbean c a t e r p i l l a r  
(Ant icars ia  gemrnatalis Hubner) i n  Guaiba, Rio Grande do S u l ,  B r a s i l  and 
I sabe la ,  Puerto Rico. The Mexican bean b e e t l e  r e s i s t a n t  c u l t i v a r s  used 
i n  t h e  c rosses  were P I  171.451 and PI 229.358 (Van Duyn e t  a l . ,  1971). 
The ma te r i a l s  t e s t e d  came from two sources - D r .  R. L .  Bernard o f  t h e  
USDA Regional Soybean Laboratory, Urbana, I l l i n o i s  and D r .  S.  G.  Turnipseed 
o f  Clemson Universi ty,  B lackv i l l e ,  South Carol ina .  

The I l l i n o i s  ma te r i a l  cons is ted  o f  remnant F2 seed o f  seven crosses  o f  
s eve ra l  midwest v a r i e t i e s  and PI 171.451 and PI 229.358. I n  l a t e  1972 
these  F popula t ions  were p lanted  a t  Guaiba i n  s i n g l e  rows bordered on 2 
one s i d e  by t h e  v a r i e t y  Clark 63 and on t h e  o t h e r  s i d e  by t h e  v a r i e t y  
Davis. P l an t s  which exh ib i t ed  s u b s t a n t i a l l y  less damage than e i t h e r  
Clark 63 o r  Davis were tagged during t h e  growing season and i n d i v i d u a l l y  
harves ted .  A t o t a l  o f  66 F2 p l a n t s  were s e l e c t e d .  Velvetbean c a t e r p i l l a r  
was t h e  predominant f o l i a g e  f eede r  p re sen t ,  and d e f o l i a t i o n  on both 
Clark 63  and Davis reached 70%. Progeny o f  t h e  s e l e c t e d  F2 p l a n t s  were 
p lanted  a t  Guaiba i n  October, 1973. When seed supply p e r m t t e d ,  two 2-m 
rows o f  each l i n e  were p lanted;  otherwise,  only one row was p lanted .  
Each row was bordered by Davis on both s i d e s .  The l i n e s  were v i s u a l l y  
v i s u a l l y  r a t e d  f o r  leve l  o f  d e f o l i a t i o n  r e l a t i v e  t o  the  ad jacent  rows o f  
Davis, and 150 p l a n t s  were s e l e c t e d  from 38 o f  t h e  66 F3 l i n e s  grown. 

The South Carol ina mater ia l  was a l s o  p lanted  a t  Guaiba i n  October, 1973 
and cons i s t ed  o f  251 F5 t o  F l i n e s  which had been previous ly  s e l e c t e d  
f o r  r e s i s t a n c e  t o  Mexican be in  b e e t l e .  Most o f  t he  l i n e s  had PI 229.358 
i n  t h e i r  parentage.  In  t o t a l ,  224 indiv idual  p l a n t s  were s e l e c t e d  from 
112 o f  t h e  251 l i n e s .  

In  October, 1974, t h e  374 l i n e s  (224 from t h e  South Carol ina mater ia l  
and 150 from t h e  I l l i n o i s  ma te r i a l )  were p lanted  a t  Guaiba i n  a randomized 
complete block design wi th  two r e p l i c a t i o n s .  P l o t s  cons i s t ed  o f  a s i n g l e  
row 2.5 m long bordered on both s i d e s  by Davis. The p l o t s  were scored 
four  t imes during t h e  per iod  of peak velvetbean c a t e r p i l l a r  a t t a c k  using 
t h e  fol lowing s c a l e  : 



Score 
Defo l i a t i on  r e l a t i v e  
t o  s u s c e p t i b l e  check 

Defo l i a t i on  reached 100% on Davis and most of t h e  l i n e s  being eva lua ted .  
Four p l a n t s  o f  d e s i r a b l e  p l a n t  t ype  were s e l e c t e d  from each o f  t h e  most 
r e s i s t a n t  l i n e s .  These s e l e c t i o n s  were used t o  cont inue t h e  B r a z i l i a n  
program. The r e s i d u a l  p l a n t s  i n  each o f  t h e  most r e s i s t a n t  l i n e s  were 
harves ted  i n  bulk ,  and a  po r t ion  of  t h i s  seed  was used t o  i n i t i a t e  t h e  
Puerto Rico eva lua t ions .  

In  February, 1976, t h e  28 bulks from Braz i l  were p lan ted  a t  I s a b e l a ,  
Puerto Rico and harves ted  i n  bulk.  In  May, 1977, they were p a r t  o f  a  
sc reening  o f  300 c u l t i v a r s  and l i n e s  f o r  r e s i s t a n c e  t o  d e f o l i a t o r s  a t  
I s abe la .  P l o t s  cons i s t ed  o f  3-m rows bordered on each s i d e  by Improved 
Pe l ican .  A randomized complete block design wi th  two r e p l i c a t i o n s  was 
used. A s eve re  i n f e s t a t i o n  o f  velvetbean c a t e r p i l l a r  occurred,  and p l o t s  
were scored  on August 2  and 8,  using t h e  fol lowing s c a l e :  

Score 
Defo l i a t i on  r e l a t i v e  
t o  s u s c e p t i b l e  check 

The Improved Pe l ican  border  rows, a s  wel l  a s  t hose  of  s u s c e p t i b l e  c u l t i v a r s  
and l i n e s  i n  t h e  t e s t ,  s u f f e r e d  100% d e f o l i a t i o n  a t  t h e  time of  t h e  second 
reading (August 8, 1977). 

Defo l i a t i on  scores  of  s e l e c t e d  l i n e s  from Braz i l  and Puerto Rico a r e  
presented  i n  Table 1. The r e s u l t s  o f  t h e s e  screenings i n d i c a t e  t h a t  t h e  
sources o f  r e s i s t a n c e  t o  Mexican bean b e e t l e  a l s o  confer  some l eve l  of 
r e s i s t a n c e  t o  velvetbean c a t e r p i l l a r .  A g r e a t e r  number o f  s e l e c t e d  l i n e s  
had PI 171.451 a s  a  r e s i s t a n t  pa ren t  than  PI 229.358. Although many of  
t h e  s e l e c t i o n s  a r e  t oo  e a r l y  f o r  t r o p i c a l  environments, t h e i r  improved p l a n t  
type  compared t o  t h e  p l a n t  i n t roduc t ions  and high l e v e l  o f  r e s i s t a n c e  make 
them d e s i r a b l e  a s  pa ren t s  i n  c rosses  t o  develop t r o p i c a l l y  adapted, ve lve t -  
bean c a t e r p i l l a r  r e s i s t a n t  c u l t i v a r s .  
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APPENDIX IV 

Rela t ionsh ip  o f  Var ie ty  t o  Soybean Cooking Qual i ty  
A. I .  Nelson and L. S. Wei 
P ro fe s so r s  o f  Food Science 

The sea rch  was continued f o r  v a r i e t i e s  of soybeans which become 
t h e  most t ende r  upon cooking. Twenty-seven v a r i e t i e s  o f  soybeans (1976 crop) 
were t e s t e d  f o r  tenderness  a f t e r  t hey  were cooked by one  o f  f o u r  methods. 
The o b j e c t i v e  tenderness  o f  each v a r i e t y  f o r  t h e  l a s t  t h r e e  yea r s  was 
compared t o  i t s  chemical composition and phys i ca l  c h a r a c t e r i s t i c s  i n  a 
s ea rch  f o r  f a c t o r s  which c o r r e l a t e d  wi th  t h e  tenderness  o f  cooked whole 
soybeans . 

Data from v a r i e t i e s  ha rves t ed  i n  1974 and 1975 were r epo r t ed  i n  t h e  
l a s t  two yea r s .  These experiments were repea ted  with t h e  1976 crop i n  
o r d e r  t o  t e s t  cons is tency  from one crop y e a r  t o  t h e  next .  Major f a c t o r s  
i n f l u e n c i n g  tenderness  were soaking and cooking s o l u t i o n s ,  soaking o r  no t  
soaking t h e  beans,  and d i f f e r e n c e s  due t o  v a r i e t y .  

1. Composition o f  soaking  and cooking s o l u t i o n s  had t h e  g r e a t e s t  
e f f e c t  on o b j e c t i v e  tenderness  o f  cooked whole soybeans.  Use 
o f  sodium bicarbonate  s o l u t i o n s  i n s t e a d  o f  t a p  water  increased  
t h e  tenderness  o f  soaked and cooked soybeans by 3 .3- fo ld  and 
cooked but  non-soaked beans by 1.7-fold.  

2. Soaking be fo re  cooking inc reased  tenderness  o f  beans by 2 .8- fo ld  
when b icarbonate  is used by 1 .4- fo ld  when p l a i n  t a p  water  i s  used. 

3. The tenderness  o f  cooked soybeans va r i ed  wi th  v a r i e t y  from 8 .0  
t o  34.3 i n  case  o f  b i ca rbona te  soak and cook and from 52 t o  96 
f o r  no-soak and t a p  water  cook. 

4. The r e l a t i v e  tenderness  among v a r i e t i e s  va r i ed  with soaking 
and cooking t r ea tmen t .  A given v a r i e t y  was no t  always more 
t ende r  than another  given v a r i e t y  under a l l  f o u r  soaking and 
cooking cond i t i ons .  This  yea r ,  t h r e e  v a r i e t i e s ,  Cobb, Ransom 
and Semmes were among t h e  s i x  most t ende r  v a r i e t i e s  i n  a l l  four  
t r ea tmen t s .  

5. The tenderness  o f  each v a r i e t y  o f  cooked whole soybeans was no t  
c o n s i s t e n t  from one c rop  y e a r  t o  t h e  next  ove r  t h e  l a s t  t h r e e  
yea r s .  Only Cobb soybeans were among t h e  s i x  most t ende r  v a r i e t i e s  
i n  a l l  t h r e e  y e a r s .  



6. Ce r t a in  c h a r a c t e r i s t i c s  c o r r e l a t e d  with t h e  tenderness  o f  t h e  
cooked whole soybeans depending on t h e  soaking and cooking 
t r ea tmen t  used. These c h a r a c t e r i s t i c s  were change i n  weight a f t e r  
soaking and cooking, change i n  weight a f t e r  soaking on ly ,  and 
moisture  con ten t .  

Methods 

Twenty-seven v a r i e t i e s  of soybeans from t h e  1976 crop (Table 1) 
were soaked and cooked us ing  four  methods a s  o u t l i n e d  i n  Table 2. T r i p l i -  
c a t e  100 g samples of mature, whole soybeans were soaked and c ~ o k e d  f o r  
s t u d i e s  on amount o f  water  uptake,  t enderness  and o rgano lep t i c  q u a l i t i e s .  
U.S. v a r i e t i e s  were supp l i ed  by Hank H i l l ,  INTSOY. Af te r  soaking ,  t h e  
soybeans were dra ined  and f r e s h  s o l u t i o n s  were added f o r  cooking. The 
soybeans were cooked f o r  s i x t y  minutes and tenderness  was determined ob- 
j e c t i v e l y  us ing  a LEE-Kramer s h e a r  p r e s s  and s u b j e c t i v e l y  us ing  a t a s t e  
panel  of f i v e  t o  t e n  members. Shear  p re s s  da t a  were analyzed with Duncan's 
Mul t ip le  Range Tes t  and t a s t e  panel  means were analyzed us ing  randomized 
complete block a n a l y s i s  o f  var iance .  

Twelve phys i ca l  and chemical measurements were made on each soybean 
v a r i e t y  i n  o r d e r  t o  f i n d  f a c t o r s  which may be used t o  p r e d i c t  t h e  tender -  
ness  of  cooked whole soybeans.  The phys i ca l  measurements were: volume/ 
bean (by displacement  of  water  i n  a s e a l e d  f l a s k ) ;  weight/bean (average of 
300 beans) ;  change i n  weight a f t e r  soaking twenty hours i n  t a p  water  a t  
room temperature ,  change i n  weight a f t e r  a twenty hour soak and s i x t y  
minute cooking i n  b o i l i n g  t a p  water ;  and change i n  weight a f t e r  s i x t y  min- 
u t e  cook only .  Each v a r i e t y  was analyzed f o r  n i t rogen ,  f a t ,  mois ture ,  
f i b e r ,  ash and carbohydrate  (by d i f f e r ence )  . Mean va lues  f o r  phys i ca l  
and chemical da t a  were c o r r e l a t e d  w i th  t h e  v a r i e t i e s '  shea r  p r e s s  va lues  
by r eg re s s ion  a n a l y s i s .  

Resu l t s  

Tenderness ( so f tnes s )  va lues  ob ta ined  f o r  cooked samples of each 
v a r i e t y  of soybean a r e  l i s t e d  i n  Table 3. V a r i e t i e s  a r e  l i s t e d  i n  o r d e r  
o f  i n c r e a s i n g  firmness o f  soybeans soaked i n  0.5% sodium bicarbonate  and 
cooked i n  0.5% sodium bicarbonate .  I t  is  important t o  no te  t h a t  t h e  
d i f f e r e n t  soak and cook s o l u t i o n s  s u b s t a n t i a l l y  a l t e r e d  t he  r e l a t i v e  
p o s i t i o n  o f  t h e  v a r i e t i e s  with r e s p e c t  t o  tenderness .  

Duncan's Mult iple  Range Tes t  was used t o  determine which s h e a r  p re s s  
means were no t  s i g n i f i c a n t l y  d i f f e r e n t .  Treatments us ing  b icarbonate  
over  t h e  t h r e e  t e s t  years  were used (Tables 4 ,  5 ,  6 ) ;  s i g n i f i c a n t  groups 
v a r i e d  w i th  t h e  yea r  and t rea tment .  A comparison o f  s h e a r  p re s s  tenderness  
d a t a  us ing  a l i n e a r  r eg re s s ion  showed cons iderab le  d i f f e r e n c e s .  No s t a t i s t i -  
c a l  c o r r e l a t i o n  was found between s h e a r  p re s s  va lues  f o r  t h e  same v a r i e t y  
over  t he  t h r e e  crop yea r s  t e s t e d  (Table 7 ) .  

The f o u r  soak and cook t rea tments  (Table 2) r e s u l t e d  i n  d i f f e r e n t  
mean tenderness  s co re s  f o r  t h e  cooked whole soybeans; t h i s  was a l s o  shown 



i n  the  two previous r epor t s  on 1974 and 1975 crops.  Soaking and use o f  
bicarbonate cons i s t en t ly  produced more tender beans each year ,  while 
tenderness due t o  v a r i e t y  var ied  over th ree  years  (see Summary #1,  a ,  b 
and c ) .  

Chemical and physical  measurements were made on each va r i e ty  of 
soybean (Tables 8 and 9 ) .  This year  the  f a c t o r s  with the  bes t  c o r r e l a t i o n  
t o  tenderness were change i n  weight a f t e r  soaking (20 h r s  t a p  water ) ;  change 
i n  weight a f t e r  soaking cooking (60 minute b o i l  i n  t ap  water) ;  and moisture 
content (Table 10). However, a l l  c o r r e l a t i o n  c o e f f i c i e n t s  were below 
0.500 (Table 10). The cor re la t ion  c o e f f i c i e n t s  var ied  considerable with 
each crop. For example: the  c o r r e l a t i o n  c o e f f i c i e n t  f o r  moisture versus 
tenderness was 0.53 f o r  the  1974 crop, 0.273 f o r  the  1975 crop and 0.063 
f o r  the  1976 crop; a l s o  the  c o r r e l a t i o n  c o e f f i c i e n t  f o r  dens i ty  vs. 
tenderness was 0.542 f o r  the  1975 crop and 0.076 f o r  t h e  1976 crop. This 
lack of r ep roduc ib i l i ty  i n  co r re la t ion  c o e f f i c i ~ n t s  from year t o  year  was 
exhibi ted  i n  the  o t h e r  factors '  t e s t e d  a s  wel l .  

Each sample was evaluated f o r  f l a v o r ,  o f f - f l avor  and tenderness 
by t a s t e  p a n e l i s t s .  Samples were evaluated on a  nine-point  s c a l e  f o r  
each o f  the  f a c t o r s .  In case of  f l a v o r ,  9  ind ica tes  p leas ing and 1 ind i -  
ca tes  very poor; i n  case o f  o f f - f l a v o r ,  9  ind ica tes  i t s  absence and 1 
ind ica tes  t h a t  much i s  present ;  i n  case o f  t e x t u r e ,  9  ind ica tes  very s o f t ,  
5  i s  i d e a l  t ex tu re  and 1 extremely f i r m  (Tables 11, 12 and 13). A 
randomized complete block ana lys i s  o f  variance showed t h a t  s i g n i f i c a n t  
d i f ferences  i n  t h e  panel r e s u l t s  were caused by presence o r  absence of  
soaking, the  composition o f  t h e  so lu t ion  used f o r  soaking and cooking, 
t h e  v a r i e t y ,  the  i n t e r a c t i o n  o f  v a r i e t y  and use o f  a  soak, v a r i e t y  and 
so lu t ion  i n t e r a c t i o n ,  and so lu t ion  and use of  soak i n t e r a c t i o n  (Table 14). 



Table 1. SOYBEAN VARIETIES TESTED AND PRODUCTION AREAS 

Variety 

Amsoy 71 
Beeson 
Bonus 
Bossier 
Calland 
Clark 63 
Cobb 
Columbus 
Corsoy 
Davis 
Essex 
Forrest 
Hill 
Hodg son 

State Produced 

Illinois 
Illinois 
Illinois 
Louisiana 
Illinois 
I1,iinois 
Alabama 
Kansas 
Illinois 
Arkansas 
Tennessee 
Arkansas 
Arkansas 
Illinois 

Variety State Produced 

Improved Felican Louisiana 
Lill palmiha, ~olambia 
Mandarin ~almika, ~olBmbia 
Mitchell ' Illinois 
Ransom Arkansas 
Richland Illinois 
Rillito Arizona 
Semmes Arkansas 
Sri Lanka Sri Lanka 
Swift Mi nesota 
Tunia FalmSa, ~ o d m b i a  
Williams Illinois 
Woodworth Illinois 

Table 2. EXPERIMENTAL DESIGN FOR SOAKING AND COOKING SOYBEANS 

Treatment Soak Conditions Cooking Conditions 

0.5% NaHC03 in dis- 0.5% NaHC03 60 min, 
tilled H20, 20 hrs 100°C 
room temp. 

None 0.5% NaHC03 60 min, 
100°C 

Tap watera, 20 hrs, Tap water, 60 min, 
room temp. 100°C 

None Tap water, 60 min, 
100°C 

a Tap water; partially softened water as supplied by the city 
of Urbana, Illinois, 80 ppm hardness as Ca++, 80 ppm Na+. 



T a b l e  3. EFFECT OF VARIETY, SOAK AND COOK SOLUTION ON 
TENDERNESS OF COOKED WHOLE SOYBEANS 

Mean Shear  Press Peak Heiqht  ( p s i ) *  

M i t c h e l l  

Ransom 

Cobb 

R i l l i t o  

Semmes 

Columbus 

H i l l  

Amsoy 71 

-- -. 
1 

None 

Tap Water 

Soak 
V a r i e t y  

Cook 
I 

Cal l and  12.3 40.3 50.7 70.0 

Essex 13.3 45.0 50.0 77.0 

0.5% NaHC03 

0.5% NaHC03 

Mandarin 13.3 49.7 51.0 77.0 

Rich l and  

L i l l  

None 

0.5% NaHC03 

Corsoy 

Bossier 

Tunia 

Woodworth 

S w i f t  

W i l l i a m s  
Bonus 

Hodgson 

Beeson 

F o r r e s t  

S r i  Lanka 

C l a r k  63 

Improved P e l i c a n  

Davis 

Tap Water 

Tap Water 

Treatment  Hean 16.2 45.4 53.2 76.2 

Treatment  Range 26.3 36.0 44.0 43.6 

S i x  most t e n d e r  v a r i e t i e s  f o r  each  t r ea tmen t  a r e  under l ined .  
Values  are means for t r i p l i c a t e ,  100 gm, cooked samples ob ta ined  
us ing  a Lee-Kramer s h e a r  p re s s .  



T a b l e  4 .  S i g n i f i c a n t  d i f f e r e n c e s a  among s h e a r  p r e s s  means 
a s  d e t e r m i n e d  by  Duncan's  M u l t i p l e  Range T e s t  f o r  
1974 c r o p  soybeans with bicarbonate treatments 

20 Hour Soak 

V a r i e t y  Mean 

No Soak 

V a r i e t y  Mean 

S h a k k i n  Nash i  
Corsoy  ' 7 3  
Hodgson 
T r a c y  
C o l l a n d  
Bonus 
Woodworth 
Hark 
C e r t .  P e l i c a n  
Wayne 
W i l l i a m s  
Amsoy ' 7 1  
Amsoy 
C l a r k  ' 63  
Corsoy  ' 7 4  
S w i f t  
Hardee  
Columbus 
K a n r i c h  
Semmes 
Wells 
Beeson 
Hampton 
Cobb 
P i c k e t t  ' 7 1  
F o r r e s t  
Dav i s  
B o s s i e r  

Amsoy ' 7 1  
Hardee  
Cobb 
Amsoy 
Hodgson 
Bonus 
C e r t .  P e l i c a n  
W i l l i a m s  
Hark 
Semmes 
Corsoy ' 7 3  
T r a c y  
Hampt on 
P i c k e t t  ' 7 1  
Wayne 
C l a r k  ' 6 3  
C a l l a n d  
Wells 
Woodworth 
Kanr ich  
Columbus 
F o r r e s t  
S w i f t  
Corsoy '74  
Shakkin  Nashi  
Davis  
B o s s i e r  
Beeson 

a L e v e l  o f  s i g n i f i c a n c e  i s  0.05; means c o n n e c t e d  by a  l i n e  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t .  



T a b l e  5 .  S i g n i f i c a n t  d i f f e r e n c e s a  among v a r i e t y  s h e a r  p r e s s  
means a s  d e t e r m i n e d  by Duncan's  M u l t i p l e  Range T e s t  
197 5 crop soybeans with bicarbonate treatments 

20 Hour Soak 

V a r i e t y  Mean 

No Soak 

V a r i e t y  Mean 

Amsoy ' 7 1  
K a n r i c h  
Hark 
P r i z e  ' 75  
Bonus 
W i l l i a m s  
S w i f t  
S t e e l e  
Imp. P e l i c a n  
O z o n o s h i k i  
Woodworth 
Hodgson 
P i c k e t t  ' 7 1  
P l a n a l t o  
Ransom 
F o r r e s t  
Cobb 
P e r o l a  
Dav i s  
C l a r k  ' 6 3  
H i 1  1 
P r a t a  
Columbus 
E s s e x  
Braqg 
Corsoy  
C a l l a n d  
B o s s i e r  
Beeson 
P  ampe i ra  

Amsoy ' 7 1  
K a n r i c h  
Hark 
P r i z e  ' 75  
W i l l i a m s  
Bonus 
Cobb 
Imp. P e l i c a n  
P i c k e t t  ' 7 1  
H i l l  
P r a t a  
S w i f t  
Ozonosh ik i  
P l a n a l t o  
S t e e l e  
C l a r k  ' 6 3  
Columbus 
Woodworth 
Braq9 
Corsoy 
H odg son  
B o s s i e r  
F o r r e s t  
Ransom 
C a l l a n d  
Beeson 
Dav i s  
E s s e x  
Pampeira  
P e r o l a  

- - - - -  

a L e v e l  o f  s i g n i f i c a n c e  i s  0.05; means c o n n e c t e d  by a line are  
n o t  s i g n i f i c a n t l y  d i f f e r e n t .  



T a b l e  6. S i g n i f i c a n t  d i f f e r e n c e s a  among v a r i e t y  s h e a r  p r e s s  
means as d e t e r m i n e d  by Duncan's  M u l t i p l e  Range T e s t  
t h e  197  6 crop soybeans with bicarbonate treatments 

20 h o u r  soak  

V a r i e t y  Mean 
No soak 

V a r i e t y  Mean 

M i t c h e l l  
Ransom 
Cobb 
R i l l i t o  
Semmes 
Columbus 
H i l l  
Amsoy ' 7 1  
C a l l a n d  
E s s e x  
Mandarin 
R i c h l a n d  
L i l l  
B o s s i e r  
Corsoy  
T u n i a  
Woodwor t h  
W i l l i a m s  
S w i f t  
Bonus 
Hodgson 
Beeson 
F o r r e s t  
S r i  Lanka 
C l a r k  ' 6 3  
Imp. P e l i c a n  
Dav i s  

M i t c h e l l  
Cobb 
Ransom 
S e m m e  s 
H i l l  
T u n i a  
Imp. P e l i c a n  
Amsoy ' 7 1  
C a l l a n d  
R i l l  i t0 
Columbus 
Bonus 
E s s e x  
L i l l  
S r i  Lanka 
B o s s i e r  
F o r r e s t  
Woodwor t h  
Mandarin 
Corsoy 
Davis  
S w i f t  
W i l l i a m s  
Hodgson 
R i c h l a n d  
Beeson 
C l a r k  ' 6 3  

a L e v e l  of s i g n i f i c a n c e  i s  0.05; means c o n n e c t e d  by  a l i n e  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t .  



T a b l e  7. COMPARISON OF TENDERNESS VALUES FOR SOYBEAN VARIETIES 
FROM THE 1974, 1975 and 1976 CROPS 

S h e a r  P r e s s  Va lue  ( p s i )  
Soak/Blanch 

V a r i e t y  S o l u t i o n  0.5% NaHC03 Tap Water 

Bonus 
C a l l a n d  
Hodgson 
Woodworth 

Amsoy 71 
Hark 
W i l l i a m s  
Improved P e l i c a n  

C l a r k  63 
Corsoy 74 
S w i f t  
Columbus 

Kanr ich  
Beeson 
Cobb 
P i c k e t t  71 

F o r r e s t  
Davis  
B o s s i e r  

Mean 1974 and 1975 

S t d .  Dev. 

Mean 1974 and 1976 19.94 18.23 57.68 55.38 

S t d .  Dev. 6.03 7.35 14.68 10.28 . 

r 0.25 0.11 

Mean 1975 and 1976 

S t d .  Dev. 

r 
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Table  8 .  COMPOSITION OF 27 VARIETIES OF RAW, WHOLE SOYBEANS 

Var ie ty  Moisture P r o t e i n  O i l  F iber  Ash NFE 
% % % % 96 % 

Amsoy 71 

Beeson 

Bonus 

Bossier 

Cal land 

Clark 63 

Cobb 

Columbus 

Corsoy 

Davis 

Essex 

Forres t  

H i l l  

Hodgson 

Imp. P e l i c a n  

L.I 11 

Mandarin 

M i t c h e l l  

S r i  Lanka 

Ransom 

Richland 

R i l l i  t o  

Semmes 

S w i f t  

Tunia 

Will iams 

Woodworth 

BEST AVAILABLE COPY 



T a b l e  9.. PHYSICAL CHARACTERISTICS OF 27 VARIETIES OF WHOLE SOYBEANS 

DRY 

Amsoy 71 -161 

Beeson -205 

Bonus ,140 

B o s s i e r  ,142 

C a l l a n d  -182 

C l a r k  63 -167 

Cobb -120 

Columbus -150 

Corsoy ,165 

Davis ,156 

Essex ,133 

F o r r e s t  ,146 

H i l l  ,147 

Hodgson -169 

Imp. Pe l ican .119  

L i l l  -179 

Mandarin ,143 

M i t c h e l l  -150 

S r i  Lanka ,086 

Ransom ,148 

Richland -172 

R i l l i t o  ,167 

% Change i n  w t  w i t h  soak ing  
and/or  cooking 

V a r i e t y  Wt/Bean Vol/$ean ~ e n s v y -  
(grams)  ( c m )  (91% 

S e m m e s  144 

S w i f t  ,170 

Tunia  -197 

Wi l l i ams  ,178 

Woodworth -145 

-. 9 

Soaked soaked" ---e eooked 
and 

Cooked 

90.88 

89.53 

87.95 

83.08 

91.81 

84.94 

92-76  

90.82 

84.81 

86.79 

86.30 

83.91 

85.11 

87.01 

90.35 

85.73 

88.28 

92.43 

78.70 

92.18 

92.80 

as,go 

85.65 

91.09 

89.48 

86.58 

90.4'7 

a ~ o a k e d  20 h r s  i n  t a p  water a t  room tempera ture .  

b ~ o a k e d  as  i n  ( a )  and cooked a s  ( c )  . 
C Cooked 60 min a t  100°C i n  t a p  water .  

BEST AVAILABLE COPY 



Table 1 0 .  S i g n i f i c a n c e  o f  f a c t o r s  a f f e c t i n g  t e n d e r n e s s  

-.- 

Prob-  
T r e a t m e n t  F a c t  o r  R e g r e s s i o n  a b i l i t y  

C o e f f i c i e n t ( r 1  > F ~  

Soaked i n  t a p  water 
Cooked i n  t a p  w a t e r  Soak and cookC 

Soaked i n  NaHC03 s o l  In Soak b . 345 - 0 7 8  
Cooked i n  NaHC03 s o l ' n  Soak and cook ,352 ,072 

No s o a k  Soak -364 .062 
Cooked i n  t a p  water Soak and cook -449  ,019 

No s o a k  Soak -426  .027 
Cooked i n  NaHC03 s o l t n  M o i s t u r e  c o n t e n t  -373  ,056 

- - --  - - - - - - - -  -- - - 

a S i g n i f i c a n c e  w a s  d e t e r m i n e d  by l i n e a r  r e g r e s s i o n  a n a l y s i s .  

Soak:  P e r c e n t  c h a n g e  i n  w e i g h t  of  v a r i e t y  a f te r  20 h o u r s  
s o a k  i n  t a p  water a t  room t e m p e r a t u r e .  

Soak and cook:  P e r c e n t  c h a n g e  i n  we igh t  of v a r i e t y  after  
s o a k e d  as  d e s c r i b e d  above ,  d r a i n e d ,  and p l a c e d  i n  f r e s h  
b o i l i n g  t a p  water for 60 m i n u t e s .  
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T a b l e  11. MEAN ORGANOLEPTIC FLAVOR SCORES 

M i t c h e l l  

W i l l i a m s  

Imp. P e l i c a n  

Essex 

Tunia  

Cobb 

Mandarin 

Rich land  

H i l l  

C a l l a n d  

S w i f t  

Amsoy 71 

Corsoy 

R i l l i t o  

Ransom 

Semmes 

Woodworth 

Columbus 

Hodgson 

Davis 

Bonus 

B o s s i e r  

Beeson 

L i l l  

S r i  Lanka 

F o r r e s t  

C l a r k  

Average 

Soak 

V a r i e t y  Blanch 

0.5% NaHC03 

0.5% NaHC03 

None 

0.5% NaHC03 

Tap Water 

Tap Water 

None 

Tap Water, 
O v e r a l l  

Mean 



T a b l e  12. 'MEAN ORGANOLEPTIC OFF-FLAVOR SCORES 
/ 

M i t c h e l l  

W i l l i a m s  

Imp. P e l i c a n  

Essex 

Tunia  

Cobb 

Mandarin 

Richland 

H i l l  

Ca l l and  

S w i f t  

Amsoy 71 

Corsoy 

R i l l i t o  

Ransom 

Semmes 

Woodworth 

Columbus 

Hodgson 

Davis 

Bonus 

Bossier 

Beeson 

L i l l  

S r i  Lanka 

F o r r e s t  

C l a r k  

Average 

Soak 

V a r i e t y  Blanch 

0.5% NaHC03 

0.5% NaHC03. 

None 

0.5% NaHC03 

Tap Water 

Tap Water 

None 

Tap Water 

O v e r a l l  
Mean 
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T a b l e  13. MEAN ORGANOLEPTIC TENDERNESS SCORES 

M i t c h e l l  7.45 

W i l l i a m s  7.10 

Imp. P e l i c a n  7.06 

Essex 7.00 

Tunia  7.00 

Cobb 6.84 

Mandarin 6.84 

Richland 6.71 

H i l l  6.67 

Cal land  6.63 

S w i f t  6.61 

Amsoy 71 6.50 

Corsoy 6.48 

R i l l i t o  6.47 

Ransom 6.43 

Semmtis 6.33 

Woodworth 6.33 

Colur&us 6.26 

Hodgson 6.22 

Davi: 6.19 

B o n u ~  5.95 

Bossier 5.89 

Beeson 5.89 

L i l l  5.89 

S r i  Lanka 5.79 

F o r r e s t  5.70 

C la rk  5.35 

Average 6.43 

Soak 

V a r i e t y  Blanch 

0.5% NaHC03 

0.5% NaHC03 
I 

None 

0.5% NaHC03 

Tap Water 

Tap Water 

None 

Tap Water 
O v e r a l l  

Mean 



Table  1 4 .  S i g n i f i c a n c e  o f  f a c t o r s  a f f e c t i n g  o r g a n o l e p t i c  
f l a v o r ,  o f f - f l a v o r  and tenderness  

Flavor O f f  -f l a v o r  Tenderness 
P ~ > F ~  P r >  Fa P r > F  

V a r i e t y  

S o l u t i o n  

Soak 

V a r i e t y  - soak 
i n t e r a c t i o n  

V a r i e t y  - S o l u t i o n  
i n t e r a c t i o n  

S o l u t i o n  - soak 
i n t e r a c t i o n  

a Factor  i s  s i g n i f i c a n t  where P >  F i s  less than 0 . 0 1 ;  
parenthes ized  v a l u e s  a r e  not  s i g n i f i c a n t .  



APPENDIX V 

Report o f  Work I n i t i a t e d  on Improvement o f  Technologies 
f o r  Rhizobium Production and Management i n  Tropica l  Ecologies 

R .  Stewart  Smith 
Ass i s t an t  Professor ,  S o i l  Microbiology 

I .  In t roduct ion  

The INTSOY microbiology p o s i t i o n  was f i l l e d  i n  June,  1977 and research  
was i n i t i a t e d  i n  Puerto Rico. I n i t i a l  e f f o r t  was devoted t o  t h e  ac- 
q u i s i t i o n  o f  o f f i c e  and labora tory  supp l i e s  and equipment t o  supple- 
ment e x i s t i n g  equipment assembled by D r .  Roger E .  Smith, mic rob io log i s t ,  
Univers i ty  o f  Puerto Rico, with which t h e  microbiology l abora to ry  is  
shared,  and D r .  Michael A.  E l l i s ,  INTSOY seed p a t h o l o g i s t ,  Univers i ty  
o f  Puerto Rico . 
The research  program i n i t i a t e d  dur ing  t h i s  r epor t ing  per iod  l a r g e l y  
developed a f t e r  cons idera t ion  was given t o  t h e  o b j e c t i v e s  o f  c o n t r a c t  
AID/ta-c-1294 Output 2, "Improved technologies  f o r  Rhizobium management 
i n  t h e  t ropics" .  However, o t h e r  repor ted  s u b j e c t s  r e s u l t e d  from s p e c i f i c  
observa t ions  encountered i n  soybean f i e l d s  i n  Puerto Rico. 

The major t h r u s t  o f  t h e  research  was t o  b e t t e r  understand t h e  f a c t o r s  
a f f e c t i n g  Rhizobia and soybean nodulat ion i n  t h e  t r o p i c s .  

11. Summary o f  Research P r o j e c t s  

A .  Inf luence  o f  t h e  r a t e  of  soybean emergence on nodulat ion parameters .  

Many f a c t o r s  have been repor ted  t o  have an inf luence  on t h e  amount 
o f  nodulat ion t h a t  develops on soybeans. The more commonly noted 
s o i l  environmental f a c t o r s  include s o i l  temperature, s o i l  pH, 
l e v e l  o f  s o i l  n i t r a t e ,  s o i l  des s i ca t ion ,  f looding  and s a l i n i t y .  
Some hos t  inf luences  a l s o  p l ay  a  r o l e  i n  nodulat ion development 
inc luding  h o s t - s t r a i n  i n t e r a c t i o n s ,  general  hos t  f e r t i l i t y  and 

o t h e r  i n d i r e c t  f a c t o r s  a l t e r i n g  t h e  h o s t .  

This  s tuhy was i n i t i a t e d  t o  i n v e s t i g a t e  t h e  in f luence  of t h e  r a t e  
of  e a r l y  hos t  growth, o r  s eed l ing  v igor ,  on t h e  amount and l o c a t i o n  
o f  t h e  r e s u l t i n g  nodulat ion.  Seedl ing  v igo r ,  o r  e a r l y  r ap id  growth, 
was cha rac te r i zed  by observing the  ind iv idua l  s eed l ing  emergence 
da te .  This  experiment was i n  cooperat ion with D r .  Michael A.  E l l i s ,  
INTSOY seed p a t h o l o g i s t ,  Department o f  Crop P ro tec t ion ,  Univers i ty  
o f  Puerto Rico, Mayaguez, Puerto Rico. D r .  E l l i s  i s  funded by 
grant  AID/CM/ta-g-73-50. 

Methods 

Three experiments a r e  being conducted i n  t h i s  eva lua t ion .  A sandbench 
and f i e l d  experiment have been completed and a second f i e l d  experiment 
i s  i n  t h e  f i n a l  s t a t e  o f  d a t a  accumulation. 



I n  a l l  experiments a  good q u a l i t y  l o t  o f  soybean seed  was s epa ra t ed  
i n t o  s e v e r a l  q u a n t i t i e s  and p l aced  i n  an a c c e l e r a t e d  age ing  environment 
( 4 0 ' ~  and 100% r e l a t i v e  humidity) f o r  vary ing  l eng ths  o f  t ime.  A wide 
va r i ance  i n  seed v i g o r  was ob ta ined  by b lending  seed ,  from t h i s  o r i g i n a l  
seed  l o t ,  which had been a c c e l e r a t e d  aged f o r  0 ,  1, 2, 3 ,  and 4 days.  
The seed  was uniformly inocu la t ed  wi th  Rhizobium japonicum and p l a n t e d  
i n  e i t h e r  t h e  sandbench o r  f i e l d .  J u p i t e r  seed  was u t i l i z e d  i n  t h e  
sandbench and f i rst  f i e l d  t r i a l  and ~ b ~ i t e r ,  SJ-1 and Orba i n  t h e  
second f i e l d  experiment.  

Seed v i g o r  t r ea tmen t s  were e s t a b l i s h e d  by t agg ing  p l a n t s  from t h e  
f i rs t  day o f  emergence. Success ive  t r ea tmen t s  (number o f  days t o  
emerge) were e s t a b l i s h e d  by each day t agg ing  newly emerged p l a n t s .  
After twenty-s ix  days i n  t h e  sandbench and f o r t y  days i n  t h e  f i rs t  
f i e l d  experiment ,  t e n  p l a n t s  from each t rea tment  f o r  each o f  t h r e e  
r e p l i c a t i o n s  were dug and p l a n t  growth and nodula t ion  parameters  
eva lua ted .  Two h a r v e s t s  were made i n  t h e  second f i e l d  experiment.  
The first ha rves t  was twenty-seven days a f t e r  emergence, which r e -  
q u i r e d  sampling each seed  emergence t rea tment  i n  consecut ive  days.  
The second h a r v e s t  was t h i r t y - e i g h t  days a f t e r  p l a n t i n g .  

Resu l t s  

Only t h e  sandbench and f i rs t  f i e l d  experiment have been completed and 
s t a t i s t i c a l l y  analyzed,  t h e r e f o r e ,  t h e  d i s cus s ion  o f  t h i s  s t udy  w i l l  
no t  i nc lude  t h e  l a s t  f i e l d  experiment.  

S i g n i f i c a n t  d i f f e r e n c e s  i n  p l a n t  and r o o t  d ry  weight were ob ta ined  
i n  t h e  sandbench and f i rs t  f i e l d  experiment between n e a r l y  every 
ad j acen t  p a i r s  o f  t r ea tmen t s  (Tables 1 and 3 ) .  Tables  2  and 4 a l s o  
show t h a t  t h e r e  i s  a  h igh ly  s i g n i f i c a n t  nega t ive  c o r r e l a t i o n  c o e f f i c i e n t  
between t rea tment  (days t o  emerge) and t h e s e  two p l a n t  growth parameters .  
This  i n d i c a t e s  t h a t  i n c r e a s i n g  number o f  days t o  emerge r e s u l t s  i n  a  
succes s ive ly  sma l l e r  p l a n t .  

Examination o f  t h e  number o f  t a p  r o o t  nodules ,  t o t a l  nodules  and t o t a l  
nodule weight p e r  p l a n t  (Tables 1 and 3) a l s o  i n d i c a t e s  a  s i g n i f i c a n t  
dec rease  i n  t h e s e  nodula t ion  parameters  a s  t h e  number o f ' d a y s  t o  emerge 
i n c r e a s e s .  The range o f  t o t a l  nodula t ion ,  t a p  r o o t  nodula t ion  and 
t o t a l  nodular  weight p e r  p l a n t  was much l a r g e r  i n  t h e  sandbench than  
i n  t h e  f i e l d  experiment.  This  i s  most l i k e l y  due t o  t h e  poor  p l a n t  
growth which occur red  i n  t h e  f i e l d ,  mainly due t o  poor s o i l  f e r t i l i t y  
cond i t i ons .  

I t  i s  important  t o  no t e  t h a t  a  s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  nodula- 
t i o n  occurred i n , b o t h  experiments  when comparing t h e  two most vigorous 
t r ea tmen t s  ( t h e  f i r s t  and second d a t e  o f  emergence p l a n t s ) .  There were 
a l s o  s i g n i f i c a n t  d i f f e r e n c e s  i n  p l a n t  weight between t h e s e  two t r e a t -  
ments i n  bo th  experiments .  However, it i s  a n t i c i p a t e d  t h a t  both o f  
t h e s e  t r ea tmen t s  would be u t i l i z e d  i n  an eva lua t ion  where t h e  number 



Table 1. Ef fec t  of soybean days t o  emerge on nodulation and p l a n t  growth parameters 
i n  sandbench. 

Number Total  Total  
Days t o  P l an t  Root T ~ P  Number Nodule 
Emerge Weight (g) Weight (g Nodules Nodules Weight (q) 

1/ Means followed by t h e  same le t ter  are no t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  - 
5% l e v e l .  

Table 2 .Cor re la t ion  coe f f i c i en t s  from sandbench eva lua t ion  of  seed v igor  on 
nodulation.  

Number Tota l  Total  
P l an t  Root Tap Number Nodule 
Weight weight Nodules Nodules Weight 

Reatmen t -0.715** -0.722** -0.712** -0.653** -0.580** 

Plan t  Weight 0.916** 0.656** 0.774** 0.824** 

Root Weight 0.653** 0.699** 0.646** 

Tap Nodules 0.786** 0.637** 

Total  Nodules 0.787** 

Weight/ 
Nodule fg) 

0.0006 A 

Weight/ 
Nodule -- 

Total  Nodule Weight 

** Sign i f i c an t  a t  t h e  .O1 l e v e l .  



Table 3. Ef fec t  of soybean days t o  emerge on nodulation and p l a n t  growth parameters 
i n  f i e l d  condi t ions .  

Nunber Tota l  
Days t o  P l a n t  Root Tap Tota l  Nodule Weight/ 
Erne rge  Weight (g) Weight (g) Nodules Nodules Weight (g) Nodule (9) 

1/ Means followed by t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  - 
5% l eve l .  

Table 4. Corre la t ion  Coe f f i c i en t s  from f i e l d  evaluat ion of seed vigor  on nodulation.  

Total  
P l an t  M o t  Tap Total  Nodule Weight/ 
Weight Weight Nodules Nodu 1 e s Weight Nodule 

Treatment -0.652** -0.697** -0.415** -0.584** -0.271* 0.033 

Plan t  Weight 0.969** 0.378** 0.514** 0.394** 0.219* 

Root Weight 0.403** 0.533** 0.383** 0.184* 

Tap Nodules 0.694** 0.594** 0.325** 

Total  Nodules 0.728** 0.289** 

Total  Nodule Weight 0.741** 

* - Sign i f i c an t  a t  t h e  -05 l eve l .  
** - Sign i f i c an t  a t  t h e  .O1 l eve l .  



and amount of nodulation i s  used as  a  c r i t e r i a  f o r  inoculant  o r  
rh izob ia l  excel lence.  This study suggests  t h a t  a  s i g n i f i c a n t  va r i a -  
t i o n  i s  introduced i n t o  t h i s  type of  evaluat ion  by sampling p l a n t s  
which vary i n  seedling vigor.  I t  would therefore  be recommended t h a t  
only p l a n t s  of i n i t i a l  uniform growth and v igor  be u t i l i z e d  i n  s tud ies  
o r  t e s t s  examining rh izobia l  inoculants ,  and rh izob ia l  nodulation. 

B. Number of Rhizobium japonicum necessary t o  e s t a b l i s h  s a t i s f a c t o r y  
nodulation i n  t r o ~ i c a l  s o i l s .  

One of  t h e  more p r a c t i c a l  problems concerning inocula t ion  of  soy- 
beans i n  LDCs i s  t o  determine t h e  minimum number of  Rhizobium 
japonicum bac te r i a  needed t o  produce acceptable t ap  root  and t o t a l  
nodulation and t o  obta in  maximum seed y i e l d  i n  t h e  t r o p i c s .  Research 
i n  the  U.S.A. ind ica tes  t h a t  severa l  hundred thousand R .  japonicum 
a r e  required f o r  good t a p  root  nodulat ion of  soybeans under 
f i e l d  condit ions.  Such d a t a  d o  not  e x i s t  f o r  t h e  t r o p i c s .  

Also, the  longevity o f  R. japonicum i n  t r o p i c a l  s o i l s  under t h e  
inf luence  of  detr imental  environmental f a c t o r s ,  such as  year  
around high s o i l  temperature, ac id  s o i l s ,  heavy r a i n f a l l  and poss ib ly  
submerged s o i l s ,  i s  an important quest ion t o  be determined. 

The ob jec t ives  o f  t h i s  s tudy were t o  est imate t h e  number of R .  
japonicum, applied a t  p lant ing ,  necessary t o  e s t a b l i s h  accepGble  
nodulation, es t imate  t h e  y i e l d  response due t o  inocula t ion  and t o  
e s t a b l i s h  rh izob ia l  population l e v e l s  i n  f i e l d  condi t ions  t o  allow 
the  i n i t i a t i o n  o f  a  rh izob ia l  survival  and longevity study.  

k thods 

J u p i t e r  v a r i e t y  o f  soybeans were planted February 20, 1978 a t  t h e  
I sabe la  Experimental.Substation on a locat ion  which had no previous 
soybean h i s to ry  and was f r e e  o f  R .  japonicum. The inocula t ion  t r e a t -  
ments, with four  r e p l i c a t i o n s ,  included an uninoculated c ~ n t r o l  and 
nine l e v e l s  of  rh izbb ia l  inocula t ion ,  ranging from 3 . 9 ~ 1 0 ~  R./cm with 
10 fo ld  increases  up t o  3 . 9 ~ 1 0 ~  R./cm. The lowest l eve l  of  rh izobia  
d i d  not form nodules, so  was s i d e  dressed a f t e r  23 days with 100 l b / a  
N-(NH ) SO t o  provide a pos i t ive  n i t rogen treatment.  The 8-0 s t r a i n  4 of  R.  4j$onicum was received as  a  frozen l i q u i d  concentrate commercial 
prepara t ion  from Agricul tura l  Laboratories ,  Inc . ,  Columbus, Ohio. The 
frozen l i q u i d  concentrate was thawed immediately before p lan t ing ,  
d i l u t e d  i n  water t o  provide the  required concentrat ions,  and applied 
i n t o  the  seed furrow d i r e c t l y  on t h e  seeds. This was accomplished v i a  
a  g rav i ty  flow del ivery  system, which del ivered  21 g a l . / a .  r a t e  of 
the  respect ive  inocula t ion  treatments.  The l i q u i d  inoculant  r e s e r v o i r  
was mounted on a Planet  Jr. bulk hand p l a n t e r  with t h e  l i q u i d  del ivery  
tube fastened t o  the  r e a r  o f  t h e  seed shoe so  t h a t  t h e  inoculant  flowed 
d i r e c t l y  onto the  seeds. 

Ten p l a n t s  from each p l o t  were dug f o r  nodulation and p l a n t  growth 
determinations 25 and 53 days a f t e r  p lant ing .  



Resu l t s  

Data from t h e  two samplings f o r  nodula t ion  and p l a n t  growth parameters  
have been c o l l e c t e d  but  n o t  s t a t i s t i c a l l y  analyzed.  Seed y i e l d  w i l l  
be ob t a ined  l a t e r  t o  complete t h e  p o r t i o n  o f  t h e  s tudy  concerned wi th  
t h e  number o f  Rhizobia r equ i r ed  t o  o b t a i n  s a t i s f a c t o r y  nodula t ion .  

The r h i z o b i a l  longevi ty  p o r t i o n  o f  t h e  s tudy  w i l l  begin by p l a n t i n g  
uninocula ted  soybeans i n  a l l  p l o t s  o f  block one approximately f i ve '  
months a f t e r  h a r v e s t i n g  t h e  i n i t i a l  crop.  The amount o f  nodula t ion  
ob t a ined  from each o r i g i n a l  p l o t  w i l l  be ob t a ined  and MPN e s t i m a t e s  
o f  t h e  s o i l  R. japonicum popula t ion  performed. This same procedure 
w i l l  be conducted on blocks 2 ,  3 and 4 a f t e r  1, 2,  and 3 y e a r s  res- - - 

p e c t i v e l y .  Repeated e v a l u a t i o n s  o f  each block w i l l  be a s  
necessary  t o  e s t i m a t e  t h e  s u r v i v i n g  popula t ion  o f  R .  japonicum wi th  
t ime . 

Even though s t a t i s t i c a l  a n a l y s i s  o f  t h e  c o l l e c t e d  nodula t ion  d a t a  
has n o t  been performed, t h e  raw da ta .  w i l l  be p re sen t ed  and genera l  
comments made concerning nodula t ion  and p l a n t  growth (Table 5 ) .  

For both ha rves t i ng  p e r i o d s  t h e  p l a n t  and r o o t  d ry  weights were n o t  
a f f e c t e d  by t h e  r h i z o b i a l  i nocu la t i on  r a t e s .  With t h e  n e a r  t o t a l  
absence o f  nodula t ion  on t r ea tmen t s  r ece iv ing  up through 3 . 9 ~ 1 0 ~  R./cm 
and y e t  equa l ly  good p l a n t  t o p  and r o o t  growth, a long  wi th  uniform 
dark green f o l i a g e ,  it appears  t h a t  ample s o i l  n i t r o g e n  was a v a i l a b l e  
i n  t h i s  s o i l  t o  provide  s u f f i c i e n t  uniform v e g e t a t i v e  growth. Whether 
a n i t r o g e n  de f i c i ency  w i l l  develop i n  t h e  unnodulated p l o t s  dur ing  
t h e  r ep roduc t ive  growth pe r iod ,  and t h u s  be expressed  i n  seed  y i e l d  
d i f f e r e n c e s ,  w i l l  be determined l a t e r .  Seed y i e l d  d i f f e r e n c e s  w i l l  
be important  i n  determining t h e  adequate l e v e l  o f  nodula t ion  t o  
provide  s u f f i c i e n t  n i t rogen  f o r  maximum seed  y i e l d  under t h e s e  t rop -  
i c a l  cond i t i ons .  

I nocu la t i on  l e v e l s  o f  R.  japonicum a t  0,  3 . 9 ~ 1 0 ~  and 3. 9x10L~ . / cm pro-  
vided no t a p  o r  t o t a l  nodula t ion ,  o t h e r  than an occas iona l  s t r a y  
nodule.  Therefore ,  it r equ i r ed  3 . 9 ~ 1 0 ~  R./cm t o  ach ieve  any nodula- 
t i o n .  Each a d d i t i o n a l  l o g  i n c r e a s e  i n  t h e  i n o c u l a t i o n  r a t e  caused an 
i n c r e a s e  i n  bo th  t a p  nodule and t o t a l  nodule numbers f o r  both s a  

Jcm pe r iods  (Table 5 ) .  Thus t h e  h ighes t  l e v e l  o f  i n o c u l a t i o n  ( 3 . 9 ~ 1 0  
which i s  approximately 1000 times a s  heavy a r a t e  a s  a g r a n u l a r  s o i l  
i nocu lan t )  provided t h e  h ighe r  number o f  both t a p  r o o t  and t o t a l  
nodula t ion .  Data from t h e  second sampling i n d i c a t e s  t h a t  p o s s i b l y  a 
s i g n i f i c a n t  i n c r e a s e  i n  both nodula t ion  parameters  occurred a t  t h e  
3 . 9 ~ 1 0 ~  R./cm r a t e .  Whether t h i s  i n c r e a s e  i n  nodule  number could 
supply s i g n i f i c a n t l y  h ighe r  r a t e s  o f  symbio t i ca l l y  f i x e d  n i t r o g e n  w i l l  
be d i f f i c u l t  t o  determine from t h i s  s tudy .  

An examination of  t h e  t o t a l  nodule  dry weight p e r  p l a n t  a t  t h e  second 
h a r v e s t  i n d i c a t e s  t h a t  a l a r g e  i n c r e a s e  occur red  a t  t h e  3 . 9 ~ 1 0 ~  R./cm 
r a t e ,  a f t e r  which only  t h e  3.9x108 R./cm r a t e  appears  t o  be s i z a b l y  
l a r g e r .  If t h i s  i s  a s i g n i f i c a n t  i n c r e a s e  i n  nodule  weight and whether 
tEis i n c r e a s e  i n  nodule  weight was a b l e  t o  provide  more n i t r o g e n  may 



Table 5 . E f f e c t  of  Rhizobiwn japonicwn inocula t ion  rates on nodulat ion and p l a n t  growth. 

~hizo&ium P lan t  Root No. Tap Tota l  Nodule 
per  cm Treatment Dry W t .  Dry W t .  Nodules No. Nod. Dry Wt/plant Wt/Nod 

lstl-1 2/ 1 s t  2nd 1st 2nd 1st 2nd 1st 2nd 2nd- 1st 2nd 

(9)  (9)  (9) (9)  

Control  A .445 6.81 .I57 1.18 0 0 . I  .2 .0002 -0041 .0004 .0189 

1/ - 1st ha rves t  a t  25 days a f t e r  p lan t ing .  - 

2/ - 2nd ha rves t  a t  53 days a f t e r  p lan t ing .  - 



only  be determined by eva lua t ing  t h e  seed  y i e l d  and s t a t i s t i c a l l y  
ana lyz ing  a l l  d a t a .  

The previous ly  publ i shed  inve r se  r e l a t i o n s h i p  between t h e  number o f  
nodules  p e r  p l a n t  and t h e  average weight p e r  nodule i s  i l l u s t r a t e d  
i n  t h e  d a t a  from t h e  second h a r v e s t .  Comparing t h e  average weight 
p e r  nodule only  i n  t rea tments  which provided an i n c r e a s e  i n  nodula t ion  
( 3 . 9 ~ 1 0 ~  R./cm and l a r g e r )  i t  i s  observed t h a t  a s  t h e  t o t a l  nodules 
p e r  p l a n t  increased  from 0 .9  t o  55 .5 , the  average dry weight p e r  nodule 
decreased from .0105 g. t o  .0018 g. 

I n  summary, t h e  logar i thmic  i n c r e a s e  i n  t h e  i n o c u l a t i n g  l e v e l  of  
R. japonicum provided an i n c r e a s e  i n  both t h e  number of  t a p  r o o t  and 
t o t a l  nodules.  However, t h e  averag! nodule dry weight p e r  p l a n t  
became more s t eady  above t h e  3 . 9 ~ 1 0  R./cm r a t e .  This  i s  caused by 
t h e  i n v e r s e  r e l a t i o n s h i p  between t h e  t o t a l  number o f  nodules and t h e  
average dry weight p e r  nodule. I t  is hoped t h a t  s i g n i f i c a n t  i n c r e a s e s  
i n  seed y i e l d  w i l l  be achieved with nodula t ion .  This  w i l l  p rovide  
a  b a s i s  f o r  e s t ima t ing  t h e  r a t e  o f  R .  japonicum requ i r ed  on v i r g i n  
soybean s o i l  i n  t h e  t r o p i c s  t o  provide a  s a t i s f a c t o r y  supply of  
symbiot ica l ly  f i x e d  n i t rogen  t o  al low f o r  maximum y i e l d s .  

Co l l ec t ion  of Rhizobium japonicum s t r a i n s .  

A c o l l e c t i o n  o f  Rhizobium japonicum s t r a i n s  was assembled t o  which 
w i l l  be added a s  rece ived  o t h e r  s t r a i n s  demonstrat ing f avorab le  
c h a r a c t e r i s t i c s .  Th i r ty - fou r  s t r a i n s  now i n  t h e  c o l l e c t i o n  were 
rece ived  from t h e  USDA, Ce l l  Cu l tu re  and Nitrogen F i x a t i o n  Labora- 
t o r y ;  Ohio S t a t e  Univers i ty ;  Cornel l  Univers i ty  and Texas AGM 
Univers i ty .  These s t r a i n s  were o r i g i n a l l y  i s o l a t e d  from I n d i a ,  
Brasil, Japan and seve ra l  s t a t e s  i n  t h e  United S t a t e s .  

This  c o l l e c t i o n  served a s  t h e  source  o f  Rhizobium japonicum s t r a i n s  
f o r  t h e  high temperature t o l e r a n c e  screening  t r i a l  and w i l l  a l s o  
be used t o  provide s t r a i n s  f o r  f u t u r e  s t r a i n  eva lua t ions  such a s  
h o s t - s t r a i n  e f f i c i e n c y  eva lua t ions  and t o l e r a n c e  i n  a c i d  pH s o i l s .  

D. Screening of  Rhizobium japonicum s t r a i n s  f o r  growth a t  e l e v a t e d  
t e m e r a t u r e s  . 
High s o i l  temperature i s  a  c h a r a c t e r i s t i c  i n  many a reas  o f  t h e  
t r o p i c s  and sub t rop ic s  which may be a  s i g n i f i c a n t  de t r imenta l  
f a c t o r  t o  t h e  es tab l i shment  o f  Rhizobium japonicum i n  t h e  seed 
zone. Without a  s u f f i c i e n t  q u a n t i t y  o f  v i a b l e  rh i zob ia  su rv iv ing  
t h e  time pe r iod  from i n t r o d u c t i o n  i n t o  t h e  s o i l  v i a  i nocu la t ion  
u n t i l  a c t i v e  soybean r o o t  e longat ion ,  i n s u f f i c i e n t  nodula t ion  
may r e s u l t  which could cause a  p l a n t  n i t rogen  de f i c i ency  and 
y i e l d  l o s s  l a t e r  i n  t h e  season.  

The in f luence  o f  high s o i l  temperatures  may a l s o  p l a y  a  s i g n i f i -  
can t  r o l e  i n  determining t h e  l eng th  of t ime t h e  R .  japonicum 



populat ion can surv ive  ( a s  a  f r e e  l i v i n g  microorganism) i n  t h e  
f i e l d .  Once a  l o c a t i o n  has grown success fu l ly  nodulated soybeans 
and e s t ab l i shed  a  populat ion o f  R.  japonicum, t h e  r a t e  o f  d e c l i n e  
o f  t h i s  populat ion w i l l  be s t r o n g l y  inf luenced  by environmental 
f a c t o r s  inc luding  high s o i l  temperatures .  

Methods 

Three experiments were conducted wi th  a  t o t a l  o f  30 s t r a i n s  o f  
R.  japonicum on aga r  p l a t e s  t o  i n v e s t i g a t e  t h e  s t r a i n s  a b i l i t y  t o  grow 
a t  e l eva ted  temperatures .  The first two experiments provided a 
pre l iminary  screening  from which t o  s e l e c t  t h e  most temperature t o l e r -  
a n t  s t r a i n s  f o r  f u r t h e r  eva lua t ion  i n  t h e  t h i r d  experiment. 

Each s t r a i n  o f  R .  japonicum was grown i n  Yeast Ex t rac t  Mannital (YEM) 
b r o t h  t o  o b t a i n  a  t u r b i d  c u l t u r e  from which t o  i n o c u l a t e  f o r  t h e  
temperature s tudy.  Each s t r a i n  was s e r i a l l y  d i l u t e d  i n  s t e r i l e  t a p  
water  t o  ob ta in  t h e  fol lowing spread q l a t e  d i l  t i o n s  on YEM aga r  for -6  8 eacq experiment; experiment one - 10- an9 10- experiment two - 10 , Ir 10- and and experiment t h r e e  - 10- , 10- and lo-'. One aga r  
p l a t e  o f  each s t r a i n ,  f o r  each o f  t h e  above mentioned d i l u t i o n s ,  was 
placed i n  t h e  fol lowing temperattfre incubat ion  chambersofor each 

0 0 experiment: experiment Xne - 25 , 3: , 3g , 40' aad 45 C;  
0 experiment two - 2S0, 30 , 35O, 37.5 , 40 , and 45 C;  experiment t h r e e  - 

30 , 3s0, 36O, 37.5 and 39 C. 

For each experiment t h e  s t r a i n ' s  a b i l i t y  t o  grow a t  a  s p e c i f i c  
temperature was evaluated by observing t h e  fol lowing parameters:  
t h e  number o f  days requi red  t o  ob ta in  a  v i s a b l e  colony, an e s t ima te  
o f  t h e  average colony diameter a f t e r  10 days growth, and t h e  number 
of co lonies  a f t e r  6  days incubat ion.  A l l  p l a t e s  which d id  no t  have 
v i s a b l e  growth a f t e r  7 days incubat ion  a t  high temperatures  were 
t r a n s f e r r e d  t o  t h e  30°C incubator  t o  determine i f  t h e  previous temp- 
e r a t u r e  had been i n h i b i t o r y  o r  l e t h a l .  

A l l  b ro th  c u l t u r e s  were inocula ted  onto  J u p i t e r  soybean seed i n  a  
R. japonicwn f r e e  f i e l d  a t  t h e  I sabe la  s u b s t a t i o n  t o  v e r i f y  each 
s t r a i n ' s  a b i l i t y  t o  form nodules.  

Resul t s  

The pre l iminary  screening  o f  R .  japonicum s t r a i n s  f o r  growth on agar  
spread p l a t e s  a t  various temperatures provided seve ra l  u se fu l  t r ends  
(Tables 6 ) .  

When comparing t h e  var ious  incubat ion temperatures  u t i l i z e d  R. japonicwn 
s t r a i n s  grew most r a p i d l y  and profusely when incubated a t  30° C.  This  i s  
evident  by comparing, between temperatures ,  t h e  number o f  days requi red  
t o  form a v i s a b l e  colony and a l s o  by comparing t g e  colony s i z e .  
Twelve s t r a i n s  were v i sab le  one day sooner a t  30 C than a t  any o t h e r  
incubat ion temperature, and i n  only one in s t ance  d id  a  colony develop 
f i r s t  a t  a  temperature o t h e r  than 30°C ( s t r a i n  8-T a t  25 '~) .  The 
most nea r ly  optimum temperature i s  a l s o  ind ica t ed  by not ing  t h a t  15 
s t r a i n s  obta ined  a  l a r g e r  colony diameter a f t e r  10 days a t  30 C and 
only  s t r a i n  587 developed a l a r g e r  colony a t  a  temperature o t h e r  than 
30°C. 



The nodula t ion  r e s u l t s  f o r  a l l  s t r a i n s  p l an t ed  a t  t h e  I s a b e l a  s u b s t a t i o n  
i n d i c a t e  t h a t  s t r a i n s  530 and 587 from experiment two and s t r a i n  531 
from experiment t h r e e  f a i l e d  t o  form nodules .  These s t r a i n s  were then  
cons idered  no t  t o  be R. japonicwn. E f f ec t i ve  s t r a i n s  o f  R .  japonicum 
were r e - i s o l a t e d  from t h e  o r i g i n a l  s t ock  s l a n t  f o r  s t r a i n s  530 and 
587 and t h e s e  e f f e c t i v e  s t r a i n s  were r e - eva lua t ed  f o r  temperature  i n  
experiment t h r e e .  Th i s  exper ience  i l l u s t r a t e s  t h a t  i n  a l l  R. japoni-  
cum s t u d i e s  it is  necessary  t o  v e r i f y  t h e  nodula t ing  a b i l i t y  o f  a l l  - 
c u l t u r e s  by p l a n t i n g  i n  c o n t r o l l e d  cond i t i ons  wi th  t h e  soybean h o s t .  

T r a n s f e r r i n g  o f  p l a t e s ,  which d i d  no t  show v i s a b l e  growth a f t e r  seven 
days a t  e l e v a t e d  temperatures ,  t o  3 0 ' ~  d i d  n o t  i n i t i a t e  colony develop- 
ment. This  i n d i c a t e s  t h a t  t h e s e  e l e v a t e d  temperatures  were l e t h a l  
and were n o t  merely caus ing  a temporary growth i n h i b i t i o n .  

The most s i g n i f i c a n t  obse rva t ion  from experiments one and two i s  t h a t  
s t r a i n s  of R.  japonicum vary  i n  t h e i r  a b i l i t y  t o  grow a t  temperatures  
above optimum. A s  i n d i c a t e d  above, c u l t u r e s  530 and 587 i n  exgeriment 
two were no t  e f f e c t i v e  r h i z o b i a ,  t h e r e f o r e ,  t h e i r  growth a t  40 C i s  
n o t  r e l e v a n t .  O f  t h e  24 e f f e c t i v e  s t r a i g s  eva lua t ed  i n  t h e  prel iminagy 
experiments  on ly  9 formed co lon ie s  a t  35 C and no s t r a i n  grew a t  37.5 C.  

A l l  s t r a i n s  t h a t  grew a t  3 5 ' ~  p l u s  r e - i s o l a t e d  c u l t u r e s  o f  s t r a i n s  530, 
587 and 531 were more c l o s e l y  eva lua t ed  f o r  growth a t  h ighe r  tempera- 
t u r e s  i n  exper igent  t h r e e  (Table 7 ) .  The temperature  increments  above 

0 
3 5 ' ~  (36O, 37.5 and 39 C) were narrower i n  experiment t h r e e  than  i n  
t h e  prev ious  experiments.  

0 
An e r r o r  was found i n  t h e  35 C incuba t ion  temperature  16 hours  a f t e r  
p l a c i n g  t h e  spread  p l a t e s  i n  t h e  chamber. A t  &hat  time t h e  temperature  
was 39 C,  and was immediately r ead jus t ed  t o  35 C .  

The d a t a  (Table 7) f o r  a l l  s t r a i n s  i n d i c a t e d  t h a t  t h i s  chamber t h u s  
0 

provided a temperature  stress g r e g t e r  than  t h e  37.5 C chamber, bu t  
n o t  a s  s eve re  a s  t h e  con t inua l  39 C chamber. 

A l l  10 R. japonicum s t r a i n s  i g  experiment t h r e e  grew a t  3 7 . 5 ' ~  bu t  no 
s t r a i n  was a b l e  t o  mow a t  39 C .  However, t h e r e  appear  t o  be  d i f f e r -  
ences between these-10 s e l e c t e d  s t r a i n s  i n  t h e i r  a b i l i t y  t o  grow a t  
h ighe r  temperatures .  When comparing t h e  number o f  co lon ie s  t h a t  
developed a t  3 0 ' ~  (used a t  100% c ~ l o n y  developmegt) wi th  t h e  average 
pe rcen t  o f  co lon ie s  forming a t  35 , 36' and 37.5 C (Table 7) it is 
observed t h a t  s t r a i n s  v a r i e d  from 91.1% ( s t r a i n  587) t o  1.7% s u r v i v a l  
( s t r a i n  6) .  S t r a i n  6oc l ea r ly  demonstrated t h e  l e a s t  t o l e r a n c e  t o  
temperatures  above 30 C .  A l l  o t h e r  s t r a i n s  i n  experiment t h r e e  su rv ived  

0 
incubat ion  a t  e l e v a t e d  temperatures  wi th  an average from t h e  35 , 36 
and 3 7 . 5 ' ~  incuba t ion  temperatures  of  g r e a t e r  than  46% o f  t h e  number 
o f  c o l o n i e s  t h a t  developed a t  t h e  3 0 ' ~  incuba t ion  temperature .  Table 7 
l ists t h e  s t r a i n s  i n  decreas ing  o r d e r  o f  s u r v i v a b i l i t y  a t  t h e  t h r e e  
e l eva t ed  temperatures .  



Table  6.Growth o f  Rhizobium japonicwn s t r a i n s  a t  v a r i o u s  t empera tu re  on YEM agar  p l a t e s  ( p r e l i m i n a r y  s c r e e n i n g  - Experiments one and two) .  

37. sac 
Colony Colony 

40°C 4S°C 
Colony Colony Colony Colony 

Days t o  S i z e  Count Days t o  S i z e  Count 
Appear ( m )  ( x 1 ~ 7 )  Appear ( m )  ( ~ 1 0 7 )  

30°C 35 "C 

Colony Colony Colony Colony 
Days t o  S i z e  Count Days t o  S i z e  Count 
Appear (nun) (x107) Appear (-1 ( x ~ ~ 7 )  

R. 
japonicum 
s t r a i n  

Colony Colon 
Days t o  Siz&/ Coun 
Appear (mm) 

Days t o  S i z e  
Appear (nun) 

Count 
( x 1 ~ 7 )  

589 - - - - - - - - - - - - - - - - - - 
590 - - - - - - - - - - - - - - - - - - 
591 - - - - - - - - - - - - - - - - - - 
597 8 < 1 20 3 1 .O 2 2 - - - - - - - - - - - - - 
599 8 1.0 48 1 .O 23 8 3 1 - - - - - - - - 3 - -  -- < 1 

1/ Colony s i z e  a f t e r  10 days.  - 
2/ Number o f  c o l o n i e s  a f t e r  6 days.  - 
3/ Could n o t  o b t a i n  a count  because  o f  contaminat ion .  - 
4/ S t r a i n  n o t  e v a l u a t e d  a t  t h i s  tempera ture .  - 
5/ No growth occurred .  - 



Table 7. Percent survival of R. jqon<cum strains a t  elevated temperatures (Experiment three).  

R. 
japonicwn 
strain 

Count 
Percent Survival based 
on 30° count as 100% 

35 O C  36OC 37.5OC 

Average percent 
survival from 35O 
36' and 37.5OC 

Decreasing order 
of survival 



This prel iminary screening of R. japonicum s t r a i n s  a t  high incubation 
temperatures ind ica tes  t h a t  t h e r e  a r e  d i f ferences  among s t r a i n s .  Fur ther  
reskarch w i l l  be conducted to . ex tend  the  invest igat ion-from agar p l a t e  
growth t o  host  nodulation a t  high temperatures with t h e  most tempera- 
t u r e  t o l e r a n t  R. japonicum s t r a i n s .  

E .  Evaluation of  a l t e r n a t e  inoculant  c a r r i e r s  f o r  t h e  t r o ~ i c s .  

The standard c a r r i e r  f o r  rh izobia  i n  inoculant  production through- 
out  t h e  world has been f i n e l y  ground peat .  This mater ia l  has been 
used f o r  over f o r t y  years  and s t i l l  provides the  bes t  s u i t a b l e  
ma te r i a l ,  both from the  rh izob ia l  b a c t e r i a  performance and economic 
s tandpoints .  This mater ia l  has been used mainly a s  a  f i n e  moist 
powder which i s  seed appl ied  a t  p lant ing .  Recently p e a t  has been 
formulated as  a  granular  inoculant  c a r r i e r ,  which i s  " s o i l  appliedt1 
by de l ive r ing  t h e  granular  i n t o  t h e  seed furrow immediately a f t e r  
t h e  seed.  

In t h e  development of  inoculant  p r a c t i c e  and production i n  LDCs 
o t h e r  methods of  inocula t ing  and a l t e r n a t e  c a r r i e r s  w i l l  have t o  
be developed because of  t h e  general  lack o f  appropr ia te  peat  sources 
i n  t h e  t r o p i c s .  Not a l l  pea t  sources a r e  s u i t a b l e  a s  an inoculant  
c a r r i e r ,  t he re fo re ,  a l l  p o t e n t i a l  pea t  ma te r i a l s  must be thoroughly 
t e s t e d  i n  associa t ion  with rh izobia  b a c t e r i a .  

This makes it  advisable t o  i n v e s t i g a t e  a l t e r n a t e  sources f o r  use 
a s  inoculant  c a r r i e r s ,  e spec ia l ly  from mate r i a l s  which a r e  r ead i ly  
ava i l ab le  i n  t h e  t r o p i c s .  

I t  i s  the  ob jec t ive  o f  t h i s  study t o  evaluate  t h e  s u i t a b i l i t y  o f  
a  chemically t r e a t e d  and nontreated coconut "coir" dus t ,  along 
with a  semit ropica l  source o f  muck, and compare them t o  a  commer- 
c i a l l y  ava i l ab le  pea t  source from t h e  U.S.A. 

This experiment is i n  cooperation with D r .  Roger E .  Smith, Univer- 
s i t y  o f  Puerto Rico who i s  being funded by A.I.D. under t h e  211(d) 
Biological  Nitrogen Fixat ion program i n  t h e  Consortium on S o i l s  
of  the  Tropics. 

Methods 

Four inoculant  c a r r i e r s  were se lec ted  f o r  evaluat ion:  commercial U.S.A. 
p e a t ,  F lor ida  muck, unt rea ted  coconut c o i r ,  and NaOH washed ( t r ea ted)  
c o i r .  Analysis o f  acetone e x t r a c t s  from c o i r  showed t h a t  they i n h i b i t e d  
growth of  rh izobia  i n  f i l t e r  paper d i s c  assay. Thin-layer chromatography 
of  the  e x t r a c t s  revealed t h e  presence o f  both tannins  and coumarins. An 
attempt was made t o  remove these  i n h i b i t o r s  by e x t r a c t i n g  c o i r  with 5% 
NaOH (w/v) f o r  one day. 

A l l  f i n e l y  ground c a r r i e r s  were analyzed f o r  physical  p a r t i c l e  size 
d i s t r i b u t i o n ,  pH, organic matter  and various moisture r e t a i n i n g  para- 
meters (Tables 8 and 9 ) .  



Inocu lan t s  were prepared  wi th  t h e  four  c a r r i e r s  u s ing  two d i f f e r e n t  
c r o s s  i n o c u l a t i o n  groups o f  r h i z o b i a :  R .  japonicum - s t r a i n  8-i0, 
and cowpea group r h i z o b i a  - s t r a i n  233 BLR. The i n o c u l a n t s  were p re -  
pared by mixing t h e  dry c a r r i e r ,  r h i z o b i a l  c u l t u r e  and lime ( i f  r e -  
qu i r ed )  i n  a  p l a s t i c  bag. A f t e r  mixing and blending,  each c a r r i e r  
was subsampled t h r e e  t imes f o r  pH, mois ture ,  r h i z o b i a l  counts  and 
b a c t e r i a l ,  actinomycete and fungal  contaminat ion counts .  Rhizobia l  
e s t i m a t e s  were determined by s e r i a l l y  d i l u t i n g  and p l a t i n g  on ItVincentstt  
r h i z o b i a l  a g a r  medium. P l a t e  counts  were determined a f t e r  colony 
development. The t h r e e  groups o f  microbia l  contaminants were e s t ima ted  
by p l a t i n g  on s e l e c t i v e  media f o r  each group: b a c t e r i a  were counted 
on Nu t r i en t  aga r ;  act inomycetes  were counted on Bened ic t t s  act inomycete  
agar ;  and fungi  were counted on Po ta to  Dextrose Agar (PDA). 

Following t h e  i n i t i a l  smapling, immediately a f t e r  t h e  i nocu lan t  
formula t ion ,  a l l  m a t e r i a l s  were s e a l e d  i n  a  p l a s t i c  bag and p l aced  i n  
a  3 5 ' ~  i ncuba t ion  chamber t o  provide  a  s imula ted  t r o p i c a l  s t r e s s  
temperature .  Pe r iod i c  sampling f o r  r h i z o b i a  counts ,  b a c t e r i a l ,  
fungal  and act inomycete  contaminat ion counts ,  Ph and mois ture  d e t e r -  
minat ion w i l l  be performed t o  determine t h e  o v e r a l l  performance o f  
each m a t e r i a l  a s  a  s u i t a b l e  i nocu lan t  c a r r i e r .  

Resu l t s  

Water Holding Capaci ty  (WHC) f o r  t h e  c a r r i e r s  (Table 8)  v a r i e d  g r e a t -  
l y .  Both o f  t h e  o rgan ic  s o i l  m a t e r i a l s  were on ly  a b l e  t o  r e t a i n  approx- 
imate ly  1 t o  1% g.  water  p e r  g. d ry  c a r r i e r ,  i n  comparison t o  4 .7  and 
6.8 g. water  f o r  t r e a t e d  and un t r ea t ed  c o i r  r e s p e c t i v e l y .  T h i s  w i l l  
a l low a much l a r g e r  q u a n t i t y  o f  r h i z o b i a l  c u l t u r e  t o  be i nco rpo ra t ed  
i n t o  a  given weight o f  t h e  c o i r  m a t e r i a l s ,  however, f u r t h e r  t e s t i n g  
must be performed t o  determine t h e  optimum mois ture  conten t  i n  t h e  
c o i r  c a r r i e r s  f o r  r h i z o b i a l  growth and s u r v i v a l .  

P a r t i c l e  s i z e  d i s t r i b u t i o n  d a t a  f o r  t h e  f o u r  c a r r i e r s  (Table 9) 
i n d i c a t e s  t h a t  t h e  o rgan ic  s o i l s  had a  h ighe r  pe rcen t  p a r t i c l e  s i z e  
s m a l l e r  than  t h e  170 mesh. A f i n e  p a r t i c l e  s i z e  i s  advantageous 
because o f  an i nc reased  mois ture  absorb ing  r a t e  and g r e a t e r  a b i l i t y  
t o  adhere  t o  seed  when used a s  a  seed  app l i ed  i nocu lan t .  

The organic  ma t t e r  conten t  o f  t h e  c o i r  c a r r i e r s  was much h ighe r  than  
t h e  o rgan ic  s o i l s .  The i n i t i a l  pH o f  t h e  p e a t  and un t r ea t ed  c o i r  
were below t h e  s u i t a b l e  range f o r  r h i z o b i a  s o  were ad jus t ed  wi th  CaC03. 
The phys i ca l  and chemical p r o p e r t i e s  o f  t h e  c o i r  c a r r i e r  appears  t o  
be s a t i s f a c t o r y  a s  a  seed  a p p l i e d  i nocu lan t ,  however, r h i z o b i a l  
growth and s u r v i v a l  w i l l  determine i t s  p o t e n t i a l  a s  an i nocu lan t  
c a r r i e r  i n  t h e  t r o p i c s .  

The i n i t i a l  r h i z o b i a l  pop l a t i o n s  o f  R .  i a p o n i c w  i n  t h e  f o u r  c a r r i e r s  8 ranged from 3 x 1 0 ~  t o  9x10 R./g. d r y  c a r r i e r .  The i n i t i a l  cowpea 
7 8 r h i z o b i a  popula t ion  ranged from 6x10 t o  9x10 ~ . / g .  d ry  c a r r i e r .  



Table 8. Moisture r e t a i n i n g  p r o p e r t i e s  of  i nocu lan t  c a r r i e r s .  

Water Holding Capacity (WHC) 
I n i t i a l  Mixing r a t i o  % Moisture 

% WHC % Moist 60% WHC ( m l  . ~ u l t u r e / ~ .  a f t e r  
C a r r i e r  Moisture (gH20/g) a t  WHC (gH2O/g) c a r r i e r )  mixing 

Peat  10.2 1.17 57.9 0.70 19.4/50 41.4 

F l o r i d a  muck 20.7 1.47 67.8 0.88 20.6/50 47.9 

Coi r  7.4 6.83 87.5 4.10 33.3/50 68.0 

Treated c o i r  12.1 4.72 84.6 2.83 33.3/50 68.2 

Table 9. Physica l  and chemical p r o p e r t i e s  of i nocu lan t  c a r r i e r s .  

P a r t i c l e  S i z e  D i s t r i b u t i o n  % Lime 
( %  r e t a i n e d  on screen mesh no.)  Organic I n i t i a l  ad jus t ed  

C a r r i e r  60 100 140 170 200 2 30 270 <270 matter pH PH 

P e a t  0.1 0.2 1.5 50.6 36.3 2.1 0.5 8.7 72.6 5.9 6.8 

F l o r i d a  muck 0.1 3.4 15.2 37.0 25.6 9.2 0.7 8 .7  84.7 7.1 7.1 

Coi r  0.4 36.6 29.9 15.9 6.1 2.4 0 .8  7.8 96.2 5.2 7.5 

Treated c o i r  0.2 22.0 26.1 21.7 13.5 6.4 2.1 8 .O 95.2 6 .8  6.8 



Per iod i c  samples have been i n i t i a t e d  bu t  i n s u f f i c i e n t  d a t a  completed 
t o  a l low f o r  comments concerning r h i z o b i a l  popula t ion  changes dur ing  
t h e  b r i e f  s t o r a g e  pe r iod .  

C a r r i e r  eva lua t ions  w i l l  con t inue ,  v i a  bo th  aga r  p l a t e  counts  and 
h o s t  nodula t ion  examinat ions,  u n t i l  r h i z o b i a l  counts  decrease  t o  a  
l e v e l  p r o h i b i t i n g  r e l i a b l e  eva lua t ions .  

F. In f luence  o f  weed c o m e t i t i o n  i n  soybeans on t h e  es tab l i shment  
o f  rhizobium nodules .  

F i e l d  obse rva t ions  o f  soybean nodula t ion  i n  e x i s t i n g  weed competi- 
t i o n  t r i a l s  by D r .  Guillermo Riveros a t  t h e  I s a b e l a  Experimental 
Subs t a t i on  r evea l ed  soybean p l a n t s  i n  p l o t s  which had n o t  been 
weeded t h a t  were s t u n t e d ,  yellow and poor ly  nodula ted .  I n  p l o t s  
which had been weeded before  t h e  four th  week, t h e  soybeans were 
t a l l ,  green and had much b e t t e r  nodula t ion .  

A follow-up t o  t h i s  observa t ion  was made by sampling 10 p l a n t s  
from each o f  t h r e e  r e p l i c a t i o n s  from f i v e  weeding t r ea tmen t s  and 
count ing t h e  number o f  t a p  r o o t  and t o t a l  nodules (Table 10) . This  
i n d i c a t e s  t h a t  a s  weeding was delayed u n t i l  t h e  f o u r t h  week o r  
l onge r  t h e  nodula t ion  parameters  and p l a n t  growth were s i g n i f i -  
c a n t l y  lower than from p l o t s  which were weeded beginning a t  t h e  
f i r s t ,  second, o r  t h i r d  week. D r .  Riveros '  r e sea rch  conducted 
under AID g r a n t  AID/CM/ta-g-73-50 confirms prev ious  r e p o r t s  t h a t  
f u l l  weed competi t ion dur ing  t h e  t h i r d  t o  f i f t h  week of  soybean 
growth causes  t h e  h ighes t  reduc t ion  i n  soybean y i e l d .  

To more f u l l y  e v a l u a t e  t h i s  e f f e c t  o f  weed competi t ion on p l a n t  
growth and nodula t ion  a  coopera t ive  r e sea rch  p r o j e c t  w i th  D r .  Riveros ,  
working under t h e  above mentioned AID g r a n t ,  w i l l  be  conducted 
a t  t h e  I s a b e l a  Experiment Subs t a t i on  dur ing  summer o f  1978. 

The experiment w i l l  have t h e  o b j e c t i v e s  o f  i n v e s t i g a t i n g  t h e  e f f e c t s  
o f  va r ious  weed competi t ion l e v e l s  on nodula t ion  e s t ab l i shmen t ,  
determining t h e  y i e l d  l o s s  r e s u l t i n g  from t h e  absence of nodula- 
t i o n  by comparing inocu la t ed  v s .  un inocula ted  p l o t s ,  and comparing 
p o s s i b l e  y i e l d  l o s s e s  r e s u l t i n g  from any decrease  i n  nodula t ion  
by comparing y i e l d s  t o  a  p l o t  r ece iv ing  n i t rogen  f e r t i l i z e r .  

The experiment w i l l  be conducted i n  a  two f a c t o r i a l  des ign  with 
r h i z o b i a l  i nocu la t i on  a t  two l e v e l s  ( i nocu la t ed ,  uninoculated)  
and weeding a t  s i x  l e v e l s  (no t  weeded, weeding beginning t h e  l s t ,  
2nd, 3 rd ,  4th and 5 th  week). An uninoculated t rea tment  p lu s  
n i t rogen  f e r t i l i z e r  w i l l  s e rve  a s  a  p o s i t i v e  n i t rogen  c o n t r o l .  

G. Observat ions o f  nodule damage by feed ing  of  t h e  bean l e a f  b e e t l e  
l a rvae  (Cerotoma) . 
The l i t e r a t u r e  desc r ibes  nodule damage by t h e  l a rvae  o f  Cerotoma 
t r i f u r c  a t a  and Rive1 l i a  quadr i  f a s c i a t a .  The l a rvae  s t a g e  o f  t h e s e  



Table 10. Effects of weed competition on nodulation and plant growth. 

Weeks after  No. tap root Total No. Nodule Plant 
planting before nodules nodules dry wt. dry 
beginning weeding per plant per plant per plant wt. 

(4) (9) 



i n s e c t s  feed  on t h e  legume nodules l eav ing  only  t h e  o u t e r  s h e l l  
o f  t h e  o r i g i n a l  nodule with a  small  ho l e  provid ing  access  i n t o  
t h e  nodule.  L i t t l e  r e sea rch  has  been conducted t o  determine t h e  
e x t e n t  o f  damage by t h e s e  i n s e c t s  and t h e i r  i n f l u e n c e  on n i t rogen  
f i x a t i o n  and p o s s i b l e  y i e l d  l o s s .  

While count ing t h e  nodules o f  a  soybean - i n o c u l a t i o n  experiment 
a t  t h e  I s a b e l a  Experiment Subs t a t i on  t h e  c h a r a c t e r i s t i c  nodule 
damage from t h e  nodule feed ing  i n s e c t  was observed.  I n  two 
inc idences  t h e  l a rvae  was observed p ro t rud ing  from a  nodule .  
This  l a r v a e  was whi te  i n  c o l o r ,  except  t h e  head and t h e  a n a l  
s h i e l d ,  which was almost b l ack .  In  shape it  was s u b c y l i n d r i c a l ,  
t a p e r i n g  s l i g h t l y  a n t e r i o r l y ,  and was very s l e n d e r .  This  des- 
c r i b e s  t h e  l a r v a e  o f  t h e  Cerotoma, t h e r e f o r e ,  t h i s  damage w i l l  
be  cons idered  t o  be  due t o  t h e  bean l e a f  b e e t l e  (Cerotoma). 

The e x t e n t  o f  nodule damage from t h e  Cerotoma l a r v a e  was 32% o f  
t h e  t o t a l  nodules  and 46% o f  t h e  p l a n t s  eva lua ted  having a t  l e a s t  
one damaged nodule (Table 11) . 
I n t e n t i o n s  a r e  hopefu l ly  t o  i n i t i a t e  r e sea rch  on t h i s  problem 
a f t e r  t h e  Univers i ty  o f  Puerto Rico acqu i r e s  an entomologis t  
( c u r r e n t l y  being s e l e c t e d )  t o  func t ion  a s  t h e  INTSOY entomolo- 
g i s t  under AID g ran t  Cbl/ta-g-73-50. Cooperation with t h e  INTSOY 
entomology s t a f f  a t  t h e  Univers i ty  o f  I l l i n o i s  w i l l  be encouraged 
and b e n e f i c i a l .  

H. Nitrogen f i x a t i o n  sc reening  wi th  Azospir i l lum l ipoferum and 8  
sorehum hvbr id  l i n e s .  

A coopera t ive  p r o j e c t  wi th  D r .  Anthony Sotomayor and D r .  Lee Telek 
of t h e  Mayaguez I n s t i t u t e  o f  Tropica l  Agr i cu l tu re  (MITA) was 
conducted a t  t h e  USDA Research S t a t i o n  a t  I s a b e l a ,  Puer to  Rico. 
The o b j e c t i v e  o f  t h i s  t r i a l  was t o  s c r een  8  sorghum hybr id  l i n e s  
f o r  e f f e c t i v e  n i t rogen  f i x a t i o n  i n  a s s o c i a t i o n  with an i nocu la t ed  
s t r a i n  o f  Azospir i l lum l ipoferum. This  was accomplished by i n -  
o c u l a t i n g  8  sorghum l i n e s  e s t a b l i s h e d  i n  t h e  f i e l d  with a  c u l t u r e  
o f  A.  l ipoferum and t o  sample t h e  exc ised  sorghum r o o t  i n  a  c lo sed  
c y l i n d e r  and t o  assay  v i a  t h e  a c e t y l i n e  r educ t ion  method f o r  
n i t rogen  f i x a t i o n .  

Methods 

S t r a i n  125 o f  Azospir i l lum was ob ta ined  from D r .  James Milan, Univer- 
s i t y  o f  F lo r ida  and c u l t u r e d  i n  n i t r o g e n - f r e e  "Wisconsin medium". T h i r t y  
l i t e r s  o f  c u l t u r e  were produced i n  6 1. f l a s k s  f o r  two s e p a r a t e  f i e l d  
i n o c u l a t i o n s  o f  285 m1/2 m row. F i e l d  t rea tments  c o n s i s t e d  of  e i g h t  
sorghum hybr id  l i n e s ,  4  f e r t i l i z e r  l e v e l s  (0,  20, 40, 80 l b  N/A) and 
t h r e e  r e p l i c a t i o n s .  Within each p l o t  one row was i nocu la t ed  wi th  t h e  
A .  l i ~ o f e r u m  c u l t u r e  and a  c o n t r o l  row inocu la t ed  on ly  with t h e  
 isc cons in medium conta in ing  no Azospir i  llum. F i e l d  i nocu la t i ons  were 
mnducted on October 13, 1977, approximately t h r e e  weeks a f t  r p l a n t -  ti i n g ,  acd October 31, 1977. The c u l t u r e s ,  con ta in ing  1 . 4 ~ 1 0  and 

u 
1 . 1 ~ 1 0  A. lipoferum/ml r e s p e c t i v e l y ,  were i nocu la t ed  on to  t h e  



Table 11. Incidence of soybean nodule damage from the larvae of Cerotonrz. 

Row No. Plants Nodules 
With % with 

Total damaged damaged Total No. % 

observed nodules nodules observed damaged damaged 

Total 48 
Average 



e s t a b l i s h e d  sorghum by adding 285 m l  of cu l tu re /2  m row a t  t h e  base 
o f  t h e  sorghum s t a l k s  followed by f i e l d  i r r i g a t i o n .  

Twenty-three days a f t e r  t h e  second inocu la t ion  t h r e e  p l a n t s  were 
removed from both an inocula ted  and uninoculated p l o t  o f  hybrid l i n e  5 
which had received 40 l b  N/A. A Most-Probable-Number (MPN) e s t ima te  
f o r  A.  l ipoferum was conducted on r o o t  segments t o  e s t ima te  t h e  popu- 
l a t i o n  of  c e l l s  wi th in  t h e  r o o t s .  Segments of roo t s  (0.5 cm) were 
s t e r i l i z e d  f o r  2.5 minutes i n  1% chlorox,  washed 5 times i n  s t e r i l e  
d i s t i l l e d  water  and crushed i n  s t e r i l e  phosphate b u f f e r  (pH 7 ) .  
This e x t r a c t  was s e r i a l l y  d i l u t e d  and inocu la t ed  i n t o  co t ton  plugged 
tubes conta in ing  4 m l  o f  semi-soft  Wisconsin agar .  Af t e r  two days 
incubat ion  a t  3 0 ' ~  A.  l ipoferum was i d e n t i f i e d  a s  tubes conta in ing  
a  t h i n  p e l l i c l e  approximately 2-4 mm below t h e  su r face ,  and a l s o  by 
gram s t a i n i n g .  

Forty-four  days a f t e r  t h e  second inocu la t ion ,  a t tempts  were made t o  
recover  A. l ipoferum from t h e  fol lowing p l a n t  segments from both 
Azospir i l lum inocula ted  and uninoculated p l a n t s :  seeds ,  l e a f  midrib 
and stem s e c t i o n s .  S i m i l a r  procedures a s  descr ibed  above f o r  r o o t  
i s o l a t i o n s  were u t i l i z e d .  

The cooperators  sampled excised  roo t s  i n  s o i l  cores  and removed 
them t o  the  labora tory  f o r  ace ty lene  reduct ion assays .  

Resul t s  

The MPN es t ima te  f o r  A. l ipoferum from r o o t  segments shows t h a t  both 
t h e  inocula ted  and noninoculated p l a n t s  contained apprec iable  numbers 
o f  t h i s  organism (Table 12) .  This would i n d i c a t e  t h a t  Azospir i l lum 
was abundantly a s soc ia t ed  with sorghum roo t s  even without i nocu la t ion ,  
and t h a t  i nocu la t ion  with A.  l ipoferum had no e f f e c t  on t h e  popula- 
t i o n  o f  t h i s  bacterium assoc ia t ed  wi th  t h e  sorghum r o o t s .  Thirty-two 
i s o l a t e s  f r o m  t h e  MPN tubes have been cha rac te r i zed  microscopical ly 
and a r e  t o  be assayed f o r  ace ty lene  reduct ion c a p a b i l i t i e s .  

Attempts t o  i s o l a t e  A.  l ipoferum from t h e  sorghum seeds ,  l e a f  s e c t i o n s  
and stem s e c t i o n s  were unsuccessful  because of b a c t e r i a l  and fungal 
contaminants growing i n  t h e  N-free s o f t  agar  tubes .  These nonnitrogen 
f i x i n g  contaminants could grow because o f  t h e  requi red  n u t r i e n t s  
r e l eased  from t h e  p l a n t  t i s s u e  segments. 

Acetylene reduct ion assays by t h e  cooperators  on t h e  exc ised  r o o t - s o i l  
core  con ta ine r s  d i d  no t  revea l  de t ec t ab le  e thylene  product ion.  None 
o f  t h e  8 sorghum hybrid l i n e s  which received two inocu la t ions  of  
A.  l ipoferum~could-  be de tec t ed  as  having n i t rogen  f i x i n g  c a p a b i l i t i e s  
with the  system u t i l i z e d .  



Table 12. Recovery of A. Zipoferwn from sorghum roots 2 3  days a f t e r  
inoculation. 

A. Zipofemtm Plant MPN estimate of 
inoculated No. A. Zipoferwn/g. root 

NO 

NO 

NO 

YES 

YES 

YES 



APPENDIX V I  

The Soybean Insec t  Research Information Center  (SIRIC) 
Jenny Kogan 

Research A s s i s t a n t ,  Economic Entomology Sect ion ,  
I l l i n o i s  Natural His tory  Survey 

The Soybean I n s e c t  Research Information Center  (SIRIC) i s  a computerized 
information s to rage  and r e t r i e v a l  system f o r  t h e  world-wide l i t e r a t u r e  
o f  ar thropods a s soc ia t ed  with soybeans. SIRIC i s  p r imar i ly  a r e sea rche r  
se rv ice -o r i en ted  u n i t ,  opera t ing  i n  c lose  cooperat ion wi th  t h e  Soybean 
Entomology Research Team o f  the  I l l i n o i s  Natural His tory  Survey and t h e  
Universi ty o f  I1 l i n o i s  . 
The main ob jec t ives  o f  t h e  c e n t e r  a r e  p e r i o d i c a l l y  reassessed  i n  response 
t o  changing information needs o f  r e sea rche r s .  

Bas i ca l ly  these  ob jec t ives  a r e :  

1. To compile the  l i t e r a t u r e  o f  soybean r e l a t e d  ar thropods and 
t o  e s t a b l i s h  a d a t a  bank f o r  t h i s  l i t e r a t u r e .  

2. To organize  a c o l l e c t i o n  o f  r e l evan t  documents using codeword 
d e s c r i p t o r s  f o r  ready r e t r i e v a l  by means o f  computerized 
searches .  

3 .  To help  soybean researchers  wi th  t h e i r  information needs. 

These goals  have been f u l l y  accomplished during 1977. New procedures i n  
the  inpu t  opera t ions  allow f o r  more e f f i c i e n t  and accura te  loading o f  
b ib l iog raph ic  d a t a  i n  t h e  magnetic tapes  due t o  a pre l iminary  proof 
reading o f  t he  input  da ta .  In  December 1977, SIRIC f i l e s  contained 
16,200 c i t a t i o n s ,  represent ing  an increase  o f  approximately 4,000 c i t a -  
t i o n s  ove r  t h e  previous year .  

During t h e  time covered by t h i s  r e p o r t ,  122 reques ts  f o r  s e r v i c e  were 
f i l l e d  i n  t h e  form of  computer p r i n t o u t s ,  manual compilat ions,  copies  o f  
documents, and r e f e r r a l  s e rv ices .  Requests ou t s ide  the  scope of SIRIC 
were routed  t o  t h e  proper  i n s t i t u t i o n  o r  s p e c i a l i s t .  Requests f o r  copies  
o f  documents have t o  conform wi th  t h e  new U.S. Copyright Law ( T i t l e  17, 
United S t a t e s  Code) i n  e f f e c t  s i n c e  January 1, 1978. 

F i f ty -  t h r e e  percent  (65) of  a1 1 reques ts  f o r  information o r  s e r v i c e s  
came from researchers  a t  t he  Universi ty o f  I l l i n o i s  o r  t h e i r  graduate 
s tuden t s .  The remaining forty-seven percent  (57) were received from 
ind iv idua l s  i n  o t h e r  i n s t i t u t i o n s  i n  t h e  United S t a t e s  and abroad. 

SIRIC performed comprehensive b ib l iog raph ic  searches  used i n  t h e  produc- 
t i o n  of review a r t i c l e s  and spec ia l  r e p o r t s .  A survey o f  t h e  l i t e r a t u r e  
on P lan t  Resistance-Chemical Fac tors  published i n  t h e  l a s t  20 years  was 



done i n  suppor t  of D r .  M. Koganls s t u d i e s  in .  t h i s  f i e l d .  A s ea rch  of t h e  
l i t e r a t u r e  of i n s e c t  n u t r i t i o n  was done i n  suppor t  of D r .  J .  P. P a r r a ,  a 
pos t -doc to ra l  r e s e a r c h e r  from B r a s i l  working wi th  D r .  M. Kogan. 

I n  a r e c e n t  computer s ea rch  i n  response t o  a r e q u e s t  f o r  t h e  l i t e r a t u r e  
on i n s e c t s  damaging soybeans,  ove r  1 ,000 c i t a t i o n s  were found t o  b e  r e l a -  
van t .  P r i n t o u t s  were s e n t  t o  coopera tors  i n  Korea, B r a s i l  and Honduras. 

I n  May o f  1977, a d i sp l ay  on t h e  scope and s e r v i c e s  o f f e r ed  by SIRIC was 
prepared  f o r  t h e  INTSOY Network Conference. Bib l iographies  and t h e  bro-  
chure "What I s  SIRIC?" were d i s t r i b u t e d  among t h e  p a r t i c i p a n t s .  

Key soybean i n s e c t s  a r e  a l s o  important  p e s t s  o f  corn,  a l f a l f a ,  and o t h e r  
c rops .  F o r , t h i s  reason SIRIC has  been a b l e  t o  answer i n t e r n a t i o n a l  r e -  
q u e s t s  f o r  information coming from re sea rche r s  working with c rops  o t h e r  
than  soybeans.  Recent r eques t s  f o r  a s s i s t a n c e  t o  r e sea rche r s  abroad a r e  
l i s t e d  i n  Attachment I .  

Bib l iographies  compiled and publ i shed  w i t h i n  t h e  framework o f  SIRIC have 
an importance t h a t  exceeds t h e i r  va lue  a s  mere guides  t o  t h e  l i t e r a t u r e  
of s e l e c t e d  i n s e c t  s p e c i e s .  Following t h e  f o u r  b i b l i o g r a p h i e s  publ i shed  
s o  f a r  on t h e  L i t e r a t u r e  o f  Arthropods Assoc ia ted  w i th  Soybeans, SIRIC 
is  working on t h e  product ion  o f  a f i f t h  b ib l iography  o f  two H e l i o t h i s  
spec i e s  (He1 i o t h i s  zea and He1 i o t h i s  v i r e s c e n s )  . These a r e  cons idered  
t h e  number one a g r i c u l t u r a l  p e s t s  i n  t h e  United S t a t e s  and t h e  rest o f  
t h e  New World. Be'cause of  t h e i r  importance much fundamental r e sea rch  on 
ecology,  physiology,  gene t i c s  and behavior  has  been conducted us ing  t h e s e  
s p e c i e s  as  l a b o r a t o r y  s u b j e c t s .  The b ib l iography  should have g r e a t  i n t e r -  
e s t  t o  soybean r e s e a r c h e r s  as  well a s  t o  t hose  i n t e r e s t e d  i n  p e s t  manage- 
ment i n  gene ra l .  Compilation o f  papers  t o  b e  inc luded  i n  t h e  b ib l iography  
was completed through December 1977, t h e  cu to f f  d a t e  f o r  i n c l u s i o n .  
F i n a l  p roduct ion  w i l l  involve t h e  e d i t i n g  o f  t h e  p r i n t o u t s ,  reassignment 
o f  key words, and product ion  o f  t h e  index.  P a r t s  o f  t h e  s o r t i n g  procedures  
w i l l  be computerized. The b ib l iography  w i l l  con t a in  about 5,850 c i t a t i o n s .  
The o u t l i n e  o f  t h e  f i n a l  p u b l i c a t i o n  and t h e  o rgan iza t ion  of t h e  s u b j e c t  
index  i s  p re sen t ed  i n  Attachment 11. This  b ib l iography  w i l l  be pub- 
l i s h e d  i n  t h e  INTSOY Pub l i ca t i on  S e r i e s  i n  t h e  1978-79 c o n t r a c t  y e a r .  

Recent v i s i t o r s  t o  t h e  Center  i nc lude  o f f i c i a l s  and r e sea rche r s  from 
i n s t i t u t i o n s  i n  B r a s i l ,  Colombia, Costa  Rica,  Korea, P h i l i p p i n e s ,  S r i  Lanka 
and Taiwan. 

SIRIC has an o p e r a t i n g  s t a f f  o f  one l i b r a r i a n  working i n  c l o s e  coopera t ion  
wi th  t h e  Soybean Entomology Team of t h e  I l l i n o i s  Natura l  H i s to ry  Survey 
and t h e  Un ive r s i t y  o f  I l l i n o i s .  

A pa r t - t ime  computer programmer and two s t u d e n t s  o f  t h e  Univers i ty  of 
I l l i n o i s  Graduate School of L ibrary  Science g ive  t h e  Center  t h e  a s s i s t a n c e  
necessary  t o  o p e r a t e  and main ta in  t h e  system. 
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ATTACHMENT I 

ARGENTINA 

E .  Wil l ink 
Estacion Experimental Agricola 
Tacuman, Argentina 

Request: 1. Copies o f  b ib l iog raph ies  published by SIRIC 
2 .  Computer search  on r e a r i n g  methods f o r  lep idopterous  

l a rvae .  

BRAS I L 

G. L. Tonet 
CNPT --  EMBRAPA 
Passo Fundo, B r a s i l  

Request: Pub l i ca t ions  on soybean i n s e c t s  

R .  F e n i l l i  
CNPGC --  EMBRAPA 
C a p o  Grande, Bras i l  

Request: Computer searches on soybean i n s e c t s .  

M.  da C .  O l ive i r a  
CNPS -- EMBRAPA 
Londrina, Bras i l  

Request: Copies o f  b ib l iog raph ies  published by SIRIC 

A.  Panizzi  
CNPS --  EMBRAPA 
Londrina, Bras i 1 

Request: Computer searches on: 1. Hedylepta i n d i c a t a  and 2 .  Row 
spacing i n  soybean p lan t ings  and damage caused by i n s e c t s .  

B .  Correa 
CNPS -- EMBRAPA 
Londrina, Bras i l  

Request: Computer searches on: 1. Epinot ia  aporema; 2 .  Insec t s  damaging 
soybeans. 



I .  C .  Corso 
CNPS -- EMBRAPA 
Londrina, Brasi l  

Request: Computer searches on: 1. Biological  cont ro l  of  P.  includens; 
2. Pathogens of  A .  ~ m m a t a l i s .  

R .  F. P i res  da S i l v a  
Universidade Federal do Rio Grande do Sul - Faculdade de Agronomia 
Porto Alegre, Bras i l  

Request: Copies o f  t h e  b ib l iographies  published by SIRIC. 

Mercedes hi. Panizzi  
CNPS -- EMBRAPA 
Londrina, Bras i l  

Request: Copies o f  papers and information on soybean germplasm 
co l l ec t ions .  

F. Luccini 
CNPT - -  EMBRAPA 
Passo Fundo, Bras i l  

Request: Copies of b ib l iographies  published by SIRIC and computer 
searches on: 1. L a s ~ e v r e s i a  fabivora:  2 .  Piezodorus - - 

g u i l d i n i i ;  3 .  Plus ia  spp. 

D. Gazzoni 
CNPS -- EMBRAPA 
Londrina, Bras i l  

Request: Computer searches on: 1. Dif ferent  methods o f  cont ro l  o f  
soybean i n s e c t s ;  2 .  Simulated damage; 3 .  Soybean p l a n t  r e s i s -  
tance;  4 .  Insec t i c ide  res idues ;  5. Li fe  h i s t o r y  and h a b i t s  
of  Ant icars ia  gemmatalis, Elasmopalpus l ignose l lus ,  Nezara 
v i r idu la .  and P s e u d o ~ l u s i a  includens. 



G.  Hallman 
ICA 
Espinal ,  Tolina -- Coloinbia 

Reauest: Comuter  searches on: 1. P o ~ u l a t i o n  dvnamics of  He l io th i s  SDD.:  
L - - -  

~ ~ 

I *  ' 

2.  'Ecology-of ~ e l i o t h i s  spp. ;' 3.  ~ e l i o t k s  tergemina; 4 .  Cardio- 
c h i l e s  n igr iceps  p a r a s i t i z i n g  He l io th i s  v i rescens ;  5. Taxonomy 
of He l io th i s  spp'. ; 6 .  ~~inotia-orus - g u i l d i n i i  
damaging soybeans; 8. Copies of  s e l e c t e d  papers.  

T. Martinez 
Cassava Doc. Center -- CIAT 
Palmira, Colombia 

Request: Copies o f  b ib l iographies  published by SIRIC. 

DOMINICAN REPUBLIC 

P. E.  Paz 
I n s t i t u t o  Interamericano de Ciencias Agricolas de l a  OEA 
Santo Domingo, Dominican Republic 

Request: Computer search on i n s e c t s  damaging soybeans. 

ECUADOR 

M. de Lopes 
INIAP 
Guayaquil, Ecuador 

Request: Copies of b ib l iographies  published by SIRIC 

ENGLAND 

D. B.  Gerard 
Edinburgh School o f  Agriculture 
Edinburgh, England 

Request: Computer search on chemical cont ro l  o f  t r o p i c a l  legumes 



GERMANY 

S. Hoffmann 
Dept. of  Virology -- Rheinischen Friedrich-Wilhems Univers i ta t  
Bonn, Germany 

Request: Computer search on Bemisia t abac i .  

GUAM 

L. M. Stevens 
College o f  Agr icul ture  -- Universi ty o f  Guam 
Agana, Guam 

Request: Copies of b ib l iographies  published by SIRIC. 

HONDURAS 

H. N .  Howell, Jr. 
Escuela Agricola Panamericana 
Tegucigalpa, Honduras 

Request: 1. Computer search  on t h e  biology of Spodoptera frugiperda 
a p e s t  o f  corn and beans i n  Honduras; 2.  Xerox copies of  
papers deal ing with t h e  sub jec t .  

J. T. Ordenez 
S e c r e t a r i a  de Estado en e l  Despacho de Recursos Naturales 
Zona Centro Or ien ta l ,  Honduras 

Request: Copies o f  se lec ted ,  i l l u s t r a t e d  papers deal ing  with soybean 
p e s t s  i n  Central  and South America, published i n  Spanish. 

INDIA 

N .  P .  Kashyap 
Dept. of Entomology-Zoology, College o f  Agriculture 
Palampur, India  

Request: Copies o f  b ib l iographies  published by SIRIC. 

ISRAEL 

D. Gerling 
Dept. of  Zoology -- Tel Aviv Universi ty 
I s r a e l  

Request: Computer search on p a r a s i t o i d s  and predators  o f  He l io th i s  spp. 



THE NETHERLANDS 

H. C.  Molster 
Centre f o r  Agr icul tura l  Publishing and Documentation 
Wagenigen, The Netherlands 

Request: L i t e r a t u r e  search on Maruca spp. 

NICARAGUA 

R. Daxl 
FA0 Ecologist  Of f i ce r  
Projec t  In teg ra ted  Pest  Control 
Manuagua, Nicaragua 

Request : 1. Computer searches on mechanical cont ro l  o f  Spodoptera 
frugiperda;  2. Copies o f  t h e  b ib l iographies  published by 
SIRIC; 3. Copies of  a r t i c l e s  deal ing  with S. f rugiperda .  

PHILIPPINES 

J. A.  L i t s inger  
The In te rna t iona l  Rice Research I n s t i t u t e  
Manila, Phi l ippines  

Request: 1. Computer search  on the  biology and chemical cont ro l  of  
E t i e l l a ,  a  pod borer  of  soybeans i n  t h e  Phi l ippines  and 
Indonesia; 2. Xerox copies o f  papers deal ing  with soybean i n s e c t s .  

R. A. Grande 
Twin Rivers Research Center 
Davao City,  Phi l ippines  

Request: Copies of b ib l iographies  published by SIRIC. 

R. S. Rejesus 
Jkpt .  o f  Entomology -- Universi ty of  t h e  Phi l ippines  a t  Los Banos 
Laguna, Phi l ippines  

Request: Computer search on p e s t  management o f  soybeans. 



- 169- 
SURINAM 

P. A. Segeren 
Dept. of Entomology - -  Agricultural Experiment Station 
Paramaribo, Surinam 

Request: Copies of selected documents and bibliographies published 
by SIRIC. 

THAI LAND 

Banpot Napompeth 
National Biological Control Research Center 
Bangkok, Thailand 

Request: Publications dealing with soybeans in general. 

TRINIDAD 

F. D. Bemett 
Commonwealth Institute of Biological Control 
Trinidad, West Indies 

Request: Copies of bibliographies published by SIRIC. 



ATTACHMENT I  I  

A BIBLIOGRAPHY OF HELIOTHIS ZEA (BODDIE) 
AND H. VIRESCENS (F.  ) 

I .  In t roduct ion:  Including summaries on t h e  economic importance of  t h e  
spec ie s :  taxonomic s t a t u s ;  d i s t r i b u t i o n ;  and hos t  ranges.  C r i t e r i a  
f b r  i nc lus ion  o f  papers i n t h e  b ib l iography and t h e  search  s t r a t e g y  
w i l l  be discussed.  Examples of major problems encountered i n  t h e  
surveys w i l l  be presented.  

11. Main body o f  the  bibl iography:  About 5,200 f u l l  c i t a t i o n s  each followed 
by the  codewords t h a t  b e s t  desc r ibe  t h e i r  con ten t s .  

111. Appendix I :  L i s t  of experiment s t a t i o n  annual r e p o r t s  (about 600 
c i t a t i o n s )  - l i s t e d  only by da te  of  pub l i ca t ion  and volume and page 
numbers. 

I V .  Appendix 11: Papers c i t e d  i n  t h e  "Bibliography o f  American Economic 
Entomology" and i n  t h e  "Index t o  the  L i t e r a t u r e  o f  American Economic 
Entomology" t h a t  could not  be loca ted  i n  t h e  USA o r  i n  Canada. Incom- 
p l e t e  c i t a t i o n s  not  v e r i f i e d  w i l l  be l i s t e d  a s  they appear i n  t hese  
re ference  sources (about 50 c i t a t i o n s ) .  (The Univers i ty  of  I l l i n o i s  
I n t e r l i b r a r y  Loan Serv ice  i s  s t i l l  working on some of  these  c i t a t i o n s  
and we may s t i l l  be a b l e  t o  inc lude  them i n  the  main body o f  t h e  
b ib1  iography . ) 

V .  Appendix 111: List of  abbrevia t ions  of journa ls  and p e r i o d i c a l s  
used i n  t h e  bibl iography.  

VI. Subjec t  index: With s e p a r a t e  l i s t  f o r  major hos t  crops (co t ton ,  corn, 
soybean, tobacco, vegetable,  and ornamental c rops ) ,  and key codewords. 

D i s t r ibu t ion  maps w i l l  be included.  

The fol lowing i s  t he  proposed s t r u c t u r e  o f  t h e  sub jec t  index with a  
l i s t  o f  key words s e l e c t e d  f o r  use i n  prepara t ion  o f  t h e  index. 

SUBJECT INDEX 

S t r u c t u r e  o f  t h i s  index was pa t t e rned  a f t e r  t h e  "Thesaurus o f  Entomology," 
R .  H .  Foote,  1977 (Entomol. Soc. Amer. Pub., Washington, D . C . ,  188p.) and 
our  own Hierarchica l  Code Descr ip tors  (SIRIC-1974-unpublished). Subjec t  
words and t h e i r  sequences were rearranged i n  a  fashion t h a t  r ep resen t s  
a  compromise between our  cu r ren t  r e t r i e v a l  l i m i t a t i o n s  and what we f e e l  
should be a  d e t a i l e d  sub jec t  index f o r  a  bibl iography o f  t h i s  s i z e .  



THE INSECTS 

I .  External Anatomy, Morphology. No s p e c i f i c  codes a r e  used below the  
general  heading. Under t h i s  s u b j e c t  ma t t e r  a r e  included only papers 
dea l ing  with desc r ip t ions  of s t r u c t u r e s  t h a t  a r e  not  merely of  a  taxo- 
nomic d iagnos t i c  na tu re .  (All  tagmata, i n t e r n a l  and e x t e r n a l ,  and 
s e n s o r i a l  appara ta) .  

11. Systematics ,  Taxonomy, Nomenclature. Includes evolu t ion  and spec ia t ion ,  
synonymic lists, d iagnos t i c  desc r ip t ions ,  c h e c k l i s t s ,  i d e n t i f i c a t i o n ,  
and catalogues.  

111. Life  History and Habits .  Includes both f i e l d  and labora tory  s t u d i e s  
on the  l i f e  cycle ,  phenology, and r e l a t e d  phenonlena. Related terms 
i n  t h i s  category: l i f e  cycle ,  biology, growth and development, r e -  
production, ov ipos i t ion ,  b i o l o g i c a l  rhythms. 

IV. Physiology and Biochemistry. Emphasis i n  funct ion  and b io log ica l  
processes a t  t h e  organismic and suborganismic l e v e l .  Includes a l s o  
h is to logy,  cytology, n u t r i t i o n ,  nervous system, sensory physiology, 
o l f a c t i o n ,  v i s ion ,  touch, phys io logica l  processes - egg development, 
mechanisms of ovipos i t ion  con t ro l ,  e t c .  . 

V. Toxicology. Refers s t r i c t l y  t o  s t u d i e s  on t h e  metabolic e f f e c t s  and 
mode of a c t i o n  of  p e s t i c i d e s  (LD 50 ' s ) .  

V I .  I n sec t  Pathology. S tud ies  o f  t h e  pathogens o r  pa thologica l  r e a c t i o n  
of  the  h o s t .  Effec t  of  d i seases  on populat ions should b e  coded under 
b io log ica l  con t ro l  - pathogens. 

VII. Genetics.  (For Population Genetics see  Population S tud ies . )  

VII I .  Behavior. Includes:  

Communication, cour tsh ip ,  feeding behavior,  feeding s t imulan t s ,  
hos t  s e l e c t i o n ,  hos t  preferences ,  ov ipos i t ion  behavior (choice o f  
ovip. s i t e s ,  e t c . ) ,  sex pheromones, and sexual behavior.  

IX. Ecology. Under t h i s  sub jec t  mat ter  a r e  included papers  dea l ing  with 
the  e f f e c t  o f  phys ica l  environmental f a c t o r s  on growth, development, 
su rv iva l ,  e t c .  of t h e  spec ies .  E f f e c t s  o f  b i o t i c  agents  a r e  l i s t e d  
under Population Studies ,  o r  Biological  Control.  

X. Population Studies .  Includes populat ion dynamics, populat ion gene t i c s ,  
l i f e  t a b l e s ,  modeling, seasonal  abundance. 

XI. Host Records and Geographic Dis t r ibu t ion .  Includes h o s t  p l a n t  range,  
range o f  d i s t r i b u t i o n ,  e t c .  

X I 1  . Methods. Includes t h r e e  subcodes : 

r e a r i n g  - d i e t s ,  sampling, and o t h e r s .  



XIII. P lant  Disease. Includes a l l  p l an t  d isorders  

PROTECTION AGAINST ARTHROPODS 

Control Methods 

I .  Biological  Control 

Paras i  t o i d s  
Pathogens ( includes microbial cont ro l )  
Predators  

Crops: Corn, cot ton ,  ornamentals, soybean, tobacco, vegetable crops, 
and o the r s .  

11. Chemical Control 

a .  Insec t i c ide  evaluat ion 
Pre-1940, 1940-1960, Post-1960 

b. Insec t i c ide  re s i s t ance  
Pre-1940, 1940-1960, Post-1960 

Crops: Corn, cot ton ,  e t c .  . . .  

c.  Growth regula tors  (includes hormonal con t ro l ,  hormore 
analogues , e t c . ) 

111. Plant  Resistance 

Crop: Corn, cot ton,  e t c .  ... 
IV. Cul tura l  Control 

Crop: Corn, cot ton ,  e t c .  ... 
Mechanical Control 

Crop: Corn, cot ton,  e t c .  . . . 
VI. Genetic Control ( includes chemosteri lants;  s t e r i l i z a t i o n ) .  

VII. Pest  Management 

Economic thresholds/economic in ju ry  l eve l s  ( includes crop l o s s  assess-  
ments) ; scouting and sampling; forecasting/prediction/modeling. 

Crops: Corn, cot ton ,  e t c .  . . .  
VIII.  Regulatory Control (includes quarant ines) .  

I X .  Economics (y ie lds / losses /cos ts )  



APPENDIX V I I  

The I n t e r n a t i o n a l  Reference Co l l ec t i on  o f  Soybean- 
a s s o c i a t e d  Arthropods (IRCSA) 

John Bouseman 
A s s i s t a n t  Entomologi,st, Economic Entomology Sec t ion  

I l l i n o i s  Natura l  H i s to ry  Survey 

The I n t e r n a t i o n a l  Reference Co l l ec t i on ,  a j o i n t  p r o j e c t  o f  t h e  I l l i n o i s  
Natura l  H i s to ry  Survey and t h e  Un ive r s i t y  of I l l i n o i s ,  c u r r e n t l y  houses 
about 110,000 i d e n t i f i e d  specimens o f  soybean-associated a r thropods  i n  
over  2,300 t axa .  Incremental support  i s  provided by t h e  I n t e r n a t i o n a l  
Soybean Prograq  INTSOY, t o  s t r eng then  t h e  i n t e r n a t i o n a l  dimension o f  t h e  
c o l l e c t i o n  and make i t  more u se fu l  t o  soybean workers o u t s i d e  o f  t h e  
United S t a t e s .  The IRCSA specimens have been r ece ived  from 23 soybean 
producing s t a t e s  i n  t h e  United S t a t e s  and from 35 fo re ign  c o u n t r i e s .  
The major f o r e i g n  acces s ions  have been from Lat in  America, w i th  B r a s i l ,  
Colombia and Mexico e s p e c i a l l y  we l l  r ep re sen t ed .  

The i d e n t i f i e d  m a t e r i a l  i n  t h e  c o l l e c t i o n  i s  housed i n  about  200 United 
S t a t e s  Nat ional  Museum drawers and i n  about 3,000 t h r e e  dram v i a l s .  
Another 30,000 t o  40,000 specimens a r e  i n  va r ious  s t a g e s  o f  p roces s ing .  

Major emphasis i s  p l aced  upon t h e  q u a l i t y  o f  t h e  i d e n t i f i c a t i o n s  o f  t h e  
m a t e r i a l  i n  t h e  c o l l e c t i o n .  To a s s u r e  a very high l e v e l  o f  a u t h o r i t a -  
t i v e n e s s  i n  t h e  de te rmina t ions ,  a lmost  a l l  m a t e r i a l  i s  submit ted t o  o u t s i d e  
s y s t e m a t i s t s  who a r e  recognized e x p e r t s  i n  t h e i r  f i e l d s  f o r  v e r i f i c a t i o n .  
To t h i s  end, a coopera t ing  network o f  about 125 s y s t e m a t i s t s  i n  both 
domestic and fo re ign  academic i n s t i t u t i o n s  has  been assembled. Examples 
of t h e  fo re ign  i n p u t  i n t o  t h i s  endeavor fol low: Belgium (3  coope ra to r s ) ,  
B r a s i l  ( 4 ) ,  Canada ( 4 ) ,  Czechoslovakia ( 2 ) ,  England ( 4 ) ,  Finland ( I ) ,  
German Federa l  Republic (2) ,  France ( 2 ) ,  I t a l y  ( I ) ,  Nether lands ( I ) ,  
Spain ( I ) ,  Swi tzer land  ( I ) ,  and USSR (1) .  

The purposes o f  t h e  I n t e r n a t i o n a l  Co l l ec t i on  a r e  f o u r f o l d ,  a s  fo l lows:  

1. To survey t h e  soybean-associated a r thropods  o f  a l l  soybean- 
producing a r e a s  o f  t h e  world wi th  major emphasis on t h e  phyto- 
phagous spec i e s  and t h e i r  p a r a s i t e s  and p r e d a t o r s ,  

2. To monitor t h e  major p e s t  spec i e s  f o r  p o s s i b l e  changes i n  
d i s t r i b u t i o n ,  

3. To a i d  i n  p r e d i c t i n g  i n s e c t  problems i n  a r e a s  i n i t i a t i n g  soybean 
product ion ,  and 

4. To provide  i d e n t i f i c a t i o n  s e r v i c e s  f o r  soybean r e s e a r c h e r s  and 
producers .  



I t  w i l l  be recognized t h a t  t h e r e  a r e  mul t ip l e  purposes of t h e  c o l l e c t i o n  
because i t  both genera tes  new information,  s t o r e s  accumulated knowledge 
and provides information and i d e n t i f i c a t i o n  s e r v i c e s .  

In  t h e  p a s t  year  important and extens ive  a c q u i s i t i o n s  have been rece ived  
from E l  Salvador,  Costa Rica, Panama, Colombia and Ecuador i n  t h e  New World 
and from Niger ia ,  S r i  Lanka, Korea and t h e  Ph i l ipp ines  i n  t h e  Old World. 
A l l  c o l l e c t i o n s  a r e  accompanied by f u l l  sampling da ta ,  and they have been 
generated mainly through t h e  e f f o r t s  of  D r .  Michael Irwin and D r .  Marcos 
Kogan . 

During the  year ,  i d e n t i f i c a t i o n s  o f  soybean-associated ma te r i a l  have been 
provided t o  workers i n  Argentina, B r a s i l ,  Colombia, Costa Rica, Ecuador, 
E l  Salvador,  Panama, Peru, Puerto Rico, and S r i  Lanka, a s  well  a s  t o  
workers i n  t h e  United S t a t e s .  

Comprehensive s t u d i e s  of  t h e  soybean-associated fauna o f  t h r e e  geographic 
u n i t s  a r e  continuing.  The fauna o f  Mexico i s  being s tud ied  i n  co l labora-  
t i o n  with D r .  Francisco Pacheco, CIANO/INIA, based on some 20,000 spec i -  
mens from t h a t  country; t h a t  of  Colombia i s  being s t u d i e d  i n  co l l abora t ion  
with D r .  G i l b e r t  Waldbauer, Univers i ty  o f  I l l i n o i s ,  based on some 10,000 
specimens c o l l e c t e d  by D r .  Waldbauer i n  Colombia; and t h e  fauna o f  Bras i l  
i s  being s t u d i e d  based upon some 40,000 specimens from t h a t  country now 
housed i n  IRCSA. This l a t t e r  s tudy i s  being pursued i n  co l l abora t ion  wi th  
D r .  Marcos Kogan and B r a s i l i a n  co l leagues .  

In  add i t ion  t o  these  faunal   analyst?^, comprehensive s t u d i e s  o f  two p e s t  
complexes a r e  underway. The bean l e a f  b e e t l e s  o f  t h e  New World a r e  being 
s tud ied  i n  co l l abora t ion  with D r .  Kogan, and t h e  s t i n k  bugs a r e  being 
s tud ied  with D r .  Irwin. Both o f  t hese  groups include many major soybean 
p e s t  spec ie s .  

Our survey o f  t h e  New World soybean-associated fauna i s  near ing  completion 
with mater ia l  from Mexico, Bel ize,  E l  Salvador,  Costa Rica, Nicaragua, 
Panama, Colombia, Venezuela, Ecuador, Peru, Bol iv ia ,  B r a s i l ,  Argentina, 
Trinidad and Puerto Rico represented  i n  add i t ion  t o  ex tens ive  mater ia l  
from t h e  United S t a t e s .  We do n o t  hold ma te r i a l  from t h e  Guiana, Paraguay 
o r  Uruguay, but  we do no t  expect s u r p r i s e s  from those  a reas ;  however, we 
would be very i n t e r e s t e d  i n  see ing  ma te r i a l  from Chi le .  

We would now l i k e  t o  expand our  holdings from t h e  Old World, which a r e  
now r a t h e r  s p o t t y .  The c o l l e c t i o n  now holds ma te r i a l  from Ethiopia ,  Sudan, 
Uganda, Niger ia  and South Af r i ca  from t h e  African con t inen t ;  from I ran ,  
Pakis tan ,  India ,  S r i  Lanka, Thailand, Indonesia ,  Malaysia, Ph i l ipp ines ,  
Japan, China and Korea from Asia; and ma te r i a l  from A u s t r a l i a .  

To i d e n t i f y  p o s s i b l e  new sources o f  ma te r i a l  f o r  t he  c o l l e c t i o n  we c i r -  
cu la t ed  t h e  a t tached ques t ionna i r e  i n  t h e  f a l l  of 1977. Some 60 responses 
have been received t o  d a t e ,  inc luding  20 from Afr ica ,  5 from Europe and 
t h e  Near Eas t ,  11 from Asia, and 5 from A u s t r a l i a  and Oceania. 
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Name : , Region: , Country: 

INTSOY INSECT PEST MANAGEtENT SURVEY QUESTIONNAIRE 

P l e a s e  Complete t h i s  Ques t ionna i re  and Return a s  Soon a s  P o s s i b l e  to:  

D r .  William H. Judy/INTSOY 
N-515 Turner  H a l l  

Un ive r s i t y  of I l l i n o i s  
Urbana, I l l i n o i s  61801 
United S t a t e s  of America 

1. A r e  soybean produced commercially i n  your country? 
yes  /no 

2. Est imated number of h e c t a r e s  under soybean c u l t i v a t i o n  i n  your country.  . 
3. Is t h e  commercial soybean product ion  i n  your country under supplemental 

i r r i g a t i o n ?  
yes lno  

4 .  How long have soybeans been grown commercially i n  your country? 

1-5 yrs . ,  5-20 y r s . ,  20-100 y r s . ,  100 p l u s  yea r s  

5. Number of soybean c rops  per  yea r  i n  your Country , i n  Your r eg ion  

a. Average d a t e s  of p l an t ing .  1. , 2. , 3-  

b. Average d a t e s  of pod set. 1. 2-  9 3, . 
c. Average d a t e s  of ha rves t .  1. s 2- 9 3-  . 

6, L i s t  i n  o r d e r  of  importance t h e  major i n s e c t  p e s t s  of soybean i n  your region.  

7. Are you i n t e r e s t e d  i n  coopera t ing  wi th  INTSOY i n  an i n s e c t  p e s t  management 

program on soybeans? 
'G 

8. Name and a d d r e s ~  of Entomologist  working on soybean i n s e c t  problems i n  your 

.region o r  country.  

ENTOMOLOGIST: 

NAME: 
W T W T  F 
L l L L O i  

ADDRESS : 



APPENDIX VIII 

I n t e r n a t i o n a l  Soybean Fungal and B a c t e r i a l  Disease Research 
James B .  S i n c l a i r  

P ro fe s so r ,  I n t e r n a t i o n a l  P l a n t  Pathology 

I .  In t roduc t ion  

The r e sea rch  i n  t h i s  p o r t i o n  o f  t h e  program involved i n t e r d i s c i p l i n a r y ,  
i n t e rdepa r tmen ta l  and i n t e r n a t i o n a l  a c t i v i t i e s  and inc luded  t h e  t r a n s f e r  
o f  technology from soybean r e sea rch  t o  t h a t  o f  common bean.  Technical  
r e sea rch  p u b l i c a t i o n s  dur ing  t h i s  r e p o r t i n g  pe r iod  inc lude  shared  au thor -  
s h i p  wi th  s c i e n t i s t s  from Colombia (G. E .  Galvez) ,  E th iop ia  (A. blengistu),  
I n d i a  (Y.  L .  Nene) and Puerto Rico (M. A.  E l l i s ) .  Three o f  t h e  publ ica-  
t i o n s  a r e  i n  Spanish. I was c o - e d i t o r  on f o u r  books: two on charcoa l  
r o t  publ i shed  a t  t h e  Universidade Federal  de Vicosa,  B r a s i l ;  one on soybean 
r u s t  publ i shed  by INTSOY and a  f o u r t h  on chickpea d i s e a s e s  publ i shed  by 
ICRISAT, I n d i a .  I was an au tho r  o f  t h r e e  a r t i c l e s ,  a s  we l l  a s  a  co l l abo r -  
a t o r ,  i n  t h e  book l 'Diseases ,  P e s t s  and Weeds i n  Tropica l  Crops" publ i shed  
i n  Eas t  Germany. Papers were publ i shed  i n  j ou rna l s  from Colombia (F i topa to lo -  
g i c a s ) ,  Costa  Rica ( T u r r i a l b a ) ,  Ecuador (proceedings) ,  England (PANS and 
Seed Science and Technology), t h e  USA (P lan t  Disease Repor te r ,  Proceedings 
o f  t h e  American Phytopathological  Soc i e ty ,  and Fungicide and Nematicide 
Tes t s )  and I l l i n o i s  (ex tens ion  p u b l i c a t i o n s ) .  

The major t h r u s t  o f  t h e  r e sea rch  was t o  b e t t e r  understand t h e  e f f e c t  o f  
var ious  microorganisms on soybean seeds  and seed  q u a l i t y  and development 
of c o n t r o l  methods. Other  r e sea rch  has  inc luded  s i m i l a r  s t u d i e s  on common 
bean. The s t u d i e s  on f a c t o r s  i n f luenc ing  soybean seed  q u a l i t y  and t h e i r  
c o n t r o l  i n  I l l i n o i s  has  been suppor ted  i n  p a r t  by t h e  I l l i n o i s  Crop Improve- 
ment Assoc ia t ion  and t h e  I l l i n o i s  A g r i c u l t u r a l  Experiment S t a t i o n .  

11. Assessment o f  Fac tors  t h a t  Inf luence  Disease 

A .  Bac i l l u s  s u b t i l i s  ( s ee  r e f e r e n c e s  6,  16, 28) :  

Three DaDers were ~ u b l i s h e d  on t h e  a s s o c i a t i o n  and e f f e c t  o f  Bac i l l u s  ~ ~- I I -  

s u b t i l i s  on soybean seed  germinat ion i n  v i t r o  and emergence i n  s o i l .  
I n  t h e  paper  o f  Tenne, Foor and S i n c l a i r  (28) ,  s u r f a c e - d i s i n f e c t e d  
soybeanAske s were p laced  on moist  c e l l u l d s e ~  pads i n  a  temperature  Q 0 0 
s e r i e s  of 5  C increments from 15 through 55 C .  A s  temperature  i n -  
c reased ,  t h e  inc idence  of  B. s u b t i l i s  i nc reased  and de- 
c reased .  Seedsostored a t  250, 350, 40' and 4 5 ' ~  were  laced on c e l l u -  
l o s e  pads a t  35 C and po ta to -dex t rose  aga r  (PDA) a t  25 C a t  two week 
i n t e r v a l s  f o r  e i g h t  weeks. I t  was found t h a t  t h e r e  was a  decrease  i n  
germinat ion and concomitant i n c r e a s e  i n  occurrence o f  B .  s u b t i l i s  a s  
s t o r a g e  temperatures  i nc reased ,  whether assayed a t  2S0 o r  3S°C. 
B .  s u b t i l i s  was found i n  t h e  parenchyma (endoderm) and hour-glass  
(mesoderm) c e l l  l a y e r s  o f  seed  coa t s  from s u r f a c e - d i s i n f e c t e d  seeds  
o f  f o u r  c u l t i v a r s .  A method was developed f o r  examination of  b a c t e r i a  
i n  soybean seed  coa t  t i s s u e s  u t i l i z i n g  formaldehyde vapor and a mix- 
t u r e  o f  abso lu t e  e thano l  and g l a c i a l  a c e t i c  a c i d  ( 2 : l )  a s  k i l l i n g  
and f i x i n g  agen t s .  



S c h i l l e r ,  E l l i s ,  Tenne and S i n c l a i r  (16) bioassayed 26 su r face -  
d i s i n f e s t e d  soybean seed l o t s  o f  t h e  c u l t i v a r s  Rragg, Dare, H i l l ,  
Lee 68 and Amsoy 71 from f i v e  s t a t e s  f o r  Bac i l lu s  s u b t i l i s .  Dare and 
H i l l  seeds contained more B.  s u b t i l i s  than  Bragg and Lee 68 seeds .  
The occurrence of  B.  s u b t i l i s  among a l l  seed l o t s  d i d  no t  d i f f e r  among 
s t a t e s .  The occurrence o f  B .  s u b t i l i s  was inve r se ly  p ropor t iona l  t o  
germination i n  c u l t u r e  p l a t e s  and f i e l d  emergence. I t  was found 
t h a t  Amsoy 71 seeds t r e s t e d  with 500 mg/ml potassium p e n i c i l l i n  G 
i n  dichloromethane (methylene ch lo r ide )  (DCM) were p ro tec t ed  from 
decay by B .  s u b t i l i s  a l lowing h igher  germination and g r e a t e r  hypgcotyl 
and r a d i c l e  growth than nont rea ted  seeds on c e l l u l o s e  pads a t  40 C .  

I n  t h e  t h i r d  paper E l l i s ,  Tenne and S i n c l a i r  (6) t r e a t e d  Amsoy 71 soy- 
bean seeds  with s treptomycin su lpha te  a t  5 ,  A0, 15, 25 o r  35 mg/20 g 
o f  seeds .  Af t e r  4 ,  12, 24 o r  48 hours a t  25 C ,  washed cotyledons were 
bioassayed. Zones of  i n h i b i t i o n  o f  Bac i l lu s  s u b t i l i s  occurred around 
cotyledons of a l l  t r e a t e d  seeds except c o n t r o l s  (nontreated)  and 
those  t r e a t e d  with t h e  fol lowing r a t e s  and t imes:  5 mg a t  4 ,  12 and 
24 hours;  10 mg a t  4 and 12 hours ;  and 15 and 25 mg a t  fou r  hours.  
I n h i b i t i o n  zones increased  i n  s i z e  with i n c r e a s e  i n  r a t e  and t ime.  
Thin- layer  chromatography confirmed streptomycin a c t i v i t y  i n  t i s s u e s  
of t r e a t e d  seeds.  B. s u b t i l i s  was c o n s i s t e n t l y  i s o l a t e d  from dead 
and decayed seeds.  The occurrence o f  B .  sub t i l i s -decaved  seeds  was 
inve r se ly  c o r r e l a t e d  with i n  v i t r o  germination and gmergencg i n  s o i l ,  

0 and increased  with inc rease  i n  temperature (25 , 30 and 35 C ) .  
Streptomycin t r e a t e d  seeds produced s i g n i f i c a n t l y  lower occurrence of 
decayed seeds and s i g n i f i c a n t l y  h igher  germination i n  v i t r o  than non- 
t r e a t e d  seeds.  Seeds o f  Amsoy 71 and Wells were nont rea ted  o r  t r e a t e d  
with 500 ug/ml K pen ic i l l i n -G  i n  DCM o r  DCM a lone  and s t o r e d  a t  4 0 ' ~  
f o r  8 weeks. Nontreated seeds a l s o  were s t o r e d  a t  4 ' ~ .  Tetrazolium 
t e s t 8  showed t h a t  t h e  cotyledons o f  seeds d e t e r i o r a t e d o a t  4 0 ' ~  but no t  
a t  4 C .  Nontreated seeds t h a t  d id  no t  germinate a t  40 C were decayed 
by B.  s u b t i l i s .  Seeds t r e a t e d  with pen ic i l l i n -G  i n  DCM, with DCM alone 
o r  nont rea ted  germinated 90%, 22% and 10% respec t ive ly ,  a f t e r  8 weeks 
a t  4 0 ' ~  sugges t ing  t h a t  DCM may have an e f f e c t  on e i t h e r  t h e  hos t  
t i s s u e  o r  B.  s u b t i l i s .  

B. Age o f  pod and pubescence (see  re ference  12) : 

In  an on-going s tudy concerned with t h e  epidemiology o f  Phomopsis s o j a e ,  
causal  fungus o f  t h e  soybean pod and stem b l i g h t  d i sease ,  Hepperly and 
S i n c l a i r  (12) published- an a b s t r a c t  concerned-with pod and sekd in fec t ion  
of  detached pods inocula ted  with t h e  Phomopsis sp .  They harves ted  soy- 
bean pods conta in ing  mature seeds a t  t h r e e  s t a g e s  o f  senescence. Stage 
o f  senescence was determined by pod co lo r :  green,  yellow, o r  brown. 
Pods were noninoculated (cont ro l )  o r  inocula ted  with Phomopsis spp. 
Pods were e i t h e r  wounded o r  nonwounded and then placed i n  a moist 
chamber a t  95% RH a t  room temperature (22 2 2C). V i s ib l e  l e s ions  
developed a f t e r  2 t o  4 days. The major i ty  o f  l e s ions  developed a t  
t h e  base of trichomes with pene t r a t ion  occurr ing  between epidermal 
c e l l s .  Pods of  Chippewa 64 have v i s i b l y  fewer trichomes and had l e s s  



seed  i n f e c t i o n  than Corsoy, Hark, and Harosoy, which have g r e a t e r  
number of  trichomes. Pods of a l l  c u l t i v a r s  a t  a l l  t h r e e  s t a g e s  were 
invaded by Phomopsis spp. Seed i n f e c t i o n  was delayed i n  green pods 
with reduced s e v e r i t y  and frequency compared t o  t h a t  of  yellow and 
brown pods. 

111. Diseased Seeds and Seed Qual i ty  ( see  r e fe rence  13) 

The compositional changes and the reduct ion  o f  o i l  q u a l i t y  was measured 
i n  soybean seeds  i n f e c t e d  with Phomopsis so j ae  and r epor t ed  i n  an ab- 
s t r a c t  by Hepperly and ~ i n c l a i r T 1 3 ) .  Three s e e d l o t s  o f  Wells soybean 
with g r e a t e r  than 20% seedborne Phomopsis spp. were bulked and seed 
was sepa ra t ed  on t h e  presence o r  absence o f  v i s u a l  symptoms o f  Phomopsis 
spp. i n f e c t i o n .  Phomopsis spp.  were recovered from 85% o f  seed  with 
symptoms and 20% from seed without symptoms when seeds  were sur face-  
d i s i n f e c t e d  (.525% NaOCl-10% Chlorox f o r  4 m i n u t e ~ ) , ~ p l a t e d  on s t e r i l e  
pota to-dext rose  agar ,  and incubated f o r  5 days a t  25 C .  Seeds ex- 
h i b i t i n g  symptoms had 12% germination compared t o  86% f o r  symptomless 
seed .  One hundred seed weight,  volume, and dens i ty  was s i g n i f i c a n t l y  
lower i n  s e e d l o t s  with v i s i b l e  symptoms. Using a Dickey-John I n f r a r e d  
Analyzer, soybean meal was measured f o r  percentage of  o i l  and p r o t e i n .  
O i l  and p r o t e i n  content  was s i g n i f i c a n t l y  h ighe r  f o r  meal from seed 
with symptom express ion .  Meal from seed  e x h i b i t i n g  symptoms was gray 
with a ranc id  odor.  Th ioba rb i tu r i c  a c i d  t e s t ,  a c i d  va lue  determina- 
t i o n  and peroxide value determinat ion of o i l  o f  seed e x h i b i t i n g  symptoms 
showed t h a t  o i l  q u a l i t y  was reduced. 

I V .  Control of  Soybean Diseases 

A .  Seed Treatment ( see  re ferences  8 ,  10, 11, 14) :  

S. R. Foor and S i n c l a i r  (8) found t h a t  seed t rea tments  could a f f e c t  
seed q u a l i t y  by inf luencing  the  fungi  a s soc ia t ed  with t h e  seed a t  t h e  
end o f  t he  growing season.  Twelve Wells soybean seed l o t s  from p l a n t s  
sprayed with f i v e  fungic ides  were e i t h e r  t r e a t e d  with 500 ug/ml K 
P e n i c i l l i n  G i n  dichloromethane p l u s  0.5 g/100 g seeds  Arasan 50 Red 
o r  nont rea ted .  The seeds were p l an ted  a t  I s a b e l a  S t a t i o n ,  Puerto Rico 
and harves ted  a t  matur i ty  and 4 weeks l a t e r .  Surface-d is infec ted  seeds 
were bioassayed i n  potato-dextrose agar  c u l t u r e  p l a t e s .  Germination 
and occurrence o f  i n t e rna l ly -borne  fungi  were recorded.  There were 
no d i f f e rences  i n  germination o r  occurrence o f  fungi due t o  spray .  
There were d i f f e rences  i n  microf lora  with r e spec t  t o  seed t reatment  
and ha rves t  t ime. S i g n i f i c a n t l y  h igher  l e v e l s  o f  Phomopsis spp. 
and lower l e v e l s  o f  Fusarium spp.  were recovered from seeds o f  p l a n t s  
grown from nont rea ted  seeds .  Lower l e v e l s  o f  Phomopsis spp.  and 
h igher  l e v e l s  o f  Fusariwn spp. were recovered from seeds o f  p l a n t s  
grown from t r e a t e d  seeds .  There was more purple-s ta ined  seeds from p l a n t s  
grown from t r e a t e d  seeds than nont rea ted  seeds .  Thus, seed t reatment  
a f f e c t s  seed q u a l i t y  by in f luenc ing  fungi  a s soc ia t ed  with t h e  seed a t  
t h e  end o f  t h e  growing season. Competition between t h e  fungal 
microf lora  i s  a l t e r e d  with seed  t reatment  and a f f e c t s  t he  type of 
fungi  i s o l a t e d .  



P. R .  Hepperly and S i n c l a i r  ( l l ) ,  us ing  aqueous po lye thylene  s o l u t i o n s  
f o r  t r e a t i n g  soybean seeds with a n t i b i o t i c s ,  repor ted  t h a t  Amsoy 71 
soybean seeds ,  soaked 30 minutes o r  longer  i n  water  then  d r i e d  and 
p l an t ed  had seed l ing  emergence below non t r ea t ed  seed .  Germination of 
seeds soaked f o u r  days i n  aqueous s o l u t i o n s  o f  po lye thylene  g lycol  6000 
(PEG) o f  va r ious  concen t r a t i ons  was n o t  d i f f e r e n t  from t h a t  o f  non- 
t r e a t e d  seed .  Seeds soaked i n  a  PEG s o l u t i o n  conta in ing  500 ug/ml 
potassium p e n i c i l l i n  G o r  s t reptomycin s u l p h a t e  a long o r  with e i t h e r  
thiram o r  f e n t i n  hydroxide r e s u l t e d  i n  zones o f  i n h i b i t i o n  of Bac i l l u s  
s u b t i l i s  on t h e  medium seeded with t h i s  microorganism. No such zones 
formed around seeds soaked i n  PEG s o l u t i o n  a lone .  A n t i b i o t i c  a c t i -  
v i t y  was de t ec t ed  i n  seed  c o a t s ,  hypocotyls ,  e p i d o t y l s  and co ty ledons .  
Seeds t r e a t e d  i n  a  PEG s o l u t i o n  conta in ing  p e n i c i l l i n  G and thiram 
r e i a i n e d  85% o f  t h e i r  o r i g i n a l  a c t i v i t y  a f t e r  15 weeks s t o r a g e  a t  
25 C .  Larger zones occurred around seeds  soaked f o r  f o u r  hours  i n  
PEG s o l u t i o n  conta in ing  p e n i c i l l i n  G t han  those  soaked f o r  one o r  two 
hours ,  bu t  zone s i z e  d i d  no t  i n c r e a s e  with l onge r  soaking.  F i e ld  
emergence from seeds t r e a t e d  with p e n i c i l l i n  G p lu s  thiram dus t  was 
s i g n i f i c a n t l y  h ighe r  than t h a t  o f  nont rea ted  seeds  and seeds t r e a t e d  
with thiram a lone .  A n t i b i o t i c  a c t i v i t y  was d e t e c t e d  24 days a f t e r  
p l a n t i n g  i n  s eed l ing  cotyledons o f  seedings grown from seeds  soaked 
i n  PEG s o l u t i o n  conta in ing  p e n i c i l l i n  G and then  dusted wi th  thiram. 
Seedl ings  from seeds  t r e a t e d  with s t reptomycin s u l p h a t e  whether a lone  
o r  i n  combination with f e n t i n  hydroxide e x h i b i t e d  p h y t o t o x i c i t y  
symptoms, whereas p e n i c i l l i n  G produced p h y t o t o x i c i t y  symptoms only 
when i n  combination with f e n t i n  hydroxide.  

P. R. Hepperly and S i n c l a i r  (10, 14) r epo r t ed  on two s t u d i e s  on t h e  
e f f e c t s  o f  var ious  seed  t rea tments  on emergence and y i e l d  under f i e l d  
cond i t i ons .  I n  1976, Wells soybean seeds ,  ha rves t ed  i n  1975 from p l a n t s  
grown on t h e  Univers i ty  o f  I l l i n o i s  Agronomy South Farm, Urbana, were 
assayed f o r  germinat ion i n  c u l t u r e  and presence o f  seed-borne fungal 
pathogens.  Two-hundred seeds were placed on moist  c e l l u l o s e  (Kimpac) 
pads and ano the r  200-seed sample was su r f ace  d i s i n f e c t e d  and p laced  
on s t e r i l e  po ta to-dext rose  aga r  (PDA). Both samples were incubated 
f o r  6  days a t  25 C .  On c e l l u l o s e  pads,  seeds  germinated 68% with 
26% Phomopsis sp and 2% Cercospora s p .  On PDA, seeds germinated 64% 
with 32% Phomopsis s p .  and 3% ~ e r c o s p o r a  s p .  Lots o f  100 seeds  each 
were e i t h e r  nont rea ted  ( c o n t r o l )  o r  t r e a t e d  with one o f  t h e  t r e a t -  
ments shown below. One~week l a t e r  (May 20) ,  t he  l o t s  were hand p l an t ed  
on t h e  Agronomy South Farm. Treatments were arranged i n  a  randomized 
complete block design wi th  f o u r  r e p l i c a t i o n s  o f  100 seeds  each.  One- 
hundred seeds were p l an t ed  p e r  6 . 1  m-row. Emergence counts  were 
taken on June 10 (21 days) and p h y t o t o x i c i t y  noted.  Seedl ings  had 
f u l l y  expanded primary leaves  and t h e  f i rst  t r i f o l i o l a t e  was v i s i b l e .  
Treatments were hand ha rves t ed  a t  matur i ty  (October 1) and t o t a l  
y i e l d  and 1,000-seed weights were recorded.  

The mean emergence from nont rea ted  seeds was 33%, which was l e s s  than  
h a l f  of t h e  l abo ra to ry  emergence and lower than  28 of  t h e  o t h e r  
t rea tments .  Lower emergence r e s u l t e d  i n  lower y i e l d s ,  bu t  t h e r e  
were no s i g n i f i c a n t  d i f f e r e n c e s  between t rea tments  i n  1,000-seed 
weights .  S i g n i f i c a n t l y  (p  = .05) h ighe r  emergence was recorded 
from seeds  t r e a t e d  with po lye thylene  glycol  (PEG)-incorporated 
p e n i c i l l i n  G + Arasan 50 Red then  with Arasan 50 Red a lone .  



Emergence and y i e l d  from seeds  t r e a t e d  with PEG + p e n i c i l l i n  G were 
no t  s i g n i f i c a n t l y  g r e a t e r  than  those  from non t r ea t ed  s eeds ,  which 
sugges ts  t h a t  con t ro l  o f  b a c t e r i a  on soybean seeds  wi thout  funga l  
c o n t r o l  may have l i t t l e  e f f e c t  on germinat ion.  Control  o f  b o t h  bac- 
t e r i a  and fungi  r e s u l t s  i n  r a t e s  o f  emergence comparable t o  germina- 
t i o n  read ings  ob t a ined  under l abo ra to ry  cond i t i ons .  Phy to tox ic i t y  
was noted on 28 and 70% o f  t h e  s eed l ings  from seeds  t r e a t e d  with 2 and 
4 oz/bu Mertect LSP, r e s p e c t i v e l y ,  a s  whitening and n e c r o s i s  on t h e  
edges o f  t h e  co ty ledons .  Yellowing and deformation o f  cotyledons 
were recorded on a  small  number o f  p l a n t s  from seeds t r e a t e d  with 
BASF 317 a t  60 g/bu. Phy to tox ic i t y  was found on seed l ings  of seeds  
t r e a t e d  with SSP (MO) Exp. (HB) i n  t h e  form o f  p l a n t i n g  dwarfing 
and wr inkl ing  o f  primary l eaves .  Seedl ings  from seeds t r e a t e d  with 
U B I  1109 a t  4  oz/bu had wrinkled,  i r r e g u l a r  primary leaves  wi th  a  
wh i t i sh  c a s t .  

I n  1977, s eed  samples were randomly s e l e c t e d  from Wells soybean l o t s  
ha rves t ed  from e i t h e r  Benlate-sprayed (cons idered  a s  "good q u a l i t y "  
seeds)  o r  nonsprayed ("poor q u a l i t y t t )  p l a n t s  i n  1976. The mean [ f o u r  
r e p l i c a t i o n s  o f  100 seed  each) pe rcen t  s h r i v e l e d  seeds and 100-seed 
weight f o r  seed  samples from sprayed and nonsprayed p l o t s  were 0 and 
18.5gY 2 and 16.5gY r e s p e c t i v e l y ;  with t h e  germinat ion and i n t e r n a l l y  
seed-borne fungi  a f t e r  s u r f a c e  d i s i n f e s t a t i o n  (0.5% sodium hypoch lo r i t e  

0 f o r  4  minutes) and p l a t e d  on pota to-dext rose  agar  f o r  6  days a t  25 C 
being 99% and 13% A l t e r n a r i a  s p .  and 80% and 12% Phomopsis s p p . , r e s -  
p e c t i v e l y .  One week p r i o r  t o  p l a n t i n g  (May 21) 100-seed l o t s  o f  t h e  
"poor q u a l i t y "  seed were t r e a t e d  with one o f  t h e  m a t e r i a l s  l i s t e d  
below. Nontreated "good" and "poor" q u a l i t y  seed  l o t s  s e rved  a s  
c o n t r o l s .  Treatments were a r ranged  i n  a  randomized complete block 
with f o u r  r e p l i c a t i o n s  and p l a n t e d  with 100 seed  p e r  each 6.1-m 
(20 - f t )  row a t  t h e  Univers i ty  o f  I l l i n o i s  P l an t  Pathology Farm. 
Stand counts were recorded a t  20 days a f t e r  p l a n t i n g  and y i e l d s  a t  
matur i ty  (135 days a f t e r  p l a n t i n g ) .  

The mean pe rcen t  emergence was s i g n i f i c a n t l y  h ighe r  from t h e  non t r ea t ed  
"goodtt q u a l i t y  seeds  than  from any o t h e r  treatment ' .  The h ighes t  
y i e l d  a l s o  was ob ta ined  from t h e  nont rea ted ,  "good" q u a l i t y  seeds .  
DPX-115B a t  2, 4 and 6 oz /cwt . ,  Guardsan 389 a t  4  oz /cwt . ,  
ME-144-SU LSP a t  2  f l .  oz/cwt. ,  and Pen ic i l l i n -G  lo3  uni ts /ml  i n  
dichloromethane p l u s  Arasan 50 Red a t  2  oz/cwt. ,  produced a  s i g n i f i -  
c a n t l y  h ighe r  s t a n d  than  d i d  non t r ea t ed  "poor" q u a l i t y  s eeds .  Seeds 
t r e a t e d  with DPX-115B a t  2  oz/cwt. and Benlate-T a t  4 oz/cwt. ,  p ro-  
duced a  s i g n i f i c a n t l y  h ighe r  y i e l d  than  non t r ea t ed  "poor" q u a l i t y  
seeds ,  and were no t  s i g n i f i c a n t l y  d i f f e r e n t  from non t r ea t ed  good q u a l i t y  
seed .  Phy to tox ic i t y  was no t ed  on p l a n t s  from seeds  t r e a t e d  with 
Mertect LDP 30% TBZ a t  2  f l .  oz/bu a s  a  marginal c h l o r o s i s  on t h e  
cotyledons and from seeds  t r e a t e d  with ace tone ,  Penic i  1  l in-G lo3  units/ml 
i n  acetone,  ME-135 a t  100 ug/ml i n  acetone p l u s  Mertect LSP 30% TBZ 
a t  1 f l .  oz/bu PEG a lone  which had a  s i g n i f i c a n t l y  lower emergence 
than  t h e  non t r ea t ed  "poor" q u a l i t y  seed  c o n t r o l .  



B. Fungicide Sprays (see re ference  7) : 

In  a t e s t  conducted i n  1975, Foor and S i n c l a i r  (7) p lan ted  Wells 
soybeans i n  t h e  f i e l d  on May 13 and sprayed wi th  one, two o r  t h r e e  
app l i ca t ions  of  nine fungic ides  before flowering (BF) (June 13 ) , ea r ly -  
flowering (EF) (June 30),  early-pod (EP) ( Ju ly  l l ) ,  mid-pod (MP) ( Ju ly  25), 
la te-pod (LP) (August 18) o r  very-late-pod (VLP) (August 24). Non- 
sprayed rows served a s  c o n t r o l s .  The p l o t s  had fou r  3.048-meter rows 
on 76.2-cm cen te r s .  The two c e n t e r  rows were r a t e d  a s  t o  t h e  per-  
centage mature p l a n t s  (MAT) on August 28. Half o f  each cen te r  row 
was harves ted  on September 18 Lzirst harves t  ( ~ ~ 1 7 ;  t h e  o t h e r  h a l f  
was harves ted  on October 1 [ i a t e  harves t  (LHI7. P lan t s  were threshed . 
with a sma l l -p lo t  t h re she r  and t o t a l  y i e l d  and ldOOO-seed weight 
recorded. A l l  seeds were s t o r e d  sepa ra t e ly  a t  4 C u n t i l  bioassayed. 
Four hundred seeds from t h e  f i r s t  harves t  and 200 seeds from t h e  l a t e  
ha rves t  were su r face  s t e r i l i z e d  by soaking i n  a 0.25% sodium hypo- 
c h l o r i t e  s o l u t i o n  f o r  4 min., i n  70% ethanol  f o r  2 min., and then 
r i n s e d  i n  s t e r i l e  d i s t i l l e d  water.  Two hundred seeds per  ha rves t  
pe r  t reatment  were p l a t e d  on Gibco pota to-dext rose  agar  (PDA) i n  
9-cm c u l t u r e  p l a t e s  with four  seeds i n  each o f  50 p l a t e s .  Af ter  
7 days a t  2s0c, percentage o f  Phomopsis spp. (Phom.) , t o t a l  fungi  
(TF), A l t e r n a r i a  spp.  (Al t . )  and germination i n  v i t r o  were recorded. 
Seeds were considered germinated when t h e  r a d i c a l  was 1 .5  t imes t h e  
length of t h e  cotyledons. Two hundred su r face  s t e r i l i z e d  (SS) and 
200 nonsur face - s t e r i l i zed  (NSS) seeds from t h e  f i r s t  ha rves t  were 
germinated on s t e r i l e  c e l l u l o s e  pads (Kimpac) (Cell  .) a t  2 5 ' ~  f o r  
7 days. Each treatment  was scored (SC) a s  t o  t h e  number o f  t imes 
i t  was s i g n i f i c a n t  from t h e  cont ro l  f o r  t he  15 parameters measured. 
This  r a t i n g  system was based on the  Duncan's New Mult iple  Range Tes t .  

Germination was h igher  and t h e  occurrence o f  Phornopsis spp. and t o t a l  
fungi  were lower when fungic ides  were app l i ed  a t  mid-pod o r  early-pod 
p l u s  mid-pod. Bravo and Merteck d i d  not  improve seed q u a l i t y .  The 
b e s t  seed q u a l i t y  was obtained from p l a n t s  sprayed with Benlate ,  
Topsin-M, Duter and RH-3928. Differences between fungicide t reatments  
were more apparent  among seeds from t h e  l a t e  ha rves t  than t h e  f i r s t  
harves t  with r e spec t  t o  y i e l d ,  1,000-seed weights,  germination i n  v i t r o ,  
t o t a l  fungi ,  A l t e r n a r i a  spp . ,  and recovery o f  Phomopsis spp. Seeds 
from p l a n t s  sprayed with Benlate ,  Topsin-M and RH-3928 had s i g n i f i c a n t l y  
more Al t e rna r i a  spp. than seeds from con t ro l  p l a n t s .  

V. Outreach and Technology Trans fe r  (see re ferences  1, 2, 3, 4 ,  5, 
9,  15, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27) 

The 1977-78 grant  yea r  represented ,  i n  p a r t ,  a per iod  o f  summary of  
research f o r  outreach and technology t r a n s f e r  a c t i v i t i e s .  Our e f f o r t s  
involved t h e  pub l i ca t ion  o f  s eve ra l  summary books and a r t i c l e s ,  a s  well 
a s  research  papers i n  Spanish and English.  

One o f  t he  major i n t e r n a t i o n a l  outreach a c t i v i t i e s  is represented  by 
t h e  pub l i ca t ions  of  two books on Macrophomina phaseol ina,  causa l  agent 
o f  charcoal  r o t .  These were coauthored by 0 .  D. Dhingra and J.  B. S i n c l a i r  



and p r i n t e d  by t h e  Universidade Federal  de Vicosa Univers i ty  P re s s ,  Vicosa,  
B r a s i l .  Charcoal r o t  i s  a major d i s e a s e  o f  many crops ,  i nc lud ing  soybeans,  
i n  t h e  warmer a r e a s  o f  t h e  t r o p i c s  and s u b t r o p i c s .  Another i n t e r n a t i o n a l  
ou t reach  a c t i v i t y ,  which a l s o  r e p r e s e n t s  some technology t r a n s f e r ,  was t h e  
c o l l a b o r a t i v e  assemblage i n t o  book form o f  "An Annotated Bibl iography o f  
Chickpea Diseases t t ,  coauthored by an  Ind ian  (Y. L .  Nene), an Eth iopian  
(A. Mengistu) and two Americans (D. J. Royse and J.  B.  S i n c l a i r )  and 
publ i shed  by ICRISAT, Hyderabad, Ind i a .  

A s  p a r t  of t h e  ou t reach  a c t i v i t i e s ,  t h e  au tho r  p a r t i c i p a t e d  i n  t h r e e  
conferences,  h e l d  i n  t h e  1976-77 r e p o r t i n g  pe r iod ,  and gave i n v i t a t i o n a l  
papers  which appeared i n  t h e  proceedings o f  t h e s e  meetings i n  t h i s  r e p o r t -  
i ng  per iod .  The proceedings o f  two major workshop/seminars on soybean 
rust, one h e l d  i n  Mayaguez, Puerto Rico and t h e  o t h e r  i n  Manila, The 
Ph i l i pp ines ;  and t h e  proceedings o f  t h e  INTSOY- sponsored conference a t  
Chiang Mai were publ i shed  dur ing  t h i s  r e p o r t i n g  pe r iod .  

Severa l  summary a r t i c l e s  r ep re sen t ing  a d d i t i o n a l  ou t r each  a c t i v i t i e s  were 
publ i shed  i n  I l l i n o i s  i n  proceedings o f  two workshops, one with M. C .  S h u r t l e f f  
and B.  J .  Jacobsen,  ex tens ion  p l a n t  p a t h o l o g i s t s ;  i n  Ecuador ( i n  Spanish) 
i n  t h e  proceedings o f  a workshop; i n  England (PANS) a s  a review o f  soybean 
d i s e a s e s  o f  world importance; i n  West Germany a s  p a r t  of a book on "Diseases,  
P e s t s  and Weeds i n  Tropica l  Cropstt;  and i n  t h e  proceedings o f  t h e  INTSOY 
Conference f o r  Asia  and Oceania, Chiang Mai, Thai land.  

There were s e v e r a l  r e sea rch  o r  t e c h n i c a l  papers  publ i shed  concerned wi th  
t h e  t r a n s f e r  o f  technology from t h e  work done on soybeans t o  common bean 
(Phaseolus) ,  coopera t ing  wi th  M. A .  E l l i s ,  P l an t  Pa tho log i s t ,  UPR, Mayaguez 
and G.  E .  Galvez, P l an t  Pa tho log i s t ,  CIAT, C a l i ,  Colombia. I t  was found 
t h a t  many o f  t h e  microorganisms causing seed  d e t e r i o r a t i o n  and l o s s  o f  
q u a l i t y  i n  soybean seeds were t h e  same i n  common bean (Phaseolus) seeds .  
When s i m i l a r  methods o f  fungic ide  t rea tments  were app l i ed  t o  e i t h e r  t h e  
seeds o r  t h e  f o l i a g e  o f  common bean t h e  microorganisms were c o n t r o l l e d  
and seed  q u a l i t y  was improved. Resul t s  from t h e s e  s t u d i e s  were publ ished 
i n  Spanish (F i topa to log icas ,  Colombia, and T u r r i a l b a ,  Costa Rica) and i n  
Engl ish (Fungicide and Nematicide T e s t s ) .  
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Soybean Seed S torage  Under T rop ica l  Condi t ions 
Erbol  D. Rodda 

P ro fe s so r  o f  A g r i c u l t u r a l  Engineer ing 

Four hundred th i r t y - two ,  200-g samples were prepared  us ing  Woodworth seed  
grown i n  Puerto Rico a t  I s abe l a .  The s t o r a g e  cond i t i ons  were designed t o  
correspond t o  t h e  resources  a v a i l a b l e  t o  farmers f o r  seed  s t o r a g e  i n  t h e  
t r o p i c s .  The v a r i a b l e s  were: two s t o r a g e  cond i t i ons  where S = s h e l f -  1 s t o r e d  i n  ambient cond i t i ons ,  and S2 = s t o r e d  i n  cardboard boxes wi th  about  
15 cm o f  r i c e  h u l l  i n s u l a t i o n ;  t h r e e  i n i t i a l  mois ture  l e v e l s  were M = 13%, 
M = 10% and M = 7% mois ture  con ten t ,  d ry  b a s i s ;  f o u r  c o n t a i n e r s  where 

2 
C = s e a l e d  mezal can, C = metal can wi th  1 . 0  m i l  p l a s t i c  l i n i n g ,  C = 1 2 
f e r t i l i z e r  j u t e  bag wi th  1 . 0  m i l  p l a s t i c  l i n i n g ,  and C4 = c o t t o n  clo$ 
bag; t h r e e  s t o r a g e  pe r iods  where T = 3 months, T = 6 months, and T = 1 9 months; and two seed t r ea tmen t s  where L = t r e a e e d  wi th  t h i r am (2.88 g/kg) 
and L2 = un t r ea t ed  seeds .  1 

Seeds were spread  i n  about a 2.5-cm l a y e r  on t h e  f l o o r  o f  a co ld  s t o r a g e  
room (4 C) f o r  s e v e r a l  weeks u n t i l  t h e i r  moisture  conten t  reached about 
14%. The seeds  were then  d r i e d  u s ing  s l i g h t l y  hea ted  a i r  i n  a l abo ra to ry  
d rye r  o f  about  32 t o  35 C u n t i l  t h r e e  d e s i r e d  mois ture  l e v e l s  were a t t a i n e d .  
Approximately one - th i rd  o f  t h e  seeds were removed a t  t h e  a p p r o p r i a t e  
moisture  l e v e l .  The seeds  o f  t h e  app rop r i a t e  moisture  l e v e l  were s e a l e d  
i n  a double l a y e r  p l a s t i c  bag u n t i l  t h e  dry ing  process  was complete.  The 
seeds  were then  d iv ided  i n t o  200-g samples and p l aced  i n t o  each o f  t h e  
a p p r o p r i a t e  c o n t a i n e r s .  

Samples were removed a t  t h e  end o f  each s t o r a g e  p e r i o d  and pe rcen tage  
mois ture  ( taken  by a Dicky-John mois ture  t e s t e r )  was recorded.  Two hundred 
seeds from each r e p l i c a t i o n  were p l an t ed  i n  t h e  sandbed a t  I s a b e l a .  The 
samples s t o r e d  i n  s e a l e d  t i n  cans maintained t h e i r  o r i g i n a l  percentage  
o f  moisture  through 6 months and had dropped only 1% a t  t h e  9-month sampling 
d a t e  (Table 1 ) .  

The unsealed t i n  con ta ine r  he ld  moisture  r e l a t i v e l y  cons t an t  a s  d i d  t h e  
f e r t i l i z e r  bag. 

Soybeans i n  c l o t h  bags,  however, i n i t i a l l y  gained moisture  a f t e r  3 months. 
Within 6 months a l l  samples gained mois ture  t o  about 13%. A l l  samples 
l o s t  moisture  t o  about  10.5% by t h e  end o f  9 months. 

There were no s i g n i f i c a n t  changes i n  moisture  conten t  wi th  r e s p e c t  t o  seed 
t rea tment  i n  i n s u l a t i o n  (Table 1 ) .  

A l l  f i v e  f a c t o r s  s tud i ed  were s t a t i s t i c a l l y  s i g n i f i c a n t  i n  t h e  maintenance 
o f  emergence i n  sand.  The most s i g n i f i c a n t  s i n g l e  f a c t o r  was i n i t i a l  mois- 
t u r e  con ten t .  S ince  t h e  s e a l e d  t i n  con ta ine r s  s e rve  t o  ho ld  moisture  



cons tant ,  emergence was r e l a t i v e l y  unchanged f o r  t h e  f i r s t  6 months o f  
s t o r a g e  a t  7%. However, i t  began t o  drop o f f  a f t e r  9 months o f  s to rage .  
Seed a t  10% began los ing  v i a b i l i t y  a f t e r  3 months and gradual ly  f e l l  t o  
about 55% a f t e r  9 months. Germination of seed l o t s  t h a t  s t a r t e d  a t  13% 
moisture f e l l  r ap id ly  i n  3 months and d id  no t  emerge a f t e r  6 months (Table 2 ) .  

The emergence p a t t e r n  f o r  t h e  nonsealed t i n  con ta ine r  and the  f e r t i l i z e r  
bag followed the  same general  p a t t e r n  a s  t h e  s e a l e d  t i n  can except  t h e  
9-month emergence a t  10% i n i t i a l  moisture was somewhat lower. For seed 
s t o r e d  i n  c l o t h  bags, a l l  t rea tments  l o s t  s i g n i f i c a n t  emergence i n  t h e  
f i r s t  3 months and a f t e r  6 months seed d id  no t  emerge (Table 2 ) .  

The rap id  l o s s  o f  germination i n  s to rage  i n  t h e  t r o p i c s  under t h e  condi- 
t i o n s  of  t h i s  experiment was d i r e c t l y  r e l a t e d  t o  t h e  percentage o f  
moisture l e v e l  o f  t he  seed i n  s to rage  and t h e  time t h e  seeds were i n  
s to rage .  The bes t  conta iners  f o r  s to rage  a r e  those t h a t  maintain a low 
i n i t i a l  moisture content .  

The seeds t r e a t e d  with thiram did not  germinate any b e t t e r  than  t h e  un- 
t r e a t e d  seeds.  In su la t ion  a l s o  had no e f f e c t  o f  p r a c t i c a l  s ign i f i cance .  

0 
P a r a l l e l  s ea l ed  can s to rage  t e s t s  i n  Urbana a t  25 C ( t h e  mean ambient 
temperature o f  Puerto Rico) gave germination r e s u l t s  s i m i l a r  t o  those  
obtained i n  Puerto Rico. The seed mul t ip l i ed  i n  Puerto Rico did not  
s t o r e  a s  well  a s  t h e  parent  seed from I l l i n o i s .  



Table 1. Mean percentage moisture of Woodworth soybean seed s to red  i n  
va r ious  conta iners ;  a t  t h r ee  i n i t i a l  moisture l eve l s ;  e i t h e r  
noninsulated (N) o r  insu la ted  (I) i n  rice h u l l s ;  f o r  3, 6 and 
9 months e i t h e r  nontreated (NTR) o r  t r e a t ed  (TR) with 
2.08 g/kg seed thiram, ~ayag i iez ,  1976. 

Storage time (months) and seed treatment 
I n i t i a l  
moisture Insu- 

3 6 9 

Container ($1 l a t i o n  NTR TR NTR TR NTR TR 

Sealed t i n  7 N 7.4 6.8 7.9 8.0 6.4 6.3 
can 7 .  I 7.3 7.5 7.6 7.4 6.3 6.4 

10 N 9.9 9.5 10.5 3.8 9.8 9.6 
1 0  I 10.0 9.6 10.,0 9.9 9.6 9.4 
13  N 13.3 13.0 13.4 13.3 12.1 12.0 
13  I 13.5 13.0 13.5 13.0 12.3 -- 

Nonsealed 7 N 8.0 7.9 8.7 9.0 8.6 8.5 
t i n  can 7 I 7.8 8.0 9.0 11.0 8.9 9.3 

1 0  N 10.3 9.1 10.8 10.4 10.3 10.1 
1 0  I 9.8 8.5 11.1 10.7 10.7 9.8 

'! 1 3  N 13.4 13.0 13.2 13.1 12.2 11.7 
13 - I 12.1 10.6 13.6 13.4 12.3 11..7 

F e r t i l i z e r  7 N 8.4 8.6 9.2 9.8 7.9 10.0 
bag (plas-  7 I 8.3 8.9 9.8 10.0 9.5 10.4 
t i c  l ined)  10 N 10.1 10.1 1 1 . 2  10.8 10.1 11.6 

10  I 10.4 10.3 11.0 11.1 10.7 10.6 
13  N 13.3 12.4 13.5 1 3 . 4  12.0 12.1 
13  I 13.3 13.2 13.5 13.2 12.0 11.6 

Cloth bag 7 N 12.8 13.6 13.5 11.8 10.9 10.6 
7 I 12.1 12.8 13.2 13.2 10.6 10.7 

10 N 12.6 13.0 13.1 12.5 10.0 10.8 
10 I 12.8 12.9 13.2 12.8 10.4 10.4 
13 N 13.3 13.1 13.0 13.1 11.0 10.9 
13 I 12.9 13.0 12.9 13.2 10.6 10.6 



Table 2. Mean percentage emergence i n  sand of Ploodworth soybean seed 
s t o r ed  i n  va r ious  conta iners ;  a t  t h r ee  i n i t i a l  moisture l eve l s ;  
e i t h e r  noninsulated (N) or insu la ted  (I) i n  rice hu l l s ;  f o r  3, 
6 and 9 months; e i t h e r  nontreated (NTR) o r  t r e a t e d  (TR) with 
2.08 g h g  seed thiram, klayag;ez, 1976. 

Storage time (months) and seed treatment 
I n i t i a l  
moisture Insu- 3 6 9 

Container ( 0 )  l a t i o n  NTR TR NTR TR NTR TR 

Seal& t i n  
can 

Nonsealed 
t i n  can 

F e r t i l i z e r  
bag (plas-  
t i c  l i ned )  

Cloth bag 



Table 3. Mean percentage germination of I l l inois  and Pucrto Rico produced 
Woodworth soybean seed stored in sealed metal containers; a t  three 
i n i t i a l  moisture levels; a t  two temperatures; for 3, 6, and 9 
months. 

In i t i a l  
Moisture Temperature Storage time (months) 

Int % OC - 3 6 - 9 - 
7 3 70 gO(O.8) * 83(0.8) 
7 2 5 78 87(2.3) 86(2.0) 

I l l ino is  10 3 79 86(0.9) 79(0.7) 
10 2 5 80 87(2.9) aO(4.4) 
13 3' 84 87(1;3) 84(0.9) 
13 25 74 33(8.1) O(11.5) 

7 3 80 85 79 
Puer to  7 2 5 81 83 67 
Rico 10 3 82 84 8 3 

10 2 5 86 88 54 
13 3 84 87 85 
13 25 84 54 1 

*C02 concentration ( i n  container 

Table 4. Mean percentage germination of Woodworth soybean seed stored 
\ i n  eealed metal containers; a t  three i n i t i a l  moisture levels; 

a t  two temperatures; for 3, 6, and 9 months; either treated 
(TR) or nontreated (NTR) with 2.08 g/kg thiram. 

I n i t i a l  Storaqe time (months) and seed treatment 
Moisture Temperature 

0 
3 6 .  9 

% C NTR TR NTR TR NTR TR 




