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WELCOME ADDRESS 

R . W .  Gihbons 

I t  i s  my p leasure  today l o  wclcome the. Project  Di rec to r  and h i s  

co l l eagues  from t h e  A l l  Ind ia  Coordinat.ec1 Sorghum Improvement P m j e c t  

a t  Rajendranagar,  t h e  s c i e n t i s t s  from the  All Ind la  Dryland t ' r o ~ e c t  

(AICRPDA) and s c i e n t i s t s  from v a r i o u s  u n i v e r s i t i e s  rind in5t  i t u t  lons 

i n  t h e  s t a t e s  o f  Andhra Praciesh, Maharashtra,  Karnataka and  Rajasthan.  

I am d e l i g h t e d  t h a t  a w o r k ~ n g  g r o u p  on -;rriir,i h a s  got  toge the r  as  ;I 

r e s u l t  of  t h e  recommendation o f  t h e  Annual Sorghum Workshop held  In 

May t h i s  y s a r ;  and t h a t  i t  i s  jointly sponsored by AICSIP and LCRISA'I'. 

A j o i n t  Workshop o f  t h i s  s o r t ,  o f  the  s i z e  o f  t h i s  m e ,  and invo lv ing  

s c i e n t i s t s  o f  many d i s c i p l i n e s  can v e r y  e f f e c t i v e l y  review the  p u t  

and presen t  work and formulate the fu tu re  research s t r a t e g i e s  t h a t  are 

needed. The program looks v e r y  b;~l; inced w ~ t h  f o m a l  p r e s e n t a t i o m ,  

f i e l d  v i s t s  and most important  c ~ t '  ; i l l  an af ternoon s e s s i o n  on t h e  

l a s t  day t o  d i scuss  and plan f o r  t h e  f u t u r e .  

We al l  know the  importance o f  t h e  p l a n t  parasites t h a t  attack 

o u r  crops  and of t h e s e  S t r i y , d  must be t h e  most important o f  t h e m  a l l  

al though A l e c t t a ,  a p a r a s i t e  on legumes, i s  causing more concern now 

i n  A f r i c a  than i t  d i d  i n  the  p a s t .  A t  I C R I S A T  we are  full 'y aware o f  

t h e  s t r i g a  menace and have a .t r .  ;,A s c r e n t i s t  working on both  

m i l l e t  and sorghum i n  Af r i ca .  1 am s u r e  you a l l  know Dr.  Ramaiah 

as he used t o  work he re  a t  ICKISAT Center.  We a l s o  have a s t r o n g  

program on S t r l q a  a t  t h e  ICRISAl Center and I was very impressed wi th  



the  breeding program o f  Dr. Vasudeva Rao when I saw it  recen t ly .  I am 

glad you w i l l  have t h e  oppor tuni ty  t o  s ee  t h i s  program during your f i e l d  

v i s i t .  We a l s o  have work on t h e  management o f  S t r i q a  which D r .  She t ty  

w i l l  be t a l k i n g  about l a t e r .  

Resis tance i s  very important and it i s  very cos t  e f f e c t i v e  but  

we need t o  know a  l o t  more about t h e  p a r a s i t e ,  i t s  biology,  the  host  

p a r a s i t e  r e l a t i o n s h i p s  and hos t  s p e c i f i c i t i e s  and s t r a i n  x v a r i e t y  

i n t e r a c t i o n s .  We a l s o  need t o  take a more d e t a i l e d  look a t  t o l e r ance  - and 

I use t o l e r ance  t o  mean whereby t h e  p l a n t  can be a t t acked  a s  though 

i t  were s u s c e p t i b l e  but  y i e l d  i s  l i t t l e  a f f e c t e d .  In those circumstances 

what happens t o  the  p a r a s i t e ?  Does i t  gmw and reproduce s o  e f f e c t i v e l y  

on t o l e r a n t  o r  r e s i s t a n t  sorghum as  i t  does on s u s c e p t i b l e  ones? Are 

t h e  s t r i g a  seeds  as  v i a b l e  ? I do not  know these  answers although they 

may a l ready  be well  known t o  you. In  groundnut r u s t  f o r  example we 

a r e  f i nd ing  t h a t  i ~ n  h ighly  r e s i s t a n t  v a r i e t i e s  t h e  rust fungus has 

a  l onge r  incubat ion  per iod  and pus tu l e s  a r e  produced l a t e r ,  t h e  pus tu l e s  

o f t e n  do not  rup tu re ,  i f  they do rupture  then fewer spo re s  a r e  produced 

and t h e i r  ge rminab i l i t y  i s  a l s o  reduced. Do we get  a  s i m i l a r  s i t u a t i o n  

with S t r i g a  on r e s i s t a n t  o r  t o l e r a n t  h o s t s  ? I f  we do then t h e  menam 

becomes l e s s  because fewer seeds  o f  t h e  p a r a s i t e  a r e  produced. 

One o f  t he  reasons why S t r i y a  rescarch  i n  t h e  p a s t  w a s  spasmodic 

and fragmentary was because screening  techniques both i n  t h e  l abo ra to ry  

and i n  t h e  f i e l d  were u n r e l i a b l e .  Great progress  appears t o  have been 

made r e c e n t l y  and b iome t r i ca l  advice i s  being sought and o f f e r e d  t o  

f a c i l i t a t e  r e l i a b l e  and reproducable r e s u l t s .  



I am sure tha t  your meeting w i l l  be both f m i t f u l  and u s e f u l .  I f  

you can reduce the  s t r i g a  menace by a combination o f  a f e w  o r  s evera l  

s t r a t e g i e s  then.  t h e  sorghum farmer w i l l  be  e t e r n a l l y  gra te fu l  t o  you. 

I look forward t o  reading the  conclus ions  o f  t h i s  meeting and the 

proposed plan o f  a c t i o n  i n  due course .  

Thank you,  





OBJECTIVES AND SCOPE OF THE MEETING 

R.V.  Vidyabhushanam 

S t r ~ g a ,  t h e  p a r a s i t i c  weed, h a s  long  been recognived a s  a s e r i o u s  

problem on sorghum i n  I n d i a  and many A f r i c a n  c o u n t r i e s .  I n  I n d i a ,  i t  is 

known t o  occur  i n  many p a r t s  c a u s i n g  s e v e r e  damage t o  t h e  sorghum c rop .  

I t  is p o s i n g  a s e r i o u s  t h r e a t  t o  t h e  c u l t i v a t i o n  o f  h igh  y i e l d i n q  sorghum 

h y b r i d s  i n  some a r e a s  a s  t h e y  were found t o  be more s u s c e p t i b l e  t o  t h e  p e s t .  

I n  view of t h i s ,  t h e r e  i s  now a g r e a t e r  awareness  of t h e  . S t r i ~ d  problem and 

t h e  need t o  combat t h e  growing menace i s  being s t r e e s e d  i n  s e v e r a l  forums. 

The problem of S t r i y a  is a v e r y  complex one  and is not  amenable f o r  

an  e a s y  so lu t io r i .  S e v e r a l  c o n t r o l  measures  based on c u l t u r a l ,  chemica l ,  

b iochemica l ,  b i o l o g i c a l  and g e n e t i c  methods have been evolved.  Yet none 

of them c o u l d  p r o v i d e  a s a t i s f a c t o r y  c o n t r o l  and t h u s  t h e  problem c o n t i n u e  

t o  be a s  s e r i o u s  a s  be fo re .  An i n t e g r a t e d  approach i n v o l v i n g  t h e  v a r i o u s  

methods is l i k e l y  t o  be more rewarding For which a p p r o p r i a t e  technology is 

y e t  t o  be deve loped .  

A g r e a t  d e a l  of v a l u a b l e  b a s i c  i n f o r m a t i o n  i s  now a v a i l a b l e  o n  host- 

p a r a s i t e  r e l a t i o n s h i p s .  The d i f f e r e n t  mechanisms o f  r e s i s t a n c e  and n a t u r e  

o f  t h e i r  i n h e r i t a n c e  a r e  b e t t e r  unde r s tood ,  S e v e r a l  d i v e r s e  s o u r c e s  of 

r e s i s t a n c e  have been i d e n t i f i e d  and s a n e  r e l i a b l e  l a b o r a t o r y  and f i e l d  

s c r e e n i n g  t e c h n i q u e s  developed.  N e v e r t h e l e s s ,  t h e r e  a r e  some gaps  i n  o u r  

knowledge on v a r i o u s  a s p e c t s  of  s t r i y a  and i t s  c o n t r o l .  The re  is  a need t o  

i n t e n s i f y  e f f o r t s  on management a s p e c t s  t o  e v o l v e  s imple  and economic c o n t r o l  

measures  which c a n  be adop ted  by t h e  f a rmers .  S i m i l a r l y ,  g r e a t e r  emphasis  

need t o  be p l a c e d  i n  b reed ing  f o r  r e s i s t a n c e ,  

I t  i s  f e l t  t h a t  t h e  c u r r e n t  e f f o r t s  i n  t h e  c o u n t r y  t o  t a c k l e  t h e  

S t r i g a  problem i n  a n  i s o l a t e d  way by s e v e r a l  o r g a n i s a t i o n s  w i l l  not be a b l e  

t o  meet t h e  c h a l l e n g e .  The Annual Sorghum Workshop he ld  i n  May, 1982 a t  

Pune a f t e r  c a r e f u l  c o n s i d e r a t i o n  o f  t h e  s i t u a t i o n  dec ided  to o r g a n i z e  

a working g roup  meet ing  w i t h  s c i e n t i s t s  i nvo lved  i n  r e s e a r c h  o n  S t r i g a  t o  

r ev iew t h e  p a s t  work and d e c i d e  t h e  f u t u r e  s t r a t e g y  on c o n t r o l  o f  S t r i g a .  



Such a meeting of active research workers on Striga, it is hoped, 

would afford an opportunity to exchange views and promote better 

understanding of the canplex problem. 

The meeting jointly sponsored by AICSIP and ICRISAT is 

convened to achieve the following objectives: 

1. To understand the magnitude of the problem and to identify 

the areas af fected by S t r i g a .  

2. To review the available information on S t r i g a  and its 

utilization in more effective control of the pest. 

3. To identify the gaps in research and fix priorities for 

future research needs. 

4. To critically examine the various suggested methods of 

S t r i g a  management and control to ascertain the prospects 

of their practical utility. 

5. To explore the possibility of evolving an integrated control 

strategy based on practical considerations. 

6, To discuss the implications of S t r i g a  problem under various 

cropping systems. 

7 ,  To evolve appropriate breeding methodology to combine 

S t r i q a  resistance with high yield. 

8. To consider the various laboratory and field screening 

techniques for evaluating resistance to S t r i q a  to identify 

more reliable procedure. 

9. To develop collaborative work plans between AICSIP, ICRISAT 

and other Organizations involved i~ S t r i g a  research. 

The present research efforts on s t r i g a  in the country are grossly 

inadequate and are also not carried in an organized way. As pointed out 



ea r l i e r ,  the problem is a very canplex one requiring a multidieciplinary 

tea? approach and coordination of work a t  National level. The major aim 

of the meeting i s  t o  pranote such a coordinated team approach. 

I t  is hoped that  the discussions i n  the present meeting w i l l  lead 

t o  better understanding of the problem and increased research input enabling 

to  achieve a quick breakthrough i n  S t r i g a  control. 





L .  R. Howe and H. J. Vasudeva Rao 2 

S t r i s a ,  a  roo t  pa ras i t e  o f  most cereals ,  i s  recognized as a 

ser ious problem o f  the  sorghum crop i n  several  c o m t r i e s .  S t r i ga  sp. has 

a wide range o f  hosts inc lud ing  several economical l y  important crops o f  

the semi-ar id  t r op i cs .  In t h i s  paper, an a t t enp t  i s  made t o  analyse the 

$ t r i  aa problem and h i gh l  i gh t  the shortcomings o f  the present research 

capabi l  i t i e s  t o  e f f e c t i v e l y  counter t h i s  menance. 

The Problem 

Amng the 25 odd species o f  s t r i a  reported t o  occur i n  the wr Id,  

only three species a re  considered t o  be o f  economic consequences. They 

a re  5. he rmn th i ca  and 2. a s i a t i c a  p a r a s i t i z i n g  sorghun, pear l  m i  I l e t ,  

sugarcane, maize, r i c e  and several  minor m i l  l e t s  and grasses, and 5. 

gesner io ides p a r a s i t i z i n g  cowpeas. S t r i ga  dens i f l o r a ,  a  species among the 

lesser  known members o f  t he  genus S t r i g a  i s  important i n  the Deccan rab i  

sorghum areas i n  Ind ia .  S t r i ~ a  i s  a  known o l d  wor ld  t r op i ca l  and sub- t rop ica l  

species, mostly conf ined t o  A f r i ca ,  Asia and Aus t r a l i a .  I t  i s  an introduced 

species i n  USA. Tarr  (1962) repor ts  t ha t  though i t  i s  no t  found mywhere e l se  

i n  the Western Hemisphere, i t  w i l l  eventua l ly  f i n d  i t s  way i n t o  Central 

and South Amer i ca. 

1 A working paper presented i n  the ICRISAT-ICAR Working Group Meeting on 
S t r i q a  Con t ro l ,  30 Sep - 1 Oct 1982, ICRISAT Center, ICRISAT Patancheru P.O., 
Andhra Pradesh 502324, India.  

2 Leader, Sorghum Improvement Program and Sorghum Breeder respec t i ve ly ,  
I C R I S A T  Center, ICRlSAT Patanchem P.O., Andhra Pradesh 502324, Ind ia .  



S t r i q a  i s  a  w e l l  recognized prob lem f o r  cen tu r i es  i n  d i f f e r e n t  

coun t r i es  i n  t h e  Semi-Ar id  T rop ics .  Work on c o n t r o l  measures f o r  S t r i g a  

a s i a t i c a  s t a r t e d  as e a r l y  as 1910 i n  I n d i a ,  Burma and South A f r i c a .  Work 

on c o n t r o l  measures t o  reduce S_. herrnonthica i n  East A f r i c a  began i n  t he  

1930's.  Parker  (1982) quotes Watt (1936) ,  who pub1 ished recomnendat ims 

l i k e  manuring, r o t a t i o n  e tc .  t o  c o n t r o l  S t r i a $ .  P u l l i n g  ou t  o f  S t r i ~  

p l a n t s  was made compulsory and farmers g o t  i n t o  t h e  h a b i t  o f  pu l  1 i n g  o u t  

f l o w e r i n g  S t r i q a  p l a n t s  and t h r cw ing  them on the road p r i o r  t o  t h e  a r r i v a l  

o f  o f f i c i a l s  t o  make i t  obv ious t h a t  they  a r e  obey ing t h e  r e g u l a t i o n s .  

I n  Ind ia ,  S t r i q a  was a  prob lem w i t h  marg ina l  economic i m p l i c a t i o n s  

t o  t h e  t r a d i t i o n a l  farmer .  Most o f  t h e  l o c a l  c u l t i v a r s  a r e  n o t  a b s o l u t e l y  

r e s i s t a n t  t o  3 t r i g a ;  h m e v e r ,  they a r e  h i g h l y  t o l e r a n t .  Consequent ly,  

a  smal l  S t r i g a  popu la t i on  i s  always p resen t  and i n  years h i g h l y  f avo rab le  

t o  S t r i q a  b u i l d  up, i t  assumes economic p r o p o r t i o n s  even on t he  l oca l  

c u l t i v a r s .  Hweve r ,  some S t r i g a  r e s i s t a n t  l o c a l  c u l t i v a r s  have evo l ved  i n  

pockets  where so i  I s  and c l  imate a r e  h i g h l y  f avo rab le  t o  S t r i g a .  For  

example, t he  l o c a l  r ed  types o f  sorghum used i n  t h e  Telangana reg ion  o f  

Andhra Pradesh a re  known t o  be S t r i g a  r e s i s t a n t  and farmers,  i n  casual 

d i s cuss i on ,  i n d i c a t e d  t h a t  t h e  l o c a l  reds a r e  grown i n  seve re l y  i n f e s t e d  

f i e l d s .  However, they a r e  n o t  grown e x t e n s i v e l y  because they f e t c h  a  lower  

p r i c e  i n  t h e  market due t o  t h e i  r unacceptable c o l o r .  

The S t r i q a  prob lem i n  I n d i a  has c e r t a i n l y  grown i n  magnitude 

s i nce  t h e  i n t r o d u c t i o n  o f  new h y b r i d s .  CSH-1 ,  which i s  c u l t i v a t e d  on l a r g e  

areas i n  Maharashtra and o t h e r  s t a t e s ,  i s  h i g h l y  s u s c e p t i b l e  t o  S t r i g a .  

Severa l  examples a r e  a v a i l a b l e  where f i e l d s  were abandoned a f t e r  t h e  h y b r i d  



had been grown f o r  severa l  years.  A  reason f o r  t h i s  meet ing i s  t o  

recomnend a  s t r o n g e r  research t h r u s t  t o  c o v l t e r  t h i s  i n c reas i ng l y  severe 

prob lem i n  t h e  coun t ry .  

The B io l ogy  and D i s t r i b u t i o n  o f  S t r i q a  Species 

Many researchers have descr ibed d i f f e r e n t  species o f  S t r i g a  

Severa l  r epo r t s  a re  a v a i l a b l e  d e s c r i b i n g  about 50-60 spec ies.  Musselman 

(1980) i s  o f  t h e  op i n i on  t h a t  t h e r e  cou ld  be on ly  about 2 5  spec ies and 

has g iven  a  comprehensive I i s t  o f  S t r i g a  species which a r e  o f  economic 

importance. H w e v e r ,  t a k i n g  i n t o  account t he  g l oba l  economic l oss  caused 

t o  food crops,  on l y  t he  f o l l o w i n g  species appear impo r t an t :  - S .  a s i a t i c a ,  

S .  hermonth ica,  2. gesner io ides  and:. d e n s i f l o r a .  The l a s t  one occurs - 
o n l y  i n  I n d i a .  There i s  a  vas t  amount o f  con fus ion  i n  i d e n t i f i c a t i o n  and 

c l a s s i f i c a t i o n  o f  t h e  d i f f e r e n t  spec ies o f  S t r i g a .  The d e s c r i p t i o n s  

a v a i l a b l e  a r e  incomplete,  e s p e c i a l l y  f o r  those spec ies which a re  o f  l e ss  

economic importance 

S .  hermonthica i s  d i s t r i b u t e d  e x c l u s i v e l y  i n  the  A f r i c a n  con t i nen t  - 
0 

n o r t h  o f  approx imate ly  5 south l ong i  tude ex tend ing  from Senegal i n  West 

A f r i c a  t o  Egypt i n  eas t .  - S .  a s i a t i c a  i s  more widespread compared t o  

S. hermonth ica.  The w h i t e  f l owered  form o f  S .  a s i a t i c a  i s  found I n  I nd i a ,  - - 
w h i l e  t h e  red  f lowered  fo rm i s  p resen t  i n  South A f r i c a n  reg ion.  The y e l l w  

f l w e r e d  types i s  present  i n  South Asian coun t r i es .  The red f l w e r e d  types 

i n  USA i s  supposed t o  be in t roduced  from one o f  t h e  South A f r i c a n  coun t r i es .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  d i s t r i b u t i o n  o f  t h e  - S. hermonthica and 

S .  a s i a t i c a  a r e  most ly  exc lus ive .  However, two recent  r epo r t s  (Renaud 1982 - 



and Musselman and Parker  1982) i n d i c a t e  t h e  p o s s i b l e  ex i s t ence  o f  red  and 

y e l l o w  f l w e r e d  -.. S.  a s i a t i c a  i n  West A f r i c a .  

An i n t e r e s t i n g  obse rva t i on  was r e c e n t l y  made by Musselman and 

Parker  (1982) t h a t  2. hermonthi  ca i s  cross-pol  l i n a t e d  whi l e  t h e  red  

f lowered  - S .  ' a s i a t  i c a  o f  USA i s  s e l  f - po l  l i na ted .  Fur ther  i t has been n w  

s h w n  b o t h  i n  5. h e r m n t h i c a  and - S .  a s i a t  i c a  t h a t  an enormous amount o f  

va r i ab  il i t y  e x i s t s  i n  t h e  n a t u r a l l y  o c c u r r i n g  popu la t i ons  o f  s t r i g a .  

Vasudeva Rao e t  a l .  (1982) s h m e d  t h a t  v a r i a t i o n  e x i s t e d  i n  t he  w h i t e  

f lowered  2. a s i a t i c a  f o r  c o r o l l a  shape and s i z e ,  r o o t i n g  h a b i t ,  b ranch ing  

h a b i t ,  l e a f  shape and s i z e  and seed cha rac te r s .  A lso ,  i t  i s  known t h a t  

i n  c e r t a i n  p a r t s  o f  I n d i a ,  a l  l th ree  w h i t e  fo lwered  S t r i g a  species c o e x i s t  

t oge the r  i n  t h e  same f i e l d .  These obse rva t i ons  i n d i c a t e  t h a t  t h e  n a t u r a l  

popu la t i ons  o f  S t r i g a  a re  n o t  a  s i n g l e  f t r i q a  t ype  as i s  g e n e r a l l y  

understood bu t  a r e  "polymorphic complexes" i n c l u d i n g  d i  f f e r e n t  species 

morpho log ica l  v a r i a n t s ,  and p o s s i b l y  p h y s i o l o g i c a l  s t r a i n s .  

The Hos t -Pa ras i t e  I n t e r a c t i o n s  

S t r i q a  i s  a  r o o t  p a r a s i t e  which spends a  cons iderab le  p o r t i o n  o f  

i t s  d e s t r u c t i v e  phase i n  a  subterranban form. Wi th  h i g h  l e v e l s  o f  S t r i g a  

i n f e s t a t  ion ,  t h e  symptoms o f  a t t a c k  appear much e a r l  i e r  than t h e i  r 

emergence above ground. Severe subterranean S t r i q a  p ressure  r e s u l t s  i n  

symptoms s im i  l a r  t o  those o f  drought  even when the s o i  1 i s  s a t u r a t e d  w i t h  

m i s t u r e .  However, - S .  h e m n t h i c a  induces c h l o r o t i c  l e s i o n s  on sorghum 

leaves u n l i k e  t h e  drought  synptoms o f  2. a s i a t i c a  (Parker ,  persona l  

communicat ion).  The damage symptoms a r e  severe on p o o r e r  s o i l s  w i t h  Iw 

f e r t i  l i t y .  



A "poisoning" e f f e c t  o f  t he  S t r i q a  on the host has been suggested 

because the  s t u n t i n g  o f  t he  hos t  cannot be expla ined i n  ternis o f  t he  

n u t r i e n t  l oss  on l y .  Drennan and E l -H iwer i s  (1979) repor ted  t h a t  t h e  l eve l s  

o f  c y t o k i n i n s  and g i b e r r e l i n s  was markedly low i n  sorghum p l a n t s  p a r a t i s i -  

t i  zed by - S .  h e r m n t h i  ca compared to  una f fec ted  p l a n t s .  The concentrat i on  

o f  i n h i b i t o r s  I i k e  a b s c i s s i c  a c i d  and f a rneso l ,  however, increased s l  i gh t  l y  

i n  t he  p a r a s i t i z e d  p l a n t s .  

Recently Musselman (1982)  pos tu l a t ed  t h a t  one o t h e r  way i n  which 

f t r i g a  c o u l d  damage t he  hos t  i s  by causing a  d i s r u p t i o n  o f  t he  hos t  growth 

r egu la t i ng  system. This i t  does by absorbing the sugars i n  the roots  

thereby reduc ing the n i t r o g e n  c a r r y i n g  capac i t y  o f  t he  phloem o f  t he  host 

roo ts  t o  t h e  a e r i a l  p a r t s  o f  the hos t .  This reduces photosynthes is  because 

o f  a shortage o f  n i  t rogen, which r e s u l t s  i n  a reduced amino a c i d  syn thes is  

and grcwth o f  t h e  hos t .  Consequently, t h e  amount o f  photosynthates c a r r i e d  

to  t he  roo ts  i s  lowered. Thus a  v i c i ous  cyc l e  i s  es tab l i shed .  

Parker (1976) repor ted  an i n t e r e s t i n g  d iscovery tha t  t he  i n f e s t a t i o n  

by e t r i q  has a  s t i rnu la to ry  e f f e c t  on t he  host roo ts .  The h o s t  stloot growth 

i s  i n h i b i t e d  r e s u l t i n g  i n  a  pronounced increase i n  r oo t  : shoot r a t i o .  

Another d i  r e c t  e f f e c t  o f  S t r i q a  inc ludes a  d i f f e r e n t  i a1 absorp t ion  

o f  m inera ls  i n c l u d i n g  P, K, S and Fe (~usse lman  1980). 

I nd i v i dua l  S t r i a a  p l a n t  causes very 1 i t t l e  damage. b g g e t t  (1965) 

es t ima ted  t h a t  t he  losses ranged from 1 . 8  t o  3.0 Ibs g ra ins  f o r  every 

1000 S t r i q a  p l a n t s  per  acre.  The v i r u l ence  o f  S t r i g a ,  thus,  l i e s  i n  t h e i r  

e n o m u s  numbers which c o l  l e c t i  ve ly  r e s u l t  i n  losses up to  95% o f  t h e  

p o t e n t i a l  y i e l d .  



Crop Loss and Est imates 

Systematic work on c rop  loss  s t ud i es  w i t h  S t r i q a  a re  conspicuously 

sparce. 

Park.er (1982) s u m r i z e d  t he  s i t u a t i o n  on S t r i q a  y i e l d  loss  

es t imates  - "The sca l e  o f  t h e  prob lem c e r t a i n  1 y  deserves increased research 

e f f o r t  b u t  what i s  the exact  s ca l e  o f  t he  problem? Can we say how much 

y i e l d  i s  be i ng  l o s t ?  In  t h e  pas t ,  any e f f o r t  a t  e s t i m a t i n g  y i e l d  losses 

have depended on very i n d i r e c t  s t a t  i s t i c a l  procedures and t he  r e s u l t s  have 

no t  been d rama t i ca l l y  conv inc ing . "  O.J. Webster cons iders  S t r i g a  t o  be 

the pr imary y i e l d  l i m i t i n g  f a c t o r  i n  Western A f r i c a  (personal  communication). 

The few est imates o f  crop l oss  due t o  S t r i g a  which are a v a i l a b l e  

a r e  descr ibed  below. 

Parker (1982) quoted Sawyer (1925) t o  have repor ted  a 4-46% l oss  

t o  sorghum caused by - S .  a s i a t i c a  i n  Burma. Lewin (1932)  repor ted  t h a t  

S t r i q a  was ev i den t  on maize i n  Southern Rhodesia i n  1916 and i n  s p i t e  o f  

e f f o r t s  t o  c o n t r o l  i t ,  S t r i g a  was a f f e c t i n g  some 70,000 acres o f  c u l t i v a t e d  

l and  i n  1929. Saunders (1933) repor ted  from South A f r i c a  t h a t  S t r i q a  caused 

enormous crop losses t o  maize and es t ima ted  i t  t o  be g r e a t e r  than t he  

combined losses due t o  a l l  funfus diseases and i nsec t  pests  except 

s t a l k -bo re r .  Hosrnani (1978) repor ted  t h a t  S t r i q a  i n  I n d i a  causes a y i e l d  

loss  ranging f rom 15 t o  100% depending on t h e  s e v e r i t y  o f  i n f e s t a t  ion. He 

f u r t h e r  r epo r t ed  t h a t  i n  Andhra Pradesh a lone ,  25,000 tons o f  sorghum g r a i n  

wo r t h  R s . 6 0  lakhs annua l l y  i s  l o s t  due t o  S t r i q a .  



Losses caused by S t r i q a  t o  o t h e r  economica l ly  impor tant  hos t  crops 

l i k e  sugarcane, maize, pea r l  m i l l e t  and o t h e r  minor  m i l l e t s  a r e  no t  

a v a i l a b l e .  In  I nd i a ,  i t  i s  r epo r t ed  t h a t  S t r i q a  a t t acks  p e a r l  m i l l e t  o n l y  
I 

i n  t h e  Nor thwest  (Gu ja ra t  and Rajasthan) . However, l a s t  year  we n o t i c e d  

severe S t r i ~ a  i n f e s t a t i o n  on p e a r l  m i l l e t  near  Anantapur. Casual 

d i scuss ions  w i t h  l o c a l  farmers i n d i c a t e d  t h a t  i t  i s  do ing  s i m i l a r  damage 

i n  nearby v i l l a g e s  a l s o .  

Cur ren t  S ta tus  o f  Research 

The Proceedings o f  t he  recent Str iaa  Workshop h e l d  i n  Ouagadougou, 

Upper Vol t a ,  l a s t  October p resen ts  a  reasonable statement o f  t h e  c u r r e n t  

s t a t e  o f  work on S t r i q a .  The I n t e r n a t i o n a l  Development Research Centre o f  

Canada ( IDRC) has p rov i ded  funding f o r  t h e  S t  r i q a  research o f  ICRISAT i n  

Upper V o l t a  and o f  S t r i q a  research i n  t he  Sudan. There has been a growing 

concern t h a t  t h e  investment on c o n t r o l  o f  S t r i g a  i  s so inadequate w i t h  

respect  t o  t h e  m g n i  tude o f  t h e  prob lem t h a t  i t r a i ses  a ques t  ion  o f  t h e  

use fu lness  o f  t h e  p resen t  l e v e l  o f  investment .  This i s  a r e l a t i v e l y  

p e s s i m i s t i c  v iew; o v e r l y  p e s s i m i s t i c  i n  t he  l i g h t  o f  recen t  development 

o f  ag ronomica l l y  good r e s i s t a n t  l i n e s .  S t r i q a  research i n  t he  w o r l d  

f o l l ows  many avenues o f  i n v e s t i g a t i o n  - b reed ing  f o r  r es i s t ance ,  c u l t u r a l  

c o n t r o l ,  mechanisms o f  r es i s t ance ,  gerrn inat icn s t i m u l a n t s ,  morpho log ica l  

and taxonorni c  cons i de ra t i ons .  Some i n i t i a l  s teps have been taken t o  

o rgan i ze  a wo rk i ng  meet ing o f  donors and knowledgeable s c i e n t  i s t s  t o  

e x p l o r e  ways t o  s t reng then  coo rd i na t  ion o f  these a c t  i v i  t i es and t o  

s t r eng then  t h e  o v e r a l l  research i npu t .  Once t h e  Proceedings o f  t h e  Stricia 

Workshop a r e  a v a i l a b l e  we w i l l  pursue t h i s  i n t e r n a t i o n a l  meet ing. Research 



a c t i v i t i e s  on S t r i g a  over  t h e  years i n  I n d i a  have i nc l uded  many re l evan t  

t op i c  areas. Hope fu l l y ,  pas t  research can be  eva lua ted  and from t h i s  

meet ing we can p r o j e c t  a coo rd i na ted  research t h r u s t  t ha t  can be p resen ted  

t o  t h e  ICAR and o the r s  f o r  p l ann ing  and suppor t  cons i de ra t i on .  

References 

Dogget t ,  H .  1965. S t r i g a  hermonthica on sorghum i n  East A f r i c a .  J. 

Ag r i c .  S c i . ,  65 :  183-194. 

Drennan, D.S .H. and S . O .  E l -H iwe r i s .  1979. Changes i n  growth r e g u l a t i n g  

substances i n  Sorghum vu lgare  i n f e s t e d  by S t r i g a  hermonthica. I n  - 
Proc. Second I n t l .  Symposium on P a r a s i t i c  Weeds, Musselman e t  a l .  eds.,  -- 
Raleigh,  N.C., No r t h  Carol i na  S t a t e  Uni v . ,  USA. pp144-155. 

Hosmani, M.M.  1978. S t r i q a  - a nox ious roo t  p a r a s i t e .  Univ .  Ag r i c .  S c i . ,  

Bangalore. 

Lewin, C. J .  1932. W i  tchweed ( s t r i g a  l u t e a  Lour Var. b i  c o l o r  0. Kuntze) .  

Dept. Ag r i c . ,  N. Rhodesia Ann. B u l l .  5 1 - 5 4 .  

Musselman, L .J .  1980. The b i o l o g y  o f  S t r i q a ,  orobanche and o t h e r  

roo t -paras i  t i c  weeds. Ann. Review. Phy topa tho l  . , 18:463-489. 

Musselman, L . J .  1982. P a r a s i t i c  weeds o f  a r a b l e  land. - In B io logy  and 

Ecology o f  Weeds, W .  Ho lze r  and N Numata, D r .  W .  Junk Pub l i she r s ,  

pp 175-185. 

Musselman, L .J .  and C. Parker .  1982. B iosys temat i c  research i n  t h e  genus 

S t r i g a  ( ~ c r o ~ h u l a r i a c e a e ) .  Proc. Second I n t l .  S t r i q a  Workshop, 

Ouagadougou, Upper Vol t a ,  5-8 Oct 1981. 

Parker ,  C .  1976. The i n f l u e n c e  o f  t h e  p a r a s i t i c  S t r i q a  spec ies on t h e  

h o s t  crops sorghum and maize, Annals o f  App. B i o l . ,  83(2) :330. 



Parker,  C .  1982. S t r i g a  - Ana lys is  o f  past  research and sumnary o f  the  

problem. Proc. Second I n  t l  . > tr i qa Workshop, Ouagadougou, Upper 

Vol t a ,  5-8  Oct 1981. 

 ena aid, H .  1982. S t r i q a  species i n  Upper Vol ta.  Proc. Second I n t l .  

S t r i  qa Workshop, Ouagadougou, Upper Vo l ta ,  5-8 k t  1981. 

Saunders, A .  R. 1933. Stud ies  i n  phanerogamic pa ras i  t ism. Sc i .  Bul I .  

Dept. A g r i c . ,  S .  A f r i c a ,  No. 128. 

Tar r ,  S.A.J. 1962. P a r a s i t i c  f l o w e r i n g  p l a n t s .  Diseases o f  Sorghum, 

Sudangrass and Broom Corn. pp 280-310. 

Vasudeva Rao, M. J .  , V.L. Chi d ley ,  K. V. Rarnaiah and L. R. House. 1982. 

Breeding sorghums fo r  res i t ance  t o  S t r i g a  a s i a t i c a  a t  t h e  ICRISAT 

Center. Proc. Second I n t l  . S t  r i q a  Workshop, Ouagadougou, Upper 

Vol t a ,  5-8  Oct 1981. 



SESSION n 

SIPITLNG THE SCENE 

Chairman: R.V. Vkl'f&hdmnum 



GENETIC CONTROL OF ST&* AS IATI  CA IN SORGHUM' 

M. J. Vasudeva Rao, V.L. C h i d l e y  and L.R. House 
2 

1. INTRODUCTION 

S t r i ~  s p e c i e s  a r e  r o o t  p a r a s i t e s  c a u s i n g  l osses  i n  economic 

p r o p o r t i o n s  t o  s e v e r a l  i m p o r t a n t  f ood  c rops  i n  t h e  s e m i - a r i d  t r o p i c s .  

B reed ing  r e s i s t a n t  v a r i e t i e s  o f f e r  an e w n o m i c a l l y  v i a b l e  o p t i o n  t o  c o n t r o l  

t h i s  p rob lem f o r  two reasons - ( i )  a  r e s i s t a n t  v a r i e t y  i s  a  noncos t  i npu t  

i n  any improved techno logy  and ( i  i )  no  o t h e r  c o n t r o l  method than g e n e t i c  

r e s i s t a n c e  i s  a b l e  t o  lessen the sub te r ranean  damage by  3 t r i q a .  

I n  t h i s  paper  we d e s c r i b e  b r i e f l y  t h e  h i s t o r y  o f  b r e e d i n g  sorghum5 

f o r  S t r i q_a  r e s i s t a n c e  and p r e s e n t  t h e  prog ress  a t  ICRISAT Cen te r  or1 L t r i - g a  

r e s i s t a n c e  b r e e d i n g  a c t i v i t  ieb .  

2 .  PAST WORK ON BREEDING SORGHUMS RESISTANT TO STRIGA ASlATlCA 

The e a r l i e s t  e f f o r t s  on b r e e d i n g  S t t r i ga  r e s i s t a n t  s o r g h u m  were 

by Saunders i n  South A f r i c a  (Saunders 1933)  who s t a r t e d  some c l a s s i c a l  

s t u d i e s  on S t r i q a  i n  1920 '5  a t  Ro tche fs t room fa rm i n  T ransva la ,  N a t a l ,  

South  A f r i c a  and made some s e l e c t i o n s  f o r  S t r i q a  r e s i s t a n t  sorghum 

v a r i e t i e s .  I t  l e d  t o  t h e  r e l e a s e  o f  ' R a d a r '  and s e v e r a l  o t h e r  r e s i s t a n t  

v a r i e t i e s .  H w e v e r ,  t h e  r e s i s t a n c e  i n  ' R a d a r '  e v e n t u a l l y  f a i l e d  p r o b a b l y  

1 A  w o r k i n g  pape r  p r e s e n t e d  i n  t h e  I C R I S A T -  I C A R  Working Group Meet ing  on 
S t r i ~ a  C o n t r o l ,  30 Sep - 1 Oct  1982, a t  ICRISAT Cen te r ,  ICRISAT 
Pa tanche ru  P.O., Andhra Pradesh 502324, I n d i a .  

2 Sorghum Breeder ,  Research T e c h n i c i a n  and Leader ,  r e s p e c t i v e l y ,  Sorghum 
Improvement Program, ICRISAT Cen te r ,  ICRISAT Patancheru  P.O., Andhra 
Pradesh 502324, I n d i a .  



due t o  o u t c r o s s i n g  and consequent loss  o f  p u r i t y  (Grobbelaar 1952). In  

I n d i a ,  work on b reed ing  sorghums r e s i s t a n t  t o  S t r i g a  a s i a t i c a  s t a r t e d  as 

e a r l y  as 1933. Bi 1 i c h i g a n ,  a  s e l e c t i o n  made f rom l o c a l  b l d a n d i  was developed 

i n  e r s t w h i l e  Bombay Sta te .  Dur ing t h e  same p e r i o d ,  seve ra l  o t h e r  v a r i e t i e s  l i k e  

Mu d inandya l ,  Burma K. K., Burma Y .  K., Agikodal  and Ma1 leswar  were found t o  

be r e s i s t a n t  t o  9 t r i g a  (Jenk ins  1944). There were a l s o  some a t tempts  t o  

make crosses between the  l o c a l  sorghums and t h e  r e s i s t a n t  types i n  t h e  

e r s t w h i l e  Bombay and Madras Sta tes  

Hosmani (1978) has comprehensively desc r i bed  the  past  work on 

r e s i s t a n c e  b reed ing  i n  I n d i a .  The f o l  l ow ing  v a r i e t i e s  were r e p o r t e d  

r e s i s t a n t  t o  L. a s i a t i c a .  

Genotype Rema r ks Reference Place 
-- 

B i l  i ch igan  S e l e c t  ion from Gadgil  (1933) Temburn i 
Ma1 dandi 

Mu d inandya l  Res i s tan t  i n  Jenk ins  (1944) Poon a  
Burma K. K. p o t  tes ts  
Bu nna Y .  K. 
Ag i koQ l  
Mal leswar  

B u r m  K.K. x Se lec t  ions made Chavan (1952) Moho 1 
Bon gan h i l o  

S .  v e r s i c o l o r  - D i f f i c u l t y  i n  Deodi k a r  (1951)  P w n a  
S. purpureoser iceum t r a n s f e r  - chro-  - 
S. n i t i d u r n  - mosome n umbers 

d i  f f e r e n  t 

AS 4003 (Bonganh i l o )  - S i v a r a m n  (1952) Co inhatore  
AS 4693 ( B i l  i c h i g a n )  
CO-7, C O - 1 1  
CO-20 (AS 9028) 
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R e s i s t a n t  t o  SOH K a j j a r i  e t  a l .  
(1967) 

Se lec t  ion  from Kha de 
NJ-  1 56 

~a i b n g a  1 

Ako l a  

A study o f  t h e  pas t  e f f o r t s  t o  b reed  S t r i g a  r e s i s t a n t  so rghum 

i n d i c a t e  t h a t  t h e  p rogress  i s  n o t  commensurate w i t h  t h e  e f f o r t .  The 

f o l  l ow ing  broad conc l  us ions can be made. 

( i  The p a s t  research programs have n o t  been adequate ly  sus ta ined ;  

m s t  have had s h o r t  term o b j e c t i v e s  and were t e rm ina ted  a f t e r  p a r t i a l l y  

a c h i e v i n g  t h e  o b j e c t i v e .  

( i i )  Host sc reen ing  has been done e i t h e r  i n  po t s  o r  n a t u r a l  S t r i g a  

s i c k  f i e l d s .  

( i  i i )  Even where S t r i q a  seeds were added t o  t h e  s o i l ,  t h e  i n f e s t a t i o n  

has n o t  been un i form. 

( i v )  The number o f  good sources o f  res i s  tance a r e  few and extens i ve 

e f f o r t  t o  c ross  them t o  d i r e c t  and speed up t h e  e v o l u t i o n  o f  S t r i g d  

r e s i s t a n t  l i n e s  has been consp icuous ly  inadequate i n  t h e  p a s t .  

F o l l m i n g  a r e  some o f  t h e  p o s s i b l e  reasons f o r  t h e  s l w  progress 

i n  b reed ing  f o r  S t r i q a  r e s i s t a n c e .  

( i )  Absence o f  long term suppo r t ,  b o t h  f i s c a l  and p h y s i c a l  t o  

s u s t a i n  t h e  c o n t i n u i t y  o f  t h e  research e f f o r t s .  

( i i )  Absence o f  absol  u t e  r e s i s t a n c e  t o  S t r i  qa r esu l  t l n g  i n  con fou ld i n  

t h e  r e s i s t a n c e  and t o l e r a n c e  e f f e c t s  o f  t h e  h o s t ,  thus ,  reduc ing  t h e  

chances o f  o b t a i n i n g  a  r e a l  r e s i s t a n t  type. 



( i i  i )  Probably o f  g rea tes t  importance has been t he  d i f f i c u l t y  o f  

r e l i a b l e  screening Procedures f o r  f i e l d  res is tance .  

3. BREEDING FOR STRIGA RESISTANCE AT ICRISAT 

ICRISAT S t r i g a  res is tance  b reed ing  work hct3 the  tw in  o b j e c t i v e s  

o f  i d e n t i f y i n g  r e s i s t a n t  sources (gene i d e n t i f i c a t i o n )  and t r a n s f e r r i n g  the  

res is tance  t o  v a r i e t i e s  w i t h  agronomica l ly  good background (gene t r a n s f e r ) .  

S t r i q a  r es i s t ance  i n  t h e  f i e l d  i s  t he  f i n a l  r e s u l t  o f  a c t i o n  and i n t e r a c t i o n s  

i n v o l v i n g  a t  l e a s t  the three repor ted  mechanisms o f  res is tance ,  v i z . ,  l o w  

s t imu lan t  p roduc t ion ,  mechanical b a r r i e r s  t o  h a u s t o r i a l  pene t ra t i on  and 

u n i d e n t i f i e d  a n t i b i o s i s  f ac to r s .  A good foundat ion t o  t he  ICRISAT S t r i g a  

r es i s t ance  b reed ing  work was l a i d  by D r .  K.V. Ramaiah by screening t he  

sorghum germplasm f o r  low s t imu lan t  producers. We have screened nea r l y  

14,000 germplasm l ines aga ins t  2. a s i a t i c a  and a  se t  o f  640 l i n e s  have been 

i d e n t i f i e d  as low s t imu lan t  producers. 

3 . 1 .  Lcw St imulant  Producing Lines and F i e l d  Resistance t o  S t r i q a  

Screening f o r  low s t imu lan t  p roduc t ion  i n  the  l abo ra to r y  w i l l  be 

use fu l  o n l y  i f  t he  labora to ry  r e s u l t s  a re  w e l l  c o r r e l a t e d  w i t h  f i e l d  

r e a c t i o r ~ s .  Hweve r ,  i t  i s  improper t o  expect a  p e r f e c t  c o r r e l a t i o n  s ince  

there  cou ld  be mechanisms o t h e r  than low s t imu lan t  p roduc t ion  c o n t r i b u t i n g  

f i e l d  r es i s t ance  t o  sorghum 1 ines. 

Screening f o r  l o w  s t imu lan t  p roduc t ion  i s  a  va luab le  ad j unc t  i n  

a  S t r i g a  r es i s t ance  breeding program. During t he  1980 ra i ny  season, a  se t  

o f  156 advance generat ion  progenies de r i ved  from f t r i g a  r e s i s t a n t  sources 

x adapted l i n e  crosses was s t u d i e d  f o r  f i e l d  r eac t i on  t o  S .  a s i a t i *  i n  



t h r e e  t r i a l s  a t  f i v e  l o c a t i o n s  (Vasudeva Rao e t  a l .  1981) .  Twenty t t ~ r e r  

advance g e n e r a t i o n  p rogen ies  were found t o  be f i e l d  r e s i s t a n t  a t  two t u  

f o u r  l o c a t i o n s .  I n  a l l  the  t h r e e  t r i a l s  a t  a l l  t he  l o c a t i o n s ,  t h e  

p r o p o i t i o n  o f  f i e l d  r e s i s t a n t s  i n  t he  low s t i m u l a n t  ca tegory  was h i g h e r  

than t h e  p r o p o r t i o n  o f  f i e l d  r e s i s t a n t s  i n  t h e  h i g h  s t i m u l a n t  ca tegory  

(Tab le  1 ) .  A l l  t h e  f i e l d  r e s i s t a n t  d e r i v a t i v e s  a r e  o b t a i n e d  f rom ICW and 

h i g h  s t i m u l a n t  c r o s s e s .  However, i n  t h e  process  o f  s e l e c t i o n  f o r  t i r l d  

r e s i s t a n c e ,  a  h i g h e r  p r o p o r t i o n  o f  low s t i m u l a n t  de r i va t i vca \  t u r n e d  out  to 

be f i e l d  r e s i s t a n t .  I f  t h e  m a t e r i a l  i s  screened f o r  low s t i r r l u l an t  p r o d u c t i w ~  

a t  l e a s t  once d u r i n g  t h e  process  o f  s e l e c t i o n ,  t h e  chance5 of  o b t a i n i n g  f i c l d  

r e s i s t a n c e  i n  t h e  f ,rial s e l e c t  ions appear t o  b e  b e t t e r .  F u r t h e r  t o  thest. 

p r e l  im ina ry  i n d i c a t i o n s ,  the b r e e d i n q  I  ines irl thc advanced t r i a l  d u r i n q  

k h a r i f  1981 were used t o  o b t a i n  s imp le  c o r r e l a t i o n  c o e f f i c i e n t  between 

s t i m u l a n t  p r o d u c t i o n  and f i e l d  r e a c t i o n 3  a t  t he  Lhree l o c a t i o n s  where they 

were t e s t e d  ( T a b l e  2 ) .  Al l t h e  r  values were po5 i t i v e  and o n l y  those f rom 

Ako la  and Bhavan isagar  s i g n i f i c a n t .  A t  Ako la ,  d very tlicjh r va lue  wa3 

o b t a i n e d .  The c o r r e l a t i o n  c o e f f i c i e n t  t h u s  i n d i c a t e d  t h a t  t he  s t i m u l a n t  

p roduc t i on  c o u l d  b e  a  u s e f u l  i n d i c a t o r  o f  f i e l d  r e a c t i o n .  

I n t e r l o c a t i o n  c o r r e l a t i o n s  were o b t a i n e d  f o r  f i e l d  r e a c t i c n s  and 

s t i m u l a n t  p r o d u c t  i on  t o  know t h e  p r e d i c t i v e  va lue  o f  s c r e e n i n g  work a t  one 

l o c a t i o n  t o  t h e  r e s u l t s  o f  o t h e r  l o c a t i o n s  (Tab le  3 ) .  Resu l ts  i n d i c a t e d  

t h a t  a l l  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 p o s i l i v e  and some were h i g h l y  

s i g n i f i c a n t .  I t  appeared t h a t  t h e  f i e l d  r e a c t i o n s  and s t i m u l a n t  p r o d u c t i o n  

c o u l d  be more c o n f i d e n t l y  p r e d i c t e d  between some l o c a t i o n s  as compared t o  

o t h e r s .  T h i s  needs m r e  a n a l y s i s  u s i n g  l a r g e r  samples and S t r i q a  f rom 

d i v e r s e  l o c a t i o n s .  



3.2. I d e n t i f i c a t i o n  o f  Sources o f  Resistance 

Since 1977, l i n e s  repor ted  t o  be  r e s i s t a n t  t o , l o c a l  s t r a i n s  o f  

S t r i q a  a r e  be ing  t es ted  mu1 t i l o c a t  ional  l y  t o  i d e n t i f y  s t r ong  source l ines 

f o r  r es i  stance (Vasudeva Rao e t  a l .  1982). There i s  no abso lu te  res is tance  

t o  - 5. a s i a t i c a  in  sorghum and t h e  bes t  a v a i l a b l e  sources are low suscep t ib les  

N-13, 555,  15-2203, 15-4202, 15-7471 and 15-9985 appear t o  be promis ing as 

source l i n e s  f o r  use i n  breeding programs. Apart from these sources o f  

f i e l d  res is tance ,  a s e t  o f  640 low s t i m u l a n t  produc ing germplasm l i n e s  

c o n s t i t u t e  p o s s i b l e  source f o r  which eva lua t i on  o f  f i e l d  r es i s t ance  i s  

requi red. N-13 i s  an i den t i  f i e d  source o f  mechanical b a r r i e r s .  However, 

t he  i d e n t i  f i  c a t  ion o f  o t h e r  sources f o r  d i f f e r e n t  res is tance  mechanisms i s  

requi red. 

3.3. T rans fe r  o f  Resistance t o  E l i t e  Backgrounds 

Several hundred crosses have been made over t he  pas t  few years 

between d i f f e r e n t  sources and agronomica l ly  e l  i t e  and adapted s tocks a t  

ICRISAT Center. Absence o f  a  f oo l - p roo f  screening technique t o  i & n t i  f y  

i n d i v i d u a l  p l a n t s  i n  segrega t ing  progenies t ha t  have f i e l d  res is tance  t o  

Str i *  c o n s t i t u t e s  a  major  hurd le .  The segrega t ing  ma te r i a l  has been 

advanced i n  S t r i q a  s i c k  f i e l d s  and se l ec ted  f o r  low l e v e l s  o f  s u s c e p t i b i l i t y .  

Se lec t  ion has a l s o  been t o  c o r r e c t  undes i rab le  t r a i t s  i n  t he  o r i g i n a l  source 

l i n e s ,  r e t a i n i n g  S t r i g a  res is tance ,  so t ha t  thev can be used as good 

b reed ing  s tocks.  In  t h i s  process, many o f  t he  source l i n e s  have been 

e l  iminated s i nce  they do n o t  o f f e r  goad segregates. 555,  a  r e s i s t a n t  source 

l i ne ,  has been a  cornrrron paren t  i n  a  number o f  use fu l  advanced 1 i nes .  The 



b e s t  advance generat  ion progenies a r e  be i ng  i d e n t i  f i e d  as SAR ( S t r i ,  - 

a s i a t i c a  Res i s t an t )  l i n e s .  Severa l  o f  t h e  S A R  l i n e s  a r e  ncw do ing  very 

we1 l i n  m u l t i l o c a t i o n  S t r i g a  r e s i s t a n c e  t r i a l s .  Res is tant  sources o t h e r  

than $55  1 i ke N-13, SRN-4841 a re  found i n  t h e  pedigrees o f  new SAR l i nes .  

Performance o f  t h e  s e l e c t e d  SAR l i n e s  i s  p resen ted  i n  Table 4 .  I t  i s  t o  

be recognized t h a t  t h e  S t  r i g a  res i s  tan t advance generat  ion  l ines a re  no t  

y e t - v e r y  h i g h  y i e l d e r s .  None- the- less,  SAR l i n e s  a re  good breed ing  s tocks  

as some undes i r ab l e  t r a i t s  l i k e  p l a n t  h e i g h t  and l a t e  m a t u r i t y  o f  the 

o r i g i n a l  sources have c o r r e c t e d  w i t h o u t  l o o s i n g  t h e  S t r i q a  r es i s t ance .  

4 .  STABIL ITY O F  STZ IGA RESISTANCE 

S t r i q a  i s  a  very v e r s a t i l e  p a r a 5 i t e  capable o f  adap t i ng  to  

d i f f e r e n t  hos t s ,  d i f f e r e n t  env i  ronments, and probably  capable o f  adap t i ng  

t o  t h e  c o m n l y  grown hos t  v a r i e t y  over  a s h o r t  p e r i o d  of  t ime.  S t r i q a  ha,, 

t h e  capac i t y  t o  a t t a c k  many crops and there  cou ld  be more than one spec ies 

o f  S t r i  ga c o e x i s t i n g  i n  t h e  same l o c a t  ion as a  "complex". Hence, i t  i s  

n o t  o n l y  e s s e n t i a l  t o  i n co rpo ra te  r es i s t ance  t o  S t r i q a  a t  one l o c a t i o n  f o r  

one spec ies ,  b u t  a l s o  necessary t o  have r es i s t ance  acros5 a l  l t he  species 

o c c u r r i n g  i n  t h e  reg ion .  Recent observa t  ions from near  Anan tapur ,  where 

f t r i g a  i n  a  r e s t r i c t e d  area,  has adapted i t s e l  f  t o  p e a r l  mi l l e t ,  i n d i c a t e s  

t h e  need f o r  c l ose  m o n i t o r i n g  o f  S t r i g a  appearance on t h a t  crop i n  o t h e r  

a  reas. 

Another  aspect  t ha t  needs t o  be  cons idered  i s  t h e  breakdown o f  

S t r i g a  r e s i s t a n c e  i n  t h e  i d e n t i f i e d  s t r i g a  r e s i s t a n t  v a r i e t i e s .  "Radar", 

t h e  v a r i e t y  r e s i s t a n t  t o  t h e  South A f r i c a n  2. a s i a t i c a ,  f a i l e d  t o  m a i n t a i n  



r es i s t ance  a f t e r  ten years.  S i m i l a r l y ,  N - 1 3  i s  a l s o  n o t i c e d  t o  b e  

l oos i ng  i t s  r es i s t ance  under severe drought and h i g h e r  i n f e s t a t i o n  l e v e l s .  

Whether t h i s  i s  a  "breakdown" o f  r es i s t ance ,  o r  " adap ta t i on t1  o f  t h e  

p a r a s i t e ,  o r  i s  an env i ronmenta l l y  induced temporary breakdown o f  

r es i s t ance  i s  a  s u b j e c t  f o r  f u t u r e  research. 

The necess i t y  o f  b reed ing  l i n e s  w i t h  s t a b l e  r es i s t ance  i s  

apparent .  The r es i s t ance  has t o  h o l d  a g a i n s t ,  a t  l e a s t  the  species 

o c c u r r i n g  i n  any geographica l  reg ion ,  and a l  l t h e  d i f f e r e n t  morphotypes and 

p h y s i o l o g i c a l  s t r a i n s  o f  t h e  same spec ies.  Fu tu re  b reed ing  e f f o r t s  have t o  

be d i  r ec ted  t o  ach ieve s t a b l e  r es i s t ance  t o  S t r i g a .  

5. OTHER STUDIES ON STRlGA AT ICRISAT CENTER 

Apar t  f rom ma jo r  e f f o r t s  on b reed ing ,  some p r e l i m i n a r y  s t u d i e s  

and obse rva t i ons  a r e  be i ng  made a t  t h e  Center which a re  expected t o  l e a d  

t o  a  b e t t e r  unders tand ing  o f  S t r i g a .  Resul ts  f rom some o f  these s t u d i e s  

a r e  descr ibed  b e l m .  

5.1. S t r a i n  S i t u a t i o n  i n  S t r i g a  a s i a t i c a  

S t r i g a  a s i a t i c a  e x h i b i t s  v a r i a b i l  i t y  i n  p l a n t  s t r u c t u r e  and 

f l owe r  c o l o r  and geographica l  d i s t r i b u t i o n .  Besides, S t r i g a ,  as a  genus 

appear t o  posses i n t r i n s i c  p h y s i o l o g i c a l  d i  f f e r e n t i a t  i on  l ead ing  t o  t h e  

ex i s t ence  o f  p h y s i o l o g i c a l  s t r a i n s .  Though t h e r e  a re  i n d i c a t i o n s  o f  t h e  

e x i s t e n c e  o f  s t r a i n s  i n  S t r i g a  hermonth ica (K ing and Zummo 1977), they a r e  

y e t  t o  be es tab l  i shed  i n  S t r i g a  a s i a t i c a .  P r e l i m i n a r y  obse rva t i ons  

i n d i c a t e  t h a t  the re  a re  morpholog ica l  v a r i a n t s ,  and d i f f e r e n t  spec ies 



c o e x i s t  as a  po l ymorph i c  S t r i g a  complex. V a r i a t i o n  i n  S t r i g a  p l a n t s  has 

been obse rved  i n  t h e  l e a f  form, b r a n c h i n g  h a b i t s ,  presence o f  r o o t s ,  seed 

c h a r a c t e r s  and b r a c t  shape. S t r i g a  a s i a t i c a ,  S t r i g a  d e n s i f l o r a  and S t r i g a  

anqus l t i f o l  i a  c o e x i s t  i n  reg ions  i n  l n d i a  where b~ -h r a i n )  and p o s t r a i n y  

sorghums a r e  grown. I n  No r thwes t  I n d i a ,  S t r i q a  a t t a c k s  m i l l e t  and n o t  

sorghum whi l e  i n  o t h e r  r e g i o n s ,  S t  r i g a  a t t a c k s  sorghum, sugarcane, nu i ze 

and some m i n o r  m i l l e t s  and n o t  p e a r l  m i l l e t s  (Hosmani 19783. Tlrebe 

o b s e r v a t i o n s  thus  i n d i c a t e  t h a t  t h e  n a t  i v e  S t r i g a  p o p u l a t i o n s  cannot b e  

c o n s i d e r e d  as a s i n g l e  S t r i g a  t y p e  and t h a t  i t  e x i s t s  as a  complex 

c o n t a i n i n g  d i f f e r e n t  s p e c i e s ,  morphotypes and p r o b a b l y  p h y s i o l o g i w l  s t r a i n s .  

W i t h  t h i s  background, an exper iment  was c a r r i e d  o u t  i n  t h e  1981 

r a i n y  season a t  Patancheru  w i t h  S t r i g a  as i a t i c a  co l  l e c t e d  from f i  vc. 

d i f f e r e n t  l o c a t i o n s  i n  l n d i a  on th ree  r e s i s t a n t  and one susceptible c u l t i v a r s  

u t i l i z i n g  the  wooden f l a t  t echn ique  (Va5udeva Rao e t  a l .  1982). Resu l t5  

i n d i c a t e d  t h a t  N - 1 3  and  IS-5106 were found r e 5 i ~ ~ t a n t  a t  a l l  l o c a t i o n s  w h i l e  

SRN-48820 was found r e s i s t a n t  t o  f t  r i g a  f row t h r e e  and s u s c e p t i b l e  t o  S t r i ~ a  

f rom two l o c a t i o n s .  F u r t h e r ,  t h e  a n a l y s ; b  o f  v a r i a n c e  s h w e d  t h a t  t h e r e  

were s i g n i f i c a n t  s t r a i n  x  v a r i e t y  i n t e r a c t i o n s  i n d i c a t i n q  t h a t  t h e  c u l t i v a r s  

r e a c t e d  d i f f e r e n t l y  t o  5 t r i q a  c o l l e c t e d  f rom d i f f e r e n t  l o w t i o n s .  H m e v e r ,  

e x i s t e n c e  o f  v a r i e t i e s  wh ich  o f f e r  s t a b l e  r e s i s t a n c e  across  s t r a i n ,  i s  a 

u s e f u l  i n d i  c a t  ion .  

5.2. Cross I n f e c t i v i t y  S t u d i e s  

I t  i s  kncwn t h a t  S t r i g a  a t t a c k  s e v e r a l  c rops  l i k e  sorghum, maize,  

sugarcane,  m i l l e t s ,  r i c e  and s e v e r a l  g rasses.  I n  some areas l i k e  N o r t h -  

w e s t e r n  I n d i a ,  h o s t  s p e c i f i c  s t r a i n s  o f  2. a s i a t i c a  ( s p e c i f i c  t o  p e a r l  



m i l  l e t  o r  sorghum) cou ld  be found. However, i n  most p a r t s  o f  I n d i a ,  t h e  

same spec ies i s  k n w n  t o  a t t a c k  d i f f e r e n t  crops i n  ad jacen t  o r  t h e  same 

f i e l d s .  In  o r d e r  t o  f i n d  o u t  whether t he re  was any hos t  s p e c i f i c i t y  w i t h  

t he  9 t r i g a  p o p u l a t i o n s ,  a  c ross  i n f e c t i v i t y  study was undertaken us ing  the  

f o l l o w i n g  c o n t r a s t s .  

S t r i g a  hos ts  L o c a t i o n o f s t r i g a  R e m a r k s a b o u t s t r i g a  
c o l l e c t i o n  

Ha i z e  vs sorghum Taddanapa l l e  , AP Miaze had a  h i g h e r  p r o p o r t i o n  
9 t r i g a  o f  S .  d e n s i f l o r a  w h i l e  sorghum 

h a d  h i ghe r  p r o p o r t i o n  o f  
S .  a s i a t i c a  i n  i t s  S u  - 
popul a t  ions.  

Sugarcane vs 
sorghum S t r i q a  

Bhavan i saga r ,  TN S t r i g a  on b o t h  t h e  crops was 
S .  a s i a t i c a .  - 

Pear l  m i l l e t  vs Near Anantapur,  AP 
sorghum S t r i g a  

Fi e l  ds were separated by about 
10 km. St r i  a  r e c e n t l y  seen 4 
t o  be ca us I n  g  economi c  damage 
t o  p e a r l  m i l l e t  i n  a  smal l  area 
near  Anantapur. 

S t r i g a  seeds c o l  l e c t e d  from these crops i n  t he  same season were 

used t o  i n f e s t  a  s e t  o f  a  r e s i s t a n t  ( IS-7471) sorghum, a  s u s c e p t i b l e  

( ~ w a r n a )  sorghum and t h e  o t h e r  h o s t  which o r i g i n a l  l y  was i n f e s t e d .  Resul ts  

(Tab le  5 )  b road ly  i n d i c a t e d  t h a t  S t r i g a  a t t a c k i n g  sorghum, maize, sugarcane 

were n o t  d i f f e r e n t  f rom each o t h e r  f o r  t h e i r  i n f e c t i v i t y .  However, very 

i n t e r e s t i n g l y ,  i n  the  p e a r l  m i l  l e t  and sorghum c o n t r a s t ,  t h e  sorghum 9 t r i g a  

was seen o n l y  on sorghum and no t  on pea r l  m i l l e t ,  w h i l e  pea r l  m i l l e t ,  

S t r i g a  was seen i n f e s t i n g  bo th  sorghum and p e a r l  m i l  l e t .  T h i s  i s  be i ng  

f u r t h e r  s  t ud i  ed. 



6. SUMMARY 

Among t h e  s e v e r a l  o p t i o n s  1 i k e  g e n e t i c ,  agronomic and b i o l o g i c a l  

methods b e i n g  resea rched  f o r  S t  r i g a  c o n t r o l  i n  sorghum, b r e e d i n g  r e s i s t a n t  

v a r i e t i e s  appears t o  b e  economical  l y  i m p o r t a n t  as p a r t  o f  a S t r i q a  

management s t r a t e g y .  Progress  on b r e e d i n g  work ,  i n  t he  p a 5 t  a s  we1 1 a3 t h e  

w o r k  a t  I C R I S A T  i n d i c a t e  t h e  a v a i  l a b i  l i ty  o f  s t r o n g  source l ine5 and \ o w  

c o n v e r t e d  s o u r c e  l ines  f o r  use as b r e e d i n g  s t o c k s .  Lcw s t  imularl t p r c~duc t  i o n  

s c r e e n i n g  has been a  u s e f u l  i n d i c a t o r  o f  f i e l d  r e s i s t a n c e .  P r c l  l r l l l r l a r y  

o b s e r v a t i o n s  and s t u d i e s  have i n d i  c a t e d  t h a t  S t r i g a  i s  a  ve ry  v e r ~ , a t  i l e  

s p e c i e s  capab le  o f  a d a p t i n g  t o  o t h e r  h o s t s .  Hence, a c a r e f u l  m o n i t o r i n q  

o f  o t h e r  p l a n t  h o s t s  i s  r e q u i r e d  and b r e e d i n g  o f  v a r i e t i e s  w i t h  s t a b l e  

r e s  i s  t ance  i s  s t r e s s e d .  
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~ i b l e  2 .  S i m p l e  c o r r e l a t  i o n  c o e f f i c i e n t s  be tween  f i e 1  d r - e h  1 5 t  J [ ~ C C  

and  s t i m u l a n t  p r o d u c t  ion ( K h a r i  f 1981; advanced  trial 
i n  c h e c k e r  b o a r d  l a y o u t ,  1 3  b r e e d i n g  1 i n e s ) .  

Loca  t i  on 

Ako l a 

Bhavan i  i a g a r  

B i  j a p u r  



T a b l e  3. l i l t e r l o c a t  i on  s i m p l e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  
s t i m u l a n t  p r o d u c t i o n  a n d  f o r  f i e l d  r e a c t i o n s  t o  5 t r i g a  
( K h a r i  f 1981; advanced t r i a l  i n  c h e c k e r  b o a r d  l a y o u t ,  
1 3  b r e e d i n g  1 i n e s )  . 

A.  F o r  F i  e l  d  R e a c t i o n s  

Ako l  a 

B i j a p u r  

B. F o r  S t i m u l a n t  P r o d u c t i o n  

Ako l a  

B i j apur  

B i j a p u r  Bhavari i  5ago r 

0. 802 k-:: 0 . 4 7 3  

- 0 . 664 :': 

B i j a p u r  Bhavan i saga r 

0 .  166 0 .  904 ;i:': 

- 0 .  310 



- m 
N 

I I 
a h  - 
A -7 

rc\ n 
I U r n  

- M I  
I  c ; m  
* 3 U -  
rc\ - 
I  K 1 

^ A X  N 
n (n 0 I 
n cn - a m  
LP n - r  - I  

w 
X X 3  X X X X  



T a b l e  5 .  R e s u l t s  f r o m  c r o s s  i n f e c t i v i t y  s t u d i e s  ( K h a r i f  1982; 
75 day o b s e r v a t i o n s ;  wooden f l a t s ;  3 r e p l i c a t i o n s ) .  

Hos t  f r o m  w h i c h  S t r i g a  
seed was c o l  1 ec  t e d  

A .  M a i z e  

Sorghum 

B .  Sugarcane 

Sorghum 

C .  P e a r l  M i l  l e t  

So rgh urn 

Tes t hos t 

So r g  hum -- 

S uga r c a n  e 

+ 

S o  r g  hum 

+ 

P e a r l  M i  l l e t  -- So r g h  urn 

+ = S t r i g a  i n f e s t a t i o n  seen 

- - - S t r i g a  i n f e s t a t i o n  n o t  seen.  



AGRONOMlC AND CULTURAL HETHODS USED FDR CONTROL OF - SPRIG4 

M.M. Hosmani* 

Many workers still be l i eve  t h a t  chemical con t ro l  of S t r i g a  " U l d  be 

cos t l y .  ' Only f e a s i b l e  methods a r e  evolving v a r i e t i e s  which a r e  r e s i s t a n t  

t o  S t r i g a  which is a time consuming process. I n  absence of t h i s ,  a l t e r n a t e  

measures a r e  agronomic methods of  con t ro l  of S t r i y a  by manipulating c u l t u r a l  

p r a c t i c e s ,  crop r o t a t i o n ,  f e r t i l i z e r  management and water managenlent. 

Turning now t o  p r a c t i c a l  cont ro l  measures, f i r s t  severe i n f ee t a t i on  

must be g r e a t l y  reduced before suscept ib le  crops can be p ro f i t ab ly  grown. 

The aim must be t o  reduce v iab le  seed population a s  rap id ly  a s  poss ib le .  ~t 

is known t h a t  longevi ty  of S t r l y a  seeds i n  the  s o i l  i s  such t h a t  even a f t e r  

severa l  years  of fallowing o r  cropping with non-susceptible crops ,  the 

i n f e s t a t i o n  w i l l  not have died out .  Many c u l t u r a l  operat ions and agronomic 

p r a c t i c e s  have been known t o  reduce the In t ens i t y  of occurrence of witchweed. 

These p r a c t i c e s  v i z . ,  crop r o t a t i o n ,  f e r t i l i z e r  management, e f fec t  of noio ture ,  

t i l l a g e  and o ther  p r ac t i ce s  on v i a b i l i t y  of s t r i g a  seeds dnd minimising . 5 t r l g a  

incidence a r e  discussed.  

Crop Rotation: The value of using catch crop and t r a p  crops t o  mlnimise 

o r  e r a d i c a t e  witchweed o f f e r s  i n t r i gu ing  p o s s i b i l i t i e s .  Among i t 8  

p e c u l i a r i a t i e s ,  i s  the  necessaci ty  for  presence of chemical s u b a t ~ n c e  t h a t  

i n i t i a t e s  t h e  germination. Some p l a n t s  provide t h i s  mater ia l ,  A ' ca tch c rop '  

Associate  Professor  of Agronomy,University of Agricul tural  Sciences 
Campus, Dharwad, 



is t h a t  c r o p  w l t l ~  r o o t s  r x v c i ~ n g  c:lt. p rq , tz r  yc . r rn ina t~on  s t i m u l u s  capable 

o f  p a r a s l t l r l n i l  tile crop. Tt~l:  mat^! + w i r ~ : h w c ~ d  p lhn t s  have  to be 

d e s t r o y e d  b e f o r e  seed = e t .  I+ ' t r t r  :rup' 1: i crop dlth r o o t s  t h a t  p r o v i d e s  

p r o p e r  s t i m u l a t l . n g  ~ u h s t a n c e  fr,r qcL-rnin;..tln?, of witchweed  b u t  t h e  crop in not 

p a r a s i t i s c d .  F ~ t i n u s t l v e  !:st r:f c a t c h  crops irnti t r a p  c r o p s  f o r  e a c h  o f  t h e  

s p e c i e s  of str-ga i:i av;ii 1,lbZe. F ' o r t u n t r . l v ,  t h e r e  a r e  f o r  e a c h  spwies o f  

Stri17a , a nulnber oT pi ;~ : ld- ,  -i?o:>t:. , *hick1 !:tl ~r,u' .~: t e  t h e  g e r m i ~ t i o n  o f  the 

p a r a s i t e ,  y e t  caniio t th~;it~.;?! q t ~ a  ))<: 7 8 1 - a ~ i t ~ ~ ~ l .  For 2triild a s i a t i c a  - c o t t o n ,  

g r o u n d n u t ,  cowpcct, c u r i ~ l o w ~ ~ c ,  l i n s e e d  - n ( l  c a s t o r  act a s  pseudo-hos t s .  T h e s e  

t r a p  c r o p s  h a v c  bt.:e~i n l . l ln  ::tay of : i t r l g ; j  cc jn t ro l  programme i n  many r e g i o n s  

a s  t h e y  d o n ' t  i n v o l v e  e x {  r-1 ~ . o : , L l : ~  o p t $ r . ~ i  ions. I n  f o u r - f i v e  y e a r s  e v e n  v e r y  

s e v e r e  infest-at iol~s c , l n  !)e L)r !~qh:  untl-r ront-r'oi ! L u t h r a ,  1921,  Coleman, 1920 ,  

Andrews, 194!j, D o ~ j y c t t ,  1 9 5 4 ,  N a r ; a s i m h s m l ~ r t h y  -- ct a l . ,  1957,  Y a d u r a j u ,  1 9 7 5 ) .  

An a l t e r n a t e  L:o t rag~ c . r o p p i : ~ q  I!: c a t c h  c r q ~ p i n g ,  s u s c e p t i b l e  crop is 

grown c l o s e l y  t o  e n c o u r a g e  rnaximclin i j e ~ m  in;. t i o n  of :;tr iy.2 s e e d  and  is h a r v e s t e d  

b e f o r e  t h e  weed h a s  s e t  sceds. C;t(:h c.~c>p~: ,ire Lodder or g r e e n  manur ing  c r o p s .  

Sorghum for foddcr  purimse h a r v r : > t l n q  I n  : -out  '0 d a y s  a f t e r  sowing is u s e d  f o r  

t h e  p u r p o s e  (Annon.,  1310 ,  'Tlm?or~, '1'29, L a s t .  1 9 6 1 ) .  

E f f l c i c n ( - v  u: : i c . s t \  t i 1 1 )  2nd cdtch crops :n s t i m u l a t i n g  s t r l g a  s e e d s  

c a n  be a s s e s s e d  by 11 ~ l n ~ i  c J l > ~ ? i :  ;. ;) + t r [ . h n ~ ~ j r r e ,  q l a s s  p l a t e  t e c h n i q u e  by 
{ t , <, 1; 

r a i s i n g  seedlings I r l  c c , t t o n  w m ) l  , r, t,r , ' j A r A ( t l ~ ~ I n d n l  dnd P a r k e r ,  1980 ; Reid 

and  P a r k e r ,  1979 ,  Rr ishn;lml.~i. t h y  - ~ t .  ~- d l  .- .. , 198 1 . However, t h e s e  t e c h n i q u e s  need 



F e r t i l i z e r s :  O c c u r r e n c e  o f  witchweed i n  g e n e r a l ,  is c o n s i d e r e d  e x h a u s t i o n  

o f  soil .  I t  h a s  b e e n  known t h a t  S t r l y d  o c c u r s  i n  i m p o v e r i s h e d  soil r a t h e r  

t h a n  f e r t i l e  s o i l s .  A d d i t i o n  o f  f e r t i l i z e r s ,  particularly n i t r o g e n o u s  

n u t r i e n t  o f t e n  r e d u c e s  t h e  s e v e r i t y  o f  S t r i p a  a t t a c k  and  i n c r e a s e  t h e  y i e l d s  

o f  i n f e s t e d  c r o p s .  A d d i t i o n  o f  n u t r i e n t s  i n c r e a s e s  t h e  o s m o t l c  p r e e s u r e  o f  

h o s t  t i s s u e  and  r e d u c e s  t h e  osmotic p r e s s u r e  g r a d i e n t  toward t h e  p a r a e i t e ,  

t h i s  g r a d i e n t  r e d u c t i o n  d e c r e a s e s  t h e  a b i l i t y  o f  t h e  p a r a s i t e  t o  s u r v i v e .  

S e v e r a l  w o r k e r s  h a v e  o b s e r v e d  lower  I n c i d e n c e  o f  S t r i q d  by a p p l i c a t i o n  of 

h e a v y  d o s e s  o f  n i t r o g e n  more t h a n  d o u b l e  t h e  q u a n t i t y  o f  recommended d o s e  f o r  

t h e  c r o p  and  i n c r e a s e d  y i e l d s  ( L a s t ,  1960;  Mathur and  Mathur ,  1967,  ~ g l e y ,  1971,  

P r a b h a k a r  S e t t y ,  1980 ,  Guled ,  1 9 8 2 ) "  

M o i s t u r e :  I t  i s  g e n e r a l  e x p e r i e n c e  t h a t  i n c i d e n c e  o f  S t r i , ~ , ,  i s  n o t  u n i f o r m  

e v e r y  y e a r  e v e n  i n  t h e  f i e l d s  a r t i f i c i a l l y  i n f e s t e d  w i t h  .Stri r l ~ i  s e e d s .  The 

g e r m i n a t i o n  o f  wi tchweed  d e p e n d s  upon t h e  a g e  o f  s e e d  and  a c o m b i n a t i o n  of 

s u i t a b l e  m o i s t u r e ,  t e m p e r a t u r e ,  l i g h t  and physiological f a c t o r s .  I t  i s  

g e n e r a l l y  o b s e r v e d  t h a t  u n d e r  e x c e s s i v e  r a i n f a l l  y e a r s ,  i n t e n s i t y  o f  witchweed 

i n f e s t a t i o n  is low compared t o  normal  o r  d r o u g h t  y e a r s .  Many w o r k e r 6  have  

r e p o r t e d  n e g a t i v e  c o r r e l a t i o n  w i t h  s o i l  m o i s t u r e  and .StrlYd i n c i d e n c e  

( L u t h r a ,  1921 ,  Ut taman ,  1949 ,  Govind Rao, 1953 ,  Andrews, 1945; Ne lson ,  1958, 

S r e e r a m u l u ,  1959,  J o g l e k a r  e t  a l . ,  1939 ,  E p l e e ,  1975 ,  Murthy a d  bdheswar Reddy, 

1 9 7 6 ) .  

REFERENCES 

Andrews, F.w. 1945. P a r a s i t i s m  o f  S t r i y a  her rnon th ica  Benth o n  Sorghum s p p  

u n d e r  i r r i g a t i o n  I .  P r e l i m i n a r y  r e s u l t s  and  t h e  e f f e c t  of heavy  and  

l i g h t  i r r i g a t i o n  o n  S t r i g a  a t t a c k .  Ann. Appl.  B i o l .  22 : 193-200. 

Anon, 1918. Mycology and P l a m  r t h o l o g y .  Prog.  Agr. i n  I n d i a  Rpt.1916/1917: 

64 - 72. 



Coleman, L.C. 1920. The c u l t i v a t i o n  o f  r a g i  i n  Mysore. Mysore S t a t e  

Dept. Agr. Gen. S e r .  B u l l .  p .  11 .  

D o g g e t t ,  H. 1954. B o t a n i s t s  Annual R e p o r t  1951-52 s e a s o n .  Tanganyika  

Dept. Agr. Annu. Rpt. 1952. Sec t ion-111 .  61-67. 

D o g g e t t ,  H. 1954. Annual R e p o r t  o f  B o t a n i s t  f o r  t h e  s e a s o n  1952-53. 

T a n g a n y i k a  Dept .  Agr. Ann. Rept .  1953. Par t -11 .  78 - 83. 

E g l e y ,  G.H. ,  1972. I n f l u e n c e  o f  t h e  s e e d  e n v e l o p e  and g r o w t h  r e g u l a t o r s  

upon s e e d  dormancy i n  witchweed ~ S t r i y d  l u t e a ) .  Ann. Bot. 6. 755 - 760. -- 
E p l e e ,  R-E. 1975. E t h y l e n e  - A witchweed s e e d  g e r m i n a t i o n  s t i m u l a n t ,  Weed 

S c i .  2: 433  - 436. 

Guled ,  M.B. 1982. E f f e c t  o f  manur ing  a n d 2 , 4  D o n  S t r i q a  c o n t r o l  i n  sorghum. 

M.Sc. t h e s i s , U n i v .  A g r i c .  S c i .  Campus, Dharwad. 

Govinda Rao, P. ,  Narasimha Rao, M. and Naidu ,  C.A. 1953. A s h o r t  n o t e  o n  

S t r i y a  e u p h r a s i o i d e s  Benth .on  paddy and i t s  c o n t r o l .  Madras Agr. J o u r ,  

40: 381 - 382. - 
Hosmani , 1978. S t r i i ~ , ?  - a n o x i o u s  r o o t  p a r a s i t i c  weed, Univ,  A g r i c .  S c i .  

Campus Dharwad. 

Hosmani, M.M. and  P a r k e r ,  C . ,  1980. H o s t  s p e c i f i c i t y  of S t r i y a  h e r m o n t h i c a  

a n d  2. a s i a t i c a  t o  zome m a i z e ,  sorghum and p e a r l  millet  v a r i e t i e s .  

Ann, Conf.  I n d i a n  Sci.Weed S c i e n c e s  h e l d  a t  O r i s s a  Agrl .Univ,Tech,  

J o g l e k a r ,  R.G, H a r d a s ,  M.G. and Deshmukh, N , Y .  1959. A s h o r t  n o t e  o n  t h e  

c o n t r o l  of Weed Strirr ' i  I n d i a n  J o u r .  Agron, 4 : 114 - 118 ,  

L a s t ,  F.T, 1960. I n c i d e n c e  o f  Strl;:,;1 h e r m o n t h i c a  ( D e l )  Benth o n  two v a r i e t i e s  

o f  i r r i g a t e d  sorghum d i r e c t l y  manured,  s p a c e d  and  t h i n n e d .  Trop. A g r i c ,  

T r i n .  2 : 309 - 319. 

, 1961. Direct and r e s i d u a l  e f f e c t s  o f  S t r i g a  c o n t r o l  

t r e a t m e n t s  o n  sorghum y i e l d s .  Trop .  A g r i c .  T r i n .  38: 4 9  - 56, 



Mathur ,  R.L. and Mathur ,  B . N .  1967. E f f e c t  o f  f e r t i l i z e r s  o n  t h e  

i n c i d e n c e  o f  , ~ & i g a  l u t e a  Lour and y i e l d  o f  b a j r a  (Penn i se tum 

, t y p h o i d e s  S 6 H) I r rd ian  p h y t o p a t h .  20 : 270 - 272. 

Murthy,  K.N. and Maheshwar Reddy, 1976. S t u d i e s  on  S t r i y d  r e e i s t a n c e  

i n  sorghum. Sorghum N e w s l e t t e r  19: 24 

Naras imha Murthy,  B.L., P a r t h a s a r a t h y ,  A.V. and S i v a r a m k r i s h n a i a h , ~ .  1957. 

S t r i g a  l u t e a  and c o t t o n .  Cur r .  S c i .  26 : 220 -221 -- 
Nelson ,  R.R. 1958.  The e f f e c t  o f  soi l  t y p e  and t e m p e r a t u r e  o n  growth and 

deve lopmen t  o f  witchweed ( S t r l y a  a s i a t i c a )  u r d e r  c o n t r o l l e d  s o i l  

t e m p e r a t u r e s .  P l a n t  D i s e a s e  R e p o r t e r  42: 152 - 155. 

P r a b h a k a r  - S e t t y ,  T.K. 1980. S t u d i e s  on  b i o l o g y  and c o n t r o l  o f  Striya 

a s i a t i c a  ,Ph.D. t h e s i s .  Univ. Agr i c .  S c i .  Campus, Dharwad. 

Kr i shnamur thy ,  G,V.G. ,  N a g a r a j a n ,  K. and Rarn j i l a l ,  1981. E v a l u a t i o n  o f  

new t e c h n i q u e s  f o r  Orobanche seed  g e r m i n a t i o n  i n  v i t r o .  Proc .  8 t h  

A s i a n  P a c i f i c  Weed S c i .  Conf.  Banga lo re  235 - 238 . 
R e i d ,  D.C. and P a r k e r ,  C . ,  1979.  Germina t ion  r e q u i r e m e n t  o f  s p e c i e e .  

Proc .  2nd I n t e r n a t i o n a l  Symp. P a r a s i t i c  Weed, h e l d  a t  Raleigh, North 

C a r o l i n a  S t a t e  Univ.  ( U S A ) .  J u l y  16 - 19,  1979.  p 202  - 210. 

Timson, S.D. 1929. Witchweed - Z t r l q c i  l u t e a  Methods o f  c o n t r o l .  Rhodesia 

Agr i c .  J o u r .  26: 1103-1 113 . 
Uttaman,  P. 1949. An i n t r o d u c t i o n  o f  t h e  s t u d y  o f  S t r i g a  l u t e a  a 8  a root 

p a r a s i t e  on  r ice i n  Malbar .  Madras. Agr. J o u r .  36: 303 - 307. 

Y a d u r a j u ,  NOT. 1975. S t u d i e s  o n  S t r i q d  c o n t r o l  i n  sorghum, M.Sc. T h e s i s .  

Univ. A g r i l ,  S c i e n c e s  Campus Dharwad. 



T a b l e  1 .  E f f e c t  o f  c r o p  r o t a t i o n  w i t h  c o t t o n  o n  Striqa p o p u l a t i o n /  
(Dogge t t ,  1954) 

Jowar Followed by c o t t o n  

Cont inuous  jowar 

T a b l e  2. I n f l u e n c e  o f  d i f f e r e n t  c r o p s  on S t r l s a  s e e d  g e r m i n a t i o n  - 
a v e r a g e  o f  t w o  y e a r s  (Narasimhamurthy -- e t  dl. 1957)  

Crops  No .  o f  Striqa seeds 
germina ted  

Jowa r 

Cot t o n  

Cowpea 

Groundnu t 

Greengram 

S a f f l o w e r  

T a b l e  3.  E f f e c t  o f  f e r t i l i z e r s  on S t r i g a  p o p u l a t i o n  and y i e l d  of bajra 
( Mathur and Mathur ,  1 9 6 7 ) .  

T r e a t m e n t s  

C o n t r o l  

22kg K 2 0  / h a  

22kg each  o f  NPK/ha 

NO. o f  
.<;t T 1 , J  , ' 
p l o t  

G r a i n  yield 
i n  

kg/ha 



Table 4 .  E f f e c t  o f  3 l e v e l s  of  mineral  n u t r i t i o n  upon sorghum p a r a e i t i s e d  
( P )  by witchweed and n o n - p a r a s i t i s e d ( ~ p )  (Egley 1972) 

Sorghum No Hougland Hougland s o l u t i o n  Hougland s o l u t i o n  
p a r t s  NP P NP - P double s t r e n g t h  

. NP P 

E n t i r e  p l a n t  6.0 2.4 23.6 9.9 34.0 21,5 

Shoot 3.9 0.8 16.5 3.4 24.0 13.1 

Grain 1.6 0.0 5.0 0.0 10.1 5.0 

Table  5, E f f e c t  of  n i t rogen  l e v e l s  on S t r j  Y J  popula t ion/p lo t  (Prabhakar 
S e t t y ,  1980)  

~i troqen 
l e v e l s  

0 kg N/ha 

50 kg N/ha 

100 kg N/ha 

150 kg N/ha 

200 kg N/ha 

S t r l l d  popula t ion/p lo t ,  Days a f t e r  sowinp 
6 0 7 5 9 0 a t  ha rves t  

Tab le  6. E f f e c t  of n i t rogen  on s t r i g a  popula t ion  (Guled, 1982)  
--- - -  

Treatments  
Striga coun t s /p lo t ,  Days a £  t e r  s w i n g  

5 0 60 70 90 a t  ha rves t  

Cont ro l  

100 kg N/ha 

200 kg N/ha 

300 kg N/ha 



F i g .  1 .  Screening o f  c r o p s  for  , ' , ? I . ' % ,  :. 



CONTROL OF STRIGA BY CHEMICALS 

M.M.  Hosmani  * 

V a r i o u s  c h e m i c a l  t r e a t m e n t s  h a v e  b e e n  d e v e l o p e d  a n d  u s e d  t o  

e l i m i n a t e  m a n u a l  w e e d i n g .  S i n c e  t h e  p a r a s l t e  e m e r g e s  clo:se t o  t h e  

base of t h e  h o s t ,  m e c h a n i c a l  h o e i n g  w i l l  l e a v e  number of t.hem u n t o u c h e d .  

M o r e o v e r  e m e r g e n c e  o f  S t r l a a  u s u a l l y  t a k e s  p l a c e  a b o u t  2 to 3 m o n t h s  

a f t e r  s o w i n g  o f  t h e  c r o p  by t h a t  t l r n c '  g e n e r a  1 hand  w c r . . i l r ~ .  O I J C I . I ~  i o n s  

h a v e  b e e n  c o m p l e t e d .  T h u s  .i'tri:l. c o n t r o l  hLl..; t o  i3c .~t.tcntii . tf  t o  

s e p a r a t e l y .  

A number of c h c n i i c a l s  h'3vc h e c n  u s e d  t o r  c o n t r o l  r ) t  thls 

parasitic weed a s  p r e - p l d n t  sol1 ~ n c - o r ~ j o r  i t ~ o n ,  1,rc-elilc.rqc.ncc sF . ra )  

a n d  p o s t - e m e r g e n c e  s p r a y .  R e c e n t l y  s t ~ m u l a n t s  2nd - , y s t e m ~ (  h e r t ~ i c ~ d e s  

h a v e  b e e n  s u c c e s s t u l l y  u s e d .  11 h r  i e l  r e v 1  c a w  ,i!)out t l rc  1 1 ' ; ~  01  ct~c~mic.a lc  

i s  described. 

P r e - p l a n t  a p p l i c a t i o n .  P r e - t ~ L . ~ n t  ..oi , ~ n c c ~ r i ) o r a t i o n  of I?c.n,~c ( 2 ,  3 ,  t, .. ----- 

t r i c h l o r o p h e n y l  a c e t i c  a c l r i ,  L i t  . : : ~ , / , ~ c r e  t r j l  I o w c t l  b,.; 2 ,  4 - 1 1  .I.; , I  

p o s t - e m e r g e n c e  t r e a t m e n t  cor-itrr3l lccl . t ? :  (1, .  P f t clc:! ~ v c - 1  ,I. I , ' ~ n < i ( -  

c o n t r o l l e d  a 1 1  o t h e r  weedy (;TCIST;C:; l n  c o r n .  f U o w 1 i . r  c t  c ~ l .  - -  1 9 6 3 ) .  

T r i f l u r a l i n  ( a ,  a ,  a - t r l f l u o r o  2 ,  f l - r i r  l n l t  r(-I-N, N-'-1 ~r)ro[!:/i - 1 ' - t o l u l d l n e )  

a t  1 -2  kg/ha a n d  m e t h y l  b rorn idr  650  I t , / ; l c rc  r::; r 3 r r A - : ~ l a n t  . ~ ! l r l l l c : a t l o n  

c o n t r o l l e d  a l l  a n n u a l  w e e d s  <anct .;trir:,, vet- ,.( r , t  1 c c t  :vc:l;.. ! l , . . ~ n ~ i s t o n  

a n d  E p l e e ,  1974  ) . 

P r e - e m e r g e n c e  t r e a t m e q t  . P ~ P - s o w l n q  harr1r.n i nc; ~f sr7rrihurn sceris w i t h  

v a n i l l i c  a c i d ,  c a f  f e c i c  ac i t i  and  f e r u l  i c  i ~ c , l r l  ; t t  2'1 ;)prr~ r r , l u c r ( i  t h e  

i n c i d e n c e  o f  S. a s i a t i c a  ( B h a r a t z h , ~ L , ~ K s t ~ , m i  Lrnrl , Jsyach;rncjr ;~,  10HO I .  
C o n t r o v e r s i a l  r e p o r t s  r e c j a r d i n q  c i ~ n t r r ~ l  r ~ f  - ' . l r . ' ( i , l  !,:4 , ~ t r ; ~ ~ i n c , ,  a n d  

2,4-D have been r e p o r t e d .  ( ' i a d u r a - ) ~ ,  1 9 7 5 ,  B e b a w i  anri  i ' , ~ r a h ,  1981) 

a s  p r e e m e r g e n c e  s p r a y  l n  c e r e a l  crops. 

* A s s o c i a t e  P r o f e s s o r  of Agronomv, U n ~ v e r ~ l  t y  of / q r  l c u i  t o r n  1 
S c i e n c e s ,  Dharwad Campus 480 0 0 5 .  



P o s t  e m e r g e n c e  t r e a t m e n t .  R e p e a t e d  a p p l r c a  t  on ~f 2 ,4 - I3  o r  MCPk zornmen~ :riq 

f r o m  3 weeks  a f t e r  s o w l n g  o f  c r o p  b u t  b e f o r e  e m e r g e n c e  of S t r r g a  a n d  

a l s o  a f  te r  e m e r g e n c e  of S t r l g a  h a v e  s u c c e s s f u l l y  b e e n  u s e d .  B u t  t h e s e  

h e r b r c i d e s  w e r e  n o t  e f f e c t l v e  a g a i n s t  some g r a s s y  weeds  w h l c h  a c t  a s  

a l t e r n a t e  h o s t  f o r  S t r l g a .  A f t e r  1 9 6 9 ,  t a n k  mlxed  2,4-D a n d  p a r a q u a t  

a s  a  d l r e c t e d  p o s t e m e r g e n c e  s p r a y  a t  1 kg e a c h  p e r  h e c t a r e  h a v e  been  

e x t e n s i v e l y  u s e d  f o r  c o n t r o l  o f  Strl~3 l n  a l m o s t  a l l  t h e  c o u n t r r e s  w h e r e  

t h e r e  1s S t r l ' r d  p r o b l e m .  J o q l e k a r ,  -- e t  a 1  1 9 6 9 ,  Kurd t  k r r l ,  197L,  C ~ ~ l e e  

a n d  L a n g s t o n ,  1 9 7 0 ,  Y a d u r a l u ,  1 9 7 5 ,  P r a b h a k a r  S e t t j  1 9 8 0 1  

Use of  Stimulants. A m a l o r  b r e a k  t h r o u g h  t o  e r a d l c a t c  . ; tr l  :,, t n  U.A 

was j c h i e v e d  when e t h y l e n e  q a s  ( C  H ) was f o u n d  t o  be e f f e c t l v e  i n  
2 4 

s t l m u l a t l n q  q e r m l n a t l o n  of .' trlc~;i s e e d s .  R e c e n t l y  s t r  l q o l  a r l a l o q u e s  

h a v e  shown d pr r jmlse  e r a d l c a t l o n  o f  t h i s  weed.  E t h y l e n e  ( + a s  1s h e a v y  

a n d  p e n e t r a t e s  t h e  so i l  t o  a  d e p t h  o f  a m e t e r  b e l o w  and  a meter w l d e  

f rom t h e  p o l n t  o f  . j p p l l c ; l t l o n .  E t h y l e n e  qac, s t l r n u l 3 t e s  p r e - c o n d  t l o n e d  

itrl s e e d s  t o  q e r m l n a t e  w l t h o u t  h o s t  p l a n t s  w h l c h  I S  s u l v ~ d d l  

B e f o r e  e t h y l e n e  q d s  ~ n l e c t l o n  ';trl jd s e e d s  ; h o u l d  b~ rnolst a t  lf. 'ast 

f o r  t w o  weeks a n d  sol1 t e m p e r a t u r e  above 2Tj°C. These  p r e - c o n d l t l o n s  h<lve 

b e e n  o v e r  come by u s e  s t r l g o l  a n a l n q u e r  r e c e n t l y .  S t i l j o l  a n a l o u u e s  

GR 7 stimulates t h e  ;trl  rd s e e d s  e v p n  u n d e r  d r y  c o n d ~ t l o n s .  Both  

e t h y l e n e  q a s  dnci s t r l q o l  a n a l o q u e s  a r e  b e l n q  d s e d  a t  d b o u t  1 '(14 i'er 

h e c t a r e .  ( E q l e y  a n d  D a l e ,  1 9 7 0 ,  C h d n c e l l o r ,  1 9 7 1 ,  E p l e e ,  1 9 7 5 ,  Eplee 

a n d  L a n q s t o n ,  1 9 7 0 ,  P r a b h a k a r  S e t t y ,  1 9 8 0 ,  , J o h n s o n  e t  a 1  1 9 7 5 ,  1 9 6 1 ;  -- 
B a b i k e r ,  a n d  Hamdoun, 1 9 8 2 ) .  
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PROSPECTS OF BIOLOGICAL CONTROL OF STRIGA BY MYCOPARASITE:; 

V .  Ravrndra  Nath* 

The c o n c e p t  of s u c c e s s f u l  b i o l o g i c a l  c o n t r o l  of a weed 

u t i l i z i n g  f u n g i  and f u n g a l  d i s e a s e s  w i t h  p r o s p e c t s  of s u c c e s s f u l  and 

f a r  r e a c h i n g  b e n e f i t s  t o  a g r i c u l t u r a l  p r o d u c t i o n  i s  v e r y  r u d i m e n t a r y .  

Whi le  many f u n g a l  d i s e a s e s  o f  food c r o p s  have h y p e r p a r a s l t e s  : ~ f f e c t l n q  

t h e  p a t h o g e n i c  f u n q i  s u c h  a s  Dar luca  f i l u m  ( A . V .  Bern .  cx F'r. ) C a s t .  -- - 
on many r u s t s  o f  food  and o t h e r  c r o p s ,  C e r c o s p o r a  l e a f  :;pot d ~ s e , i s c l  

of q r o u n d n u t ;  T u b e r c u l l n a  c o s t a r l c a n a  S y d .  on r u s t  pus tu1c .s  of 

y r o u n d n u t  r u s t  e tc .  t h e  i n d i c a t i o n s  of s u c h  p o s s i b i l i t i e s  a r c  l u s t  

h i n t e d  b u t  neve r  t a k e n  ser l o u s l y .  

The phanerogamic  p a r a s l t e  .i 'trlr~,~ h a s  been a n  I n c o n s p l c u o u s  

h o s t  f o r  s t u d y  by mycologists and p a t h o l o q l s t s  p e r h a p s  1~ecausf*  of ~ t s  

r e s t r i c t e d  d l s t r l b u t l o n  e s p e c l a l l v  i n  I n d l a  '3nd more so s l n c p  ~t 1s 

d e p e n d e n t  on c e r t a l n  h o s t  p l a n t s  f o r  s u r v i v d l  . 'I'he p l a n t  i t sc l l  h d s  

a  poor  s t a t u r e  e x c e p t  a s  a r o o t  p a r a s l t e  on Sorqhum, l t . ~ l l d r ~  m ~ l l e t ,  

m a i z e ,  a r h a r  , t o b a c c o ,  sweet p o t a t o  ,ind Do1 l c h o s  c tc . .  

The i m p o r t a n c e  o f  S t r l q a  a s  a n  economlc dange r  h a s  been r c h a l i ~ e d  

o n l y  now s i n c e  l a t e  seventies s ~ n c e  a l l  hlcjh y l e l d l n q  c u l t ~ v a r s  of  

sorghum a r e  found h a r b o u r ~ n g  t h e  p a r a s l t e .  

When w e  s c a n  ou r  attention t o  t h e  s t u d i e s  of s ~ ~ l ~ , ~  conduc-ted 

w i t h  t axonomic  a s  w e l l  a s  symptomoloq lca l  a s p e c t  of  t h e  f u n g l  i n v o l v e d  

i t  is o b s e r v e d  t h a t  t h e r e  a r e  o n l y  e l e v e n  m y c o l o q i s t s  who have con- 

t r i b u t e d  t o  t h i s  f i e l d  and u p t o  1966 ~t c o n s i s t e d  of o n l y  funqa l  

r e p o r t s  on S t r i q a .  The f i r s t  s e r i o u s  e f f o r t  was made by  N a c ~ r a j  ! 1 9 6 6 ) ,  

N a g r a j  and Ponnappa (19701 from I n d l a ;  f i le i s ter  and Eplee (1971)  from 

N o r t h  C a r o l i n a  and Zummo ( 1 9 7 7 )  from West Afr i c a .  Al l  t h e s e  investigators 

r e p o r t e d  p a t h o g e n i c  f u n g i  o r  f ungl  which were f a c u l  t a t i v c  p a r a s i t e s .  I n  

a d d i t i o n  t h e r e  were t h r e e  o t h e r  f u n q i  where Koch 's  p o s t u l a t e s  were n o t  

s t u d i e d .  These  f u n g i  a r e  l i s t e d  i n  T a b l e  1 and 2 .  
- - 
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Scope  f o r  b i o l o g i c a l  c o n t r o l  

s p e c u l a t i o n  on  t h e  p o s s i b i l i t y  o f  b i o l o g i o a l  c o n t r o l  o f  

S t r i g a  s t a r t e d  o n l y  i n  1971 by M e i s t e r  and  E p l e e  f o l l o w e d  by Zumrno 

i n  1977 ,  e v e n  though  a c o u p l e  o f  w o r k e r s  s t u d i e d  t h e  d i s e a s e s  on  

S t r i g a  t o  a c o n s i d e r a b l e  d e p t h  f rom 1966 ( n a g r a j  1966;  N a g r a j  and  

Ponnappa 197 '0) .  Meister and  E p l e e  i s o l a t e d  f o u r  f u n g i  f rom d r y i n g  

a n d  d e a d  p l a n t s  of  - -  S. l u t e a  and  from t h e  s u r r o u n d i n g  soi l .  They 

were C u r v u l a r  i a  j e n i c u l a  t a ,  F u s a r  ium s o l a n i ,  P u s a r  ium roseurn, 
p- 

R h i z o c t o n i a  s o l a n i  and  S c l e r o t i u m  r o l f s i i  from Nor th  Carolina. I n  

a r t i f i c i a l  t e s t i n g  a g a i n s t  10-week o i d  S t r i y a  l u t e a  p l a n t s  a l l  t h e  -- 
f u n g i  e x c e p t  S c l e r o t i u m  r o l f s i i  were  p a t h o g e n i c  o n l y  i f  t h c  RH i n  t h e  

soil  was m a i n t a i n e d  beyond 9 0 %  f o r  more t h a n  4 d a y s  and t h e r e f o r e  

i t  a p p e a r e d  t h a t  t h e  f u n g i  m i g h t  l i m i t  t h e  .? t r iga  numbers .  Fusa r ium 

s o l a n i  k i l l e d  many s e e d s  a l s o .  T h i s  r a i s e s  d o u b t s  o f  p r a c t i c a l  

u t i l i t y  s i n c e  i t  would be  p r a c t i c a l l y  d i i f  i c u l t  t o  m a i n t a i n  s u c h  

h i g h  h u m i d i t y  i n  f a r m e r s '  f i e l d s  and i n  a d d i t i o n  Fusar ium soLani -- -- 
is a good s a p r o p h y t e  o n  sorghum a l s o .  I t  is i n t e r e s t i n g  t o  n o t e  

t h a t  i n  t h e i r  s t u d y  t h e  i s o l a t e  o f  S c l e r o t i u m  r o l f s l i  was h i g h l y  

p a t h o g e n i c .  A t  t h a t  time i t s e l f  M e i s t e r  and  E p l e e  ( 1 9 7 1 )  o p l n e d  

t h a t  t h e  wide h o s t  r a n g e  o f  - S .  r o l f s i i  a s  a  d i s e a s e  c a u s i n g  a q e n t  

o n  many h o s t s  would p r e c l u d e  any  e x t e n s i v e  u s e  o f  t h i s  f u n g u s  f o r  

b i o l o g i c a l  c o n t r o l  and on t h e  o t h e r  hand i t  c o u l d  be used to  

e r a d i c a t e  t h e  same w i t h i n  l i m i t e d  a r e a s  where  t h e  i m p o r t a n c e  of 

t h i s  f u n g u s  c o u l d  he t o l e r a t e d .  I n  I n d i a  s o  f a r  S c l e r o t i u m  r o l f s i i  -- 
is n o t  a s e r i o u s  p a t h o g e n  o n  sorghum e v e n  though  i t  is o b s e r v e d  t o  

c a u s e  s h e a t h  r o t  oE c u l t i v a r s  s u c h  a s  CSH-b and t h e r e  was c o n s i d e r a b l e  

l o s s  of p l a n t s  i n  t h e  d e l t a  r e g i o n s  of  Andhra P r a d e s h  ( R a v i n d r a n a t h  

and B a l a s u b r a m a n i a n ,  u n p u b l i s h e d  1 9 7 9 ) .  Sorqhum is s u s c e p t i b l e  

t o  t h i s  f u n g u s  i n  v a r i o u s  o t h e r  p a r t s  of t h e  wor ld  a l s o .  S i n c e  b o t h  

S. r o l f s i i  a n d  F u s a r i u m  roseum a r e  conunon soi l  d w e l l e r s  a n d  s i n c e  - 
t h e y  c a n  be  a  t h r e a t  t o  sorghum i t s e l f  s u c h  s i t u a t i o n s  of e n c o u r a g i n g  

t h e i r  s p r e a d  c o u l d  be r i s k y  under  i n t e n s i v e  c u l t i v a t i o n  methods .  



Another i n t e r e s t i n g  p o s s i b i l i t y  was e x p r e s s e d  by Me l s t e r  

and Ep lee  (1971)  r e g a r d i n g  Rh izoc ton ia  s o l a n i  caus iny  d e a t h  of 

S t r i g a  l u t e a  I n  t h e  p r e s e n c e  of h igh  humid i ty .  The same fungus was 

e a r l i e r  r e p o r t e d  on S t r  i ga  a s i a t i c a  by King (1966) . Subsequent  

i n v e s t i g a t i o n s  have i n d i c a t e d  t h a t  Rh izoc ton ia  s o l a n i  caused  a -- 
s e v e r e  s t a l k  r o t  d i s e a s e  i n  I n d i a  and many v a r i e t i e s  have been 

found s u s c e p t i b l e  i n c l u d i n g  168 ( l o o % ) ,  CS 3541 ( 4 8 0 ) ,  3 0 2  ( 2 5 % ) ,  

604 ( 1 5 % )  (Raghavendra Rao and Pavqi  1 9 7 5 ) .  I t  i s  r ~ p o r t c d  jxithn- 

g e n i c  from many o t h e r  p a r t s  of t h e  world (Leukc l ,  13')1, ~ . ! I I c J ~ - J I - . I ~  d n ~ i  

Gibe 1958, T a r r  1 9 6 2 ) .  

From West A f r i c a  Zummo (1977)  s p o t t e d  3 funcjl,  211  pa thcycn lc  

t o  S t r  i g a  hermonth lca  and whose p o t e n t  131 a s  a q e n t s  to  c o n t r o l  !;t rlir 

seemed n i l  o r  a b s c u r e  s l n c e  from t h e  same , I K C ~  h e  canic scrnss J 

s t r a i n  of gram - ve bacterium whlch was a n t s q o n r s t l c  t o  a 1 1  t h e  t h r e e  

i s o l a t e s  of fungr  and commonly a s s o c i a t e d  wl th  them. Therc  1s n o  

i n f o r m a t i o n  a t  p r e s e n t  whether t h o s e  funq I a r c  pa thoqenlc. tn so !  (]hum 

o r  n o t .  

An e a r n e s t  a t t e m p t  was made l n  I n d i a  rn 1966 when PL 4H0 

p r o l e c t  f o r  "Survey of n a t u r a l  enemles  of wltch-weed and water 

h y a c i n t h  and o t h e r  a q u a t r c  weeds a f f e c t  ~ n q  waterways i n  I n d l , ~ "  

f a c i l i t a t e d  s u r v e y  o f  n a t u r a l l y  o c c u r r i n g  pathogens of . ' . ~ t r i ~ ~ , j ,  t h e  

d i s e a s e s  t h e y  c a u s e  e t c .  ( N a q r a j ,  1 9 6 6 ) .  These s t u d i e s  indicated 

seven  f u n g i  o u t  of which s i x  were a lways  a s s o c i a t e d  wi th  v a r i o u s  

d i s e a s e s  of  S t r i g a  l u t e a  and S .  d e n s i f l o r a  i n  t h e  r e g i o n s  of -- - 
Karnataka  and G u j a r a t .  They were Cercospora  s p .  ( l e a f  s p o t ,  l e a f  

b l i g h t  and s tem i n f e c t i o n ) ,  Oidium s p .  ( d e f o l i a t i o n  and d e a t h  of 

p l a n t s ) ,  Phoma s p .  (Leaf s p o t s  and spots on s t e m ) ,  A l t e r n a r i a  - sp.  

( l e a f  s p o t )  ; Macrophorna s p .  (Leaf i n f e c t i o n ,  twig b l i q h t  iind d e a t h  

of p l a n t ) .  These  s p e c i e s  a r e  n o t  r e p o r t e d  harmful  t o  sorghum. 



I t  is o f  s p e c i a l  i n t e r e s t  t o  n o t e  t h a t  Macrophomina p h a s e o l i  

h a s  been  o b t a i n e d  a s  a  p a r a s i t e  o f  S t r i g a  f r o m  R a n i b e n n u r  r e g i o n  o f  

K a r n a t a k a  c a u s i n g  l e a f  s p o t  a n d  e x t e n s i v e  t w i g  b l i g h t  ( N a q r a j ,  1 9 6 6 ) .  

T h i s  is  t h e  same f u n g u s  wh ich  is t h e  c a u s a t i v e  a g e n t  o f  c h a r c o a l  ro t  

o f  so rghum,  a s e r i o u s  d i s e a s e  o f  t h e  l a t t e r .  T h i s  f u n g u s  is soi l  

b o r n e  a n d  t h e r e  is n o  p h y s i o l o g i c a l  specialization i n  i t  a n d  a t  

p r e s e n t  i t  seems t h a t  t h e r e  is n o  s c o p e  o f  u t i l i z i n g  t h i s  f u n g u s  

f o r  b i o l o g i c a l  c o n t r o l  w i t h o u t  a f f e c t i n g  or  h e l p i n g  t h e  s p r e a d  

o f  c h a r c o a l  r o t  o f  so rghum.  

R e c e n t l y  t w o  r u n g 1  L e p t o s p h a e r u l l n a  a u s t r a l 1 2  - and  = o s p h a e r l a  

e u s t o m a  have  b e e n  r e p o r t e d  o n  S t r ~ y d  f rom K e r a l a  ( I n d i a )  (Ponnappa -- 
1 9 7 5 ) .  The d e t a i l e d  i n f o r m a t i o n  o n  t h e i r  e f f e c t  on  . ' ; t r i[~~i  dnd  

sorghurn a r e  n o t  known. 

Need o f  f u r t h e r  work 

1 .  I n t e n s i v e  work t o  test  t h e  f u n g i  r e p o r t e d  a s  p a t h o y e n l c  
to  ; t r i g a  t o  u n d e r s t a n d  w h e t h e r  t h e y  a r e  h a r m f u l  t o  sorcjhunl. 

2 .  S u r v e y  and e x p l o r a t i o n  o l  new f u n g i  i n d i g e n o u s  o r  e x o t i c  
and  t h e i r  e f f e c t  o n  : ; t r~ i l , i  a n d  sorghum.  

Summa r  v 

From t h e  m e a g r e  work c a r r i e d  o u t  i n  I n d i a  a n d  e l s e w h e r e  i t  

is o b v i o u s  t h a t  a t t e n t i o n  t o  p a r a s i t e s  o f  .:'tri(~,l is  s t i l l  i n  i t s  

i n f a n c y .  A c o u p l e  o f  f u n g i  w h i c h  a r e  p a t h o g e n i c  t o  S t r i y a  i e . ,  

S c l e r o t i u m  r o l f s i l ,  K h i z o c t o n i a  s o l a n i ,  Macrophomina p h a s e o l i  

a r e  a l s o  p a t h o g e n i c  t o  so rghum and  h a v e  no  r e a l  c h a n c e  o f  b e i n g  

c o n s i d e r e d  f o r  L t r l y . 3  c o n t r o l .  F u r t h e r  t h e y  a r e  a b u n d a n t l y  a v a i l a b l e  

i n  I n d i a  a n d  a r e  o m n i v o r o u s .  Sonie f u n q i  w h i l e  b e i n g  h a r m l e s s  a t  

p r e s e n t  to so rghum a r c  l e t h a l  to  :;tri':ra b u t  o n l y  u n d e r  c o n d i t i o n s  

o f  h i g h  R3 o f  9 0 %  o r  more  f o r  3 c o n s i d e r a b l e  l e n g t h  of t i m e  i n  

sorghum f i e l d  wh ich  is r a t h e r  t o o  much t o  e x p e c t  i n  sorghum f i e l d s .  

The  work c a r r i e d  o u t  so f a r  d o e s  n o t  i n d i c a t e  t h a t  we a r e  r e ~ d y  

f o r  b i o l o g i c a l  c o n t r o l  u s i n g  n y c o p a r a s i t e s .  
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T a b l e  1 .  F u n g i  Whose P a t h o g e n i c i t y  was n o t  S t u d i e d  or which  d i d  n o t  

c a u s e  a n y  D i s e a s e  on  S t r i y a .  

S.No. F u n g i  

Damage/Sp-  
pos ium on  

Host t h e  h o s t  L o c a t i o n  R e f e r e n c e  

1 .  Py th ium 111 t ~ n ?  Trow. : ; t r  iqa  sp .  
Mu-- 

2 .  Phoma sp. --- S . a s i a t i c a  
.- --- 
( L . )  K u n t z e  

3. C e r c o s p o r a  sp.  -- -do- 

S .  A f r i c a  Wagu ( 1 9 4 0 )  

S o u t h e r n  S t a p l e s  (1958)  
R h o d e s i a  

4 .  M y r o t h e c ~ u i n  ror idurn  t;. d e n s ] -  On t w i g s  B a r d o l i  Nngra] & -- - p- 

Todc e x  F r .  f l o r s  ( I n d i a )  Ponnappa ( 1 9 7 0 )  

5 .  S p h a e r o t h e c a  f u l i g e n a  -do- 
S c h l e c h t  ex  F r .  

B a n g a l o r e  -do- 
( I n d i a )  

G. U r o h c n d c r s o n ~ , ~  S .  1 u t e a  Dead s t e m  -do- - -- -do- 
m y s o r c n s l s  NaqrJ] & L o u r  
Kendr i c k  

7 ,  L e p t o s p h a e r u l i n a  - S .  d e n s i f  l o r a  ? C h a l i  yam Ponnappa 
a u s t r a l i s  McAlpjnf  R e n t h  ( I n d i a )  ( 1 9 7 5 )  

8. Phaeos;>hai.r i a  c u s t o m  2.  lutes ? Bodhan -do- 
( F u c k c l l )  I , .  Holrri. L o u r  ( I n d i a )  







BIOLOGICAL CONTROL METHODS OF S T R I G A  SPP 

V.V.  T h o b b i *  & B.U. S i n g h  

1 .  C u r r e n t  s t a t u s  o n  t h e  a v a i l a b l e  b i o c o n t r o l  a g e n t s  to c h e c k  S t r i y a  

The p e r s i s t e n t  a b u n d a n c e  o f  S t r l y a  d u r i n g  t h e  p a s t  s e v e r a l  

y e a r s  h a s  i n c r e a s e d  e f f o r t s  to  a c h r e v e  a  more c o m p r e h e n s i v e  u n d e r -  

s t a n d i n g  o f  t h e  e c o l o g y  o f  S t r l g a  ~. so t h a t  e f f e c t i v e  m o n i t o r i n g  

and  c o n t r o l  s t r a t e g i e s  c a n  be d e v e l o p e d .  

Witchweed Spp .  ( S t r i g a  d e n s i f l o r a ,  S t r  i g a  a s i a t i c a ,  

and  S t r i g a  e u p h r a s i o i d e s )  a r e  common r o o t  p a r a s i t e s  o f  q r a m l n a -  

c e o u s  c r o p  i n  I n d i a .  The roots o f  S t r i g a  g e t  a t t a c h e d  to  t h e  r o o t  

o f  t h e  h o s t  sorghum t h r o u g h  h a u s t o r i a  a n d  p a r a s i t i z e  t h e  h o s t  

p l a n t  and  most o f  t h e  damage is  d o n e  to  t h e  c r o p  by t h e  time p a r a s i t e  

e m e r g e s  a b o v e  t h e  g r o u n d .  

2 .  Review o f  t h e  r e p o r t e d  N a t u r a l  e n e m i e s  and  damages  ( t y p e s  a n d  e x t e n t )  

c a u s e d  by them 

I n f o r m a t i o n  c o n c e r n i n g  t h e  way t h e  b i o l o g i c a l  c o n t r o l  a g e n t s  

a f f e c t  t h e  d e v e l o p m e n t  and  f u r t h e r  s p r e a d  of Striqa is  e s s e n t i a l  i f  

t h e s e  n a t u r a l  m o r t a l i t y  a g e n t s  a r e  to  become s i g n i f i c a n t  componen t s  

i n  a n  i n t e g r a t e d  p e s t  manacjement programme. The i n i t i a l  s t e p  of 

a t t a i n i n g  t h i s  o b j e c t i v e  is t o  c l a s s i f y  and d e f i n e  t h e  d i s t r i b u t i o n  

o f  B i o - C o n t r o l  a g e n t s  a s s o c i a t e d  w i t h  S t r i q a  ( T a b l e  1 ) .  

3 .  F u t u r e  p o s s i b i l i t i e s  o f  t h e  u s e  o f  b i o - c o n t r o l  m e a s u r e s  

a )  C l e a n  c u l t i v a t i o n ,  r e m o v a l  o f  S t r l g a  b e f o r e  i t  se ts  
s e e d  so a s  t o  a v o i d  f u r t h e r  s e e d i n g  and  c r o p  r o t a t i o n  
u s i n g  t r a p  c r o p s  wh ich  s t i m u l a t e  S t r i g a  s e e d  t o  
g e r m i n a t e  b u t  d o  n o t  p r o v i d e  a  h o s t  a r e  t h e  best 
a g r o n o m i c  m e a s u r e s .  

* S e n i o r  E n t o m o l o g i s t  & Head, IARI-Regional  S t a t i o n ,  R a j e n d r a n a g a r ,  
Hyderabad  500 030 (AP) .  



b)  ass-rearing and r e l e a s e s  of t he  weevil ,  Smicronyx 
a lbovar iega tus  Fa t . ,  which causes g a l l s  on roo t ,  stem 
and branches without a f f e c t i n g  t h e  reproduct ive 
p o t e n t i a l  of t he  hos t  p l an t  of sorghum. 

c E f f o r t s  should be made t o  mass-produce and inundat ions 
of indigenous noctuid l a rvae  o f -  Eulocastra  a rgen t i spa r sa  
Hmps., which  feed on t h e  r ipening  seeds  i n  f r u i t i n g  pods 
of - . S t . r r ~  p l a n t .  

d )  A thorough study on the  a v a i l a b l e  n a t u r a l  enemies is requi red  
before promising spec i e s  l i k e  e x o t i c  agrunyzid stem and 
roo t  miner, Ophicanya s t r i g a l i s  Spencer could be introduced 
i n t o  India from East  Africa.  

Table I .  Natura l  enemies a s soc i a t ed  with Striga. 

S.No. S c i e n t i f i c  Name Nature of damage 

COLEOPTERA 

1 .  Smicronyx a lbovar iega tus  Larvae make g a l l s  
Fs t .  on r o o t s ,  stems and 

seed pods 

2. Eurytoma spp. 

HYMENOPTERA 

Adults make g a l l s  
on stem 

DIPTERA 

3. Ophiomya r t r i g a l i s  Spencer Larvae mine the  
leaves  and stems of 
S t r i g a  

4 ,  Chyliza sp. 

5. Pachylophus proximus 

6. M r m y z a  capens is  

7 .  Atherigona spp. 

LEP IDOPTERA 

8. Diacr i r i a  investigatorurn Larvae e a t  l r r v e s  
and f lowers 

9. Ertiqmrns unipunctata  Larvae e a t  loaves 
and f lowers 

Country 
Reported 

India ,  East  Afr ica ,  
Niger ia ,  Uganda 

Kenya 

Kenya 

Africa 

Tanzania 



Table 1 . (contd. . ) 
Country 

S.Ro. Scientific Name Nature' of damage Reported , 
LEPIDOPTERA (contd. . ) 

10. Spodoptera litteralis Larvae eat leaves India 6 
and flowers Tanzania 

11. Spodoptera exigua -do- 

12. Heliothis armigera Hub. -do- 

Af r ica 

India 6 
Tanzania 

13. Eulocastra argentisparsa Hmps. Larvae devour India (AP 6 
seed Kar na ta ka ) 

14. Gunonia orithya 

15. 'Lobesia aeolopa 

16. Platyptilia spp. 

17. Syngamia abruptalis 

18. Antestia cincticollis 

19. Veterna patula 

20. Poophilus castalis 

Defoliate S t r i g a  India 
plant 

Defoliate S t r i g a  East Africa & 

plant Uganda 

Defoliate S t r i g a  India, Tanzania, 
plant & Uganda 

Defoliate S t r i q a  Uganda & 

plant Tanzania 

Suck plant sap Uganda 

Suck plant sap Uganda 

Suck plant sap Uganda 
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1 
.5TR2 ;.' - AN EXPERIENCE IN THE FARMERS' FIELDS 

N . K .  S a n g h l  a n d  T.  V l s h n u  M u r t h y  
2 

SUMMARY 

H y b r l d  s o r g h u m  t e c h n o l o g y  1s t h e  most s l q n i f l c a n t  contribution 

f o r  l m p r o v l n g  t h e  p r o d u c t l v ~ t y  o f  d r y l a n d s  l n  I n d l a .  The p r o b l e m  o f  

S t r l g d  h a s ,  h o w e v e r ,  u p s e t  t h e  f a r m e r s  a s  w e l l  a s  scientists, p a r t i c u l a r l y  

to  t h o s e  who a r e  associated w l t h  sorqhum proqr'3mme i n  re t i  so l l s .  T h e r e  

1s a n  u r q e n t  n e e d ,  t h e r c f o r e ,  t o  r 7 1 v ~  h i y h  priority f o r  c a r r y l n q  o u t  

r e s e a r c h  o n  S t r ~ i 7 1  c o n t r o l .  U n t l l  resistant q e n o t y p e s  a r e  e v o l v e d ,  dn  

l n t e q r a  t e d  a p p r o a c h  t o  tk,e p r o b l c m  1s e s s c n t  i , t l .  The  f o l l o w l n ~ ~  a s p e c t s  

a p p e a r  p r o m i s i n g  f o r  maria,; ~ r q  trl . , on  sorghum Ln t h e  r e d  sol ls  o f  

H y d e r a b a d  r e q l o n .  

P r e v e n t l n q  s e e d  m u l t i p l   cat Ion  of s t r i q c 3  d u r l n c l  f ~ r s t  y e a r  
o f  h y b r i d  Drogramme: 

- t h r o u q h  a  c o m b l n a t l o n  o f  hand weedlnq  rind p o s t  h a r v e s t  
t i l l a c ~ e  i n  s i t u a t i o n s  w h e r e  l a b o u r  dntl d r a f t  a v ; l i l ; ~ b i l  i t y  
1s n o t  a m a j o r  c o n s t r a i n t ,  

- t h r o u g h  l n s t l t u t l o n a l  s u p p o r t / c u s t o m  h l r i n q  t o r  u s c  o! 
h e r b l c l d e s  l i k e  2 , 4 - D .  

A d o p t i o n  o f  i m p r o v e d  i n t e r c r o p p i n q  s y s t e m ,  w i t h  2:l row 
p r o p o r t i o n  o f  s o r g h u m  a n d  r e d g r a m ,  t o  a c h i e v e  b e t t e r  com- 
p e n s a t i o n  o f  y i e l d  i n  c a s e  w h e r e  sorqhum f a i 1 . s  d u e  t o  . S t r l y . i  

111. A d o p t i o n  o f  a l t e r n a t e  c r o p  o f  p e a r l  m l l l e t  I n s t e a d  o f  sorqhum 
I n  S t r l - :  I -s l c k  p l o t s .  

INTRODUCTION 

I t  is w e l l  r e c o g n i z e d  t h a t  . ; t r l j a  h a s  f l a r e d  up I n  t h e  E a r n i e r s '  

f i e l d s  a f t e r  t h e  i n t r o d u c t i o n  o f  h y b r i d s  o f  s o r g h u m .  However ,  t h e r e  

h a s  b e e n  a q e n e r a l  d i f f i c u l t y  i n  ( q u a n t i f y i n g  t h e  s e v e r i t y  o f  t h e  

p r o b l e m  a n d  m a g n i t u d e  o f  t h e  l o s s e s  c a u s e d  b y  t h i s  p a r a s i t i c  weed.  

1 P a p e r  p r e s e n t e d  i n  t h e  w o r k i n g  g r o u p  m e e t i n g  o n  S t r i g a ,  j o i n t l y  
o r g a n i z e d  b y  A I C S I P  a n d  ICRISAT d u r i n g  S e p t e m b e r  - 3 0 t h  t o  
O c t o b e r  - l s t ,  1 9 8 2 .  

2 O p e r a t i o n a l  R e s e a r c h  P r o j e c t ,  AiCRPDA, H y d e r a b a d .  



This is due to the fact that the incidence of St-ri-qa varies, in an 

unpredictable manner, from field to field and also from year to 

year within the same field. 

Low incidence during early years 

It has been a common experience that Striqa incidence occurs . - 

in patches, and is usually low during initial years of the hybrid 

programme. A detailed survey was conducted during 1982 about S t r i q z  

infestation in 61 fields of Mankhal village, Ranga Reddy district. 

All these fields were planted with hybrid sorghum and were having 

shallow red soils. Fifty one of the fields were almost free from 

S t r i g < $  (few S t r l g a  plants were seen in some of these fields). Out 
- 

of the remaining 10 fields, only five were found to be severely 

infested with S t r i g a  ( i . e .  an average of about 15-20 per cent of the 

area was affected in these fields). 

Multiplication of S t r i q a  problem 

The long term experience at Manimuthyalamma Kunta (another red 

soil village in Ranga Reddy district) has been very revealing. In 

this village, improved genotypes of sorghum were introduced during 

1976. There was a gradual increase in area under hybrid sorghum 

upto 1979. Afterwards, a sharp decline in the adoption occurred 

and at present, not even a single farmer is interested in adopting 

hybrid sorghum at his own cost. 

In a micro-watershed, of about 10 ha, (which has continuously 

been used for trials-cum-demonstrations in Manimuthyalamma Kunta), 

the problem of Striga was negligible during 1976. An average of 

25-30 ¶/ha grain yield was obtained upto 1979 by the five participants 

of the above watershed. However, over the period of 6 years (which 

includes only three crops of hybrid sorghum in rotation with castor) 



the entire watershed has now become almost like a Strlga-sick block*. 

In the hybrid plots during this year, even cost of inputs may not be 

recovered. 

Attempts to control Striga. 

During the last three years, attempts were made to study the 

farmers' reaction to Striqa problem and to identify simple management 

approaches for minimizing the above problem. 

i. Preventing multiplication of Striqa seed: It was recognized that 

one of the promising approaches to deal with Striqa could be to 

prevent the seed multiplication during initial years (when the 

prob1em.i~ insignificant and can be managed easily). The farmers of 

different villages reacted very differently to this approach. 

In manimuthylamma Kunta village, (which is located nearer to 

Hyderabad city, and i s  having higher percentage of irrigation), farmers 

did not continue their interest in sorghum technology inspite of 

intensive efforts by the ORP scientists. The approach of hand 

weeding of Striyal for preventing the seed multiplication did not 

attract their attention and they preferred to concentrate their 

efforts in alternate activities like wet land paddy, milch production etc. 

A different kind of experience was gained in Harshiguda 

village which is located away from the town and is having less area 

under irrigation. The farmers' response to sorghum technology is 

gradually increasing over the last three years. By now, 100 out of 

110 farmers have already adopted the use of hybrid sorghum and 

fertilizer at their own cost (with a total of Rs. 30,000 from the 

rural bank). The problem of Striqa is also under tolerable limits due 

to intensive weeding (which is possible to follow by these farmers 

due to sufficient labour for dryland activities). 

* A distinction must be made between the management level at research 
station and in the farmers' fields. S t r i g a  multiplies at a much 
faster rate in the farmers' fields due to less intensive hand weeding. 



The above experience clearly brings out that in red soils of 

Hyderabad region, the existing sorghum technology, is suitable only 

for those villages/farmers where alternate opp~rtun~ties like wet 

land farming, milch production etc. are limited. For situations 

where such alternatives are available, the control of Striga, through 
- - 

hand weeding method, does not excite the farmers. Under such 

conditions, it may be worthwhile to explore whether institutional 

support could be provided for herbicide use against Striga. After all, 
- -. 

the cost involved towards spraying of 2,4-D is not high as only 1-2 

per cent of the total area under hybrid programme is required to be 

sprayed if the problem is tackled in the first year itself. 

ii. Improved intercropping system for better compensation: Intercropping 

of sorghum + redgram is a common feature in the farmers' fields. 

Traditionally, the intercrop of redgram crop is grown after every 

4-6 rows of sorghum. The improved system, in which redgram is 

put after every 2 rows of sorghum, provides not only overall high 

productivity, but also helps in better compensation of yield in 

situations where sorghum is affected due to unpredictable problem, 

like S t r i g a .  

Compensation through redgram intercrop in striga-sick plot, ORP, 
Hyderabad-1980 

*Grain yield q/ha 

Type of plot Sorghum + redgram 

Normal 29.7 + 2.2 

* Avg. of four fa~mers in each case 

iii. pearl millet instead of sorghum in Striya sick fields: It has 

been consistantly observed that BJ-104 pearl millet is completely resistant 

to the local species of S t r i y a  in the red soils of Hyderabad region. 



Comparison of sorghum and p e a r l  m i l l e t  i n  S t r i g a - s i c k  p l o t s ,  ORP, 
Hyderabad 

Crop Var ie ty  
Grain y i e l d  (q/ha)  Stri pa + 

1980 1981 count 
Avg . 

(No/sq. m )  

Sorghum CSH-5 
Loca 1 

P e a r l  m i l l e t  BJ-104 
- -- - - - . - - - - - - - 

Based upon t h e  observa t ion  dur ing 1980 

Under S t r j ~ a  f r e e  s i t u a t i o n s ,  however, t h e  sorghum CSH-5 gave 

on an average,  near ly  50 percent  higher y i e l d  a s  compared t o  l o c a l  

sorghum and about 25 percent  hlgher y i e l d  a s  compared t o  p e a r l  m i l l e t  

In  s t r l g a - s i c k  p l o t s ,  t h e r e f o r e ,  i t  is a d v i s a b l e  t o  e i t h e r  

swi tch  over t o  p e a r l  m i l l e t  ins tead  of sorghum or  in t roduce  i t  a s  an 

a d d i t i o n a l  c r o p  i n  t h e  e x i s t i n g  r o t a t i o n  of sorghum-castor. 

The farmers  of Nalgonda d i s t r i c t ,  have r e a d i l y  accepted the  

cho ice  of p e a r l  m i l l e t  a s  i t  is  one of t h e  e x i s t i n g  crops  i n  t h a t  

region.  However, g r e a t e r  e f f o r t s  a r e  requ i red ,  through proper 

educa t ion ,  be fore  t h i s  p r a c t i c e  would be accep tab le  t o  farmers in  

Ranga Reddy d i s t r i c t .  





STUDIES ON HERBICIDAL CONTROL OF STRIGA ' 

G . R .  Korwar* 

S t r l q a  menace I n  sorghum h a s  become s e r l o u s  I n  r e c e n t  y e a r s .  

I t  1s a w e l l  known f a c t  t h a t  h y b r l d  sorghums a r e  more s u s c e p t r b l e  

t o  S t r l g a  a n d  I n  some c a s e s  t h e  y l e l d  loss d u e  to  S t r l q a  1s t o t a l  

l n c l u d l n g  f o d d e r  y i e l d .  Once a f l e l d  is l n f e s t e d  w l t h  S t r l g a  ~t 

p e r s l s t s  o v e r  y e a r s  b e c a u s e  o f  t h e  l o n g  p e r l o d  of  v l a b l l l t y  of ~ t s  

s e e d s .  C u l t i v a r s  resistant to  S t r l g a  a r e  n o t  l l k e l y  t o  be available 

s o o n ,  hence  t h e r e  1s a need t o  work o u t  s u l t a b l e  agronomlc  p r a c t r c e s  

t o  c o n t r o l  t h e  problem ~ m m e d l a t e l y .  

P a s t  R e s e a r c h  on H e r b l c l d a l  C o n t r o l  

Pos t -emergence  a p p l l c a t l o n  of 2,4-D and p a r a q u a t  1s w l d e l y  

r e p o r t e d  I n  l i t e r a t u r e .  S l m l l a r l y  u r e a  s p r a y  and c o n t r o l  by  hand 

p u l l i n g  o f  S t r l g a  1s a l s o  r e p o r t e d .  But  In  a l l  t h e  above  c a s e s  t h e  

t r e a t m e n t  1s u s e f u l  essentially t o  p r e v e n t  t h e  s e e d  m u l t i p l l c a t l o n  

w l t h o u t  much y l e l d  a d v a n t a g e  to t h e  e x l s t l n q  sorghum c r o p  ( a s  d t r l g a  

c a u s e s  major  damage to  t h e  sorghum c r o p  w h l l e  ~t 1s u n d e r g r o u n d ) .  

P r e s e n t  Approach 

An experiment 1s i n  p r o g r e s s  s l n c e  1980 at Hayatnagar  Research  

Farm o f  D r y l a n d  A g r l c u l t u r e  R e s e a r c h  P r o l e c t ,  Hyderabad to  e v o l v e  3n 

e f f e c t i v e  method o f  s t r l g a  management. CSH-6 h y b r r d  sorghum was grown 

o n  a  S t r l g a - s i c k  r e d  s a n d y  loam s o i l  d u r l n g  k h a r l f  s e a s o n s  under  

D r y l a n d  c o n d i t i o n s .  

1 P a p e r  p r e s e n t e d  a t  t h e  Worklng Group Meet ing  on S t r l g a  t o  be h e l d  
a t  ICRISAT from September  30 to October  1, 1982 .  

V c i e n t i s t ,  S-1 (Agronomy), A l l  I n d i a  C o o r d i n a t e d  Research  P r o l e c t  
f o r  D r y l a n d  A g r l c u l t u r e ,  S a l d a b a d ,  Hyderabad 500 659. 



Among the various treatments tested, application of 2,4-D 

sodium salt @ 2 kg a. i ./ha 4 weeks after sowing of sorghum crop 

has reduced S t r i q a  emergence, resulting in increases in sorghum grain 

yields (Table 1 ) . 
Table I. Grain yield and S t r i g a  population as influenced by various 

treatments. 

Treatment No. 

1980-81 1981-82 

Grain No. of Grain No. of 
yield S t r i g a  yield S t r i g a  
a/ha plants/m2 q/ha plants/m2 

1. Control 

2. Hand pulling of Stri ya 

3. Ethephon @ 1Kg ai/ha 
presowing 

4. Atraxine @ lkg ai/ha 
4 weeks after sowinq 

5. 2,4-D @ 2kg ai/ha 
4 weeks after sowing 

6. 2.4-D @ 2kq ai/ha sDrav 
post -emer gence to Stri ga 

Urea (10%) spray post- 
emergence to S t r i  ya 

Ammonium sulfate (10%) 
spray post-emergence to 
S t r i  ga 

Common salt (10%) spray 
post-emergence to Stri ga 

C.D. at ( P = 0 . 0 5 )  

S t r i g a  count taken 2 weeks after post-emergence application of 
treatments to S t r i g a .  (Spraying was done with high volume sprayer 
fitted with floodjet type of nozzle and hood using 500 litres of 
spray mixture per hectare. Spraying was directed towards soil 
surface. The treatments of post-emergence sprays to S t r i g a  and 
hand pulling of S t r i g d  were applied at flowering stage of S t r i g a ) .  



It appears that the 2,4-D applied at the 4 week stage killed 

striga soon after its germination, while it was still underground 

and before it started damaging sorghum crop and thus reduced its 

emergence and increased sorghum yields. 

2,4-D applied post-emergence to Striga has helped In killing 

the emerged Striga plants and thus checking its seed multiplication. 

It has resulted in some yield increase, but not as much as in the 

earlier case. 

The other post-emergence treatments like urea, ammonium sulfate 

and common salt have helped to reduce the L t r i q a  population to some 

extent. The yield increase over control in 1980-81 seen in these 

treatments is probably to due to low infestation in these plots as this 

was not seen in the subsequent year. 

Practical Relevance 

The application of 2,4-D@ 2kg a.i./ha 4 weeks after sowing can 

be used in the Striga-sick fields where Striqa incidence is expected 

or in such cases where the Striga infestation for the first time is 

detected at initial stages (which is often possible, by noticing 

temporary wilting symptoms in sorghum plants even when the soil 

moisture is adequate and by observing srnall tiny S t r l f i a  on the 

roots of uprooted sorghum plant). The herbicide 2,4-D applled at 

this stage would also control other weeds and thus save the money 

on second intercultivation and hand weeding. 

The treatment of 2,4-D post-emergence spray to S t r i y a  can be 

used in such fields, where its infestation could not be detected 

early and is known only after its emergence. This would help in 

preventing further seed multiplication in Striga 

The practices like urea spray and hand-pulling of striga can 

be used in such cases where the herbicide is not available or the 

infestation is sporadic. In these practices repeated treatments 

are required as regeneration was noticed after some period of time. 



Experience with Phenolic Acids under Field Conditions 

Based on the laboratory studies at Banga1ore.a field experiment 

is under progress at the Hayatnagar Research Farm on pre-sowing seed 

hardening of sorghum with 25 ppm caffeic, ferulic and vanillic acids 

in combination with supplemental spray of these phenolic acids one 

month after sowing. Under field conditions phenolic acids did not 

contribute to any yield advantage or reduction in Striya emergence. 

There is need to understand the reasons for variations in the perfor- 

mance of phenolic acids under laboratory and field conditions. 

Future Needs 

The herbicide 2,4-D can be used only in situations where pure 

cropping of sorghum is practiced. However, in majority of situations 

pigeonpea is grown as an intercrop with sorghum. There is need to 

identify suitable herbicide for intercropping system of sorghum and 

pigeonpea as 2,4-D is injurious to pulse crops. 



STRIGA - EXPERIENCE FROM FARMING SYSTEMS RESEARCH AT ICRISAT 1 

S . V . R .  S h e t t y  and M . M .  Sharma 2 

ICRISAT's Farming Systems Resea rch  i s  aimed a t  d e v e l o p i n g  and 

e v a l u a t i n g  a l t e r n a t e  and i m p r w e d  fqrming s y s t e m s  s u i t e d  t o  a g r o - c l i m a t i c  

and socio-economic  s i t u a t i o n s  o f  t h e  semi -a r id  t r o p i c s .  The f o c a l  c o n c e p t  

h a s  been on r e s o u r c e  management to  e x t e n d  c r o p p i n g  from t h e  o n s e t  o f  

monsoon to  a s  f a r  a s  p o s s i b l e  i n t o  p o s t - r a i n y  s e a s o n  so a s  t o  improve t h ~  

p r o d u c t i v i t y  o f  t h e  farming s y s t e m s  on an  ' yea r - round '  b a s l s .  By i n v e s t i -  

g a t i n g  a l l  f a c e t s  o f  r e s o u r c e  c o n s e r v a t i o n  and u t i l i s a t i o n  i t  h a s  been 

p o s s i b l e  t o  d e v e l o p  a few a l t e r n a t e  lmproved sys t ems  t h a t  a r e  b i o l o g i c a l l y  

f e a s i b l e  and e c o n o m i c a l l y  v i a b l e  i n  t h e  s e m i - a r i d  t r o p i c s .  A t  ICRISAT, 

s i n c e  1973 a l l  components o f  improved fdrminq sys t ems  a r e  be ing  t e s t e d  and 

i n t e g r a t e d  on a n  o p e r a t i o n a l  s c a l e  under t h e  wa te r shed  based management 

sys t em.  Though w e  d i d  n o t  have any  s p e c i f i c  f i e l d  t r i a l  on s ~ ~ ~ ' J I ~ ~  , w e  have  

been c l o s e l y  m o n i t o r i n g  s t r i g a  s i t u a t i o n  i n  a l l  t h e s e  o p e r a t i o n a l  s c a l e  

t r i a l s  on  t h e  w a t e r s h e d s  w i t h i n  ICRISAT. For t h e  p a s t  8 y e a r s ,  thouqh we 

have  o b s e r v e d  a  few S t r l y a  p a t c h e s  i n  some w a t e r s h e d s ,  w e  d i d  n o t  o b s e r v e  

a n y  s i g n i f i c a n t  number i n  any o f  t h e  w a t e r s h e d s .  F u r t h e r ,  t h e r e  was no 

c l e a r  t r e n d  o f  S t r i q a  i n c i d e n c e  o v e r  t h e s e  y e a r s .  However, when w e  

i n i t i a t e d  o u r  'on-farm'  r e s e a r c h  p h a s e  to e v a l u a t e  t h e  t echno logy  o p t i o n s  

i n v o l v i n g  improved s o i l ,  w a t e r  and c r o p  management t e c h n o l o g i ~ s  under r e a l -  

wor ld  s i t u a t i o n s ,  we e n c o u n t e r e d  s e v e r e  S t r ~ p j  i n f e s t a t i o n .  A b r l e f  a c c o u n t  

o f  o u r  e x p e r i e n c e  w i t h  .:tr: >a i n  two of our  'on-farm'  r e s e a r c h  s i t e s  i s  

p r e s e n t e d  below: 

The o b j e c t i v e s  o f  ou r  'on-farm'  r e s e a r c h  i n i t i a t e d  d u r i n g  1980 were :  

1 )  To tes t  t h e  pe r fo rmance  o f  new t e c h n o l o g i e s  on f a r m e r ' s  f i e l d s  
2 )  To e v a l u a t e  t h e  economic i m p l i c a t i o n s  o f  t h e s e  t e c h n o l o g i e s ,  and 
3 )  To i n v o l v e  f a r m e r s  i n  t h e  t echno logy  development  

A n o t e  p r e p a r e d  f o r  AICSIP/ICRISAT working g r o u p  mee t ing  o n  Jtrig, 
R e s e a r c h ,  ICRISAT, September 30 - October  1 ,  1982. 

Farming Systems Resea rch  Program, ICRISAT, Pa tanche ru  P.O., 502 324,  
I n d i a .  
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Smal l  w a t e r s h e d s  i n v o l v i n g  a number o f  f a r m e r s  were deve loped  on 

which t h e  improved f a rming  s y s t e m s  t e c h n o l o g i e s  were t e s t e d  i n  t h e s e  

v i l l a g e s .  A s  was e x p e c t e d  w e  e n c o u n t e r e d  r a t h e r  d i f f e r e n t  and newer 

problems i n  t h e  'on-farm' s i t u a t i o n .  With r e g a r d  t o ' w e e d s ,  w e  found 

d i f f e r e n t  weed c o m p o s i t i o n  and i n c r e a s e d  i n f e s t a t i o n  l e v e l s .  

I n  A u r e p a l l i  ( n e a r  Mahabubnagar, A.P.) which r e p r e s e n t e d  s h a l l o w  

to  medium A l f i s o l s  w i t h  a v e r a g e  r a i n f a l l  o f  650 mrn, t h e  improved t echno logy  

ha rboured  h i g h e r  weed i n f e s t a t i o n  when compared to  t r a d i t i o n a l  sys t ems .  

Cynodon d a c t y l o n ,  Cyperus  r o t u n d u s ,  and C e l o s i a  a r g e n t e a  were t h e  major  

weeds. A f t e r  f i r s t  hand weeding and i n t e r c u l t u r e  (25  d a y s  a f t e r  c r o p  

emergence)  d u r i n g  1980 a few p l o t s  o f  sorghum were s e v e r e l y  i n f e s t e d  w i t h  

S t r i q a .  Two hand weedings  t o  c o n t r o l  S t r i q a  were n o t  e f f e c t i v e .  C l i p p i n g  

S t r i q a  a t  t h e  s o i l  s u r f a c e  r e s u l t e d  i n  s p r o u t i n g  o f  new p l a n t s  w i t h i n  a 

week. The i n f e s t a t i o n  was n o t  i n  p a t c h e s  b u t  a l o n g  t h e  sorghum l i n e s  on  

t h e  broadbeds .  Sorghum growth was s t u n t e d  and t h e  e f f e c t e d  c r o p  looked 

p a l e  g r e e n  t o  y e l l o w i s h .  The a v e r a g e  sorghum y i e l d s  o f  CSH-6 i n  t h e  

f i e l d s  w i t h  J ' t r i y a  i n f e s t a t i o n  was a b o u t  10.5 q / h a  w h i l e  t h o s e  w i t h o u t  

S t r i y a  produced a b o u t  16.5 q / h a  ( F i g . 1 ) .  I n  a nea rby  f i e l d  where CSH-5 

was grown, t h e  c r o p s  f a i l e d  t o  p roduce  a n y  g r a i n  due  to heavy S t r l q a  

i n f e s t a t i o n  w h i l e  t h e  f i e l d  w i t h o u t  S t r i y a  produced a b o u t  30 q/ha ( a c c o r d i n g  

t o  f a r m e r ) .  I t  was i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e  lower  p a r t  o f  t h e  

wa te r shed  where p e a r l  m i l l e t  was grown t h e r e  was no S t r i y a  i n  t h e  p e a r l  

m i l l e t .  I n  a n o t h e r  'on-farm' r e s e a r c h  l o c a t i o n ,  T a d d a n p a l l i  ( n e a r  Sanga 

Reddy, A.P.) which a l t h o u g h  h a s  q u i t e  a d i f f e r e n t  a g r o - c l i m a t i c  s i t u a t i o n s ,  

t h e  e x p e r i e n c e  was s i m i l a r .  T a d d a n p a l l i  h a s  deep  v e r t i s o l s  w i t h  t r a d i t i o n a l  

k h a r i f  f a l l o w i n g ,  fo l lowed  by r a b i  sorghum c r o p p i n g .  During t h e  r a i n y  

s e a s o n  o f  1981 sorghum and maize  were p l a n t e d  x i t h  improved sys t em o f  

farming.  Both t h e  c r o p s  were  s e v e r e l y  i n f e s t e d  by S t r i g a .  The i r . t e s t a t i o n  

v a r i e d  i n  i t s  s e v e r i t y  from n e g l i g i b l e  t o  heavy i n  d i f f e r e n t  p l o t s  ~f t h e  

wa te r shed .  Farmers  i n d i c a t e d  t h a t  t h e y  were aware  o f  S t r i y a  b u t  t ? . e i r  l o c a l  

c u l t i v a r s ,  grown m a i n l y  i n  r a b i ,  were  m o d e r a t e l y  t o l e r a n t  t o  S t r i g , ,  



Two s p e c i e s ,  2. a s i a t i c a  and 2. d e n s i f l o r a  were n o t i c e d  abundan t ly  

i n  t h e  wa te r shed  (Vasudeva Rao, P e r s o n a l  c m u n i c a t i o n ) .  Sorghum was 

i n f e s t e d  ma in ly  by 2. a s i a t i c a  w h i l e  maize w i t h  mixed p o p u l a t i o n  o f  both 

t h e  s p e c i e s .  I n  t h e  p o s t r a i n y  s e a s o n  sorghum 2. d e n s i f l o r a  was more canmon 

t h a n  2.' a s i a t i c a .  F i e l d s  were  s y s t e m a t i c a l l y  su rveyed  f o r  .Striq,j 

i n f e s t a t i o n  and y i e l d s  o f  e a c h  f i e l d  was r eco rded  s e p e r a t e l y .  Sorghum 

y i e l d s  were s e v e r e l y  a f f e c t e d  by S t r i g a  i n f e s t a t i o n  ( F i g . 1 ) .  Minimum i i e l d  

o f  13 .6  q / h a  was o b t a i n e d  i n  h e a v i l y  i n f e s t e d  p l o t s  where a s  i n  :jtrl f r e e  

plots t h e  y i e l d  was a b o u t  3 2  q/ha.  Maize a l s o  s u f f e r e d  some damage i n  

p a t c h e s ,  though n o t  a s  much a s  sorghum. 

H e r b i c i d e  a p p l i c a t i o n  i n  T a d d a n p a l l i  wa te r shed  was n o t  c o n s i d e r e d .  

However, i n  one  p l o t  d i r e c t e d  u r e a  s p r a y  was a t t e m p t e d  on sorghum. I t  

was obse rved  t h a t  h i g h e r  c o n c e r l t r a t i o n  ( 2 0 % )  o f  u r e a  c o u l d  c o n t r o l  abou t  

90% S t r i g a  p l a n t s  (F1q .  2 ) .  We a r e  c o n t i n u i n g  o u r  moni t o r i n g  f o r  : ; ' t r i y . ~  

i n f e s t a t i o n  d u r i n g  t h e  p r e s e n t  c ropp ing  s e a s o n  a l s o .  

C o n c l u s i o n s  

S t r i y a  h a s  o n l y  been o c c a s i o n a l l y  s e e n  t o  i n f e s t  sorghum a t  ICRISAT 

C e n t e r  w a t e r s h e d s  and h a s  neve r  a t t a i n e d  a s t a t u s  t o  be a  problem weed s o  

f a r .  However, when t h e  same farming sys t ems  t echno logy  was i n t r o d u c e d  t o  

'on-farm'  s i t u a t i o n  s e v e r e  i n f e s t a t i o n  l e v e l s  were obse rved  i n  bo th  A l f i s o l  

and V e r t i s o l  s i t u a t i o n s .  I t  1s e v i d e n t  t h a t  t h e s e  s o i l s  i n  t h e  f a r m e r s  f i e l d  

a l r e a d y  ha rbour  a  l a r g e  S t r i . ~ , 9  s e e d  r e s e r v e .  Because o f  less i n t e n s r v e  

c u l t i v a t i o n  and c o n t i n u o u s l y  growing of s i m i l a r  c r o p s  S t r ; , ~ ~ t  seemed t o  have  

b u i l t  u p  o v e r  t h e  y e a r s .  Secause  of p ro longed  dormancy, . i ; % r i y . ~  s e e d s  c o u l d  

remain  v i a b l e  when modera t e ly  t o l e r a n t  l o c a l  sorghums were p l a n t e d  d u r i n g  

t h e s e  y e a r s .  The i m t r o d u c t i o n  of h igh  y i e l d i n g  sorghum h y b r i d s  wi th , i r rp roved  

f a rming  sys t ems  t echno logy  p rov ided  a n  i d e a l  envi ronment  f o r  C t r i y a  t o  emerge 

i n  l a r g e  numbers. S u s c e p t i b l e  c u l t i v a r s ,  improved s o i l  management 

( p a r t i c u l a r l y  d r a i n a g e )  and c r o p  management (particularly weed f r e e  s i t u a t i o n  

seemed t o  have  f avoured  5 t r i q a  emergence i n  t h e  f a r m e r s '  f i e l d s .  



Future Agronomic research needs 

It has been increasingly felt that S t r i y a  is going to be a 

serious problem in the future. We now believe that any improved farming 

systems technology should be cmbined with improved S t r i g a  management 

techniques, if it is to succeed. All aspects of agronomic manipulation 

to prevent yield losses due to S t r i g a  need to be considered and 

incorporated. Following specific issues need further investigation. 

-1. Cultural practices 

a) Effects of primary and secondary tillage, depth of 
cultivation, minimum tillage, conventional strip 
tillage (as done on broadbeds) and deep tillage on 
the S t r i g a  emergence 

b) Effect of time of weeding on S t r i g a  emergence 

C )  Influence of farmyard manure and compost on the 
incidence of S t r i  ya 

d) Interaction between N levels and S t r i g a  emergence 

e) Influence of top dressing in the form of urea spray 
on the control of S t r i g a  and crop yields 

f) Effect of land management treatment (broadbeds) on 
striga emergence. 

2. Cropping systems/Trap and Catch crops 

a) Effect of various intercrop combinations on the 
incidence of S t r i q a  

b) Influence of "smother cropping" systems on the 
emergence of S t r i q a  

c) Crop rotations involving catch and trap crops and 
their productivity. 

3. Herbicides 

a) Role of pre-emergence herbicides which are parti- 
c111arl~ safer under intercrop situation in preventing 
Stri qa emergence 

b) Efficacy of post-emergence herbicides particularly as 
directed and spot application 

Agronomic research on S t r i q d  should aim at identification and 

quantification of the factors favouring S t r i g a  build up and factors which 



reduce S t r i g a  incidence. Both these approaches are useful in 

artificially creating sick fields for Striqa research as well 

as to develop control measures. Management techniques for both 

presently available but susceptible high yielding cultivars and 

new, Striga tolerant breeders' material need to be designed and 

evaluated in an organized way across different agro-climatic 

situations of the country to develop appropriate control measures. 

Such coordinated trials need inputs from both breeders and 

agronomists. ICRISAT Farming Systems Research Program is eager to 

participate in such coordinated agronomic trials. 
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INFESTATION LEVELS 

F ig .  1, E f f e c t  o f  S t r i q a  i n f e s t a t i o n  l e v e l s  on g r a i n  y i e l d  o f  Sorghum 
and mi ze a t  Aurepal 1  i (A1 f i  so ls ,  1980-81 ) and Taddanpall i 
( V e r t i s o l s ,  1981-82). 
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E f f e c t  o f  urea  spray on S t r i g a  con t ro l  and 
Sorghum y i  e l  ds . 





CONTROL OF STRIGA - RESULTS FROM PUNJABRAO KRISHI VIDYAPEETH, 

AKOLA , MAHARASHTRA, INDIA 

S.T. Khade '  

I n  V i d a r b h a  r e g i o n  o f  M a h a r a s h t r a  where  P u n j a b r a o  K r i s h i  

V i d y a p e e t h ,  Akola i s  l o c a t e d  more t h a n  50% a r e a  is under  sorghum 

h y b r i d s  a l l  o f  which  a r e  s u s c e p t i b l e  t o  S t r i g a  Heavy i n f e s t a t i o n  

o f  S t r i q a  c a n  r e s u l t  i n  c o m p l e t e  l o s s  o f  t h e  sorghum c r o p  i n  l i g h t e r  

t y p e  o f  soils. T h e r e f o r e ,  t h e  c o n t r o l  o f  S t r i y a  i n  sorqhum i s  v e r y  

e s s e n t i a l .  

S i n c e  1976-77 t o  1981-82 r e s e a r c h  on  c o n t r o l  o f  :;triq,j was 

c o n d u c t e d  a t  Akola  w i t h  t h e  f i n a n c i a l  a i d  o f  PL-480 o n  t h e  f o l l o w i n g  

a s p e c t s :  

I )  E v a l u a t i o n  o f  L t r i g a  r e s i s t a n t / t o l e r a n t  sorghum s t r a i n s ,  

11) Use o f  h e r b i c i d e s  and 

111) Management p r a c t i c e s .  

I. E v a l u a t i o n  o f  S t r i g a  R e s i s t a n t / T o l e r a n t  Sorghum S t r a i n s  

S e v e n  h u n d r e d  sorghum s t r a i n s  were  s c r e e n e d  f o r  r e s i s t a n c e / t o l e r a n c e  

to  S t r i g a  i n  t h e  f i e l d  a g a i n s t  t h e  s u s c e p t i b l e  c h e c k  CSH-I- From t h e  

d a t a  i t  i s  s e e n  t h a t  o n e  s t r a i n ,  BO-1, is immune, t w o  s t r a i n s  ( IS-5603  and 

15-5118)  a r e  r e s i s t a n t  a n d  s e v e n  s t r a i n s  ( IS-6942 ,  IS-5210,  N-13, IS-9985 ,  

15-4242 ,  IS-4202 and  SRN-4882B) a r e  t o l e r a n t  t o  S t r l g a  ( T a b l e  1 ) .  l iowever ,  

a l l  t h e s e  s t r a i n s  a r e  t a l l ,  l a t e  and  low g r a i n  y i e l d e r s  t h a n  t h e  susceptible 

c h e c k  CSH-I. T h e s e  r e s i s t a n t  s o u r c e s  a r e  b e i n g  u t i l i z e d  i n  b r e e d i n g  program 

a n d  t h e  m a t e r i a l  i s  u n d e r  e v a l u a t i o n .  

11. Use  o f  H e r b i c i d e s  

An e x p e r i m e n t  w i t h  d i f f e r e n t  h e r b i c i d e s  and  u r e a  was t r i e d  f o r  t h e  

c o n t r o l  o f  S t r i g a  on  CSH-5- From t h e  d a t a  i t  i s  c l e a r  t h a t  p o s t  e m e r g e n c e  

' sorghum B r e e d e r  ( ~ t t i g a ) ,  P u n j a b r a o  K r i s h i  V i d y a p e e t h ,  Akola ,  M a h a r a s h t r a ,  
I n d i a .  
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s p r a y s  o f  t h e s e  c h e m i c a l s  on  S t r i g a  p l a n t s  c o n t r o l l e d  S t r i g a  ( T a b l e  2 ) .  

S e c o n d l y ,  two a p p l i c a t i o n s  a r e  more e f f e c t i v e  t h a n  one  a p p l i c a t i o n .  

However, two a p p l i c a t i o n s  o f  h e r b i c i d e s  l i k e  Gramoxohe, Fernoxone and 

2,4-D ( e t h y l  e s t e r ) ,  a r e  more e f f e c t i v e  t h a n  u r e a  20% s o l u t i o n .  T h e r e  

i s  n e g l i g i b l e  i n c r e a s e  i n  g r a i n  y i e l d  though  t h e  S t r i g a  i s  c o n t r o l l e d  

by u s e  o f  d i f f e r e n t  h e r b i c i d e s  and u r e a .  

I n  a n o t h e r  e x p e r i m e n t  t h e  h e r b i c i d e  T r e f l a n  was t r i e d  f o r  t h e  

c o n t r o l  o f  Striga i n  t h e  h y b r i d  CSH-1. From t h e  d a t a  i t  i s  c l e a r  t h a t  

pre-emergence  a p p l i c a t i o n  o f  T r e f l a n  c o n t r o l s  Striga v e r y  e f f e c t i v e l y  

( T a b l e  3 ) .  However, T r e f l a n  i s  h a r m f u l  t o  sorghum s e e d  a s  i t  r e s u l t s  

i n  poor  g e r m i n a t i o n .  

111. Management P r a c t i c e s  

The e f f e c t  o f  d i f f e r e n t  i n t e r c r o p s  i n  CSH -1 was s t u d i e d  f o r  

t h e  c o n t r o l  of S t r i y d .  From t h e  d a t a  i t  is c l e a r  t h a t  t h e  i n t e r c r o p s  

l i k e  g r o u n d n u t ,  g r e e n  gram,  b l a c k  gram,  c o t t o n  and  c o r i a n d e r  c o n t r o l l e d  

t h e  S t r i g a  ( T a b l e  4 ) .  But  t h e  i n t e r c r o p s  l i k e  g r o u n d n u t  and g r e e n  gram 

c o n t r o l l e d  t h e  S t r i y a  more e f f e c t i v e l y  t h a n  o t h e r s .  The mone ta ry  r e t u r n s  

p e r  h e c t a r e  is  v e r y  h i g h  from t h e s e  i n t e r c r o p s  t h a n  t h e  sole c r o p  o f  

sorghum. 

I n  a d d i t i o n  t o  t h e  above  r e s e a r c h  some f i l l e r  t r i a l s  were c o n d u c t e d  

f o r  t h e  c o n t r o l  o f  S t r i q a .  I t  was o b s e r v e d  t h a t  t h e r e  was no e f f e c t  o n  

c o n t r o l  o f  Strip d u e  t o  sorghum s e e d  f o r t i f i c a t i o n ,  s o a k i n g  o f  sorghum 

s e e d s  i n  c o r i a n d e r  seed e x t r a c t s  ( w a t e r  s o l u b l e )  and sorghum s e e d  

p e l l e t i n g  w i t h  i n s e c t i c i d e s  l i k e  P h o s a l o n e ,  Monocrotophos ,  B e n d i o c a r b  and  

C h l o r p y r i p h o s .  
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Tab le  2 .  S t r i g a  m o r t a l i t y  and g r a i n  y i e l d  o f  CSH-5 

Treatment S t r i  ga Sorghum 
m o r t a l  i t y  g r a i n  y i e l d  
( ~ e r c e n t a ~ e )  (Q/ha) 

Gramoxone @ 1.5 1 i t / h a  . . . once 

Gramoxone @ 1 . 5  l i t / h a  . . .  t w i c e  

Fe rnoxone @ 2 . 0  kg/ha . . . once 

Fernoxone @ 2.0 kg/ha . . . tw i c e  

2,4-0 ( ~ t h y l  e s t e r )  @ 3  l i t / h a  . . . 
2 ,4-0  ( E t h y l  e s t e r )  @ 3 1 i t / h a  . . . 
Urea 20% s o l u t i o n  . . . once 

Urea 205 s o l u t i o n  . . .  t w i c e  

C o n t r o l  ( n o  s p r a y )  

44.68 

57.0 7 

30.70 

63.36 

once 32.52 

t w i c e  56.93 

28.03 

40.60 

0.00 

Note:  The above chemica l s  were a p p l i e d  as p o s t  emergence sprays on StrlC7d 
p l a n t s  b e f o r e  f l o w e r i n g  



Tab le  3. He rb i c i de  t r e f l a n  and S t r i g a  i n f e s t a t i o n  i n  CSH-1 

S.No. Trea tmen t 

1 T r e f l a n  @ 4.70 l i t / h a  

2 - T r e f l a n  @ 6 .25  l i t /ha  

3 T r e f l a n  @ 7.81 l i t / h a  

4 T r e f l a n  @ 9.40 1 i t / ha  

5 Con t ro l  (no T r e f l a n )  

Germinat ion  No. o f  S t r i q a  
o f  sorghum S t r i o s /  i n f e s t a t i o n  
(percentage)  lot (percentage)  

Note: 1 .  A l l  t h e  t r e f l a n  t reatments  &e re  g iven  as s o i l  a p p l i c a t i o n  
( 7  t o  10 cm deep) one day be fo re  sowing o f  sorghum seeds. The 
sorghum seeds were sown i n  the  same row and a l s o  i n  between 
t he  rows where t r e f  Ian was appl i ed .  

2.  Three at tempts were made by resowing o f  sorghum seeds b u t  i n  

T  
a1 l t he  a t tempts  t h e r e  was v e r y  p m r  germinat  ion o f  sorghum 
seeds i n  t r e f l a n  t r e a t e d  p l o t s .  
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STRIGA STUDIES AT THE REGIONAL AGRICULTURAL RESEARCH STATION, NANDYAL 

N. Ranganadhacharyulu  ' 

S w  i n f e s t a t i o n  i s  s e v e r e  i n  sorghum f i e l d s  r n  Rayalaseema a r e a  

and t h e  damage i n  some y e a r s  g o e s  u p t o  70%.  ; t r i ( la  i n c i d e n c e  is  m r c  

s w v e r e  i n  d r o u g h t  y e a r s  . Both S t r l g a  a s i a t ~ c a  and S t r i g a  d e n s l f l o r a  a r e  

found  t o  a t t a c k  sorghum i n  Andhra P r a d e s h  ( S r e e  Ramulu, 1 9 5 9 ) .  

A b r i e f  r e v i e w  o f  t h e  a g r o n o m i c a l ,  c h e m i c a l  and p l a n t  b r ~ e d i n q  

s t u d i e s  to c o n t r o l  S t r i y a  a t  t h e  Resea rch  S t a t i o n ,  Nandyal i n  t h e  

ICAR Scheme which was i n  o p e r a t i o n  from 1949-59 and t h e  work i n  procl ress  

a f t e r w a r d s ,  i s  p r e s e n t e d  i n  t h i s  p a p e r .  

I. AGRONOMI CAL METHODS 

i )  T r a p  c r o p p i n g :  T h i s  t r i a l  was c o n d u c t e d  w i t h  t h e  o b l e c t  o f  f i n d i n q  

o u t  t h e  number of t r a p  c r o p s  o f  sorghum r e q u i r e d  to e x t e r m l n a t r  ; : t :r . i  !. , 
i n  a h e a v i l y  i n f e s t e d  f i e l d .  T h i s  method was found t o  be n o t  economical 

and  f e a s i b l e  f o r  a d o p t i o n  under  r a i n f e d  c o n d i t i o n s ,  though i t  had some 

b e n e f i c i a l  e f f e c t  i n  r e d u c i n g  : ; t r i y , i  i n t e n s i t y .  

i i )  C a t c h  c r o p :  To i d e n t i f y  a g r e e n  manure c r o p  which c o u l d  serve a s  

c a t c h  c r o p ,  s t i m u l a t i n g  t h e  g e r m i n a t i o n  o f  S t r i f i , ~  s e e d s  w i t h o u t  s c l -v iny  a s  

a  h o s t ,  t h e  f o l l o w i n g  c r o p s  were t r i e d .  

1 .  P i l l i p e s a r a  ( P h a s e o l u s  t r i l o b u s )  
2. P a t c h a p e s a r a (  P h a s e o l u s  a u r o u s )  
3 .  Medapesara ( P h a s e o l u s  s p . )  
4 ;  F i e l d  bean ( D o l i c h o s  l a b  l a b )  
5. Cowpea (Vigna u n g u i u n c u l a t a )  
6. Sunnhemp ( C r o t o l a r i a  j u n c e a )  
7. C o t t o n  (Gossypium arboreum) 

All t h e  p u l s e / g r e e n  manure c r o p s  were p loughed i n  s i t u ,  and t h e  

c o t t o n  p l a n t s  were  removed by u p r o o t i n g  a f t e r  t h e  s p e c i f i e d  p e r i o j  o f  

44 d a y s .  Sorghum was sown a f t e r  a n  i n t e r v a l  o f  17 days .  I t  was 





of the  e n t i r e  dose of ni t rogen i n  the  cont ro l  p lo t .  Delay i n  t he  

emergence of  S t r i g a  was observed i n  the t r ea t ed  p l o t ,  a s  compdred 
v 

t o  t he  check p l o t .  B u t  t h e r e  was no d i f f e r ence  e i t he r  i n  the 

incrdence of S t r i ga  o r  i n  the  y ie ld  of t he  v a r i e t i e s .  

I I .  CHEMICAL METHODS 

i )  S o i l  app l i ca t i on  of Fernoxone and lime: Preliminary experiments 

conducted t o  determine the  i n t e r v a l  between t he  s o i l  treatment w i t h  

chemicals and sowing of sorghurn revealed t h a t  2% t o  3 months in te rva l  

was necessary in  the case  of Fernoxone t o  avoid tox ic  e f f e c t s  on 

sorghum and no i n t e r v a l  i s  required i n  the  case of l ime. Regular 

t r i a l s  were conducted l a t e r  applying Fernoxone a t  1 0 ,  2 0 ,  30 lb /acre  

du ly  observing the  above i n t e rva l  and lime a t  1 0  and 20 CWT/acre with 

t he  v a r i e t y  N - 1 .  The t reatments  f a i l e d  t o  s i g n i f i c a n t l y  increase  the 

y ie ld  over t he  untreated p l o t s ,  though the  . j ' t r : l~~i  incidence was l e s s  

i n  the  t r e a t e d  p l o t s .  The c o s t  of chemical was p roh ib i t i ve  and not 

economical for  a  dryland crop l i k e  sorghum. During years of low r a i n f a l l  

t he  t o x i c i t y  of Fernoxone pe r s i s t ed  for  a  lonqer period adversely 

a £  f ec t i ng  the  germination of sorghum. 

i i )  Combined experiment fo r  hand weeding and spraying chemicals: T h i s  

experiment was conducted t o  study t he  decrease i n  the i n t e n s i t y  of  S t r l : ~ ~ ~  

i n f e s t a t i o n  by hand weeding and t o  determine t he  number of weedings 

necessary for  complete e rad ica t ion  of Stri ya i n  an in fes ted  f i e l d  and a l s o  

t o  study t he  e f f e c t  of spraying chemicals on :;triyri durlng the crop 

period.  Spraying the  S t r j y d  p lan t s  a f t e r  t h e i r  emergence from the qround 

with Agroxone and Fernoxone i n  doses of one ga l lon  of 10% l i qu id  of the  

former i n  100 ga l lons  of water and 14 pound of the l a t t e r  In 100 ga l lons  

of water per a c r e  were t r i e d .  The chemicals were used a s  many times a s  

was necessary and the  t reatments  were compared with hand weedinq and 

con t ro l  p l o t s .  The r e s u l t s  proved t h a t  the  e f f e c t  of hand weedinq was a s  

good i n  reducing Strica a s  the  treatment with chemicals,  which i s  l e s s  

c o s t l y ,  s a f e  and wi th in  the  reach of the c u l t i v a t o r s .  



i i i )  S o i l  a p p l i c a t i o n  o f  Fenac:  An o b s e r v a t i o n  t r i a l  was l a i d o u t  w i t h  

N1 d u r i n g  1966-67 o n  t h e  e f f e c t  o f  a  pre-emergence  h e r b i c i d e  'Fenac '  o n  

t h e  i n c i d e n c e  o f  S t r i q a .  Four  t r e a t m e n t s ,  v i z . ,  1 , 2 , 3 ,  and 4 kg o f  t h e  

c h e m i c a l / a c r e  were  i n c l u d e d .  S t r i p  i n c i d e n c e  was p r o g r e s s i v e l y  r e d u c e d  

w i t h  t h e  i n c r e a s e  i n  t h e  d o s a g e  o f  h e r b i c i d e .  But  t h e  d i f f e r e n c e s  

among t h e  t r e a t m e n t s  and c o n t r o l  i n  r e s p e c t  o f  y i e l d  w e r e  n o t  s i g n i f i c a n t ,  

i v )  S o i l  a p p l i c a t i o n  o f  M a l e i c  h y d r a z i d e :  An o b s e r v a t i o n  t r i a l  was l a i d  

o u t  w i t h  t h r e e  t r e a t m e n t s  o f  2 % ,  4 %  and  8% M a l e i c  h y d r a z i d e  o n  N-1 d u r i n g  

1966-67. Crop  g r o w t h  was s t u n t e d  i n  a l l  t h e  t r e a t m e n t  p l o t s .  Though t h e  

S t r i g a  i n c i d e n c e  was v e r y  much r e d u c e d  i n  t h e  t r e a t e d  p l o t s ,  g r a i n  y i e l d  

g r a d u a l l y  r e d u c e d  w i t h  t h e  i n c r e a s e  i n  t h e  d o s a g e .  

v )  E f f e c t  o f  MC 1488 h e r b i c i d e :  T h i s  e x p e r i m e n t  was l a i d o u t  w i t h  N-1 

d u r i n g  1971-72. The h e r b i c i d e  was a p p l i e d  a t  16 l b / a c r e  ( e q u i v a l e n t  t o  

o n e  l b .  a c t i v e  i n g r e d i e n t / a c r e )  - ( i )  a t  t h e  time o f  f i n a l  t h i n n i n g  o f  

sorghum a n d  ( i i )  a t  t h e  time o f  emergence  of : ; t r i q a  p l a n t s .  The Striya 

i n c i d e n c e  was poor  i n  t h e  t r e a t m e n t s  b u t  t h e  d i f f e r e n c e s  i n  y i e l d  were 

n o t  s i g n i f i c a n t .  

v i )  E f f e c t  of A t r a z i n e :  An o b s e r v a t i o n  t r i a l  was l a i d  out w i t h  CSH-5 

d u r i n g  1974-75,  u s i n g  A t r a z i n e  a s  a  p re -emergence  s p r a y  a t  ( i )  On50 kg 

a . i . / h a .  Though t h e r e  was r e d u c t i o n  i n  S t r i y d  i n c i d e n c e  i n  t h e  

t r e a t m e n t s ,  t h e  y i e l d  d i f f e r e n c e  among t h e  t r e a t m e n t s  and t h e  c o n t r o l  

were n o t  s i g n i f i c a n t .  

v i i )  E f f e c t  o f  s y n t h e t i c  a n a l o g u e s  GR 7 and GR 28: The t r i a l  was 

c o n d u c t e d  o n  CSH-I d u r i n g  1977-78 w i t h  two s y n t h e t i c  a n a l o g u e s  

(GR 7  and GR 2 8 )  wh ich  were r e c e i v e d  from S u s s e x  U n i v e r s i t y  (UK) i n  

c o l l a b o r a t i o n  w i t h  ICRISAT. They were a p p l i e d  to  t h e  s o i l  a t  t h e  

c o n c e n t r a t i o n s  o f  1 , 5  and 10  PPM e a c h  p r i o r  t o  t h e  sowing o f  sorghum. 

The r e s u l t s  showed t h a t  b o t h  t h e  compounds w e r e  n o t  e f f e c t i v e .  



111. PLANT BREEDING METHODS 

i )  S e l e c t i o s :  w i t h  t h e  o b j e c t  o f  i s o l a t i n g  s t r i a 2  r e s i s t a n t  t y p e s  

o f  sorghum t h a t  migh t  e x i s t  i n  n a t u r e ,  a thorough s u r v e y  o f  t h e  

t r a c t  was done i n  e a r l y  f i f t i e s  and s i n g l e  p l a n t s  which were f r e e  

from S t r i g a  a t t a c k  were c o l l e c t e d  from b a d l y  i n f e s t e d  f i e l d s  i n  

c u l t i v a t o r s '  h o l d i n g s .  These  s e l e c t i o n s  were compared f o r  t h e  

y i e l d  of g r a i n  and s t r a w  wr th  t h e i r  r e s p e c t i v e  l o c a l  p a r e n t s  and 

f o r  S t r i g a  r e s i s t a n c e  w i t h  Bonqanh i lo  (S. caudatum) , a  !;tr: - 
r e s i s t a n t  v a r i e t y  from A f r i c a .  A f t e r  c o n t i n u o u s  s e l e c t i o n ,  109 - 
a  p u r e  l i n e  s e l e c t i o n  from l o c a l  Cherukupatcha  jonna was i s o l a t e d  

which was found to  e x h i b i t  n o t  o n l y  s u p e r i o r  g r a i n  y i e l d s  bu t  a l s o  

h i g h e r  r e s i s t a n c e  t o  . S t r l q # j  a t t a c k  t h a n  t h e  e x i s t i n g  s t r a i n  N-1. 

I t  was s u p e r i o r  t o  Bonqanh i lo  f o r  S t r L ~ i d  r e s i s t a n c e .  The a v e r a g e  

y i e l d  o f  g r a i n  and s t r a w  and p e r c e n t a g e  o f  :<tr lqd  i n f e s t a t i o n  

r e c o r d e d  by 109, i n  compar ison wi th  N-1 and Bonganhi lo  (AS 4003) 

on t h e  s t a t i o n  a r e  p r e s e n t e d  below. 

T a b l e  1. Performance  o f  s e l e c t i o n  109 (N-13) I n  compar ison w l t h  o t h e r  
s e l e c t i o n s  a t  t h e  t ime  of r e l e a s e  

S e l e c t i o n  P e d i g r e e  S t r i y d  i n f e s -  Gra in  y i e l d  S t r aw 
N o .  t a t l o n  y i e l d  

8 of % of i n  % of  i n  '4 of  
i n f e s -  c o n t r o l  kg/ha N-1 kq/ha N-1 
t a t  i o n  

109 (N13) P u r e l i n e  from 1 . 5  12.5 4 3 7  125 1436 1 3 2  
Cheru kupa t c h a  jonna 

N- 1 C o n t r o l  1 2 . 0  100.0 350 100 1085 100 

S e l e c t i o n  109 was r e l e a s e d  a s  N - 1 3  i n  t h e  yea r  1966 a f t e r  

e s t a b l i s h i n g  i t s  s u p e r i o r i t y  on c l u t i v a t o r s  f i e l d s .  I t  is u n d e r s t o o d  

t h a t  N-13  p roved  i t s  S t r i g a  t o l e r a n c e  a t  ICRISAT and a l s o  i n  some 



i i )  Screening:  Germplasm on t h e  s t a t i o n  and t h e  m a t e r i a l  rece ived  from 

ICRISAT a r e  being screened  i n  t h e  Striga s i c k  p l o t .  Reac t ion  of  some 

important  e n t r i e s  sc reened  f o r  S t r i g a  i nc idence  a t  Nandyal a r e  

p re sen ted  hereunder .  

Table 2. S t r i g a  r e a c t i o n  of some impor tan t  sorghum e n t r i e s  t e s t e d  a t  
RARS , Nandyal 

To le ran t /Res i s t an t  e n t r i e s  

SRN 4841 

I S R N  3 5 7  

ISRN 3 5 9  

148  

168 

CS 3541 

Serena 

i i i )  Hybr id i za t ion :  Hybr id i za t ion  was taken  up t o  evolve  S t r l y a  

t o l e r a n t / r e s i s t a n t  t ypes ,  by us ing  Bonganhilo and o t h e r  s t anda rd  

yel low and whi te  g r a i n  types .  

E f f o r t s  i n  t h i s  program r e s u l t e d  i n  t h e  e v o l u t i o n  of c u l t u r e s  

l i k e  187/6 from N-lxAS 4003, 194/1 from N 2  x  AS 4003 and many o t h e r s  

which were Striga t o l e r a n t .  But most o f  them d i d  n o t  combine 

p r o d u c t i v i t y  and g r a i n  q u a l i t y .  I n t e n s i v e  e f f o r t s  a r e  being cont inued  

to  combine S t r i q a  t o l e r a n c e  wi thout  s a c r i f i c i n q  y i e l d  and g r a i n  q u a l i t y ,  

u t i l i s i n g  t h e  S t r i q d  t o l e r a n t  m a t e r i a l  a v a i l a b l e  i n  t h e  I n t e r n a t i o n a l  

S t r i g a  R e s i s t a n t  Nursery (ISRN) m a t e r i a l  suppl ied  by ICRISAT and a l s o  

t h e  a v a i l a b l e  t o l e r e n t  m a t e r i a l  I n  t h e  germplasm. Some of t h e  most 

impor tan t  m a t e r i a l  s o  developed and undergoing t e s t s  i n  va r ious  

g e n e r a t i o n s  a r e  sampled below . 



Table 3. Some of the S t r i q a  tolerant crosses under test in various 
generations at RARS, Nandyal 

F1 Generation SPV 385 x ISRN 359 (White grain) 

N 13xColln. 110 (Yellow grain) SPV 385 x NJ 2048 ( PI 1 

N 13xColln. 122 ( I 1  1 SPV 385 x 187 ( n 
) 

F2 Generation 

IS 555xNJ 2044 (White) 
N 13x1s 15203 ( I 1  1 IS 555xSPV 8 6  ( " ) 

N 13x1s 15563 ( II 1 IS 555xSPV50 ( " 1 
N 13x1s 15571 NJ 1428 x IS 5118 (Yellow) 
SPV 384xISRN357 (White grain) 

F3 Generation 

M35-1 x BC 9 (White) 

SPv 86 x BC 9 (@I  ) 

NJ 2009 x NJ 1031 (yellow) 

Future lines of work 

i ) Intensive screening of germplasm. 

ii) More emphasis on'hybridization programme involving new 
S t r i q a  tolerant lines identified, besides the existing 
ones. 

iii) Testing all the four cultivated species of Gossypium as 
rotation crop in stimulating S t r i q a  population. Only 
G. arboreum was tested earlier and was found to stimulate - -- 
s t r i g a  germination without acting as a host. 

iv) Testing of deep sowing of jowar with plough in comparison 
with gorru sowing, since earlier laboratory tests indicated 
that S t r i g a  seed which were 5 cm. above jowar seed did not 
germinate. 

v) To test the efficacy and economics of some more chemical 
control methods. 



Summary 

S t u d i e s  made f o r  t h e  c o n t r o l  o f  S t r i g a  on sorghum i n  t h e  s t r i g a  

s i c k  p l o t  a t  t h e  Regional  A g r i c u l t u r a l  Research  S t a t i o n ,  Nandyal,  bo th  

i n  t h e  scheme f i n a n c e d  by t h e  ICAR which was i n  o p e r a t i o n  from 1949-59, 

and t h e  work d u r i n g  t h e  l a t e r  p e r i o d  a r e  reviewed.  

Agronomical  methods l i k e  t r a p  c r o p p i n g ,  c a t c h  c r o p p i n g t r o t a t i o n  

c r o p p i n g ,  c u l t u r a l  methods ,  d e e p  p lough ing  and e f f e c t  of  t o p  d r e s s i n g  

o f  n i t r o g e n  were  a l l  found t o  be  i n e f f e c t i v e .  C o t t o n  a s  a  r o t a t i o n  

c r o p  reduced S t r i t l a  i n c i d e n c e  i n  t h e  s u c c e e d i n g  sorghum c r o p ,  

Chemicals  l i k e  Fernoxone,  Agroxone, Lime, Fenac ,  Ma le i c  h y d r a z i d e ,  

MC 1488, A t r a z i n e ,  S y n t h e t i c  a n a l o g u e s  GR 7 and GR 28 were t r i e d ,  Some 

o f  them . r educed  t h e  S t r i y a  i n c i d e n c e ,  b u t  f a i l e d  to i n c r e a s e  t h e  y i e l d s  

o f  jowar. Hand weeding was found t o  be e q u a l l y  e f f e c t i v e  a s  chemica l  

methods ,  b e s i d e s  be ing  less c o s t l y  and s a f e .  

N-13 r e l e a s e d  from Nandyal i s  found t o  be  t o l e r a n t  t o  S t r i g a  

i n f e s t a t i o n  a t  many p l a c e s .  I n t e n s i v e  h y b r i d i z a t i o n  programme u t i l i s i n g  

t o l e r a n t  l i n e s  from ISRN m a t e r i a l  s u p p l i e d  w i t h  t h e  c o u r t e s y  o f  ICRISAT 

and from t h e  germplasm a v a i l a b l e  o n  t h e  s t a t i o n  i s  i n  p r o g r e s s .  

Reac t ion  o f  some o f  t h e  i m p o r t a n t  e n t r i e s  f c r  S t r i g a  i n f e s t a t i o n ,  

and striga r e s i s t a n t / t o l e r a n t  m a t e r i a l  g e n e r a t e d  which i s  unde rgo ing  tests 

i n  v a r i o u s  s t a g e s  a r e  , l i s t e d .  F u t u r e  l i n e s  of work have  been i n d i c a t e d .  
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METHODOLOGY FOR STRICA RESEARCH ' 

M.J. ~ashdeva Rao, B. Raghavender, V.L. Chidley and L.R.  ~ouse' 

1. Introduction 

Precise and valid research methodology is a prerequisite for 

significant progress in any branch of science. A study of past 

efforts in breeding for S t r i g a  - resistance indicates that progress 

has not been commensurate with the inputs invested. The main 

reason for slow progress is the absence of a reliable screening 

system. In this paper, we describe the research methodology used 

currently for s t r i g a  resistance breeding and discuss some newly 
-- 

proposed systems. 

2. The Prevailing Screening Systems 

The influence of the host roots on the parasite occurs in 

three stages of the parasite's development, viz., seed germination, 

haustorial establishment, and the final growth and establishment 

of Striga. Three mechanisms conferring resistance have been 
- 

recorded, viz., low stimulant production, mechanical barriers 

to haustorial establishment (ICRISAT 1977) and antibiosis (Doggett 

1970). Field resistance to Striga is the combined expression of 
- - -  

one or more of these and possibly other mechanisms. 

The existing screening systems could be understood in three 

groups - laboratory, pot, and field screening techniques. 

2.1 ~aborator~ techniques. Several laboratory screening techniques 

are available like the double pot technique, Pasteur pipette tech- 

nique, root slope technique, sandwich techniques, 'Eplee bag' 

1 A working paper presented in the ICRISAT-ICAR working group 
meeting on S t r i g a  -. - . ~  control, Sept 30-0ct 1, 1982, ICRISAT, Patancheru. 

2 Sorghum Improvement Program, ICRISAT Center, Patancheru 502 324, AP 
India. 



technique, anti-haustorial factor screening etc. Though laboratory 

techniques have several advantages, they are often not well correlated 

with field screening results possibly for two reasons: first, the 

field resistance to striga cannot be explained by any single 

mechanism; and second, there are strong environmental interactions 

influencing the field results which are not allowed to act in 

laboratory techniques. Recently Parker and Dixon (1982) have 

proposed a 'polybag' technique for screening which they report to 

be useful. Though several laboratory screening technique are 

available, a technique which can screen for more than one mechanism 

on a single plant basis, is not yet available. 

2.2 Pot screening technique. Generally pot screening involves growing 

the host in pots of different dimensions artificially inoculated 

with S t r i g a  seeds. The S t r i g a  reaction of the host is judged by 

counting the S t r i y c i  that emerge above the ground. Although the 

pot techniques are not completely reliable, they could be useful 

since the S t r i g a  infestation in pots is more definite than in 

artificially infested fields. 

2.3 Field screening technique. Growing sorghum lines in a field which 

is naturally or artificially infested with S t r i g a  and screening 

for field reaction has been a very common technique. Field 

screening is often'not reliable because of various uncontrollable 

factors, most important among them being ununiform S t r i g a  infestation. 

Common problems in field screening are: 

i) unreliable occurrence of S t r i g a  over years in the same 
E ield, 

ii) absence of any control on levels of infestation, 

iii) ununiform S t r i q a  distribution in the field, 

iv) significant environmental influence on striga 
infestation, and 

V )  high coefficients of variability in the experiments, 
reducing the chance of finding significant differences 
between treatments. 



3 .  Efficieqcy Requirements of the Screening Techniques 

The efficiency requirements expected of a screening technique 

depend on the kind of material being evaluated and the degree of 

accuracy required. The kinds of material which usually form part 

of a S t r i g a  resistance breeding program are: 

i) land races from germplasm 

ii) segregating progenies, usually from crosses between 
S t r i g a  resistant and adapted high yielding but susceptible 
varieties, and 

iii) advanced generation lines. 

The land races and advanced generation lines, are almost 

homozygous and need maximum efficiency in screening. If available, 

the screening must be able to identify absolute resistance. The 

testing has to be adequately replicated. Screening of F progeny 
2  

must be undertaken on a single plant basis while from the F 
3 

onwards, screening could be undertaken on a family basis, however, 

single plant screening would still be advisable. 

Double Pot Screening Technique 

This technique was originally developed at Weed Research 

Organization (WRO), Oxford, and is very useful for screening a 

large number of pure lines of sorghum. The technique in brief 

consists of: 1) raising sorghum seedlings in an ice-cream cup in 

sand culture and extracting the root exudate after one week, 

2 )  pre-conditioning S t r i q a  seeds at optimum temperature (25OC) and 

moisture for 10-14 days to break dormancy, and 3) germinating the 

pre-conditoned s t r i g a  seeds with the root exudate at 33OC for 24 

hours and counting % ~ t r i g a  seed germination. The experiment is 

replicated twice; the variety 'Swarna' is used as a susceptible 

standard and distilled water is used as a check. This technique 

has been extensively used at the ICRISAT Center to screen a large 

number of germplasm and breeding lines. Low stimulant screening 



will be a useful technique only if the low stimulant lines are 

resistant in the field. The first effort to correlate low 

stimulant production and field resistance indicated a low corre- 

lation. However, further work has indicated that the proportion 

of field resistant types was higher in the low stimulant than 

the high stimulant category. 

5. The Seed Pan Technique 

A 'Seed pan' technique is developed at the ICRISAT Center 

to screen single plants for S t r i q a  resistance. This is a modifica- 

tion of the pot screening procedure. The details of this procedure 

were, first described in a paper presented to the All India Sorghum 

Workshop at Navsari in May, 1981 (Vasudeva Rao et al. 1981). -- 

Two experiments conducted to verify the usefulness of the 

seed pan technique are described below: 

5.1 Experiment 1. Comparison between resistant and susceptible cultivars. 

Two susceptibles, CSH-1 (a hybrid) and Swarna (a variety), and a 

resistant variety N-13, were compared using the seed pan technique. 

Comparisons were made over four normal sorghum growing seasons 

at ICRISAT Center, Patancheru with at least six replications for 

each observation. ,Subterranian S t r i g a  initials were counted 

starting from 20 days after sowing till 50 days in replicated 

samples to determine the optimum number of days for taking 

observations using this technique (Table 1 and Figure 1). The 

experiments were independently analyzed using the split plot technique 

with days to observations as main plot and varieties as subplots. 

Highly significant differences were observed between the varieties 

in all the seasons (Table 2). Variation between blocks (pans) was 

nonsignificant in all the seasons. Table 1 and Figure 1 indicated 

that rainy and summer seasons are the best seasons for conducting 

the experiments. In the postrainy season the differences, though 



statistically significant, were not pronounced probably due to 

the low temperatures prevailing during the period of S t r i g a  

establishment. 

5.2 Experiment 2. Comparison of 25 sorghum lines. This experiment was 

conducted using 21 resistant and four susceptible sorghum lines 

during the summer of 1981 in a randomized block design with four 

replications to observe the differences between the varieties for 

Striga reaction. Significant differences were observed between 

test entries for the 55-day count of subterranian s t r i g a  (Figure 2). 

The resistant and susceptible groups differed significantly from 

each other. 

Another very important use of the seed pan technique is the 

screening of single plants in the presence of a stimulant. In 

this type of screening, the plants are grown as described earlier. 

Bulk quantities of stimulant collected from 'Swarna' stocks are 

applied on 5,10,15,20 and 25 days after sowing of sorghum. The 

subterranian Striga are counted 55 days after planting sorghum. 

A preliminary study indicated useful differences between sorghum 

lines demonstrating the presence of resistance mechanisms other 

than low stimulant production. 

6. Field Screening ~ettiodology 

A three-stage field screening methodology was first proposed 

and presented at the AICSIP workshop held at Navsari in May, 1981. 

Further details of this methodology and the procedures for data 

collection, analysis and interpretation were presented at the 

AICSIP workshop held at Pune in May 1982 (Vasudeva Rao et al. 1982) 

The three stages of this methodology are presented below: 



6.1 Observation nursery. This stage consists of an unreplicated trial 

of a large number of test entries with a frequently repeated 

susceptible check. Test entries may be grown id a two or three 

row plot. It may be a rnultilocation nursery or at one location 

only. 

6.2 Preliminary screening. This is the second stage of testing and 

includes those entries from the observation nursery which were 

agronomically good and on which Striga infestation was low or 

did not appear. The entries are tested in 3 row plots and are 

replicated at least thrice with a systematic check which is arranged 

in such a way that every test plot will have one check plot 

adjacent to it (Fig. 3). 

6.3 Advance screening. This 1s the third and final stage of testing 

in which the selected entries from the preliminary screening will 

be tested in larger plots with a susceptible check plot all 

around the test entry (Fig. 4). Each plot would be at least a 

five row plot so that yield estimates and Strips reactions are 

obtained from fairly reliable plot sizes; and further, the border 

effects are minimized. The entire trial is covered on all the 

four sides with a strip of the susceptible check. 

7. Measurement of S t r z g c j  Reaction 

Measuring .Stri<:;l reaction has always been very difficult. 

Doggett (1965) was the first to glve some tnought about the proper 

measurement of host reactlon to S t r i q a .  He analyzed the relation 

between the number of subterranian and emerged Striga plants. 

S t r ~ y a  reaction of varieties could best be measured by the 

numbers of striga plants that appear above ground and the loss to 

yield it causes. Yield loss measurements are like the measurement 



of any ocher yield reducing factors. A comparison of yield in 

a S t r i g a  sick field and striga free field is a good measure. 

Varieties where the yield loss is least could be'a more resistant 

or tolerant variety. 

Data on S t r i g a  numbers have been reported in different 

ways. 

i) S t r i q a  score - Scoring on a 0 to 5 scale is useful 
when it is not possible to physically count the 
many Stri ga plants that emerge. 

ii) S t r i g a  counts - Counting the number of S t r i g a  plants 
that emerge above ground, at one, two, or three 
stages of crop growth, with or without uprooting 
the S t r ~ g a  plants during counting has been a very 
appropriate way of representing the S t r i y a  reactions 
of varieties. 

H 
iii) S t r i ¶ a  index - S t r i g , ?  index (anumanth Rao, 1982) is 

A weighted average of S t r i g a  counts and the height of 
s t r i y a  plants; weights being the frequency of ~ t r i g a  
plants in each height category. Though the height 
measurements of S t r i g a  plants is a laborious process, 
and also the heights change with time, S t r i g a  index 
could however ho a measurement when studying relative 
growths of Striga in different varieties or where 
treatment effects result in differential growth of 
S t r i g a  - 

In or,der to account for the non normality of 
s t r i g a  count data, various transformations like log, 
sin-', square root fi have also been used by 
different people. The log transformation resulted in 
near normality of str iga counts data (Vasudeva Kao 
et al. 1982). 

Future Research Required on Methodology 

Most research efforts in the past have addressed themselves 

to the problem of ununiformity of infestation in fields used 

for screening purposes. However, more effort is required to 



improve the infestat.ion level itself. This requires the identification 

of iactors favourable for ~ t r i g a  development and deployment of these 

favourable factor in a S t r i g a  sick field. Specific research methodology 

are also required for agronomic or cultural control research. The 

efficiency in breeding would greatly be improved if new techniques are 

established which can sort out single plant differences for S t r i g a  
- .  

resistance. However, the results of these techniques must correlate 

well with field tests. 

We also need a technique for reliably screening a large number 

of entries as part of the effort to develop agronomically elite 

varieties and hybrids with resistance to striga. 
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T a b l e  1. M e a n ~ s u b t e r r a n i a n  Striga c o u n t s  o n  r e s i s t a n t  and  s u s c e p t i b l e  
sorghum c u l t i v a r s  i n  s e e d  p a n s  

S e a s o n  
D a t e  o f  
s o w i n g  C u l  t i v a r  ~ o s t  a g e  ( d a y s )  

R a i n y  8 Jul 80 CSH-I 2.0 4.0 4.7 8.6 7.6 

Swarna 3.0 3.0 5.0 4.2 12.3 

2 0 2 5 3 2 4 0 5 0 
P o s t r a i n y  24 Oct  80 CSH-I 0.0 0.3 1.2 0.7 1.2 

Swarna 0.0 0.5 1.4 2.5 4.3 

N-13 0.0 0.3 0.7 0.0 0.0 

Summer 23 Feb 81 CSH-1 

Swarna 

N-13 

R a i n y  17 J u n  81 CSH-1 

Swarna 

N-13 



Table 2. Analysis of variance for subterranian S t r i g @  counts in seed 
pan over three seasons 

Source of 
variation 

Postrainy 80 Summer 81 Rainy 81 
DF MS DF MS DF M S  

- - 

Blocks 5 1.55 7 7.24 5 3.29 

Main plots (days) 4 8.93* 4 171.28** 4 218.38** 

Error (A) 20 2.53 28 5.97 20 8.83 

Subplots (cultivars) 2 16.53** 2 115.90** 2 243.38** 

Main x sub 8 6.20* 8 1 0 4 . 4 6 * *  8 50.43** 

Error (B) 50 2.38 79 2.01 50 7.44 

Total 89 2.78 120 17.74 8 9 3.68 

* Significant at P <0.05 ** Significant at K O .  03 



Rainy season 1980 Postrainy season 1980 

1 4 ~  - Swarna 
,,,, CSH - 1 
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Days  from sowing of sorghum 

Figure 1 .  Subterranean Striga counts on lhe roots of resistant and susceptible cultivars ol sorghum. 





Resistant source and advanced llnes 
Susceptl ble 

l lnes 

Figure 2. Subterranean Striga counts of 25 sorghum lines in seed pans. (55-day counts) (D IS  : 30.1.81). 





1-1 T e s t  entry 

Susceptible check 

F i g u r e  3.  F ~ e l d  fa y o u t  i n  t h e  p r e l l r n i n a r y  s c r e e n i n g  
s t a g e  f o r  S t r i g a  r e s i s t a n c e .  

1 T e s t  entry 

Suscept ib le  check p l o t s  

F I g r ~ / - e  4 C h e c h e r b u a r d  l a y o u t  f o r  advanced 
s c r e e n f r l y  1r1 S t r ~ g a  r e s t s t a n c e  b r e e d i n g .  





SELECTION FOR S7.W TOLERANCE I N  SORGHUM 
1 

C. Hanumantha Rao and B.S. Rana 
2 

S t r i g a  a s i a t i c a  i s  a r o o t  p a r a s i t e  o f  sorghum and r e d u c e s  t h e  

g r a i n  and f o d d e r  y i e l d s  d r a s t i c a l l y  u n d e r  endemic  s i t u a t i o n .  Though 

its i n c i d e n c e  1s r e p o r t e d  l o n g  b a c k ,  i ts  a p p e a r a n c e  h a s  r e c e n t l y  

become more p r o m i n e n t  a f t e r  t h e  i n t r o d u c t i o n  o f  new h y b r i d s  and 

v a r i e t i e s .  T h e r e f o r e ,  a  p rogram was i n i t i a t e d  i n  1978 t o  select 

t o l e r a n t  l i n e s  from r e c e n t l y  d e v e l o p e d  AICSIP h i g h  y i e l d i n g  v a r i e t i e s ,  

1 .  SCREENING TECHNIQUE 

The v a r i e t i e s / h y b r i d s  were  s c r e e n e d  i n  a s i c k p l o t .  The s i c k p l o t  

was d e v e l o p e d  a t  H a y a t n a g a r  R e s e a r c h  Farm by g rowinq  t h e  s u s c e p t i b l e  

h y b r i d s  c o n t i n u o u s l y  o v e r  y e a r s ,  by a l l o w i n g  t h e  .;trii~,, t o  f l o w e r  and 

s h e d  t h e  s e e d  and by s p r e a d i n g  .-;trlyci s e e d  c o l l e c t e d  from o t h e r  f i e l d s  

i n  t h e  month o f  May. S i n c e  t h e  _;trl..~<i i n c i d e n c e  i s  n o t  u n i f o r m  over  

l a r g e  a r e a  ( T a b l e  I ) ,  t e s t i n g  e n t r l e s  i n  t h e  l a r g e  p l o t s  i n  a t r a d i t i o n a l  

way was n o t  found u s e f u l ,  T h e r e f o r e ,  a s m a l l  p l o t  c o n s i s t i n g  of 3 rows 

of 3 m l e n g t h  was a d o p t e d .  On e i t h e r  s i d e  o f  t h e  t e s t  v a r i e t y ,  a  

s u s c e p t i b l e  check  (CSH-1 o r  CSH-6) was grown a s  a n  i n d i c a t o r  o f  . < t r ~ u , ~  

i n f e s t a t i o n  i n  t h a t  p a r t i c u l a r  s p o t .  

The v a r i e t i e s  were  r e p l i c a t e d  f o u r  times a n d  r andomized  w i t h i n  

e a c h  b l o c k .  The i n c i d e n c e  o f  . 'itricra o n  a test  v a r i e t y  was i n  r e l a t i o n  

to  t h e  S t r i ' 7 a  p o p u l a t i o n  o n  t h e  b o r d e r i n g c h e c k  e n t r y  ( g u a r d  rows) 

The damage o n  t h e  check  e n t r y  was e x p e c t e d  p r o p o r t i o n a l  t o  t h e  i n t e n s i t y  

o f  s t r i g a  emergence  ( T a b l e  2 ) .  

S c i e n t i s t  ( S - 1 ) ,  A l l  I n d i a  C o o r d i n a t e d  R e s e a r c h  P r o j e c t  f o r  D r y l a n d  
Agriculture, S a n t h o s h n a g a r ,  Hyderabad 500659, A.P., I n d i a .  

S e n i o r  S c i e n t i s t  ( 5 - 3 ) ,  A l l  I n d i a  C o o r d i n a t e d  Sorghum Improvement 
P r o j e c t  (AICSIP) , Ra j e n d r a n a g a r  , Hyderabad 500030, A.P., I n d i a .  



2 .  PARAMETERS OF FIELD RESISTANCE 

2.1 S t r i  ya /sorghum p l a n t .  When S r r l g a  p o p u l a t i o n  e f f e c t i v e l y  suppres sed  

t h e  f l o w e r i n g  o f  s u s c e p t i b l e  check a t  both  t h e  s i d e s ,  was c o n s i d e r e d  

s u f f i c i e n t  f o r  e v a l u a t i n g  t h e  test v a r i e t y  d i r e c t l y  i n  terms of  strlga/ 

sorghum p l a n t .  

2 . 2  P e r c e n t  Stri(;r,i. i n c i d e n c e .  I n  c a s e  o f  v a r i a b i l i t y  i n  .'jtricld p o p u l a t i o n  

on bo th  s i d e s  o f  guard  rows,  t h e  c o u n t s  o f  S t r i g a  on t e s t  v a r i e t y  was 

e x p r e s s e d  i n  terms of R Stric7a c o u n t s  on s u s c e p t i b l e  check p l a n t e d  a s  

gua rd  rows. 

2.3 . S t r ~ i i ' ~  index.  Strici'd n o t  o n l y  v a r i e s  i n  i t s  p o p u l a t i o n  ( i n t e n s i t y )  

on v a r i o u s  v a r i e t i e s  b u t  a l s o  d i f f e r s  i n  i t s  emergence. S t r i g a  i n d e x ,  a s  

a n  a d d i t i o n a l  p a r a m e t e r ,  was computed i n  o r d e r  t o  a c c o u n t  f o r  both  i n t e n s i t y  

o f  i n c i d e n c e  and d i f f e r e n c e s  i n  t h e  emergence. S t r i g a  c o u n t s  p e r  meter row 

l e n g t h  were t aken  on t h e  midd le  row of t h e  test v a r i e t y  a s  well on t h e  guard 

rows a t  t h e  55 days  c r o p  growth s t a g e .  The d i f f e r e n c e s  i n  .';tr!cja emergence 

were measured i n  terms of h e i g h t  (growth d i f f e r e n t i a l )  o f  :;triyc* a t  55 days .  

Strigals h e i g h t ,  c l a s s i f i e d  w i t h  a  c l a s s  i n t e r v a l  o f  5 cm eg., 1-5, 6-10, 

11-15, 16-20 cm, and c o u n t  i n  each  c l a s s  were recorded.  Geometr ic  mean o f  

sum of t h e  p r o d u c t  o f  m i d c l a s s  v a l u e  x  S t r i q a  c o u n t  was d e f i n e d  a s  t h e  

S t r i q a  index.  The S t r i s a  i ndex  o f  t h e  t e s t  v a r i e t y  was a l s o  e x p r e s s e d  i n  

terms of % S t r i q a  i ndex  of  t h e  s u s c e p t i b l e  check a s  f o l l o w s :  

3trLYd l ndex  of t h e  t e s t  v a r i e t  x100 
S * l * ( % )  ' Average Trrl '7 lndex of bo th  gui);d rows 

E v a l u a t i o n  o f  a  v a r i e t y  was dropped when --+r. J C ~  i n c i d e n c e  on s u s c e p t i b l e  

check was n o t  s u f f i c i e n t .  

3. TOLERANCE MECHANISMS 

I n  a b s e n c e  o f  comple t e  r e s i s t a n c e  i n  h i g h l y  y i e l d i n g  v a r i e t i e s  and 

a v a i l a b l e  germplasm, t h e  v a r i e t i e s  c a n  be  c l a s s i f i e d  i n t o  t h r e e  d i f f e r e n t  

t o l e r a n t  groups .  ( i )  V a r i e t i e s  (N-13 and 15-2203) s u p p o r t i n g  c o n s t a n t l y  



less number of S t r i g a  p l a n t s  and keeping normal p l a n t  growth,show high 

d e g r e e  of t o l e r a n c e .  ( i i )  Some v a r i e t i e s  such a s  3962 x  WABC 1022  and 

IS-4242 d e l a y  t h e  S t r i c l a  g e r m i n a t i o n  u p t o  f l o w e r i n g  and make up 

s u f f i c i e n t  v e g e t a t i v e  growth b e f o r e  S t r i g a  emergence. ( i i i )  The v a r i e t i e s  

which t o l e r a t e  some d e g r e e  of S t r i g d  i n f e s t a t i o n  a t  t h e  expense  of i t s  

growth and still make up some g r a i n  y i e l d  a s  happens i n  c a s e  of PJ8K 

l o c a l  v a r i e t y ,  The v a r i e t i e s  which f a i l  t o  f lower  under normal s t r i g a  

i n c i d e n c e  c a n  c e r t a i n l y  be regarded a s  s u s c e p t i b l e  v a r i e t i e s .  D i f f e r e n c e s  

i n  t h e  d e g r e e  of t o l e r a n c e  is expected  due  t o  d i f f e r e n t  t h r e s h h o l d  l e v e l s  

de t e rmined  by t h e  combinat ion  of v a r i o u s  b iochemical  and mechanica l  

pa rame te r s  of sorghum r o o t  and i n t e n s i t y  of . ' t r i i r a  i n f e s t a t i o n .  

4.  EFFECT OF STRIGA ON THE PLANT GROWTH UNDER DRYLAND AGRICULTURE 

Drought is more o f t e n  and s e v e r e  i n  sha l low s o i l s .  P a r a s i t i s m  
e f f e c t s  

of  S t r i y a  f u r t h e r  e s c a l a t e s  t h e  drought/and consequen t ly  w i l t i n g .  

W i l t i n g  caused by d rough t  and by S t r i g a  a r e  d i f f i c u l t  t o  d i s t i n g u i s h  

a t  t h e  s e e d l i n g  s t a g e .  Though t h e  ge rmina t ing  S t r i i r a  on sorghum r o o t s  

c a n  be i d e n t i f i e d  on uprooted  s e e d l i n g s ,  t h e  d i f f e r e n t i a l  r ecove ry  o f  

s e e d l i n g s  a f t e r  a  shower d i s t i n g u i s h e s  between p h y s i o l o g i c a l  and S t r l c l a  

stress. The w i l t i n g  s e e d l i n g s  which r ecove r  q u i c k l y  a f t e r  a  shower 

i n d i c a t e  t h e  p h y s i o l o g i c a l  s t r e s s  and t h o s e  which d o  n o t  r e c o v e r  e l u c i d a t e  

t h e  underground S t r i g a '  s t r e s s .  S t r i g a  damage is f a i r l y  s e v e r e  on  young 

s e e d l i n g s  b e f o r e  its emergence above t h e  ground.  I t  i s  due  t o  h e t e r o t r o p i c  

n a t u r e  and comple te  dependence of : ; t r i ~ a  on t h e  sorghum p l a n t .  

Depending upon t h e  i n t e n s i t y  of :'triya and r a i n f a l l ,  a  s u s c e p t i b l e  v a r i e t y  

c a n  f a i l  t o  f lower  o r  produce  some y i e l d  (Tab le  2 ) .  A s  t h e  S t r i g a  i n c i d e n c e  

i n c r e a s e s ,  p l a n t  h e i g h t ,  number of l e a v e s  and stem g i r t h  d e c r e a s e .  

5. SELECTION FOR VRRIETAL TOLERANCE 

The s c r e e n i n g  of r e l e a s e d ,  p r e r e l e a s e d  v a r i e t i e s  and h y b r i d s ,  

p romis ing  b r e e d i n g  m a t e r i a l s  and known r e s i s t a n t  germplasm was c a r r i e d  o u t  



i n  s i c k p l o t .  The s u r v i v i n g  p l a n t s  were s e l e c t e d  each  yea r  and advanced 

t o  nex t  yea r  t e s t i n g .  

5 .1 .  S e l e c t i o n  from Basrc  S t o c k s  

I t  was obse rved  t h a t  none of t h e  v a r i e t i e s  p o s s e s s e d  a b s o l u t e  

r e s i s t a n c e  but  t h e r e  was va ry ing  d e g r e e s  of t o l e r a n c e  among known 

" r e s i s t a n t "  v a r i e t i e s  ( T a b l e  3 ) .  . ; t r i y d  emergence i n  IS-2203 and N-13 

remained low th roughou t  t h e  growth p e r i o d  b u t  was i n i t i a l l y  Low i n  

o t h e r  v a r i e t i e s  (3692 x WABC 1022 and IS-4242) which i n c r e a s e d  a t  t h e  

t ime  of f l o w e r i n g .  IS-3924 was a l s o  a p romis ing  e n t r y .  While IS-2203 

and IS-5218 were p h o t o s e n s i t i v e ,  IS-3924 was p h o t o i n s e n s i t i v e ,  e a r l y  

ma tu r ing  and more d e s i r a b l e  f o r  p l a n t  b reed ing  work. 

5.2.  S e l e c t i o n  Cram High Y i e l d i n g  V a r i e t i e s  

Among t h e  h lgh  y i e l d i n g  v a r i e t i e s ,  CSV-5 ( 1 6 8 ) ,  SPV-103, SPV-104, 

SPV-109 and SPV-22 1 showed s a t i s f a c t o r y  t o l e r a n c e  t o  .<tr: !rt3 a t  Hyderabad 

( T a b l e  3 ) .  T h e i r  t o l e r a n c e  l e v e l  was conf i rmed a t  Nandyal a l s o  

(Venkateswar lu  1 9 7 9 ) .  The s i n g l e  p l a n t s  which matured  i n  p r e s e n c e  of 

' ; t r ~ ' i ~ ~  were s e l e c t e d  and advanced f o r  f u r t h e r  t e s t i n g .  The t o l e r a n c e  l e v e l  

c o u l d  no t  be s u b s t a n t i a l l y  enhanced a f t e r  two c y c l e s  of s e l e c t i o n  p r o b a b l y  

due  t o  a b s e n c ~  of r e s i d u a l  g e n e t i c  v a r i a b i l i t y .  

5.3. S e l e c t i o n  from Local  V a r i e t y  

The l o c a l  v a r l e t y ,  PJ8K comprised w h l t e ,  y e l l o w  and r ed  g r a i n s .  

Three  p u r e  l i n e  selections were made. The ~ s o l a t e d  red  g r a i n  s e l e c t i o n  

showed more t o l e r a n c e  t o  + r i r . ,  e a r l y  m a t u r l t y  and improvement i n  

p r o d u c t i v i t y  ( T a b l e  41. Under m o l s t u r e  s t r e s s  c o n d i t i o n ,  t h e  y i e l d  

p o t e n t i a l  o f  r e d  s e l e c t l o n  was e q u a l  to h lyh  y l e l d l n g  v a r i e t i e s  l i k e  SPV-221 

and SPV-245 bu t  l ower  t h a n  CSH-6 ( T a b l e  5 )  The r e d  s e l e c t i o n  was m u l t i p l i e d  

and be ing  t e s t e d  i n  25 tz -:la sick f a r m e r s '  f i e l d s  I n  Gadwal r e g i o n  o f  

Andhra P radesh .  



5.4. Hybridization and Selection 

Five tolerant varieties, viz., SPV-103, SFV-104, SPV-221, 15-3924 

and N-13 were crossed with some high yielding varieties. Selections were 

made for earliness, grain yield and tolerance to Striga from segregating 

generations. Some of these crosses are now in F generation. 
5 

Emphasis is given to combine drought and S t r i q a  resistances with 

higher grain yield so that resulting variety or parental line yields 

better under physiological and S t r l y a  stresses. 



Table 1. S t r i g a  incidence in  s ickplot  

Year N No. of Strl ya p lan ts  per one meter r w  length CV% 
Ra ng e Mean S.D. 





O O O C V  
0 0 0 0  . . . 
o o o - r  

m w w - 1 - 0  r- 
c- ( V o - o m  w  

. I  . . . . .  I .  
m m m m w m  I- 

m o o  . . . I  
c r v l n  
r - w w  



Table 4. Effect of pure line selection on Striga tolerance 

Entry 

- - - 

S t r ~ g a  index %ear bearing plants 

Local red (pure line) 3.94 

Local PJBK (bulk) 10.79 

IS-3924 (Res.Check) 4.21 

Table 5. Comparative yield potential of local red pure line in 
S t r i g a  free plot 

Entry 

-- 

Grain yield(kg/ha) 50% flowering (days) 

Local red (pure line) 

Local PJBK (bulk) 

CSH-6 (hybrid) 

SPV-245 

SPV-221 





'GENETICS OF STRIGA RESISTANCE IN SORGHUM 

V.K. Shinde and N. Kulkarni* 

S t r i g a  .. ..~ - -. has become a major constraint in stabilizing sorghum produ- 

ction. Two species are reported to be prevelent in India, 2. asiatica 
and S. densiflora. S. asiatica is of common occurrence in sorghum - - 
growing areas of India while S. densiflora in Ahmednagar district of - 
Maharashtra. Yield reduction caused by S t r i g a  can be very serious 

with heavy infestations occassionally killing plants before heading. 

Different control methods have been tried with varying success. This 

includes hand weeding, trap cropping, high fertility levels, use of 

herbicides and host resistance. However, it is recognized that 

utilization of genetic resistance in sorghum would be the most 

economic way to combat this problem. Three resistance mechanisms 

are generally reported in the literature, viz., the mechanical 

resistance, low stimulant production by host roots which is required 

for -3triqa seed germination, and antibiosis factors (Doggett, 1970 

and Maiti et al., 1977). 

Saunders (1933) identified mechanical blockage for esta- 

blishment of Striga in three resistant varieties. Three different 

r m t  tissues were identified as sites where invasion by haustoria of 

the parasite was curtailed - cortical cells, endodermal cells and 
xylem vessels. When crosses of these varieties were made with 

susceptible variety, inheritance of resistance was found to be 

complex and different for the three strains. Doggett (1965) reported 

that' the variety Dobbs possessed a certain amount of mechanical 

resistance. Kumar (1940) reported two varieties of sorghum with low 

stimulant production ie. Bilichigan and Muddinandyal. Rao (1948) 

* Sorghum Breeder and Research Scholar, Marathwada Agricultural 
University, Parbhani 431 402, Maharashtra. 



reported s imi la r  type of res i s tance  i n  va r i e ty  Bonqanhilo from 

Tanzania. Thls va r i e ty  was us ?d by Shanmugasundaram and Venkataraman 

(1964) In India t o  develop a  r e s i s t a n t  s t r a i n  Co 2 0 .  Later ,  

Wllliams ( 1 9 5 9 )  a l s o  reported a  low stimulant l i n e ,  Framida. 

Nelson and Roiyers (1959) demonstrated tha t  a  va r i e ty  which 

is r e s i s t a n t  t o  a  qiven species  of . 3 t r iqa  a t  one locat ion may not 

show res l s tance  t o  same species  or d i f f e r e n t  species  a t  another 

l a - a t l on .  i'ive sorijhum v a r i e t i e s  which were considered t o  be immune t o  

S. a s l a t i c a  l n  Soutb tlfrlca were found suscept ib le  t o  same species  - 
when tested l n  LT.5.::. 

Genetlc v a r l a n l l l t y  for  res l s tance  

Most nf the e a r l i e r  work in India is  an attempt made t o  screen 

v a r i e t i e s  for r.1: :J res i s tance  and i den t i f i c a t i on  of r e s i s t a n t  

sources. Rao 2. 119671 reported t h a t  the var ie ty  N 13 

was r e s i s t a n t  to  :tr. 7 ; .  Chopde e t  a l .  (1973) screened v a r i e t i e s  

for r e s i s t ance  and reported t h a t  PS 13, Bonqanhilo, P J  16K and 

Khedi 2 - 2 - 1 0  showed considerak11.e tolerance below 10't l eve l  of 

l n f e s t a t l on .  Rao and Jotwani 119741 reported h ' t r 1 : i d  res i s tance  in  

agronomically des l r ao l e  va r l e ty  168 (CSV-5). Maiti -- e t  a l .  (1977) 

found tha t  n o t h  N 13 and 168 were stimulant pos i t i ve  but r e s i s t a n t  t o  in fec t io r  

In N 13 the res i s tance  was a t t r i bu t ed  t o  the mechanical b a r r i e r s  (h igh ly  

thickened endodermal c e l l s  and 2-3 l ayers  of thick walled pe r i cyc l i c  

sclerenchymai, where 2.; i n  168 i t  was due t o  presence o r  l a rge  

amount of s i l i c a  l n  the endodermal c e l l s .  Field r e s i s t ance  of N 13 

and 168 t o  . ' t r :  : J  was cc~nllrrned b,; aany workers (Murty e t  a l . ,  1974 

and Bapat - e t  - ,a1., 1973) .  :lurty and Rao (1975) found t h a t  the v a r i e t i e s  

CS 3541, I S  6 9 2 8 ,  both zera xer3 types were f r ee  from S t r i y a  i n f e s t a t i o n .  

They found tha t  Karad l o c a l  and hispurl  were qootl donors of S t r l y a  

r e s l s t ance ;  and hybrids with 1 4 8  were ..:trimji to l e r an t .  

Hanumanth Rao e t  a i .  11980) observed t ha t  there  i s  no abso lu te  - - 
res i s tance  even i n  N 13, Bo-1 and M 35-1. mong the  high yielding 

c u l t l v a r s  SPV 103, sPV 1 0 9 ,  SPV 1 0 4  and SPV 2 2 1  have f i e l d  r e s i s t ance .  



Vasudeva Rao (1981), based on multilocation field experiments 

conducted from 1977-80, concluded that there is no absolute resistance 

and the h s t  low susceptible source lines are viz., N 13, 555, 

Serena, IS 2203, IS 4202, etc. These appear to be reasonably stable 

and promising as low susceptible sources to 2. asiatica. 

Desai (1972) studied the stability of yield in resistant 

varieties under S=ga infestation. The variety BC 9 had lower mean 

with less than unit regression and they showed resistance even under 

heavy in£ estat ion. 

Genetics of Resistance 

1. Field resistance: Field resistance is the combined effect of the 

three mechanisms of resistance described earlier. Therefore, in 

field screening'the final manifestation of individual mechanisms is 

assessed in the host lines. Webster (1972) advocated testing of 

the crosses involving local x exotic varieties on the land infested 

with Striga - for their tolerance. Tarr (1962)from the crosses between 

resistant and susceptible strains reported that inheritance was 

complex, susceptibility being partially dominant in two such crosses 

and resistance incompletely dominant in the third. Some segregates 

were much more susceptible than the original susceptible parents. 

He observed that the most of the resistant sorghums had red rather 

than white seed but in crossing experiments seed colour and S t r i y a  

reaction segregated independently in the F j  generation. 

At ICRISAT, the prelimin-ary studies indicated that the 

field resistance was under the control of few genes, however no 

critical data was published. 

Shinde and Kulkarni (1982) from their studies on 42 possible 

F1 crosses involving resistant and susceptible lines reported that 

the field resistance was under the control of both additive and non- 

additive gene action. They observed higher magnitude of additive 



gene action than non-additive gene action and suggested the 

effectiveness of straight selection for field resistance. They 

reported that the genotypes N 13, CSV-5 and S 1841 were good 

combiners contributing favourable genes for striga resistance. 

2. Stimulant production: It was reported from ICRISAT that the 

low stimulant production is controlled by a single recessive gene 

in a set of low and high stimulant sorghum line crosses. Vasudeva 

Rao -- et a1 (1981) reported preponderance of additive genetic 

variance for stimulant production and that the variety IS 2221 was 

a good combiner. Shinde and Kulkarni (1982) also reported higher 

magnitude of additive variance. They found that the reciprocal 

differences were significant and emphasized the need to account 

this source of variation in breeding for low stimulant production. 

They found S 1841 and SPV 86 to be good combiners for low stimulant 

production. 

3. Mechanical resistance: The genetics of this type of resistance 

is not satisfactorily understood. Saunders (1933) reported that the 

inheritance of resistance is rather complex. Therefore, in a programme 

to develop a S t r i g a  resistant variety first step would be to identify 

lines with low stimulant activity to several strains. Next step 

would be to combine this character with mechanical barriers which 

would result in a hlgh degree of resistance and would not readily 

break down. 
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GENETICS OF RESISTANCE TO STRIGA ASIATICA I N  SORGHUM' 

I V.K. Shinde and Narendra Kulkarni  2 

The in format ion  on t h e  g e n e t i c s  o f  S t r i y a  r e s i s t a n c e  i n  sorghum 

is  v e r y  l i m i t e d .  I n c o r p o r a t i o n  of Striqa r e s i s t a n c e  i n t o  agronomical ly  

e l i t e  background i n  t h e  p a s t  has  met wi th  l i t t l e  success .  Bas ic  

i n f o r m a t i o n  on t h e  i n h e r i t a n c e  of  r e s i s t a n c e  is r e q u i r e d  t o  p l a n  a 

s y s t e m a t i c  b reed ing  programme t o  deve lop  r e s i s t a n t  v a r i e t i e s .  I t  is 

w i t h  t h i s  o b j e c t i v e  t h e  p r e s e n t  s t u d i e s  were i n i t i a t e d  a t  Sorghum 

Research S t a t i o n ,  Parbhani .  P r e l i m i n a r y  work on S t r l q a  has  i d e n t i f i e d  

t o l e r a n t h e s i s t a n t  sources .  Seven p a r o n t s l  l i n e s  compris ing four known 

r e s i s t a n t  s o u r c e s ,  v i z . ,  N 1 3 ,  CSV 8R, S 1841, CSV 5 and t h r e e  s u s c e p t i b l e  

l i n e s ,  v i z . ,  CK 60B, 2077B and 2219B were c r o s s e d  i n  a l l  p o s s i b l e  

combina t ions  and 42 crosses i n c l u d i n g  r e c i p r o c a l s  were produced and 

e v a l u a t e d  t o  know t h e  g e n e t i c s  of S t r i q a  r e s i s t a n c e .  

1. G e n e t i c s  of  f i e l d  r e s i s t a n c e :  

The seven p a r e n t a l  l i n e s  and t h e i r  42 p o s s i b l e  c r o s s e a  wi th  t h e i r  

cor responding  F s were sown i n  two s e t s ,  one c o n s i s t i n g  of p a r e n t s  and 2 
c r o s s e s  and ano ther  p a r e n t s  and F s dur ing  k h a r i f  1981 i n  R.B.D. w i t h  

2 
t h r e e  r e p l i c a t i o n s .  A s y s t e m a t i c  check (CSH-1) was sown a f t e r  every  t h r e e  

test e n t r i e s .  M a t e i r a l  was grown i n  a S t r i q a  s i c k  f i e l d .  A r t i f i c i a l  

i n o c u l a t i o n  o f  soil w i t h  S t r i q a  s e e d s  was a l s o  done 10 d a y s  b e f o r e  sowing. 

There  was uniform and heavy S t r i q a  i n f e s t a t i o n  d u r i n g  t h e  season.  The 

S t r i q a  c o u n t s  were l o g  t ransformed and expressed  a s  p e r c e n t a g e  o f  t h e  check 

to a d j u s t  f o r  t h e  v a r i a b i l i t y .  The p a r e n t s  and corsses were a l s o  ana lysed  

f o r  s t i m u l a n t  p r o d u c t i o n  and d i f f e r e n t  s o u r c e  g roups  were i d e n t i f i e d .  

The mean S t r i g a  count  on d i f f e r e n t  s o u r c e  g roups  such a s  s t r i g o l  

n e g a t i v e  ,(SN), mechanical r e s i s t a n t  (MR) and s u s c e p t i b l e s  were recorded  

(Tab le  1 ) .  Both s t r i g o l  n e g a t i v e  and mechanical  r e s i s t a n t  p a r e n t s  

c o n t r i b u t e d  t o  t h e  f i e l d  r e s i s t a n c e .  

' p a r t  o f  Ph.D. work c a r r i e d o u t  by S h r i  Narendra Kulkarni .  Paper  p r e s e n t e d  
a t  ICRISAT I N  a working group  meeting h e l d  on Sep t .  30 t o  October  1 ,  1982 

'sorghum Research S t a t i o n ,  MAU, Parbhani  431 402' 



A s  regards  hybr ids ,  t h e  c r o s s e s  between SN x SN o r  SN x MR and 

t h e i r  r e c i p r o c a l s  e x h i b i t e d  very low S t r i g a  c o u n t  The c r o s s e s  Between 

s t r i g o l  nega t ive  p a r e n t s  l i k e  S - 1 8 4 1  and CSV-8R expressed d i f f e r e n t i a l  

r e a c t i o n  t o  S t r i g a .  When S 1841  was used a s  female i t  could g i v e  

moderage S t r i g a  count  b u t  when CSV 8 R  was used a s  female,  t h e  S t r l g a  

i n f e s t a t i o n  was high. These r e s u l t s  i n d i c a t e s  t h a t  t h e r e  is  d i f f e r e n t i a l  

r e a c t i o n  of d i f f e r e n t  cytoplasmic sources  f o r  f i e l d  r e s i s t a n c e .  

N 13 v a r i e t y  has been i d e n t i f i e d  long back a s  a mechanical r e s i s t a n t  

pa ren t .  m e n  t h i s  was c rossed  with  s u s c e p t i b l e  l i n e s ,  Striga count  i n  F 
1 

was very high. However, CSV 5 which is another  mechanical r e s i s t a n t  l i n e ,  

when crossed with  s u s c e p t i b l e  l i n e s  reduced t h e  s t r i g a  count  t o  50%. 

S u s c e p t i b l e  x s u s c e p t i b l e  c r o s s e l  e x h i b i t e d  higher  degree  of 

s u s c e p t i b i l i t y  i n  t h e  hybrid  genera t ion  a s  compared t o  t h e i r  p a r e n t s .  Thus, 

t h e  dominance o r  r e c e s s i v e n e s s  of t h e  c h a r a c t e r  v a r i e d  i n  d i f f e r e n t  types  of 

c r o s s e s  and depends on t h e  type  o f  female p a r e n t  used i n  c r o s s i n g  programme. 
between 

Apparantly i t  seems t h a t  t h e  crossesASN x SN., SN x MR., and MR x MR would be 

more u s e f u l  f o r  developing S t r i g a  r e s i s t a n t  v a r i e t i e s  i n  f u t u r e  breeding 

programme, 

The g e n e t i c  a n a l y s i s  f o r  S t r i g a  count i n d i c a t e d  t h a t  t h e  f i e l d  

r e s i s t a n c e  was under t h e  c o n t r o l  of polygenes where both a d d i t i v e  and non- 

a d d i t i v e  gene a c t i o n s  were s i g n i f i c a n t  (Table 2 ) .  However, t h e  magnitude 

o f  a d d i t i v e  gene a c t i o n  was more than non-addi t ive  gene a c t i o n .  Hence, 

s t r a i g h t  s e l e c t i o n  f o r  f i e l d  r e s i s t a n c e  would be more e f f e c t i v e .  

Gca e f f e c t s  on p a r e n t a l  l i n e s  i n d i c a t e d  t h a t  N 13 ,  CSV 5,  S 1841 and 

CSV 8 R  c o n t r i b u t e d  maximurll f avourab le  genes  f o r  S t r i g a  r e s i s t a n c e  i n  t h a t  

o r d e r  both i n  FI and F2. These v a r i e t i e s ,  t h e r e f o r e ,  w i l l  be u s e f u l  i n  

convent iona l  breeding programme. The p a r e n t a l  l i n e s  2219B, 2 0 7 7 B  and CK-60B 

were h i g h l y  s u s c e p t i b l e  t o  Striqa a s  wae ev iden t  from t h e i r  high gca va lues .  

2. Gene t ics  o f  f i e l d  t o l e r a n c e :  

F i e l d  t o l e r a n c e  can be def ined  a s  t h e  c a p a h i l i t y  of sorghum p l a n t s  t o  

prodiice an a c c e p t a b l e  y i e l d s  when p a r a s i t i s e d  wi th  Striga . The p a t t e r n  



of inheritance was similar to that of field resistance. The gca 
8 

effects of parental lines in both F and F (Table 3) indicated 
1 2 

that S 1841 and CSV 5 had significant desirable effects for grain 

yield. These cultivars, therefore, can be used for direct intro- 

ductions in S t r i g a  endemic areas till some other resistant sources 

are made available. 

3. Genetics of stimulant production: 

The 42 crosses and their parents were screened against two 

S t r l g a  sources viz., Farbhani and Pataneheru for their stimulant 

production at ICRISAT. Both additive and non-additive gene actions 

were important in the inheritance of stimulant production. The 

reciprocal differences were also significant. This indicated that 

the low stimulant lines could be used as female parent in breeding for 

low stimulant production lines. The cultivars CSV 8R and S 1841 showed 

high gca for low stimulant production for Parbhani S t r i g a  source while 

S 184 1, CSV 5 and 2077B for Patancheru S t r l g a  source. The variety N 13 

was strigol positive and contributed more favourable genes for strigol 

production. It's field resistance is therefore, attributed to mechanical 

barriers. 

The analysis of variance and variance components (Table 4) showed 

that the differences due to genotypes were significant. The magnitude of 
2 

0 g was larger. The genotype x S t r i g a  source interaction was significant 

indicating variation between sorghum genoCypes for stimulant production. 

This implies that the resistance of sorghum genotype to any one Striga 

source does not necessarily show it's resistance to other Striga source. 

Thus the virulance of S t r i g a  source differ with sorghum genotypes. The 

varieties CSV SR, CSV 5 and 2077B had the differential response to the 

different S t r i g a  strains of the same species as seen from their gca effects 
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Table 1. Cytoplasmic Differences for Field Resistance to S t r i g a  

Source Parents/Crosses Mean Striga % Log 
count ( S W )  

A. Parents 

1. Strigol negative S-1841, CSV-8R 10.17 50.95 

2. Mechanical resistance N-13, CSV-5 11.67 46.58 

3. Susceptible CK-60B, 2077B, 2219B 138.89 162.23 

B. Crosses 

1. SN x SN 

4. SN x Susc. 

5. Sucep. x SN 

7. MR x Suscep. 

8. Suscep. x MR 

9. Suscep. x Suscep. 



Table 2.  Analys is 'of  Variance for  Ccmbining Abi l i ty  for  Fie ld  Resistance 
( S t r i g a  Count) ,F ie ld  Tolerance (Grain Yield) , and Stimulant 
Production 

Source d . f  F ie ld  Resistance Fie ld  Tolerance Stimulant Production 

1 F2 2 ParMani Patancheru F 
1 

F 

source source 

GCA 6 2179.06** 1993.25** 386.140** 128.426** 173.616** 180.084** 

Reciprocal 21 2 .949 0 . 8 6 2  10.776** 1.004 54.988** 41 .500**  

1 .  Maternal 6  6.641 0 . 8 5 6  19.006** 1 .483  - - 
e f f e c t s  

2 . N o n -  15 1 . 4 7 2  0 .864  7 .484*  0.811 - - 
maternal e f f e c t s  

Error 9 6  3 . 1 7 6  4 . 4 1  3 . 5 2 2  2 .263 3 .570  4 . 2 7 4  

*, ** S i g n i f i c a n t  a t  5 %  and 1 %  



Table 3. General Combining A b i l i t y  E f f ec t s  o f  the  Parental  Lines 

Parental F i e ld  Resistance F i e ld  Tolerance Stimulant Production 
l i n e  I 2 1 F 

(Grain y i e l d ?  Parbhani Patancheru 

N-13 

CSV-8R 

S-184 1 

csv- 5 

CK-60B 

20778 

221 9B 

S.E. ( g i )  2 

** S i g n i f i c a n t  a t  1 %  



Table 4. Analysis of Variance and Variance Qaaponents for Stimulant 
Production 

SOU rce  d . f .  l4.S.S 

Genotype 

strii7a. source 

Re?plications/locations 

Genotype x Striga .-. .. SOUKC@ 

Error 

0 29 

u2g x i 

u 2e 

cr2g/u2gs 

** Significant a t  1% 





MECH'ANISMS OF ~ T R I G A  RESISTANCE IN SORGHUM* 

R.K. Maiti and L.R. House 

Stri -- ga belonging to the family Scrophular iaceae is a noxious 

root parasite attacking graminaceous crops such as sorghum, millet, 

maize etc. ; and crops like cowpea, tobacco and sunflower are also 

attacked by other species. A severe attack by this parasite sometimes 

causes total crop failure. In India, sorghum is attacked by Striqa. 

Control measures to eradicate Strl_ga such as application of ethylene 

has been developed (Dale et al: 1970) and different control measures 

have-been reported by Hosmani 1978 but as very high costs are 

involved, this method is not feasible. A disadvantage of other methods 

is that the crop cannot be saved from damage already done by the 

parasite prior to emergence above the ground. Hence breeding 

resistant cultivars appears to be a useful approach to solve the 

problem. 

There are several mechanisms operating in plants for Striga 

resistance. The association between the parasitic plants and the 

hosts is accomplished through a specialized contact organ, the 

haustorium and the infestation of host depends on the successful 

penetration of haus'toria into the vascular bundles of the host root. 

Three different host resistance mechanisms to Striga are reported 

by the previous workers viz., i) low stimulant production (Kumar 

1940; Rao 1948 and Williams 1959), ii) mechanical barriers 

(Saunders 1933), and iii) antibiosis or physiological obstruction 

(Saunders 1942). However, studies on the last two mechanisms are 

1 imi ted. 

Paper presented at AICSIP-ICRISAT working group meeting on 
Striga, -- ' to be held at ICRISAT Center, Sept 30-October 1, 1982. 



A review of literature on different aspects of research on 

S t r l g a  . - follows: Parker 1965 has discussed the problem of S t r l g a .  . 

A comprehensive review dealing with the physiological concepts of 

the association between parasitic angiosperms and their hosts has 

been discussed by Tsivion (1978). The transfer of water and solutes 

of the xylem sap takes place mainly by osmotic flow through the 

xylem bridge of the haustorium. Other physiological processes 

involve morphogenetic interactions caused by hormonal factors 

which culminate in the development of the haustorium. Several 

studies have been made to investigate the mode of parasitization 

of the susceptible host by S t r ~ g a .  These include studies by 

Stephens (1912), Saunders (1933), Uttaman (1950) and Rogers and 

Nelson (1962) on Striga asiatica by Musselman and Dickinson (1975) 

on various parasitic Scrophulariaceae (including Striga asiatica), by 

Okonkwo (1966) on Striga senegalensis and by Okonkwo and Nwoke 

(1978) on - Str* gesner ioides. 

Attempts have been made to study the histochemistry of the 

haustorium of Striga hermonthica on millets. The presence of 

phosphatase enzymes at the contact zone between the host and the 

parasite indicate that these enzymes were involved in the pene- 

tration mechanism and perhaps provide active support (Tidiane Ba 

1979). Chances in growth regulating substances have also been 

reported in Sorghum bicolor infested by Striae hermonthica 

(Drennan and Hiweris 1979). In this study most tolerant variety 

showed the largest cytokinin content and the lowest content of 

gibberrelins and farnesol. With infestation there was reduction by 

90-95% cytokinin and gibberelins by 30-80% in the xylem exudates 

of the host (Drenan and Hiweris 1979). 

Renaudin (1975) found that Lathraea clandestina (Scrophular iaceae) 

haust~ria .was found only when a physical contact with the host root 

was made. The author has interpreted the presence of a limiting 

exogenous stimulus which triggered an endogenous stimulus leading 



to the haustorial initiation. Renaudin (1977) showed by histochemical 

techniqud the activity of cellulase in the haustorium of Lathraea 

clandestina in the regions adjacent to the host. No such information 

is available on S t r i g a  parasitization on sorghum root. 

Research at ICRISAT 

An investigation has been undertaken at ICRISAT to investigate 

the mode of haustorial development of Striga asiatica (L.) Kuntz and its 

penetration, and to learn more about the nature of mechanical barriers 

in sorghum cultivars (Maiti -- et a1 in press). Twenty-five sorghum 

cultivars were chosen to represent a wide geographic distribution and 

a range of susceptibility. Most of these lines had been field tested 

for resistance to Striga asiatica in Akola, India and against S. hermonthica - 
in Sudan, Cameroun and Ethiopia. Based on their field performance over 

all these locations, they were grouped into resistant, moderately 

resistant and susceptible categories for assessing the variability 

of the haustorial development in the hosts. 

The technique adopted for growing sorghum seedlings and the 

pretreatment of S t r i g a  seeds were similar to that of Parker et a1 (1979). 

After four weeks (by which time the S t r i g a  was well established on the 

roots of the susceptible cultivars), the seedlings were carefully 

removed from the cups,. The roots were gently washed and the root 

regions with S t r i g a  attachments were fixed in a formalin propionic 

acid-alcohol mixture and finally processed for microtome sectioning 

following Johansen (1940). The sections were cut through the root 

regions with S t r i g a  attachment, -processed and stained for permanent 

slide preparation. Observations were made under microscope on the 

degree of thickening of the inner endodermal cell walls, the frequency 

of silica crystals in the endodermal cells and the degree of thickening 

of the walls of the pericycle. 



I n  o r d e r  t o  u n d e r s t a n d  whether  t h e  development  o f  mechanica l  

t i s s u e  d i f f e r e d  i n . r e s i s t a n t  and s u s c e p t i b l e  c u l t i v a r s ,  a t ime-course  

s t u d y  o f  t h e  c h a n g e s  i n  r o o t  anatomy a t  d i f f e r e n t  s t a g e s  ( 7 ,  1 4 ,  2 1  

and 28 d a y s )  were made on CSH-1, ( s u s c e p t i b l e )  and N 1 3  ( r e s i s t a n t ) .  

P a r a s i t i z a t i o n  of t h e  s u s c e p t i b l e  and r e s i s t a n t  r o o t s  

G e r m i n a t i o n  began w i t h  t h e  r a d i c l e  making its way t h r o u g h  t h e  

s e e d  c o a t .  The plumule grew v e r y  s l o w l y  a t  t h i s  s t a g e ,  and s t i l l  

remained w i t h i n  t h e  s e e d  c o a t  u n t i l  t h e  h a u s t o r i u m  e s t a b l i s h e d  i ts  

v a s c u l a r  c o n t a c t  w i t h  t h e  h o s t  r o o t .  The bu lbous  h a u s t o r i u m  formed 

a t  t h e  t i p  o f  t h e  r a d i c l e ,  made c o n t a c t s  w i t h  t h e  e p i d e r m i s  o f  t h e  

h o s t  r o o t  and p r e s s e d  a g a i n s t  c o r t i c a l  c e l l s .  These  became d i s t o r t e d  

and t h e  h a u s t o r i u m  p e n e t r a t e d  t o  t h e  c o r t e x  and u l t i m a t e l y  came i n  

c o n t a c t  w i t h  t h e  endodermis .  

The i n v a s i o n  of  t h e  h o s t  s te le  was by t h e  t r a c h e i d s  d e v e l o p e d  

from t h e  a x i s  o f  t h e  young h a u s t o r i u m .  These t r a c h e i d s  were 

c h a r a c t e r i s e d  by t h e  s p i r a l  t h i c k e n i n g s  a s  d e s c r i b e d  by Rogers  and 

Nelson ( 1 9 6 2 )  and p e n e t r a t e d  t h e  xylem v e s s e l s  e i t h e r  by d i s s o l v i n g  

t h e  c e l l  w a l l s  o r  by m e c h a n i c a l l y  d i s r u p t i n g  them. T h i s  made t h e  

h o s t  p a r a s i t e  v a s c u l a r  c o n n e c t i o n s  c o m p l e t e ;  a t  t h i s  s t a g e  t h e  

haus tor iu rn  a t t a i n e d  a l m o s t  d o u b l e  t h e  s i z e  o f  t h e  h o s t  s te le .  I n  

some c a s e s  t h e  p r e s e n c e  of a  s u b s t a n c e  which s t a i n e d  d a r k  g r e e n  w i t h  

t o l u d i n e  b l u e  was n o t i c e d  when t h e  h a u s t o r i u m  was i n  c o n t a c t  w i t h  

t h e  endodermis .  

I n  t h e  r e s i s t a n t  c u l t i v a r s  t h e  a t t a c h m e n t  t o  t h e  root and  t h e  

p e n e t r a t i o n  o f  t h e  c o r t e x  by t h e  h a u s t o r i u m  f o l l o w e d  t h e  same p r o c e s s e s  

a s  i n  t h e  s u s c e p t i b l e  c u l t i v a r s .  However, i n  t h e  r e s i s t a n t  c u l t i v a r s  

most o f  t h e  h a u s t o r i a  f a i l e d  t o  p e n e t r a t e  t h e  endodermis ,  i n  c o n t r a s t  

t o  t h e  s u s c e p t i b l e  c u l t i v a r s  i n  which most h a u s t o r i a  were s u c c e s s f u l  

i n  e s t a b l i s h i ' n g  t h e  v a s c u l a r  c o n n e c t i o n  w i t h  t h e  h o s t  r o o t .  



Some resistant cultivars were found to have a thickening in 

the endodermal cell walls and pericycle cell walls and the endodermal 

cells were found to contain silica crystals. These were observed 

in the resistant cultivar N13 and in contrast to the susceptible CSH-1. 

The course of development of these thickenings on the two cultivars 

indicated that cell wall thickening in these two tissues as well as 

the presence of crystals was observed in N13 as early as 7 days after 

germination. CSH-1, in contrast, showed only insignificant thickening 

in the endodermis and contained no silica crystals as late as 14 days 

after germination. By 28 days, there was only a small increase in 

thickening in the endodermis and in the pericycle in CSH-1, whereas 

N13 had accumulated considerable thickening material, especially in 

the pericycle, by that time. Sorghum cultivars did show range of 

variability in the intensity of mechanical tissue. 

In addition, several apparent responses to the invasion by 

the Striqa haustorium were observed in certain resistant cultivars. 

One example of these reactions appeared to be extra lignification in 

the pericycle cells at the point of contact of the haustorium with 

the endodermis in N13 and IS 4202. As a result, the haustorium 

appeared to become distorted and failed to penetrate into the stele. 

In another resistant cultivar, ( S R N  4841), a few haustoria did 

penetrate through the endodermis but on reaching the xylem vessel, 

tyloses-like occlusions were formed in the cavity of the xylem vessels. 

Relationship of host root anatomy and host resistance 

Host root anatomy of 25 selected cultivars could be grouped 

into three types of mechanical tisaue: 1) the thickness of the inner 

tangential wall of the endodermis: 23 the degree of lignification of 

the pericycle, and 3) and the frequency and size of the crystals in 

the endodermal cells. Each genotype was scored as high, intermediate 

or low for ea'ch of these characteristics. The genotype with the high 

score representing the maximum expression of the character could be 

associated with resistance. 



In the overall scoring more weightage is given to the 

intensity of mechanical tissue (sclerenchyma) in the pericycle and 

size of silica crystals in the endodermis. This mechanical tissue 

is assumed to offer resistance to the invading haustorium. Based 

on the overall score, it appears that all the cultivars in the 

resistant group have a high or intermediate rating for all the 

three characters. In case of IS 4202 and IS 5218, all the three 

characters were rated as intermediate but collectively might be 

regarded as strong enough to restrict haustorial penetration. 

Resistance mechanism of the different cultivars could not be 

explained only on the basis of mechanical barriers. It might be 

that the resistant cultivars may have in addition to these mechanical 

barriers some yet unknown factor ( s )  (enzymes or hormones) which 

together with the mechanical barriers confer field resistance. 

Host parasite relationship 

Saunders (1933) has identified three resistant cultivars 

in South Africa with particular reference to Striga lutea which had -- 
three different resistance mechanisms. In the first cultivar the 

obstruction of haustorium was by cortical cells with very little 

resistance from the endodermis and vascular cylinder; in the 

second cultivar, the inner walls of the endodermis and vascular 

cylinder both obstructed the penetration of haustoria fairly 

effectively: and in the third cultivar, the serious impediment to 

the haustorial penetration was the vascular cylinder itself 

rather than the endodermis. 

In the investigation at ICRISAT N13 was found to have a 

resistance associated with the hiqhly thickened endodermis and pericycle 

tissue, and, SRN 4841 was found to have resistance from a highly 

lignified pericycle. Extra lignification in pericycle cells at the 

point of contact of the haustorium was observed in N13 and IS 4202 

resulting in failure of S t r l y a  haustoria to enter the stele. 



There are several reports explaining the role of lignification 

to parasite resistance. Extra lignification as a response to a wound 

caused by invading hyphae of fungal pathogen is reported in wheat 

(Ride 1975). An extra lignification of the xylem vessels in sunflower 

cultivars resistant to Orobanche cumune in response to the Orobanche 

haustorium has been reported (Panchenko and Antonova 1974). 

Liqnification occurred around a fungal infection site in a 

resistant cucumber variety whereas ic the susceptible lines there was 

no lignification (Hijwegen 1963). He concluded that lignification 

could be part of an active resistance mechanism inhibiting the 

parasite in its progress. 

The study at ICRISAT on the haustorial development of S t r i g a  

on a wide range of sorghum cultivars also corroborate the finding of 

Saunders (1933), on parasitism of !‘+rigs lutea in that some sorghum -- 
cultivars offered mechanical barriers to the invading haustoria. The 

collapsing of haustoria in the cortex and the deposition of dark 

staining materials could be the impact on a physiological obstruction 

as reported by Saunders (1942). The deposition of dark green substance 

stained with toludine blue could be a chemical substance reported to 

be produced by the advancing haustorial cells in ~triga asiatica 

(Saunders 1933) and - S. gesneriodes (Okonkwo and Nwoko 1978). They 

reported that this chemical substance softened or dissolved the cell 

wall of host tissue. The chemical substances has not been identified 

but the tests for cellulase were reported to be negative (Rogers and 

Nelson 1962) . 

In this study no direct comparisons have been made to relate 

the presence of mechanical tissue with field resistance but studies 

were undertaken with an objective to investigate haustorial develop- 

ment on some ,sorghum genotypes. The field resis ance of some of f. 
the genotypes is known. Although no clear cut conclusions could be 

made regarding the relation between the field resistance, and 



mechan ica l  b a r r i e r s ,  t h e r e  a r e  i n d i c a t i o n s  t h a t  some of t h e  r e s i s t a n t  

l i n e s  l i k e  N13, I S  4202 produced more mechan ica l  b a r r i e r  w h i l e  many 

of t h e  s u s c e p t i b l e  l i n e s  showed less mechan ica l  b a r r i e r .  

However, t h i s  s t u d y  c o n t r i b u t e s  some e v i d e n c e s  t h a t  t h e  

mechan ica l  r e s i s t a n c e  does  seem t o  be a n  i m p o r t a n t ,  i f  n o t  e x c l u s i v e ,  

mechanism of h o s t  p l a n t  r e s i s t a n c e  t o  S t r i q a  i n  s t i m u l a n t  c u l t i v a r s .  

LITERATURE CITED 

D a l e ,  J . E . ,  E g l e y ,  G . H .  and E p l e e ,  R.E. 1970.  E f f e c t  o f  2 - c h l o r o e t h y l -  
p h o s p h o r i c  a c i d  on witchweed on c r o p s .  P roc .  23rd  meet. 
Weed S c i . ,  Soc.  328-29. 

Drennan,  D.S.H. and E l .  Hiweris, S . O .  E l  1979.  Changes i n  growth 
r e g u l a t i n g  s u b s t a n c e s  i n  Sorghum v u l g a r e  i n f e c t e d  by S t r i g d  
he rmon th ica .  Paper  p r e s e n t e d  a t  Second Symp. P a r a s i t e  Weeds 
h e l d  a t  Nor th  C a r o l i n a ,  USA, 16-19 J u l y ,  1979.  

Hosmani, M . M . ,  1978.  S t r i m .  U n i v e r s i t y  of A g r l .  Sci. Dharwar,  I n d i a .  

J o h a n s e n ,  D . A . ,  1940.  P l a n t  M i c r o t e c h n i q u e ,  MCGraw H i l l  Book Co. London. 

Kumar, L.S.S. 1940.  S t r i g d  r e s e a r c h  i n  Bombay. Ind .  Farm. 1, 609. 

M a i t i ,  R . K . ,  Ramaiah, K.V., B i s e n ,  S.  and Chidley ,V.L.  A c o m p a r a t i v e  
s t u d y  o f  t h e  h a u s t o r i a l  development  o f  S t r i g a  a s i a t i c a  ( L . )  Kuntze 
( I n  P r e s s ) .  

Musselman, L . J . ,  and D i c k i n s o n ,  W . C . ,  1975.  The s t r u c t u r e  and development  
of t h e  h a u s t o r i u m  i n  p a r a s i t e  S c r o p h u l a r i a c e a e .  Bot .  J .  L inn .  
SOC. 70 ,  183-212.  

Okonkwo, S.N.C., 1966.  S t u d i e s  on S t r i g a  senega le=  Ben t .  I .  Mode o f  
h o s t  p a r a s i t e  un ion  and h a u s t o r i a l  s t r u c t u r e .  Phytomorphology,  
1 6 ,  453-63. 

Okonkwo, S.N.C., and Nwoke, F.I.O., 1978.  I n i t i a t i o n ,  development  and 
s t r u c t u r e  of t h e  p r i m a r y  h a u s t o r i u m  i n  S t r id .3  g e s n e r o i d e s  
( S c r o p h u l a r i a c e a e )  Ann. Bot. 42,  455-63. 

Panchenko, A .  Ya., and Antonova,  T . S . ,  1974.  C h a r a c t e r i s t i c s  o f  t h e  
p r o t e c t i v e  r e a c t i o n  of v a r i e t i e s  o f  s u n f l o w e r  r e s i s t a n t  to  
p e n e t r a t i o n  by broomrape.  S e l i s k o k h o z y a i s  vennaya b i o l o g y a .  
9 4 ,  554-58. 



Parker, C., 1965.. The S t r i g a  problem - a review. Pest Articles and 
news summaries section C, 11, 99-111. 

Parker, C., Hitchcock, A.M., and Ramaih, K.V., 1979. The germination 
of S t r i g a  species by crop root exudates - techniques for 
selecting resistant crop cultivars. Presented at the sixth 
pecific weed science conference held at Jakarta, Indonesia. 

Rao, P.K., 1948. Annual report of the Millet breeding Station, 
Coimbatore, 1947-48. 

Renaudin, S., 1975. Sur l'obtention, in vitro deb sucoirs de 
Luthraea cladestina L (Scrophulariaceae). Bull.Soc.Bot.Fr. 
122:115-122. 

Renaudin, S., 1977. Mise en evidence d' activites enzymatiques au 
niveau des sucoirs de Lathrae clandestina L. Bull. Soc. Bot. 
Fr. 124:419-425. 

Ride, R.P., 1975. Lignification in wounded wheat leaves in response 
to fungi and its possible role in resistance. Physiological 
Plant Pathology, 5, 125-34. 

Rogers, W.E., and Nelson, R.R., 1962. Penetration and nutrition of 
Striga asiatica.Phytopathology. 52, 1064-70. 

Saunders, A.R., 1933. Studies on phanerogamic parasitism with 
particular reference to Striga lutea Lour, USDA Sci. Bull. 128. 

Saunders, A.R., 1942. Field experiments at Potchefstroom. 
S. Affica, Dept. of Fgric. and For. Sci. Bull. 14. 

Tsivion, Y., 1978. Physiological concepts of the association between 
parasitic angiosperms and their hosts - a review, Israel 
J. Bot. 27:103-21. 

Stephens, E.L., 1912. The structure and development of the haustorium 
of Str iga lutea. Ann. Botany (London) 26, 1067-76. 

Tidiane Ba, A . ,  1979. Notes on the histochemistry of the haustorium 
of Striga hermonthica. Paper presented at Second Symp. 
Parasitic Weeds held at North Carolina, USA, 16-19 July, 1979. 

Uttaman, P. , 1950. A study of the germination of S t r i 9 a  seed and on 
the.mechanism and nature of parasitism of Striga lutea Lour 
on rice. Proc. Indian Seed Sci. Sec. B. 32, 133-42. 

Williams, C.N., 1959. Resistance of sorghum to witchweed. Nature 
184, 1511. 





PIiXSIOLOGY O F  SORGHUM - SWGkjINTERACTIONS 

S.R. ~ a r v a t i k a r '  

S t r i g a  h a s  been a p p r o p r i a t e l y  named a s  withchweed because  o f  i t s  

d e c e p t i v e  n a t u r e  o f  do ing  t h e  harm even b e f o r e  be ing d e t e c t e d .  I t  i e  a  

root p a r a s i t e  e s t a b l i s h i n g  i t s e l f  d i r e c t l y  i n  t h e  v a ~ c u l a r  eystema of 

t h e  h o s t  p l a n t  and d r a i n s  o f f  wa te r  and n u t r i e n t s ,  r e s u l t i n g  i n  y i e l d  

lossee o f  1 5  t o  75% depending on t h e  s e v e r i t y  of  i n f e c t i o n .  S t r i g a  h a s  

s t r o n g  s u r v i v a l  mechhnism l i k e  dormancy, long p e r i o d  o f  v i a b i l i t y ,  and 

p r o l i f i c  seed p r o d u c t i o n  c a p a c i t y .  Removal of  S t r i g a  s h o o t s ,  when s e e n  

above g round ,  i s  n o t  much u s e f u l  s i n c e  t h e  s h o o t s  r e s p r o u t  soon from t h e i ~  

crown-buds which a r e  l o c a t e d  u p t o  15  cm below t h e  s o i l .  

About 60 S t r i g a  s p e c i e s  have been r e p o r t e d  i n  t h e  wor ld .  S t r i q a  

a s i a t i c a  (L) Kuntze ,  i s  t h e  most wide ly  occur ing  s p e c i e s  i n  I n d i a  

(Hosmani, 1978) .  S t r i g a  s e e d  measures  a b o u t  0 . 4  mm i n  l e n g t h  and 0.2 rnm 

i n  b r e a d t h ,  and c o n s i s t s  o f  a n  u n d i f f e r e n t i a t e d  embryo enc losed  by an 

a l e u r o n e  l a y e r  and s e e d  c o a t .  No endosperm i s  p r e s e n t  between t h e  a l e u r o n e  

l a y e r  and embryo. S t r i g a , a s i a t i c a  grows t o  a h e i g h t  of 15-25 cm and h a s  

na r row,  l i n e a r  o r  l a n c e o l a t e  l e a v e s  measuring abou t  0 . 5  t o  5 c m  i n  l e n g t h .  

I t  p roduces  a b o u t  90,000 t o  4 ,50 ,000 s e e d s  pe r  p l a n t  (Dogget t ,  1 9 7 0 ) .  H i g h  

h u m i d i t y  and t e m p e r a t u r e  r a p i d l y  r e d u c e  t h e  viability of t h e  s e e d s ,  ( K u s t ,  

1963) .  M o i s t u r e  i n d u c e s  dormancy and s e e d s  a r e  incapable of g e r m i n a t i o n  

u n t i l  d r i e d .  I n  d r y  s o i l  t h e  s e e d s  a r e  v i a b l e  f o r  a l onge r  p e r i o d ,  even u p t o  

20-40 y e a r s .  

mrmancy  and Germinat ion  

I n  many s p e c i e s ,  s e e d s  from t h e  same h a r v e s t ,  o r  even t h e  same f l o w e r  

may possess d i f f e r e n t  dormancy c h a r a c t e r i s t i c s ,  s o  t h a t  t h e  p e r i o d  o f  

g e r m i n a t i o n  i s  s p r e a d  o v e r  many months o r  even s e v e r a l  yea r s .  Dormancy may 

be d u e  t o  i m m a t u r i t y  o f  t h e  embryo o r  t h e  impermeab i i i t y  o f  t h e  seed c o a t  to  

g a s e s  and wa te r .  Striga s e e d s  r e q u i r e  a n  a f t e r - r i p e n i n g  p e r i o d  v a r y i n g  from 

a  few months to  s e v e r a l  y e a r s  b e f o r e  i t  can  ge rmina te  i n  t h e  p r e s e n c e  o f  a 

s t i m u l a n t .  They g e r m i n a t e  a f t e r  undergoing a  p e r i o d  of p r e - c o n d i t i o n i n g  and 

on g e t t i n g  a s t i m u l a n t  f o r  t r i g g e r i n g  t h e  germination. 

P h y s i o l o g i s t  (Sorghum) , A g r i l .  Research  S t a t i o n ,  B i j a p u r  (Karna taka )  . 



S t r i g a  seed  g e r m i n a t i o n  t a k e s  p l a c e  i n  t w o  phases .  During t h e  

f i r s t  phase ,  m o i s t u r e  o n l y  is r e q u i r e d  but  d u r i n g  t h e  second p h a s e  a  

ohemical  s t i m u l a n t  must be p r e s e n t .  The f i r s t  phase  t a k e s  p l a c e  most 
0 0 

r a p i d l y  a t  t e m p e r a t u r e s  of 80 F t o  90 F and r e q u i r e s  from 5 t o  20 days .  

The second phase  which r e s u l t s  i n  a c t u a l  emergence o f  t h e  r a d i c l e  is 

completed i n  24-48 hours .  Absorpt ion  of s t i m u l a n t  o c c u r s  d u r i n g  t h e  

f i r s t  2 hour s  of t h e  second phase  o f  ge rmina t ion .  Following g e r m i n a t i o n ,  

S t r i g s  r o o t  establish c o n t a c t  w i t h  t h e  h o s t  r o o t  by means of haus to r ium 

which p e n e t r a t e s  i n t o  t h e  xylem v e s s e l s  of  t h e  h o s t  r o o t s  and draw water  

and n u t r i e n t s .  Cook e t  a l .  (1966)  i s o l a t e d  from c o t t o n  r o o t s  a  c r y s t a l l i n e  

ge rmina t ion  stimulant s t r i g o l  ( C I 9  0 6 ) .  D-xyloketose,  cumar in  

d e r i v a t i v e s  and e t h y l o n e  a l s o  s t i m u l a t e  g e r m i n a t i o n  o f  Striya s e e d s .  

Yoshikawa -- e t  - a l .  (1973) r e p o r t e d  t h a t  a l r  d r i e d  s e e d s  t r e a t e d  w i t h  k i n e t i n  
- 4 a t  1 . 2  x 1 0  M i n d u c d  g e r m i n a t i o n  w i t h o u t  any p re -cond i t ion ing .  Even t h e  

s h o o t  development of S t r i g a  was promoted. S t r i g a  s e e d s  a b o u t  10 mm away 

from t h e  h o s t  r o o t  c a ?  be s t i m u l a t e d  and can  made c o n t a c t  w i th  t h e  h o s t  rook 

(Dogge t t ,  1965) .  The r a d i c l e  of t h e  S t r i q a  s e e d l i n g s  a p p a r e n t l y  s e c r e t e  

enzymes, which a s s i s t  t h e  p e n e t r a t i o n  of  t h e  h o s t  root by d i s s o l u t i o n  of t h ~  

h o s t  ce l l  w a l l s .  The S t r i g a  h a u s t o r i a  t h e n  e s t a b l i s h  c o n n e c t i o n s  wi th  t h e  

v a s c u l a r  s t r a n d s  o f  t h e  h o s t  (Rogers and Nelson,  1962) .  

The s t u d i e s  of Wil l lams (1961)  on t h e  t rop i sm and morphogenesis  

o f  Strlya s e e d l i n g s  i n  t h e  h o s t  r h i z o s p h e r e  i n d i c a t e d  t h a t  t h e  h o s t  r o o t  

e x e r t s  a  definite, p c s r t l v e  chemotropic  i n f l u e n c e  ove r  t h e  growth o f  t h e  

p a r a s i t e  r a d i c l e  In  t h e  ~ m m e d i a t e  v i c i n i t y  of t h e  \ost r o o t s  u p t o  4mm 

d i s t a n c e .  F u r t n e r ,  kgst r o o t s  a l s o  p roduce  morphogenic f a c t o r s  which induce  

s t r i k i n g  changes  I n  t h e  p a r a s i t e  s e e d l i n g s .  He r e p o r t e d  t h a t  GA (1-25 p.p.m) 
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p r m o t e d  s h o o t  formatlor!  while k l n e t l n  ( 1 0  p.p.m) caused t h e  development o f  

r o o t  h a i r s .  

Musselman (19 -3 )  i n d i c a t e d  t h a t  i n  S t r i g a  l u t e a  r o o t  h a i r s  a r e  abserr t ,  

a l t h o u g h  r o o t  h a i r s  a r e  commonly found i n  t h e  v i c i n i t y  of t h e  h y p o c o t y l ,  t h a t  

t h e  r a d i c u l a r  apex i s  l e s s  o r j a n i s e d  wi th  an e a r l y  s lough ing  of ce l l s ,  and 

t h a t  t h e  r o o t  apex mEy form a pr imary  haus to r lum upon c o n t a c t  w i t h  the h o s t  

toot. Germinat ion  and haus tor ium i n i t i a t i o n  a r e  d i f f e r e n t  and d i s t i n c t  

p t o c e e s e s  media ted  by s e p e r a t e  chemica l  c o n t r o l s .  



A f t e r  e s t a b l i s h i n g  o n  t h e  h o s t  root, t h e  p a r a s i t e  remains  

underground Cor a b o u t  3-6 weeks. Hence i n  its s u b t e r r a n i a n  s t a g e ,  

S t r l g a  is  a  c o m p l e t e  p a r a s i t e  and p r e e w h l y  o b t a i n s  a l l  its n u t r i e r r t s  

from t h e  h o s t  p l a n t .  La rge  q u a n t i t i e s  o f  s t a r c h  is s t o r e d  i n  t h e  young 

s u b t e r r a n i a n  s h o o t  o f  S t r i g a  a s i a t i c a  ( S a u n d e r s ,  1 9 3 3 ) .  However, t h e  

t r a n s l o c a t i o n  o f  o r g a n i c  s u b s t a n c e s  hae  n o t  been unde r s tood  because  no 

phloem c o n n e c t i o n s  between t h e  h o s t  and t h e  p a r a s i t e  have  been damons t r a t ed .  

S t e p h e n s  (1912)  s u g g e s t e d  t h a t  i f  t h e  o r g a n i c  m a t e r i a l s  were o b t a i n e d  from 

t h e  h o s t ,  t h e n  t h e y  must be  e i t h e r  t h e  m a t e r i a l s  paased  f r m  t h e  phloem t o  

t h e  xylem o f  t h e  h o s t ,  o r  what t h e  h a u s t o r i a  may a b s o r b  f r a n  t h e  c o r t e x  o f  

t h e  h o s t .  

A f t e r  t h e  Striga p l a n t  h a s  p r d u c e d  s u b s t a n t i a l  g r e e n  s h o o t ,  i t  c a n  

s y n t h e s i s e  o r g a n i c  compounds i n  i ts  g r e e n  t i s s u e s ,  and a b s o r b s  o n l y  m i n e r a l  

s a l t s  and wa te r  from t h e  h o s t  ( S a u n d e r s ,  1 9 3 3 ) .  However, some worke r s  f e e l  

t h a t  c e r t a i n  s p e c i e s  o f  S t r i g a  c o n t i n u e  to t a k e  food m a t e r i a l  f r a n  t h e i r  

h o s t  even  a f t e r  p roduc ing  g r e e n  l e a v e s .  Roqers (1959)  conf i rmed  t h i s  by 

e x p o s i n g  l e a v e s  o f  ma ize  to  I4c0 i n  l i g h t  and d e t e c t i n g  a c t i v i t y  i n  t h e  
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a t t a c h e d  g r e e n  S t r i g a  a s i a t i c a  a f t e r  a  p e r i o d  o f  time. 

" s ing  I4co2 and 1 4 ~ - u r e a  i t  was s e e n  t h a t  g r e a t e r  a c t i v i t y  was 

d e t e c t e d  i n  t h e  p a r a s i t e  ( a e r i a l  and s u b t e r r a n i a n )  t h a n  i n  t h e  h o s t  r o o t s  

or stem o n  a  d r y  we igh t  b a s i s .  The a c t i v i t y  i n  t h e  s u b t e r r a n i a n  p a c a s i t e s  

was d o u b l e  t h a n  t h a t  i n  t h e  a e r i a l  p o r t i o n  o f  p a r t s .  G r e a t e r  a c t i v i t y  o f  

35.S was d e t e c t e d  i n  t h e  p a r a s i t e  when 3 5 ~  was a p p l i e d  t o  t h e  h o s t  r o o t s  

t h a n  when a p p l i e d  t o  t h e  h o s t  l e a f .  

T r a n s l o c a t i o n  o f  l 4 =  d i d  n o t  o c c u r  a p p r e c i a b l y  from t h e  p a r a s i t e  t o  

t h e  h o s t .  Saunder s  17933) found t h a t  t h e  o s m o t i c  p r e s s u r e  i n  t h e  p a r a s i t e  

h a u s t o r i u m  was 2-3 t i m e s  h i g h e r  t h a n  t h e  h o s t .  Some worke r s  b e l i e v e  t h a t  

b u l k  of t h e  m i n e r a l  s a l t s  needed by t h e  p a r a s i t e  may be  o b t a i n e d  from t h e  

h o s t ,  though a  s m a l l  amoumt o f  i ndependan t  a b s o r p t i o n  o c c u r s  by  S t r i q a  

roots. I n c r e a s e d  m i t r o g e n  a p p l i c a t i o n  t o  sorghum r e s u l t s  i n  d e c r e a s e d  

o s m o t i c  p r e s s u r e  g r a d i e n t  t owards  t h e  p a r a s i t e  which a d v e r s e l y  e f f e c t s  i t s  

s u r v i v a l .  A l s o  n i t r o g e n  a p p l i c a t i o n  r e d u c e s  s t r i g o l  p r o d u c t i o n  by sorghum 

p l a n t .  



Germination 

The r a t e  of g e r r ~ ~ i n a t i o m  of S t r l q a  eeeds  wi th  d i f f e r e n t  c r o p  r o o t  

exuda te s  was s t u d i e d  by Prabhakar  S e t t y  ( 1 9 8 0 ) ,  a& t h e  r e s u l t s  i n d i c a t e d  

t h a t  t h e  maximum ge;minat ioa  was w i t h i n  t h r e e  days a f t e r  t h e  a p p l i c a t i o n  

of r o o t  exuda te s  (Tab le  I ) .  

The s t i m u l a t i o n  o f  Striya seed  ge rmina t ion  by d i f f e r e n t  growth 

r e g u l a t o r s  were a l so  s t u d i e d  (Tab le  2 ) .  K i n e t i n  i n  combina t iou  wi th  GA 
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and I . A . A .  has g i v e n  t h e  h i g h e s t  ge rmina t ion  and i n  3 days  time, maximum 

ge rmina t ion  was observed.  

S t u d i e s  on t h e  c h l o r o p h y l l  c o n t e n t  of Striga p l a n t s  by Prabhakar  

S e t t y  ( 1 9 8 0 )  have shown t h a t  t h e  c o n t e n t s  of  both  c h l o r o p h y l l  a  and b. 

was h i g h e s t  a t  1 0  days  a f t e r  emergence (1.30 mg/g f r e s h  Wt.). There  was 2 

g e n e r a l  l n c r e a s l n g  t r e n d  from 5 days  t o  10  days  and t h e n  i t  d e c l i n e d .  

The I4c pho tos ) rn the t i c  r a t e  r evea led  t h a t  t h e r e  was p r o g r e s s i v e  

i n c r e a s e  from 5 days  ~ f t e r  emergence,  and a peak was a t t a i n e d  a t  20 days .  

I t  dec reased  a t  25 and 30 days  a f t e r  emergence and t h e  lowes t  r a t e  was 

recorded a t  30 days .  

T h e  a c t l v i t y  cf n i t r a t e  r e d u c t a s e  was lowes t  a t  5 d a y s ,  went on 

increasing up to  20 d a f s  a f t e r  emergence and t h e n  s t a r t e d  d e c r e a s i n g .  

Even a t  30 days  a f t e r  emergence N R a c t i v i t y  was h ighe r  t han  a t  ? 5  days  

a f t e r  emergence. 

S t u d l e s  on t h e  t o t a l  d r y  m a t t e r  p r o d u c t i o n  by t h e  S t r i g a  p l a n t  

conducted  u p t o  30 days  a f t e r  emergence ( l a t e r  t h e  p l a n t  m a t u r e s ) ,  

showed an  i n c r e a s e  i n  D.M.A.  u p t o  30 days .  

Prabhakar  Set ty .  ( 1 9 8 0 )  a l s o  s t u d i e d  t h e  n u t r i e n t  c o n t e n t  of  

d i f f e r e n t  e l emen t s  and found t h a t  t h e  N, P and K c o n t e n t s  o f  S t r i y a  p l a n t s  

were h i g h e s t  a t  5 days  a f t e r  emergence. They were 3 3 . 0 ,  58.0 and 47 .4  mg/g 

d r y  weight  of  striga r e s p e c t i v e l y .  The c o n t e n t  o f  m i c r o n u t r i e n t s  l i k e  Ca, Mgt 

showed g r a d u a l  i n c r e a s e  wi th  a g e  u p t o  abou t  15-20 days  whereas Mn and  Cu 

reco rded  h i g h e s t  c o n t e n t  a t  30 days  a f t e r  emergence. 



T o l e r a n c e  t o  S t r i g a  i n  s a n e  v a r i e t i e s  migh t  be c o r r e l a t e d  t o  t h e  

c o n t e n t  o f  t o t a l  s u g a r s  and amirrpacids.  Also h i g h e r  c y t o k i n i n  and low 

f a r n e s o l  were found i n  t o l e r a n t  v a r i e t i e s .  The c y t o k i n i n ,  GA, ABA and 

F a r n e s o l  c o n t e n t  i s  much lower  i n  S t r i g a  t h a n  i n  sorghum b u t  t h e  

n u t r i e n t  c o n t e n t  is h i g h e r  i n  S t r l g d  t h a n  i n  sorghum. 

The f a i l u r e  o f  S t r l y a  t o  p a r a s i t i s e  t o l e r a n t  c r o p  v a r i e t i e s  may be 

due  to t h e  i n a b i l i t y  of S t r i ~ a  t o  p e n e t r a t e  beyond t h e  endodermis  and 

make c o n t a c t  w i t h  t h e  xylem v e s s e l s  o f  t h e  h o s t  r o o t s .  The i n n e r  w a l l s  

o f  t h e  endodermis  a r e  t h l c k e r  i n  t h e  t o l e r a n t  t y p e s  o f  sorghum. F u r t h e r ,  

t h e  t o l e r a n t  v a r i e t i e s  may exude low amount o f  t h e  s t i m u l a n t  by t h e i r  r o o t s .  

Eg ley  ( 1 9 7 1 )  h a s  shown t h a t  t h e  g r a i n  y i e l d  o f  sorghum was s e v e r e l y  

a f f e c t e d  under  n o - n u t r i t i o n  c o n d i t i o n  ( low n u t r i t i o n  o r  poor soi ls )  w h i l e  

t h e r e  was o n l y  50 p e r  c e n t  r e d u c t i o n  i n  y i e l d  w i t h  doub le  t h e  l e v e l  o f  

n u t r i e n t s  and t h a t  t h e  ea r ly -emerged  p a r a s i t e s  caused  more damage t o  t h e  

h o s t  t h a n  t h e  l a t e -emerged  o n e s .  

CSH-I and Swarna a r e  h i g h l y  s u s c e p t i b l e  t o  S t r i y d  and a r e  used a s  

s u s c e p t i b l e  c h e c k s  i n  e x p e r i m e n t s .  R a t e  o f  p h o t o s y n t h c s l s  r educed  u p t o  

45% i n  CSH-I and a b o u t  2 5 %  ~ r p  Swarna due  t o  i n f e s t a t i o n  w i t h  3 t r l y a .  F r e e  

p r o l i n e  c o n t e n t  i n c r e a s e d  by 2 t o  3 f o l d ,  N R activity, ~ n  bo th  r o o t s  and 

l e a f ,  i n c r e a s e d  s u b s t a n t i a l l y  and w a t e r  s t r e s s  was more e v i d e n t  i n  sorghum 

p l a n t s  i n f e s t e d  w i t h  S t r i y d  a s  compared t o  t h e  c o n t r o l .  About 4 0 %  l o s s  I n  

g r a i n  y i e l d  was r e p o r t e d .  



Table 1 .  Germination o f  S t r i g a  seeds by crop roo t  exudates 

Percentage germination o f  Striqa seeds 
A f t e r  48  hrs. 7 2  h r s .  

Sorghum 
CSH 1 

CSH 5 

Swarna 

Cot t o n  

Groundnu t 
(DH-330) 



Table 2. S g r i y a  seed germination induced by different growth regulators 

Treatment Conc . 
(P-P-m) 

Percentage of S t r i g a  seed germiaatron 
After 24 hrs. 48 hrs. 72 hrs. 

Kinetin 

G.A + IAA 
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G.A3+Kinetin 

Kinetin + Ik' 

b i s t i l l e d  
C a t e r  

Absence of germination aoul.d be due to improper pH during germination 





PHYSIOLOGICAL BASIS OF 'HOST-PREFERENCE' I N  

STRIGA ASIATICA (L. ) KUNTZE - 

Bhara tha lakshmi  and J a y a c h a n d r a '  

S t r i g a  a s i a t i c a  ( L . )  Kuntze is a wide s p r e a d  r o o t  p a r a s i t e  a t t a c k i n g  

a l a r g e  number o f  g raminaceous  and non-qraminaceous s p e c i e s  (Hosmani, 1978) 

The members of t h e  s p e c i e s  a r e  r e p o r t e d  t o  show d i f f e r e n t  d e g r e e s  o f  

p r e f e r e n c e  t o  t h e  h o s t ( s )  In  any  g i v e n  a r e a  (Lewin,  1 9 3 2 ) .  - S. a s i a t i c a  

o c c u r r i n g  on d i f f e r e n t  h o s t s  c u l t i v a t e d  i n  d i f f e r e n t  a r e a s  of  K a r n a t a k a ,  a r e  

r e p o r t e d  t o  be  h o s t - s p e c l f i c  i n  t h e i r  r e s p o n s e  t o  t h e  r o o t  e x u d a t e s  o f  

d i f f e r e n t  h o s t  c r o p s  (Bharacbz lakshmi  and J a y a c h a n d r a ,  1 9 7 9 ) .  A s u r v e y  of 

t h e  c u l t i v a t e d  f i e l d s  of  K i k k e r l ,  Mandya d i s t r i c t ,  K a r n a t a k a ,  I n d i a  d u r i n g  

1977 and 1978 showed s e v e r a l  c a s e s  of } ) r e f e r e n t i a l  a t t a c k  o f  c r o p s  by S t r i g a .  

Sorghum and Paspalurn f l e l d s  showed heavy i n f e s t a t i o n s .  I n  f i n g e r  m i l l e t  

f i e l d s  t h e  i n c i d e n c e  was n e g l i g i b l e .  R i c e  f i e l d s  a d j a c e n t  t o  t h e  S t r i g a  - 
i n f e s t e d  f i e l d  o f  Paspalurn was c o m p l e t e l y  f r e e  though t h e  former i s  a l s o  

r e p o r t e d  a s  a h o s t  t o  S t r l y a  (Hosmanl, 1 9 7 8 ) .  When f i n g e r  m i l l e t / r i c c  was 

grown w i t h  sorghum, o n l y  t h e  sorghum p l a n t s  were p a r a s i t i z e d .  These  o b s e r v a -  

t i o n s  i n d i c a t e d  h o s t - s p e c i f i c i t y  among t h e  members o f  2. a s i a t i c a  and hence  

d e t a i l e d  s t u d i e s  on t h e  b e h a v i o u r  o f  t h e  p a r a s i t e  a t  d i f f e r e n t  s t a g e s  of  i t s  

g r o w t h  a s  i n f l u e n c e d  by d i f f e r e n t  c h a r a c t e r s  o f  t h e  h o s t s  and t h e  p a r a s i t e  

were u n d e r t a k e n .  

MATERIALS AND METHODS 

The two s a m p l e s  of  2. a s l a t i c a  used  i n  t h e  p r e s e n t  s t u d y  were c o l l e c t e d  

from t h e  sorghum (CSH-1) and Paspalum f i e l d s  a t  K i k k e r i ,  Mandya d i s t r i c t ,  

K a r n a t a k a ,  I n d i a  and a r e  d e s i g n a t e d  a s  S and PK, r e s p e c t i v e l y .  The s e e d  
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s a m p l e s  were  s t o r e d  f o r  a t l e a s t  s i x  months f o r  a f t e r - r i p e n i n g ,  b e f o r e  b e i n g  

used .  The g r a i n s  o f  sorghum (Sorghum b i c o l o r  (L.) Moench) v a r .  CSH-1 and 

Paspalum s c r o b i c u l a t u m  L., were o b t a i n e d  r e s p e c t i v e l y  from t h e  N a t i o n a l  S e e d s  

C o r p o r a t i o n ,  B a n g a l o r e ,  and from t h e  c u l t i v a t o r s  i n  K i k k e r i .  

' ~ e ~ a r t m e n t  o f  Botany ,  Jhana  B h a r a t h i ,  B a n g a l o r e  U n i v e r s i t y ,  B a n g a l o r e  - 560 056 



1 .  Germinat ion  Response 

The h o s t  r o o t  exuda te  from 10 day-old s e e d l i n g s  were o b t a i n e d  fo l lowing  

t h e  t echn ique  d e s c r i b e d  by Pa rke r  e t  a l . ,  (19771. Germinat ion  o f  t h e  

p r e t r e a t e d  s e e d s  of t h e  two samples  of  S t r i g a  was t e s t e d  i n  t h e  r o o t  exuda te  

fo l lowing  Bharathalakshmi and Jayachandra  (19791 . Germinat ion  tests were 

a l s o  c a r r i e d  o u t  by i n o c u l a t i n g  p r e t r e a t e d  s e e d s  of  S t r i g a  on t h e  r o o t s  of  

10 day-old s e e d l i n g s  of both t h e  h o s t s  grown i n  f i l t e r  paper r o l l s .  

2.  P e n e t r a t i o n  Response 

The p r e t r e a t e d  s e e d s  of SK and P samples  were germinated  i n  GR7 
K 

( 1  ~4 m 1 - ' 1  medium and t h e  ' d i s c s 1  wi th  t h e  germinated  S t r i g a  s e e d s  were 

i n o c u l a t e d  on t h e  semina l  r o o t s  o f  10 day-old s e e d l i n g s  of both  t h e  h o s t s .  

A f t e r  a l lowing  t h e  s e e d l i n g s  t o  grow f o r  t e n  more days ,  t h e  number of 

p a r a s i t e  s e e d s  germinated  and t h e  s e e d l i n g s  p e n e t r a t i n g  t h e  h o s t - r o o t  were 

counted .  

3. Emergence 

A s e t  of  40 e a r t h e n  p o t s  (30 an t o p  d i a .  and 40 cm d e p t h )  was h a l f -  

f i l l e d  wi th  a  mix tu re  of r ed  so i l : s and : : l . 0 :1 .5 .  The t o p  20 cm s o i l  was 

tho rough ly  mixed w i t h  150 mg s e e d s  of  S t r i g a .  Sorghum and Paspalum were 

sown i n  t e n  r e p l i c a t e  p o t s  f o r  each S t r i g a  sample a t  t h e  r a t e  o f  f i v e  s e e d s  

p e r  p o t  and were th inned  t o  one s e e d l i n g  p e r , p o t  a f t e r  emergence. S t r i g a  

emergence was noted  up t o  130 days  a t  i n t e r v a l s  o f  t e n  days .  

4 .  Biochemical  a n a l y s e s  o f  t h e  h o s t - r o o t  exuda te  

a )  S e p a r a t i o n  of 'S t r iga -ge rmina t ion- inducer '  

Root e x u d a t e  (2000 r n l )  from 10 day-old s e e d l i n g s  of t h e  two h o s t s  were 

c o l l e c t e d  a s  d e s c r i b e d  by Parker  e t  a l .  (1977) and was e x t r a c t e d  tw ice  w i t h  

h a l f  t h e  volume of pe t ro l eum e t h e r  t o  c o l l e c t  most of t h e  i n d u c e r s .  T h i s  

f r a c t i o n  was c o n c e n t r a t e d  under reduced p r e s s u r e ,  r e d i s s o l v e d  i n  ch lo ro fo rm 



and was subjected to TLC using silica gel G plates. The plates were developed 

in chloroform:methanol (40:2) system for one hour. The W fluorescent spots 

were eluted in chloroform and concentrated to dryness. The residues were 

weighed and the W spectra were recorded. The eluates were also tested for 

induction of germination of the pretreated Striga seeds. 

b. Separation of total phenolics 

The remainder of the root exudate after petroleum ether extraction was 

concentrated to 50 ml in a water bath and total phenolics were extracted in 

ether after hydrolysing with 4M NaOH (Harborne, 1973). Ether was evaporated, 

the phenolic residue was dissolved in methanol and subjected to two dimensional 

TLC on silica gel G plates using ch1oroform:acet~c acid::90:10 and benzene: 

ethylacetate::55:45 as the first and second solvent systems, respectively 

(Harborne, 1975). The W fluorescent spots were eluted with methanol, redissolve 

in ethanol and their UV spectra were recorded. 

The eluates were also tested for Striga seed germination with and without 

GR7 (1 pg ml-l) as the inducer. 

c. Metabolites 

The root exudate of sorghum (CSH-1) and Paspalum were analysed for 

reducing sugars following Clark (1964), amino acids following Moore and Stein 

(1948), proteins following Lowry et al. (1951) and total phenolics (A.O.A.C., 196 

5. Analyses of the host-cell wall material 

a) Biochemical analyses 

Cell wall material from one gram root mater~al of 10 day-old seedlings 

of sorghum and Paspalum, was extracted follow in^ the procedure described by 

Rogers and Perkins (1968). From 10 mg of the cell wall material, pectins, 

hemicelluloses and celluloses were separated, hydrolysed, neutralized and the 

reducing sugars were estimated following Clark (1964). For proteins, 10 mg 

of cell wall material was hydrolysed, neutralized and the amino acids were 

estimated following Moore and Stein (1948). From 10 mg of cell wall material, 



l i g n i n s  were hydrolysed and t h e i r  i o n i z a t i o n  d i f f e r e n c e  s p e c t r a  were 

recorded (Kimmins and Wuddah, 1977) .  

b)  His tochemical  a n a l y s e s  

4-5 day o l d ,  i . e .  2-4 cm behind t h e  t i p ,  r o o t  segments from t h e  

10 day-old s e e d l i n g s  (based on d a i l y  markings) were f i x e d  i n  F.A.A. f o r  

2 4  hours  and processed fo l lowing  t h e  p a r a f f i n  t echn ique  (Johansen,  1940) .  

The 10p s e c t i o n s  were s t a i n e d  s e p a r a t e l y  f o r  t h e  i n s o l u b l e  po lysaccha r ides  

us ing  p e r i o d i c  Acid S c h i f f ' s  r e a g e n t  (PAS) and f o r  l i g n i n s  wi th  S c h i f f t s  

r e a g e n t  ( Jensen ,  1962).  Camera-lucida drawings of t h e  endodermal cel ls  and 

metaxylem e lements  were p repa red  and t h e  t h i c k n e s s  of t h e  p a r t s  s t a i n e d  f o r  

po lysaccha r ides  and l i g n i n s  i n  t h e  inne r  wa l l  of t h e  endodermis and t h e  wa l l  

of  t h e  metaxylem e l emen t s ,  was measured. 

6 .  Biochemical  a n a l y s e s  of S t r i g a  s e e d s  

70 mg u n p r e t r e a t e d  and p r e t r e a t e d  ( a t  3S0c f o r  1 0  d a y s )  s eeds  were 

analysed f o r  reducing s u g a r s ,  f r e e  amino a c i d s ,  s o l u b l e  p r o t e i n s  and t o t a l  

pheno l i c s  a s  s t a t e d  i n  Exp.4C. RNA and DNA were a l s o  e s t i m a t e d  (Plummer, 

1979) .  

b) The e t h y l a c e t a t e  e x t r a c t s  of  100 mg s e e d s  of t h e  S  and P samples 
K K 

w i th  and wi thout  p r e t r e a t m e n t  and o f  t h e  p r e t r e a t m e n t  medium, were s u b j e c t e d  

t o  TLC on s i l i c a  g e l  G p l a t e s  u s ing  ben2ene :e thy lace ta t e  (55:45) system f o r  

45 min. The i o d i n e  p o s i t i v e  s p o t s  were marked. The s p o t s  t h a t  developed from 

t h e  e x t r a c t s  of p r e t r e a t e d  seeds  were e l u t e d  i n  5 m l  o f  methanol ,  d i v i d e d  i n t o  

two p a r t s  and c o n c e n t r a t e d  t o  d ryness  on f i l t e r  paper taken i n  p e t r i  d i s h e s .  

The r e s i d u e  was d i s s o l v e d  i n  e i t h e r  water  o r  GR7  ( 1  p4 m l - ' )  and t e s t e d  on 

ge rmina t ion  of t h e  r e s p e c t i v e  S t r  i ga  samples.  

7. Exoenzyme p r o d u c t i o n  by S t r i g a  s e e d l i n g s  

25 mg of t h e  s e e d s  of  t h e  S and P samples of  S t r i g a  were p r e t r e a t e d  K - 1 
K 

and germinated  i n  2  m l  of GR7 ( l p g  m l  ) medium i n  4  cm d i a .  p e t r i  d i s h e s  i n  

5 r e p l i c a t i o n  and incuba ted  f o r  f i v e  days  by which time t h e  r a d i c l e s  grew t o  



about 4-5 nun. On the sixth day, the growth medium was assayed for pectinases , 
and hemicellulases following Albershiem ( 1966 ) and King and Fullwer ( 1968) , 
respectively and the reducing sugars so formed were estimated using DNS 

reagent (Clark, 1 9 6 4 ) .  Cellulases following Pettersson and Porath (1966)  and 

Proteases following Dhawan (1980)  were also assayed. 

The data of the above studies were analysed using student's t-test. 

Results and Discussion: 

The Striga sample, S germinated in the root exudate of both sorghum 
K 

and Paspalum whereas P germinated only in the root exudate of Paspalurn K 
(Table 1). Germination of S with Paspalum was very poor ( 2 0 . 6 8 % ) .  The K 
germination.behaviour of the two samples in the direct - inoculation test was 
similar to that in the root exudate test. The penetration of the seedlings 

of the two samples of Striga was higher into the roots of their respective 

hosts (Table 2 ) .  Penetration of P into the roots of sorghum was higher than 
K 

that of S into the roots of Paspalum. The sample S emerged with both sorghum 
K K 

and Paspalum but the per cent emergence with the latter was very poor (Table 3). 

P emerged only with Paspalum. These results strongly suggest the existence of 
K 
host-preference in S .  asiatica. 

The host-preference at the germination stage could be related to several 

factors concerning the host root exudate and the seeds of the parasite. The 

Striga-germination-inducer isolated from the root exudate of sorghum could 

induce germination in SK but not in P and the inducer from Paspalum was 
K 

effective on both the samples of Striga (Fig.1). These results are in conformity 

with the root exudate and direct-inoculation tests. PK being non-responsive to 

sorghum root exudate/roots could be due to the differences in the nature of the 

inducer as revealed by their W characteristics (Table 4). The concentration as 

well as number of inducer spots in the root exudate of sorghum was higher than 

that of Paspalurn (Figs. 1 and 2 ) .  This must have contributed to the higher 

germination of Sx than PK; the low induction of SK by the root exudate of 

Paspalurn was also probably due to this cause. The results were also indicative 

of the adaptation of PK to germinate at relatively low concentrations of the 

inducer(s). The phenolic spot C isolated from sorghum root exudate induced 



germination of both S and P (Table 5 and Fig.1). A very low concentration 
K K 

of this inducer and the interference by other phenolic canponents in the 

sorghum root exudate might have been responsible for its ineffectivenss on 

P in the root exudate/direct-inoculation test. The phenolic spots A and B 
K 
in the root exudate of both the hosts inhibited the germination of Striga 

samples to different degrees. Presence of inhibitors, and the inducer/ 

inhibitor ratio' in the root exudate also play an important role in regulating 

germination of the root parasites as pointed out in Orobanche (Whitney, 1979). 

In the present study, the inducer/phenolic ratio was higher in sorghum (0.197) 

than in Paspalum (0.046). This would also explain the low germination of S 
K 

in the root exudate of Paspalum. It appears that PK is adapted to a low 

inducer/inhibitor ratio. 

The levels of reducing sugars, amino acids and proteins in the root 

exudate of Paspalum was higher than in sorghum (Fig.2). Certain sugars 

(Brwn et al. 1949) and L-methionine (Worsham, 1961) are reported to be 

germination stimulants. But in the present study, no correlation between 

the sugar and amino acid contents in the root exudate and its ability to 

induce germination was evident. 

The seeds of the sample S showed higher levels of reducing sugars, 
K 

free amino acids and proteins and P showed higher levels of DNA and total K 
phenolics (Fig.4). Subsequent to pretreatment, the level of amino acids 

increased and those of proteins and phenolics decreased in both the samples. 

S showed an increase in the level of other metabolites whereas P showed a 
K K 

decrease in the levels of sugars and RNA. 

The TLC of ethylacetate extract of Striga seeds revealed 6 spots in sK 

and 4 in P , and subsequent to pretreatment, the number decreased to 5 in the 
K 

former but remained unchanged in the latter (Table 7). Four spots in s were 
K 

promotory to germination in Striga and one was inhibitory. In PK, two spots 

were ineffective and other two were inhibitory. 

Though SK appears to be adapted to a high inducer level or high inducer/ 

phenolic ratio in the root exudate of its host, it could germinate to some 



extent in the ioot exudate of Paspalum with a low inducer/phenolic ratio. 

The higher levels of sugars and amino acids, lower level of phenolics, 

presence of four stimulants and only one inhibitor in the pretreated seeds 

of this sample might have contributed to an increase in the final effective 

inducer/inhibitor ratio when its seeds were set for germination in the root 

exudate of Paspalum. 

Thus the totality of the situation arising from the inducer/inhibitor 

level of the root exudate and that of the seeds of the parasite, and the 

supplementary role of other metabolites in the later, may be deemed as having 

determined the germination in the parasite. 

The host-preference that was evident at the penetration stages could be 

correlated with the toughness of the host roots and the ability of the parasite 

seedlings to produce exoenzymes. The cell wall materials of roots were 

significantly higher in Paspalum than in sorghum (Fig.3) . Histochemical 

analyses also showed that the inner walls of endodermis and the metaxylem walls 

in the roots were thicker in Paspalum than in sorghum (Table 6). The Striga 

sample PK showed higher levels of all the exoenzymes studied than SK (Table 8). 

It is clear from the results that PK producing higher levels of the exoenzymes 

could penetrate to a higher degree into the roots of Paspalum, roots of which 

possess thicker cell walls. Penetration of Paspalum roots by S was lower than K 
that of sorghum roots by PK. The behaviour of the former is understandable on 

the light of the inverse Lelationship between the exoenzymes production in SK 

and resistance in Paspalum root in terms of the quantities of wall components. 

But the lower penetration of P with higher enzyme production into sorghum with 
K 

relatively low quantities of the wall components is surprising and this points 

to the involvement of some other factor of the host root in the haustorial 

penetration. 

The host-preference of the Striga samples was evident in mergence 

studies. The lower and delayed emergence of SK with Paspalum could be 

explained on the basis of inducer concentration in the root exudate of the 

latter. S requires higher inducer concentration or higher inducer/inhibitor 
K 



ratio, as duscussed earlier. In Paspalum with low production of inducer, 

the period required for the production of the stimulant to levels high 

enough to induce germination in SKI would be longer. The emergence of PK 

with Paspalum occurred much later than that of S with sorghum, indicating K 
the adaptation of the former Striga sample to the longer growth period of 

its host. 

The host specificity among the strains of the parasite might find 

expression at different stages of growth of the parasite as discussed by 

Musselman (1980). The host-preference evident in the two Striga samples 

of the present study, is the expression of a degree of host specificity. 

The specificity of P Was at the yermirution stage and that of S was more 
K K 

at the penetration stage. The specificity at the germination stage seemed 

to be stronger than at the penetration stage as there was no emergence of 

P with sorghum but there was a low emergence of S Paspalum. The concen- 
K K 
tration and nature of the inducer/inhibitors in the root exudate of the host 

and of the stimulants/inhibitors/metabolites in the seeds of the parasite 

appear to determine the germination specificity of the samples. The ability 

of the parasite to produce exoenzymes and the host factors influencing 

haustorial development and penetration contribute to the host-specificity of 

the parasite at the post-germination stages. 

A survey of the cultivated fields at Kikkeri (Mandya district, Karnataka, 

India) on the incidence of Striga aslatica ( L . )  Kuntze, a root parasite on 

different crops, indicated intraspecific 'host-preference' (host specificity). 

Laboratory and pot tralls o n  jermination, penetration and emergence of the SK 

and P samples of the area, with sorghum and Paspalurn confirmed this behaviour. 
K 

The S sample appeared to 'lave adapted to a higher inducer/inhibitor 
K 

ratio and the P to a lower inducer/inhibitor ratio. Higher levels of sugars 
K 

and am.ino acids, lower level of phenolics and presence of germination stimulants 

in the seeds of the S sample might have permitted its low emergence with K 
Paspalum. 



Paspa'lum roots were tougher than those of sorghum in terms of amount 

of polysaccharides, proteins and lignins. The penetration of the two 

Striga samples with their respective hosts was in correlation with the 

toughness of their respective host roots and the ability of the parasite- 

seedlings to produce exoenzymes. 

The host-specificity of the PK sample was expressed strongly at the 

germination stage and that of the S sample more at the peneration staqe. 
K 
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Table 1. Seed germination(%)in the two samples of Striga asiatica 
(L.) Kuntze with sorghum and Paspalum 

Striga seed sample 
host 

K 
P 
K 

Root exudate test 

Direct inoculation test 

Sorghum 67.96 0.0 
(10.2) 

Paspalum 20.68 33.09* 
( 2-51 (5.1) 

Sorghum 62.19 0.0 
( 4.7) 

Paspalum 7.70 22.99* 
( 0.8) ( 5 . 5 )  

* Significant at 5% level 

figures in parentheses are standard deviations 



Table 2. Penetration ( % )  of the host-root by the two samples of 
Striga asiatica (L. ) Kuntze 

Host 

Sorghum 

Pa spalum 

* Significant at 5% level 

Striga sample 

S~ 
P 
K 

Figures in parentheses refer to standard deviations 



Table 3. Emergence of S t r i g a  a s i a t i c a  (L.) Kuntze  w i t h  t h e  t w o  
h o s t s  - sorghum and  Paspalum 

H o s t  Host-age Number o f  S t r  i g a / p o t  
( d a y s  s P 

K K 

Sorghum 

Paspalum 

F i g u r e s  i n  p a r e n t h e s e s  r e f e r  to  s t a n d a r d  d e v i a t i o n s  



Table 4. The Striga-germination inducer isolated from the root exudate 
of sorghum and Paspalum 

Crop R in chloroform: Visible Color 
fmethanol ( 4 0 : 2 )  light in W 

Sorghum 

Paspalum . 

0.99 Yellow Blue Intense 225 
blue 274 

280 

0.97 Yellow Blue Intense 210 
blue 225 

275 



Tab le  5 .  phenolics i n  t h e  r o o t  exudate of sorghum and Paspalum 

Crop Ch1oroform:acetic 
acid (90:10) 

Rf benzene:ethyl A   ax 
accetate (55:45) 

-- 

Sorghum 

Spot A 0.07 

Spot B 0.88 

Spot C 0.95 

Paspalum 

Spot A 0.15 

Spot B 0.97 



Table 6. Thickness +) '  of the endodermal and xylem walls in the roots 
of sorghum and Paspalum 

Host Inner endodermal wall 
PAS 2  Schiff's3 

reagent reagent 

Metaxylem wall 
PAS 2 Schiff's 3 
reagent reagent 

Sorghum 2.575 1 , 4 6 8  
( 0 . 1 8 )  (0.2) 

Paspalurn 3.76 2.603 
( 0 . 2 9 )  ( 0 . 4 8 )  

based on the camera-lucida drawings 

2  and 3 the thickness of parts stained for polysaccharides and lignin 
respectively 

Figures in parentheses are standard deviations 



Table 7. The TLC  att tern (Rf) of the ethyl acetate extract of seeds of 
the two samples of Striga asiatica (L.) Kuntze before (J) and 
after (11) the pretreatment and of the pretreatment medium(II1) 

Skr iga sample 

S~ 
P 
K 

I I I I I I I I I I I I 

Figures in the second line of each horizontal column refer to per cent 
promotion ( + )  or inhibition ( - )  of germination 

Spot intensified 



Table 8. Activity of the exoenzymes from the 5 day-old seedlings of 
the two samples of Striga asiatica (L.) Kuntze 

enzyme 

- 1 - 1 
+/ug reducing sugars formed mg seeds minute 

- 1 - 1 ++ p g  amino acids fromed mg seeds minute 

Figures in parentheses are standard deviations 

Data significant at 5% level 





- hos t :  Sorghum 
0 

CI 
fu 
c 

1 0 0 7  
a, 
a, 

I n h i b i t i o n  
s i g n i f i c a n t  
a t  1  % l e v e l  (7 .4 )  

20; : l ( l . 2 )  
Sk Pk Sk Pk Sk Pk $k Pk 

!pot A B C A +  B +  GR7 spot  A B A +  B +  
GR7 GR7 GR7 GR7 

hos t  : Sorghum Paspal um 

F ig .  1. I n f l u e n c e  o f  t h e  d i f f e r e n t  f r a c t i o n s  of t h e  r o o t  exudates o f  sorghum 
and paspalum on seed germinat ion i n  t h e  two samples o f  Striga. 

Top and bot tom rows: r e s p e c t i v e l y ,  pet ro leum e t h e r  and pheno l i c  f r a c t i o n s .  

A ,  B and C - pheno l i c  spots  r e f e r r e d  i n  t a b l e  5. 
F igures  i n  parentheses a r e  s tandard d e v i a t i o n s .  





A R 
Reducing sugars 

-L - 
0 7 -  t 1 

A B 
Soluble  p r o t e i n s  

A I3 
Free amino ac ids 

11 1 
(3.26)' 

0 7 r-1 
A I3 

T o t a l  phenol i cs 

* - s i g n i f i c a n t  a t  5% l e v e l  

F igures i n  parentheses a r e  
standard d e v i a t i o n s .  

Inducer  
F i g .  2 .  M e t a b o l i t e s  and inducer  i n  t h e  r o o t  exudate o f  

the two hos ts .  

A - Sorghum and B - Paspalurn 





A B 
Pectin 

o j  c 
A B 

Hemi ce l l  ulose 

0.24 

0 2  C 
A B A B 
Protein Lignin 

A B 
Cellulose 

Fig. 3 .  Different components in the ce l l  walls of the two hos ts ,  

A - Sorghum and B - Paspalurn. 
*Significant a t  5% leve l .  
Figures i n  parentheses a re  standard deviations. 





0 Reducing sugars 
a, 

RN A 

Free amino a c i d s  So lub le  p r o t e i n s  T o t a l  phenol i cs 

Fig. 4. I n f l u e n c e  of p re t rea tment  a t  3 5 O C  f o r  10 days on seed m e t a b o l i t e s  i n  t h e  Sk and 

Pk samples o f  Str iga aaiatica (L.)  Kuntze. 

0 b e f o r e  . a f t e r  t h e  p re t rea tment  

Figures i n  parentheses a r e  s tandard  d e v i a t i o n s .  





MECHANISM OF INDUCED STRIGA-RESISTANCE IN SORGHUM 

Bhara thalakshrni  and J a y a c h a n d r a  
1 

S t r i g a  a s i a t i c a  (L.) Kuntze ,  a  p a r a s i t e  o f  c e r e a l s  pose  s e r i o u s  

problem t o  t h e  c u l t i v a t i o n  o f  s e v e r a l  food c r o p s  i n  A s i a ,  A f r i c a  and 

i n  some p a r t s  o f  USA (Hosmani,  1 9 7 8 ) .  T h i s  menace i s  p a r t i c u l a r l y  f e l t  

w i t h  sorghum. Though I n d i a  h a s  t h e  l a r g e s t  a r e a  under  sorghum c u l t i v a t i o n  

(Verma, 1 9 8 0 ) ,  t h e  y i e l d  i s  v e r y  low and Striga infestation h a s  been one  of 

t h e  major  c a u s e s  f o r  t h i s  (Hosmani,  1 9 7 8 ) .  

The l i t e r a t u r e  on  v a r i o u s  measu res  t o  c o n t r o l  S t r i g a  have been 

r ev iewed  from time t o  t i n e  (Shaw et a l .  1962; P a r k e r ,  1965; Porwal and 

Mathur ,  1972; E p l e e  and Langs ton ,  1 9 7 6 ;  Hosmani, 1978; Musselman, 1 9 8 0 ) .  

A s  s e e d  g e r m i n a t i o n  and p e n e t r a t i o n  of t h e  h o s t  r o o t  a r e  t h e  two 

i m p o r t a n t  s t a g e s  i n  t h e  s u c c e s s f u l  e s t a b l i s h m e n t  of S t r i y a ,  any w e l l  

d i r e c t e d  i n t e r f e r e n c e  w i t h  t h e  h o s t - p a r a s i t e  i n t e r - r e l a t i o n s h i p  a t  t h e s e  

two s t a g e s  s h o u l d  p r o v e  u s e f u l  i n  c o n t r o l l i n g  t h e  weed. Presowinq 

h a r d e n i n g  o f  sorghum w i t h  some p h e n o l i c  a c i d s  is r e p o r t e d  t o  r e d u c e  i t s  

a b i l i t y  t o  i n d u c e  g e r m i n a t i o n  of Striga i n s i j r , i f i c a n t l y ] ~ h ~ r a t h a l a k s h m i  and 

J a y a c h a n d r a ,  1 9 8 0 ) .  Hence s t u d i e s  were ex tended  t o  examine i f  t h i s  nove l  

method was e f f e c t i v e  i n  l o w e r i n g  t h e  i n d u c t i o n  of s e e d  g e r m i n a t i o n ,  

p e n e t r a t i o n  and emergence of t h e  p a r a s i t e .  An u n d e r s t a n d i n g  o f  t h e  

b i o c h e m i c a l  and p h y s i o l o g i c a l  e f f e c t s  of t h e  t r e a t m e n t  on  t h e  h o s t  c r o p s  

h a s  a l s o  been a t t e m p t q d .  

M a t e r i a l s  and Methods: 

The g r a i n s  o f  sorghum v a r .  CSH-1 s e l e c t e d  f o r  ha rden ing  t r e a t m e n t  

were  o b t a i n e d  from N a t i o n a l  S e e d s  C r o p o r a t i o n ,  Banga lo re .  S t r i g a  s e e d s  

c o l l e c t e d  from t h e  sorghum f i e l d s  a t  K i k k e r i  (Mandya d i s t r i c t )  and 

Hagar ibommanahal l i  ( B e l l a r y  d i s t r i c t )  and r e f e r r e d  t o  a s  'SKI and ISH'  

r e s p e c t i v e l y  i n  t h e  f o l l o w i n g  t e x t ,  were s t o r e d  f o r  s i x  months unde r  

l a b o r a t o r y  c o n d i t i o n s ,  b e f o r e  b e i n g  used f o r  t h e  s t u d y .  

' ~ e p a r t m e n t  o f  Botany,  Jnana  B h a r a t h i ,  Banga lo re  U n i v e r s i t y ,  
B a n g a l o r e  560 056 



Among the phenolic acids used for hardening, caffeic acid and 

ferulic acid were from Koch-Light Laboratories, England and 

vanillic acid was &om Fluca-Buchs, Switzerland. 

The presowing hardening treatment with distilled water and 

phenolic acids was carried out as described previously (Bharatha- 

lakshmi and Jayachandra, 1980) . 

1. Host-hardening on Striga germination 

The S t r i g a  samples were pretreated at 35Oc for 10 days as 

described by Parker et al. (1977) and set for germination in the 

root exudate of 10 day-old seedllnqs of sorghum raised from the hardened 

and unhardened grains as described by Bharathalakshmi and Jayachandra (1980) 

The germination counts were taken after 24 hours. 

2. Host-hardening on strlga penetration 

a) Five mq seeds of S mixed with 100 q sterilized sand held in paper 
H '  

cups (6.5 cm dia. and 8 cm depth) were incubated in 25 replications at 

28 - + 2 O c  for 10 days wlth the addition of 5 ml of distilled water daily 

to pretreat the seeds. Seedlinqs from the hardened and unhardened 

gralns of sorghum were ralsed in these containers in five replications 

of five seedlings each, supplyinq 10 ml distilled water per container 

daily. The 20 day-old sorqhum plants were carefully separated from the 

medium, roots washed ,dna the number oi 2 t r l ; r ~ ~  seedllnqs attached to the 

host root was recorded. 

b )  The upper half of the 3 0  CT deep sand) sol1 (red soll:sand::l.0:1.5) 

held In 50 polythene rlaqs ' 2 2  cm. dla) w.:s thoroughly mlxed wlth SH 
- 1 

strlya at the rate of 200 rncl kli 5011. h', and K were added to the 
- 

soil at the rate of 150, 62.5 nnn 25 kg ha , respectively based on the 

analysis. 



The hardened and unhardened grains of sorghum were sown at the 

rate of thre; per bag in ten replications and thinned to one seedling 

per bag after emergence. The 40 day-old sorghum plants were carefully 

separated from the soil, roots washed and the number of Striga 

seedlings attached to the root system was recorded. 

3. Host-hardening on striga incidence 

a) Pot trial: Fifty earthen pots (30 cm top dia. and 40 cm depth) 

were filled with a mixture of red soil:sand::l.0:1.5. The top 

20 cm was filled with soil thoroughly mixed with 50 mg seeds of SH. 

The hardened and unhardened sorghum seeds were sown at the rate of 

three per pot and thinned to one seedling per pot after emergence. 

S t r i q a  emergence in these pots was noted up to 130 days at 

intervals of ten days. 

b) Field trial: A sorghum field at Ittigi, a village near Hagaribomma- 

nahalli that showed heavy infestation of Striga was selected for 

the trial. Twenty five plots, each measuring 3.0 x 1.5 m with an 

interplot distance of 0.6 m were prepared. N, P and K were added 

at the rate of 125, 75 and 25 kg ha-' following the initial addition 
- 1 

of FYM at the rate of 7500 kg ha , based on the soil analyses. The 

hardened and unhardened grains of sorghum were sown in three replicate 

plots in a completely randomized design. Each plot had 25 plants. 

The plots were irrigated periodically and kept free from other weeds 

allowing only Striga to grow. 

4. Effect of phenolic acids on striga germination 

The pretreated seeds of SK were set for germination in four 

replications with four 'discs' in each as described by Bharathalakshmi 

and Jayachandra ( 1 9 8 0 )  in Kinetin (50 p g  ml-'1 with/without 25 and 

100 p4 ml-I of ferulic acid/caffeic acid/vanillic acid in the medium. 

The germination was recorded after 24 hours. The experiment was 



r e p e a t e d  u s i n g  t h e  root e x u d a t e  o f  10 day-old  sorghum s e e d l i n g s  a s  

t h e  i n d u c e r  ( i n  p l a c e  o f  k i n e t i n )  i n  f i v e  r e p l i c a t i o n s .  I n  t h e  

c o n t r o l ,  t h e  r o o t  e x u d a t e  was mixed w i t h  e q u a l  q u a n t i t y  o f  d i s t i l l e d  

w a t e r  i n s t e a d  o f  p h e n o l i c  a c i d .  

5. I n f l u e n c e  o f  ha rden ing  on some components  o f  t h e  root e x u d a t e  o f  
sorghum 

a )  The ' s t r i g a - g e r m i n a t i o n  i n d u c e r ' :  The s e e d l i n g s  o f  t h e  ha rdened  

and unhardened g r a i n s  o f  sorghum were r a i s e d  i n  100 r e p l i c a t i o n s  f o r  

t e n  days  and t h e  i n d u c e r  p r e s e n t  i n  t h e  root e x u d a t e  was q u a n t i f i e d  

a s  d e s c r i b e d  by Bhara thalakshrni  and J a y a c h a n d r a  ( 1 9 8 2 ) .  

b )  M e t a b o l i t e s :  The r o o t  e x u d a t e  o f  10 day-old  s e e d l i n g s  was a n a l y s e d  

f o r  r e d u c i n g  s u g a r s  ( C l a r k ,  1 9 6 4 ) ,  f r e e  amino a c i d s  (Moore and S t e i n ,  

1 9 4 8 ) ,  P r o t e i n s  (Lowry e t  a l .  1951) and t o t a l  p h e n o l i c s  (A.O.A.C.  1 9 6 0 ) .  

6. I n f l u e n c e  o f  h a r d e n i n g  on t h e  c e l l  w a l l  components o f  sorghum r o o t  

P e c t i n s ,  h e m i c e l l u l o s e s ,  c e l l u l o s e s ,  p r o t e i n s  and l i g n i n s  i n  

t h e  r o o t s  o f  10 day -o ld  s e e d l i n g s  o f  sorghum r a i s e d  f r m  ha rdened  and 

unhardened g r a i n s  were e s t i m a t e d  and t h e  t h i c k n e s s  o f  t h e  i n n e r  w a l l  

o f  t h e  endodermis  and w a l l  o f  t h e  metaxylem i n  t h e  sorghum roots was 

measured a s  d e s c r i b e d  by Bhara tha lakshmi  and J a y a c h a n d r a  ( 1 9 8 2 ) .  

The d a t a  o f  t h e  above s t u d i e s  were  e n a l y s e d  u s i n g  F - t e s t  and 

two-way a n a l y s i s  of v a r i a n c e  f o l l o w i n g  t h e  p r o c e d u r e  d e s c r i b e d  by 

S o k a l  and Rohlf  (1  9 7 3 ) .  

~ ~ s y ~ d s - n d  D i s c u s s  1 on 

Presowing h a r d e n i n s  o f  sorghum b r o u g h t  down t h e  a b i l i t y  o f  i ts 

root e x u d a t e  t o  i n d u c e  g e r m i n a t i o n  i n  S  by 13.0-49.28 and SH by 14.8-18.3% K 



(Table 1). Phenolic acids were more effective than distilled water 
, 

as hardening agent and among the three phenolic acids, vanillic acid 

was the most effective followed by caffeic acid and ferulic acid in 

S whereas, against S the three acids were almost equally effective 
K H 
but to a lower degree. 

The number of Striga seedlings penetrating the host root in the 

hardened set was also reduced significantly (Fig.1). Penetration that 

was quite high in the unhardened set was almost complete at the 20 day- 

old stage of the host; but in the hardened set the penetration was 

delayed and extended up to 40 days. Even the final penetration per cent 

was 30-45% lower than in the unhardened. At 40 day-stage vanillic acid 

treatment ranked high followed by caffeic acid, distilled water and ferulic 

acid. 

The effect of hardening persisted even at the advanced stages of 

host as evidenced by the data on the emergence of Striya in pot and field 

trials (Tables 2 and 3). The progress as well as total emergence of striga 

was significantly lower with the hardened set and considering the final 

emergence, ferulic acid was again the least effective. 

Hardening brought down the exudation of the 'germination inducer' 

from the roots of. sorghum (Table 4 ) .  Resistance to S t r i g a  in several - --- 

varieties of sorghum ,has been attributed among other things, to the low 

level of inducer/s in their root exudates (Williams, 1959; Parker et al. 

1977). In the present study, however there was no good correlation 

between the lowering of the inducer l ~ v e l  and the decline in the ability 

to induce germination and hence, though the reduction in the inducer level 

in the root exudate was responsible for lowering the germination inducing 

ability of the host, it was not the exclusive cause. 

Phenolic acids including caffeic, ferulic and vanillic acids are 

reported to be inhibitors of seed germination (Mayer and Poljakoff-Mayber, 

1978). The germination of Str . iga was also brought down in the presence 



of t h e s e  p h e n o l i c  a c i d s  and w i t h  i n c r e a s e  i n  c o n c e n t r a t i o n ,  t h e  i n h i b i t i o n  
- 1 

caused  was g r e a t e r  ( F i g . 2 ) .  The p h e n o l i c  a c i d s  a t  25 p g  m l  , brough t  

down t h e  k i n e t i n - i n d u c e d  g e r m i n a t i o n  from 63% t o  24-44% and a t  100 p g  m l - ' ,  

t h e  g e r m i n a t i o n  d i d  n o t  exceed 20%. The r o o t  e x u d a t e  o f  sorghum induced 

58% g e r m i n a t i o n  and a d d i t i o n  o f  p h e n o l i c  a c i d s  (25 /ug m l - I )  b rough t  down 

t h e  p e r  c e n t  t o  va ry ing  d e g r e e s  (32-52%).  A t  100 p4 m 1 - I  o f  t h e  p h e n o l i c  

a c i d s ,  t h e  g e r m i n a t i o n  was o n l y  15% w i t h  f e r u l i c  a c i d  and was comple t e ly  

i n h i b i t e d  w i t h  t h e  o t h e r  two a c i d s .  

The ha rden ing  t r e a t m e n t  w i th  v a n i l l i c  a c i d  and c a f  f e i c  a c i d  i n c r e a s e d  

t h e  e x u d a t i o n  of p h e n o l i c s  t h rough  r o o t s  ( T a b l e  4 ) .  Hence t h i s  f a c t o r  h a s  

a l s o  c o n t r i b u t e d  t o  t h e  d e c l i n e  i n  t h e  q e r m i n a t i o n  induc ing  a b i l i t y  of t h e  

h o s t .  The g r e a t e r  i n h i b i t i o n  of g e r m i n a t i o n  i n  Striga due t o  t h e  p r e s e n c e  

of c a f f e i c  a c i d  and v a n i l l i c  a c i d  t h a n  f e r u l i c  a c i d  i n  t h e  medium compared 

w e l l  w i t h  t h e  g r e a t e r  u s e f u l n e s s  o f  t h e  former  two a s  ha rden ing  a q e n t s  i n  

t h i s  r e g a r d .  

The i n d u c e r / p h e n o l i c  r a t i o  i n  t h e  h o s t  r o o t  e x u d a t e  was b rough t  down 

t o  v a r y i n g  d e g r e e s  ( T a b l e  5 ) .  The d e c l i n e  i n  t h e  r a t i o  was p r o p o r t i o n a t e  

t o  t h e  r e d u c t i o n  i n  t h e  i n d u c t i o n  o f  g e r m i n a t i o n  i n  Striga. The a l t e r a t i o n  

i n  t h e  r a t i o  was a t t r i b u t a b l e  t o  t h e  d e c l i n e  i n  t h e  i n d u c e r  l e v e l  i n  

f e r u l i c  a c i d  and d i s t i l l e d  wa te r  t r e a t m e n t s ,  t o  a  d e c r e a s e  i n  i n d u c e r  and 

an  i n c r e a s e  i n  p h e n o l i c  l e v e l s  i n  t h e  c a f f e i c  a c i d  t r e a t m e n t s  and t o  a 

marked r i s e  i n  t h e  p h e n o l i c  l e v e l  a t t e n d e d  wi th  c o n s i d e r a b l e  d e c r e a s e  i n  

t h e  i n d u c e r  c o n c e n t r a t i o n  i n  t h e  v a n i l l i c  a c i d  t r e a t m e n t .  

S u g a r s  (Brown e t  a l .  1949) and L-methionine  (Worsham, 1961) a r e  

r e p o r t e d  t o  i n d u c e  g e r m l n a t i o n  i n  S t r l g a  and t h e l r  o c c u r r e n c e  i n  t h e  root 

e x u d a t e s  o f  s e v e r a l  c r o p s  a r e  on r e c o r d  (Rao, 1 9 7 7 ) .  The s u g a r  and amino 

a c l d  l e v e l s  were lower  I n  t h e  r o o t  e x u d a t e  of t h e  hardened set  t h a n  t h a t  

o f  t h e  unhardened ( T a b l e  4 ) .  Excepting t h e  s u g a r  l e v e l  i n  t h e  c a f f e i c  

a c i d  ha rdened  set ,  t h e r e  was a  good c o r r e l a t i o n  between t h e  magn i tude  o f  

r e d u c t i o n  o f  t h e s e  m e t a b o l i t e s  i n  t h e  root e x u d a t e  and t h e  d e c l i n e  i n  t h e  

h o s t  r o o t  e x u d a t e  induced  g e r m l n a t i o n  of Striga. Hence, t h e  d e c r e a s e d  



levels of,these metabolites must have also been responsible for the 

lowered induction of germination. The role of proteins in this regard 

remains to be investigated. 

In S t r i g a  resistant varieties of sorghum the thicker endodermal 
---A 

walls are considered to act as barriers to the haustorial penetration 

(ICRISAT, 1981) .  In the varieties of sunflower that are immune to 

Orobanche,deposition of lignin in the root at the places of contact with 

the haustorium is considered as making it difficult for the parasite to 

penetrate the host tissue (Antonona, 1978) .  

In the present study, hardeninq brought about a quantitiative 

increase in the polysaccharides, proteins and lignins in the roots of 

sorghum except for the hemicellulose content in the distilled water set 

(Table 6). Obviously, the consequential toughening of the host root 

tissue probably caused the reduction in the number of S t r i q a  plants 

penetrating the host in the hardened set. The total increase in the 

wall material due to hardening (excepting ferulic acid treatment) could 

be correlated to the reduction in the per cent penetration. 

The extent of increase in the deposition of wall material in the 

host root at the region of penetration should be viewed as of greater 

significance. The hardening treatment caused an increase in the thick- 

ness of inner endodermal wall and metaxylem wall at this region (Table 7). 

The total amount of deposition in the phenolic acid treatment correlated 

with their effectiveness in reducing penetration. 

The reduction in the number of Striqa seeds germinating, delayed 

penetration and lower number of seedlings of the parasite penetrating the 

host probably were responsible for the reduced incidence of S t r i q a  - due to 

hardening as noted in pot and field trials. 

Results .of the present study show that presowinq hardening of the 

host'reduces S t r i g a  incidence, significantly affecting the two important 



staqes in the establishment of the parasite, prompting further exploration 

of the potentialities of the treatment in influencing the host-parasite 

inter-relations. The information on the biochemical and physiological 

effects of hardening obtained from the present study would provide important 

clues regarding the usefulness of any other treatment with similar effects, 

against S t r i g a .  

The presowinq hardenin? of sorghum with 25 p4 ml-' of ferulic, caffeic 

and vanillic acids reduced the induction of seed germination in . 5 t r l g a  by the 

host root exudate, lowered the number of the parasite seedlings penetrating 

the host root and also reduced the incidence of the parastite. 

The treatment brought about a decline in the levels of S t r i q d  germination 

~nducer, reducing sugars, free amino acids and proteins in the root exudate of 

sorghum. Hardeninq wlth caffeic acid and vanillic acid increased the phenolic 

level ln the root exudate. The consequential lowerinq of the inducer/phenolic 

ra t ~ o  probably caused the decline in the induction of S t r i g a  germination. 

The hardenlna treatment also lncredsed the levels 01 pectlns, hemlcellu- 

loses, celluloses, protc~ns and lignins in the cell walls of sorghum root. The 

deposltlon o: polysacchsrldes sntl llqnins at the region of penetration of S t r l g a  

was also hisher ln the treatment set. Thls touqhnen~ng of the host root must 

have hindered the penetrdtlon of the parasite. 

Obviously, the decllne ln the (jermination and penetration of S t r i q a  

brought down the ~ncldence or the parasite with the crop. 
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Table 1. ~fiect of hardening of the host with phenolic acids (25 ug/ml) on 
the ability of the root exudate from the 10 day-old plants of 
sorghum to induce seed germination in S t r i g a  

Treatment S S t r i g a  
K S S t r i g a  - H 

% germination %control %germination %control 

Unhardened 
(control) 

Hardened with 

distilled water 

ferulic acid 

caffeic acid 

LSD 5% 

between S t r i  gd samples 

between seed treatments . 

interaction 

Figures in parentheses are standard deviations 



Table 2. Influence o £  presowing hardening of the host-sorghum on the 
emergence of S t r i y a ,  in pot trial 

Treatments 

Unhardened 
(control) 

Hardened with 

distilled water 

ferulic acid 

caffeic acid 

vanillic acid 

LSD 5% 

between seed treatments 

between growth periods 

interaction 

Number of S t r i  ya /pot 

Host age (days) 

Figures in parentheses are standard deviations 



Table 3 .  I n f l u e n c e  o f  p resowing  h a r d e n i n g  of sorghum on t h e  emergence 
o f  s t r i g a  i n  t h e  f i e l d  t r i a l  

T r e a t m e n t  

Unhardened 

Hardened with 

d i s t i l l e d  w a t e r  

f e r u l i c  a c i d  

c a f f e i c  a c i d  

v a n . i l l i c  a c i d  

Number o f  s t r i g a / p o t  

h o s t  a g e  (days) 

6 0 110 

F i g u r e s  i n  p a r e n t h e s e s  a r e  s t a n d a r d  d e v i a t i o n s  



T a b l e  4.  I n f l u e n c e  o f  p r e g e r m i n a t i o n  s e e d  h a r d e n i q ~  of sorghum on t h e  
l e v e l s  o f  m e t a b o l i t e s  and i n d u c e r  p g  rng d r y  we igh t  o f  root) 
i n  t h e  root e x u d a t e  

Trea tmen t  Reducing F r e e  amino S o l u b l e  T o t a l  I n d u c e r s  
s u g a r s  a c i d s  p r o t e i n s  p h e n o l i c s  

Unhardened 5.8 13.3 0.87 7.70 1.52 
( c o n t r o l )  (1 .2 )  ( 3 . 4 )  ( 0 . 3 3 )  (2 .0 )  

Hardended w i t h  

d i s t i l l e d  wa te r  4 .7  
( 1 . 3 )  

f e r u l i c  a c i d  5.0  
( 1 . 2 )  

c a f f e i c  a c i d  5 . 5  
( 1 . 2 )  

v a n i l l i c  a c i d  3.9 
( 0 . 9 )  

F i g u r e s  i n  p a r e n t h e s e s  a r e  s t a n d a r d  d e v i a t i o n s  



T a b l e  5. I n f l u e n c e  o f  p r e g e r m i n a t i o n  h a r d e n i n g  on t h e  i n d u c e r /  
p h e n o l i c  l e v e l s *  i n  t h e  root e x u d a t e  of t h e  10 day-o ld  
s e e d l i n q s  of  sorghum 

T r e a t m e n t  Change i n  t h e  l e v e l  o f  
i n d u c e r /  

i n d u c e r s  p h e n o l i c s  pheno l  i c  
* * a c t u a l  p e r c e n t  a c t u a l  p e r c e n t  r a t i o  

change  c h a n g e  change  c h a n g e  

Unhardened 
( c o n t r o l )  

Hardened w i t h  

d i s t i l l e d  w a t e r  ***-0.52 -34 -0.53 - 7 0.160 

f e r u l i c  a c i d  -0.90 -59 -4.00 -5 1  0.103 

c a f f e i c  a c i d  -0 ..82 -53 ***+3.98 + 5  1 0.060 

v a n i l l i c  a c i d  -0.70 -4 6 c6 .00  +7 7 0.060 

* based  on  t h e  d a t a  on  p h e n o l i c s  and  i n d u c e r s  g i v e n  i n  T a b l e  4 
- 1 

* * p g  mg d r y w e i g h t  of  r o o t  

***  + i n c r e a s e , .  - d e c r e a s e  



T a b l e  6. I n f l u e n c e  o f  p r e g e r m i n a t i o n  h a r d e n i n g  of sorghum w i t h  p h e n o l i c  
a c i d s  o n  t h e  ce l l  w a l l  c o m p o n e n t s  

T r e a t m e n t  P e c t i n *  H e m i c e l l u l o s e *  C e l l u l o s e *  P r o t e i n s * *  L i g n i n s * * *  

Unhardened  16 .7  36 .7  28.0 18.0 0 269 
( c o n t r o l )  ( 5 . 7 )  ( 6 . 7 )  ( 1 . 3 )  (1 .0)  

Hardened  w i t h  

d i s t i l l e d  w a t e r  20.0 38.1 48 .0  30.0 0 .294  
(0.0) 13.51 ( 2 . 7 )  ( 1  . a )  

f e r u l i c  a c i d  2 8 . 3  4 9 . 3  66.7 27.6 0 .391  
( 2 . 9 )  ( 9 . 4 )  ( 2 . 7 )  ( 0 . 4 )  

c a f f e i c  a c i d  2 1 . 7  5 1 . 2  54.7 38.4 0.41 1 
( 4 . 6 )  ( 0 . 0 )  ( 4 . 0 )  ( 1  * O )  

v a n i l l i c  a c i d  26.7 54.6 61 .3  2 5 . 2  0.346 
( 2 . 9 )  ( 4 . 0 )  ( 2 . 7 )  ( 0 . 4 )  

* u g  r e d u c i n g  s u g a r s  r e l t l a s e d  per mg ce l l  w a l l  m a t e r i a l  

* *  ug a m i n o  a c i d s  r e l e a s e d  p e r  mq c e l l  w a l l  m a t e r i a l  

* * *  a b s o r b a n c e  a t  350 nm 

Figures I n  p a ~ e n t h e ~ e s  . r e  s t a n d a r d  deviations 



T a b l e  7. ' ~ n f l u e n c e  o f  p r e s o w i n g  h a r d e n i n g  o n  t h e  t h i c k n e s s  (r*) 
of t h e  endodermal  and xylem w a l l s  i n  t h e  roots of sorqhum 

T r e a t m e n t  

I n n e r  e n d o d e r m a l  w a l l  Metaxylem w a l l  

PAS 
1 S c h i f f ' s  2 PAS l S c h i f f ' s  2 

r e a q e n t  r e a q e n t  r e a g e n t  r e a g e n t  

Unhardened  
( c o n t r o l )  

Hardened  w i t h  

d i s t i l l e d  w a t e r  3.485 
( 1  - 8 7 )  

f e r u l i c  a c i d  3.060 
( 0 . 6 3 )  

c a f f e i c  a c i d  3 .738 
( 0 . 8 3 )  

v a n i l l i c  a c i d  3 .735 
( 0 . 4 4 )  

* b a s e d  o n  t h e  c a m e r a - l u c i d a  d r a w i n g s  
1 a n d  2 g i v e  r e s p e c t i v e l y ,  t h e  t h i c k n e s s  o f  p a r t s  s t a i n e d  f o r  

p o l y s a c c h a r i d e s  and l i g n i n  





C.D. 5% - 3 . 8  I 8o 

V .  
A B C D E 0 

L 
C, 
C 

20 day - o l d  hos t  o u 

(9 .5)  C .D .  5% - 7.0 

40 day - o l d  hos t  

F i g .  1. E f f e c t  o f  presowing hardening o f  t h e  host-sorghum 
on t h e  p e n e t r a t i o n  by t h e  p a r a s i t e  - S t r iga .  

A - unhardened, B t o  E - hardened w i t h  d i s t i l l e d  wate r  
and 25 ug m l - l  f e r u l i c ,  c a f f e i c  
and vani  11 i c  ac ids  , r e s p e c t i v e l y  a 

f i g u r e s  i n  parentheses a re  s tandard dev ia t i ons .  





+ - S i g n i f i c a n t l y  d i f f e r e n t  
from al a t  5% l e v e l  . 

Phenol i c  
a c i d  (ug ml-I) 

2 5 

100 
1 

Fig. 2. E f f e c t  of phenol ic  ac ids i n  t he  medium on seed germinat ion i n  the Sk sample 
o f  S t r i g a .  

K i n e t i n  (50 ug ml- '  ) / r o o t  exudate o f  sorghum a1 one and w i t h  25 and 100 ug m1-I 
o f  f e r u l i c  a c i d  ( b y  bl), c a f f e i c  a c i d  (c ,  c,) and i c  ac i d  (d, dl). 

Figures i n  parentheses a re  standard dev ia t ions.  

CD 5% 

K i  n e t i n  

10.9 

7.1 

Root 
exudate 

11.7 

- 





SESSION IV 

CONCLUDING SESSION 





FUTURE RESEARCH GOALS FOR COMBATINGJTRIGA ON SORGHUM 

D.R. Bapat* 

Witchweeds a r e  impor tan t  p a r a s i t e s  o f  sorghum and l i t e r a t u r e  o n  

t h i s  p a r a s i t e  h a s  been well reviewed (Wil l iams;  1958, T a r r ,  1962 and 

Dogget t ,  1970) .  2. a s i a t i c a  is  common i n  p a r t s  o f  I n d i a ,  Burma, Southern 

and E a s t e r n  A f r i c a  and i s  a l s o  t h e  s p e c i e s  which o c c u r s  i n  North and South 

C a r o l i n a  (u.S.A). 2. hermonthica  is  conf ined  to t h e  A f r i c a n  c o n t i n e n t  

where i t  generct l ly  predominates  i n  a r e a s  n o r t h  o f  equa tor .  I n  I n d i a  f i v e  

s p e c i e s  of St_ri..a a r e  known t o  o c c u r ,  o f  which S t r i g a  a s i a t i c a  and S t r i g a  

a n g u s t i f o l i a  a r e  known t o  a t t a c k  econcnnically impor tan t  p l a n t  s p e c i e s  

c a u s i n g  heavy c r o p  l o s s e s .  The s p e c i e s  t h a t  u s u a l l y  a t t a c k  sorghum a r e  

S. a s i a t i c a  and 2. d e n s i f l o r a .  - 
S t r - q a  c a n  c a u s e  s e r i o u s  y i e l d  r e d u c t i o n s  wi th  heavy i n f e s t a t i o n s  - 

o c c a s i o n a l l y  k i l l i n g  p l a n t s  b e f o r e  heading. Reported losses range  from 

25-85% i n  b a j r a  (Mathur and Mathur,  1966) ,  53% i n  sorghum (Younis and 

Agabawi, 1965).  S e v e r a l  methods o f  c o n t r o l  have been t r i e d  w i t h  vary ing  

d e g r e e  o f  success .  These i n c l u d e  hand weeding (Ogborn, 1968) ,  t r a p  

c ropping  w i t h  soyabean and f i e l d  p e a s  (Robinson and Dowler, 1 9 6 6 ) ,  Sudan 

g r a s s  grown f o r  f i v e  rieeks ( L a s t ,  1 9 6 1 ) ,  h igh f e r t i l i t y  levels-80kg N/ha 

(Ogborn 1970; Agabawi and Younis,  1 9 6 5 ) ,  h e r b i c i d e s  l i k e  2,4 D ,  p a r a q u a t ,  

Methyl bromide, 2 ,4  D + MCPA (Eplee  and Langston, 1968; 1970, 1971, and 

Ogborn, 1969) h a v e - g i v e n  s a t i s f a c t o r y  c o n t r o l  i n  d i f f e r e n t  c o u n t r i e s .  

Gene t ic  r e s i s t a n c e  i n  sorghum t o  Stfiya is recognised  a s  t h e  most 

economic way t o  combat t h i s  p a r a s i t e .  Two forms of  r e s i s t a n c e  a r e  

g e n e r a l l y  d i s c u s s e d  i n  t h e  l i t e r a t u r e .  One of  t h e s e  i n v o l v e s  r e s i s t a n c e  

based on b a r r i e r s  t o  s u c c e s s f u l  e s t a b l i s h m e n t  on t h e  h o a t  r o o t ,  and t h e  

o t h e r  i n v o l v e s  r e s i s t a n c e  based on l o w  p r o d u c t i o n  o f  t h e  s t i m u l a n t  by t h e  

h o s t  which is r e q u i r e d  f o r  Striga seed  germina t ion .  

* S e n i o r  Sorghum Breeder ,  (AICSIP),  Mahatma Phule  Agr i l .  U n i v e r s i t y ,  
Rahuri  413 722, D i s t .  Ahmednagar 



K u i j t  ( 1 9 6 9 )  has  made i n t e r e s t i n g  o b s e r v a t i o n s  regard ing  o r i g i n  

and f u n c t i o n  of  t h e  haustorium and t h e  n u t r i t i o n a l  r e l a t i o n s h i p  with  t h e  

h o s t  ( i)  t h e  absence of any d i r e c t  c o n t a c t  between phloem t i s s u e 6  of  t h e  

h o s t  and p a r a s i t e ;  t h e  n a t u r a l  b r idge  f o r  t r a n s p o r t  o f  both water and 

o r g a n i c  and i n o r g a n i c  n u t r i e n t s  being t h e  xylem, (ii) t r a n s p i r a t i o n  

r a t e s  a r e  i n v a r i a b l y  h igh ,  presumably l e a d i n g  t o  maximum t r a n s f e r  o f  

n u t r i e n t s  from h o s t  t o  p a r a s i t e  (iii) h o s t  s p e c i f i c i t y  is normally q u i t e  

wide. 

Severa l  workers have r e p o r t e d  r e s i s t a n c e  to S t r i g a  i n  sorghum. 

Saunders (1933) working i n  South A f r i c a  m e t  wi th  same s u c c e s s  i n  

i d e n t i f y i n g  and deve lop ing  r e s i s t a n c e  based on mechanical blockage of  

es tab l i shment  by 2. a s i a t i c a  haustorium. I n  t h r e e  r e s i s t a n t  s t r a i n s ,  

t h r e e  d i f f e r e n t  r o o t  t i s s u e s  v i z . ,  c o r t i c a l  cells ,  endoderntal cells  and 

xylem v e s s e l s  were i d e n t i f i e d  a s  sites where i n v a s i o n  by h a u s t o r i a  o f  

t h e  p a r a s i t e  was c u r t a i l e d .  I n h e r i t a n c e  o f  r e s i s t a n c e  was found t o  be 

complex and d i f f e r e n t  f o r  t h e  t h r e e  s t r a i n s .  Doggett  (1965) r e p o r t e d  

t h a t  the v a r i e t y  'Dobbs' possessed a c e r t a i n  amount o f  mechanical 

r e s i s t a n c e .  Sorghums which have r e s i s t a n c e  based on low s t i m u l a n t  

p roduc t ion  have been n6ported i n  two v a r i e t i e s ,  B i l c h i g a n  and Muddinandyal 

from I n d i a  (Kumar , 1940)  and Bonganhilo from Tanzania (Rao, 1 9 4 8 ) .  

Bonganhilo was used t o  develop r e s i s t a n t  v a r i e t y  Co 20 (Shanmugasundaram 

and Venkatraman, 19164). Framida a l s o  has  r e s i s t a n c e  based o n  low s t i m u l a n t  

p roduc t ion .  

However, r e s e a r c h  e f f o r t s  t o  i n c o r p o r a t e  S t r i g a  - -- r e s i s t a n c e  i n t o  

an  agronomica l ly  e l i t e  background i n  t h e  p a s t  have met wi th  l i t t l e  success .  

A t  ICRISAT d u r i n g  p a s t  f i v e  y e a r s  c o n s i d e r a b l e  p r o g r e s s  h a s  been made i n  

i d e n t i f y i n g  S t r i g a  r e s i s t a n t  s o u r c e s  and t r a n s f e r  o f  t h i s  c h a r a c t e r  i n t o  

good agronomic background. The r e s u l t e d  i n d i c a t e d  t h a t  .Ft_r_iga r e s i s t a n c e  

i n  sorghum is  a f u n c t i o n  of t h r e e  independent  mechanisms v iz . ,  l o w  s t i m u l a n t  

p roduc t ion  by the h o s t  r o o t s ,  mechanical b a r r i e r s  to t h e  e s t a b l i s h m e n t  o f  

S t r i p  and a n r i b i o s i s  f a c t o r .  About 14000 germplasm e n t r i e s  were sc reened  

and 640 low s t i m u l a n t  l i n e s  were i d e n t i f i e d ,  G e n e r a l l y  t h e  r e s u l t s  i n d i c a t e  



t h a t  n o t  a l l  low s t i m u l a n t  l i n e s  a r e  r e s i s t a n t  i n  f i e l d ,  though a  goorl 

number o f  them tu rned  o u t  t o  be f i e l d  r e s i s t a n t .  I n  advanced generation 

p r o g e n i e s  a l s o  o u t  of  t h e  23 f i e l d  r e s i s t a n t  l i n e s ,  18 were observed t o  

be low s t i m u l a n t  p roduce r s .  P r o p o r t i o n  o f  f i e l d  r e s i s t a n c e  i n  t h e  l o w  

s t i m u l a n t  c a t e g o r y  was h i g h e r  t h a n  t h e  p r o p o r t i o n  of  f i e l d  r e s i s t a n c e  i n  

t h e  h igh  s t i m u l a n t  ca t egory .  The p r o c e s s  of  s e l e c t i o n  f o r  S t r ~ q a  r e s i s t a n c e  

and o t h e r  d e s i r a b l e  t r a i t s  h a s  shown t h a t  though s e v e r a l  resistant s o u r c e s  

a r e  a v a i l a b l e  n o t  a l l  of  them a r e  "good b r e e d i n g n s t o c k s .  

Sc reen ing  methodology f o r  r e s i s t a n c e  b reed ing  i s  a l s o  being 

s t a n d a r d i s e d  a t  ICRISAT and Research P r o j e c t  f o r  Dryland A g r i c u l t u r e  a t  

Hyderabad. For s c r e e n i n g  earghum l i n e s  f o r  g e n e t i c  r e s i s t a n c e  t o  Str;  ( : , I ,  

l a b o r a t o r y ,  p o t  and f i e l d  s c r e e n i n g  t ~ ~ h n i q r t e s  have been used i n  t h e  p a s t .  

Labora to ry  t e c h n i q u e s  have s e v e r a l  advan tages  but  t h e y  have n o t  been found 

u s e f u l  f o r  b reed ing  f i e l d  r e s i s t a n c e .  T h i s  l a c u n a  a r i s e s  from t h e  b a s i c  

f a c t  f i e l d  r e s i s t a n c e  canno t  be exp la ined  by any  one  mechanism and t h e r e  

a r e  s t r o n g  envi ronmenta l  i n t e r a c t i o n s  which i n f l u e n c e  t h e  f i e l d  r e a c t i o n s .  

Po t  tests were more r e l i a b l e  than  f i e l d  s c r e e n i n g  f o r  o b t a i n i n g  a t t a c k  by 

a .  The problems t h a t  a r e  encountered  i n  f i e l d  s c r e e n i n g  a r e  ( i )  v a r i a -  

b i l i t y  i n  occurence  o f  Str iqe! through y e a r s  i n  t h e  same f i e l d  ( i i )  absence  

o f  any c o n t r o l  on l e v e l s  o f  i n f e s t a t i o n  ( i i i )  ununiform .';trrga d i s t r i b u t i o n  

i n  t h e  f i e l d  ( i v )  t o t a l  dependence on environment f o r  J ' t r l y a  i n f e s t a t i o n  

( v )  h igh  CV's i n  t h e  expe r imen t s  making t h e  c o n c l u s i o n s  u n r e l i a b l e .  A 

t h r e e  s t a g e  improved ' f i e l d  s c r e e n i n g  methodology was t h e r e f o r e  proposed 

i n v o l v i n g  an  o b s e r v a t i o n  n u r s e r y ,  a  p r e l i m i n a r y  s c r e e n i n g  amj a n  advanced 

s c r e e n i n g  (Vasudeva Rao e t  a l . ,  1981) .  F u r t h e r ,  t h e y  r e p o r t e d  t h e  d e t a i l s  

on  t h e  method o f  a n a l y s i s  of  5 t r i g a  d a t a  c o l l e c t e d  on t h r e e  s t a g e  methodology 

i n  1982 (Vasudeva Rao, e t  a l . ,  1982) .  They f u r t h e r  r e p o r t e d  t h a t  l o g a r t h m i c  

t r a n s f o r m a t i o n s  coupled  wi th  NEPLOT a n a l y s i s ,  o r i g i n a l l y  d e s c r i b e d  by 

Papadak i s  (1937) ,  was found u s e f u l  i n  reducing t h e  c o e f f i c i e n t s  o f  v a r i a b i l i t y  

i n  advanced t r i a l s  t o  a c c e p t a b l e  l e v e l s .  

S o i l  t y p e ,  r a i n f a l l  and f e r t i l i t y  a r e  some o f  t h e  f a c t o r s  which a f f e c t  

t h e  i n c i d e n c e  o f  S t r i g a . ,  and make r e s e a r c h  involved wi th  i d e n t i f i c a t i o n  and 

m a n i p u l a t i o n  o f  h o s t  r e s i s t a n c e  d i f f i c u l t .  Such work is f u r t h e r  compl i ca t ed  



by t h e  e x i s t e n c e  o f  p a t h o g e n i c  s t r a i n s .  I t  h a s  a l s o  been r e p o r t e d  t h a t  

sorghums which a r e  r e s i s t a n t  t o  a  g i v e n  s p e c i e s  o f  S t r i g a  a t  a g i v e n  

l o c a t i o n  may n o t  n e c e s s a r i l y  b e  r e s i s t a n t  t o  t h e  same s p e c i e s  or a  d i f f e r e n t  

s p e c i e s  a t  a n o t h e r  l o c a t i o n .  

V a r i a t i o n  i n  t h e  emergence o f  S t r i p  p l a n t  a p p e a r s  t o  b e  m a i n l y  d u e  

t o  soil  m o i s t u r e ,  (Andrews, 1945 ;  Wi lson  J o n e s ,  1953) .  S i m i l a r l y  t h e  

c o n d i t i o n  o f  t h e  s u r f a c e  l a y e r  o f  s o i l  is a l s o  c r i t i c a l  f o r  S t r i p  emergence. 

I n  a r e a s  where c e r e a l  c r o p s  a r e  e s t a b l i s h e d  d u r i n g  s h o r t  e a r l y  r a i n s ,  t h e  

c r o p  h a s  t o  e n d u r e  a  d r y  p e r i o d  l a t e r  which f a v o u r  t h e  deve lopment  o f  S t r i q a .  
-~ ~ 

T h i s  e x p l a i n s  t h e  ununi form p a t t e r n  o f  S t r l q a  a p p e a r a n c e  i n  d i f f e r e n t  y e a r s .  

From t h e  f o r e g o i n g  d i s c u s s i o n s  i t  is a p p a r e n t  t h a t  r e s e a r c h  o n  

r e s i s t a n c e  b r e e d i n g  n e e d s  t o  be  s t r e n g t h e n d .  S i n c e  a n y  one  r e s i s t a n c e  mechanism 

may n o t  remain s t a b l e  o v e r  e n v i r o n m e n t s ,  i t  is a d v i s a b l e  t o  pyramid t h e  

d i f f e r e n t  mechanisms i n t o  o n e  v a r i e t y .  The s t a b i l i t y  o f  d i f f e r e n t  mechanisms be 

a l s o  s t u d i e d ,  t o  i s o l a t e  f a c t o r s  which d i s t r u b  t h e  r e s i s t a n c e  mechanism. 

P h y s i o l o g i c a l  r a c e s  i n  d i f f e r e n t  s p e c i e s  i f  a n y  be  i d e n t i f i e d ,  so a s  to test 

b r e e d i n g  m a t e r i a l  c r i t i c a l l y ,  s i n c e  t h i s  may a l s o  be  o n e  o f  t h e  f a c t o r s  f o r  n o t  

g e t t i n g  s t a b l e  r e s i s t a n c e .  G e n e t i c a l  s t u d i e s  o n  S t r i q a  r e s i s t a n c e  a p p e a r  t o  be 

meagre and hence  i t  i s  n e c e s s a r y  t o  s t u d y  t h e  g e n e t i c s  o f  t h e  t h r e e  mechanisms,  

s o  a s  t o  a d o p t  s u i t a b l e  b r e e d i n g  methods t o  i n c o r p o r a t e  t h e s e  c h a r a c t e r s  i n  

a g r o n o m i c a l l y  d e s i r a b l e  g e n o t y p e s ,  

L a b o r a t o r y  and p o t  s t u d i e s  a r e  c e r t a i n l y  u s e f u l  f o r  s c r e e n i n g  germplasm. 

However, s i n c e  f i e l d  s c r e e n i n g  a p p e a r s  t o  be  i n e v i t a b l e ,  S t r i q a  s i c k  p l o t s  i n  

d i f f e r e n t  soi l  t y p e s  need t o  be e s t a b l i s h e d ,  i n  major  sorghum growing a r e a s  by 

i n f e s t i n g  w i t h  l o c a l  .5trl<lti seed. T h i s  would a l s o  h e l p  t o  i d e n t i f y  

p h y s i o l o g i c a l  r a c e s  and s t u d y  S t r i 7 . i  emergence i n  d i f f e r e n t  soils and s e a s o n s .  

Advantage o f  t h e s e  p l o t s  be a l s o  t a k e n  t o  c o r r e l a t e  soil  m o i s t u r e ,  t e m p e r a t u r e  

r e l a t i o n s  w i t h  emergence  of - : t r i r / a .  I t  is g e n e r a l l y  o b s e r v e d  t h a t  i f  l o n g  

b r e a k s  i n  r a i n  d u r i n g  August  and September a r e  e x p e r i e n c e d ,  Striqa emergence  is 

more. I n  some p o c k e t s  o f  M a h a r a s h t r a  S t r i y a  menace becomes a l a r m i n g  i n  some 

y e a r s ,  e s p e c i a l l y  where h y b r i d s  l i k e  CSH-1, CSH-5, CSH-6 and o t h e r  a r e  p l a n t e d  

e v e r y  y e a r .  



S u l t a b l e  t r a p  c ropp ing ,  i n t e r c r o p p i n g  exper iments  need t o  be 
I 

conducted  t o  i s o l a t e  s u i t a b l e  c ropp ing  p a t t e r n  which would r t d u c e  t h e  

S t r l g a  seed p o p u l a t i o n s  i n  t h e  soil by inducing s u i c i d a l  ge rmina t ion  

(Robinson and Dowler, 1 9 6 6 ) .  

Chemical c o n t r o l  of Striga by sp ray inq  2,4 D and o t h e r  weed 

k i l l e r s  though e f f e c t i v e ,  i n v o l v e s  l o t  o f  e x p e n d i t u r e  and r i s k  i f  d i c v t s  

a r e  grown around and a s  such t h i s  method is no t  e x t e n s i v e l y  followed. I t  

is t h e r e f  r e ,  sugges t ed  t o  f i n d  o u t  cheaper  and l e s s  harmful  chemica l s ,  so 

t h a t  i n  endemic p o c k e t s ,  p i l o t  p r o j e c t s  cou ld  be t aken  up t o  c o n t r o l  t h i s  

p a r a s i t e .  Okonkwo ( 1 9 6 6 )  h a s  r e p o r t e d  t h a t  t h e  p a t t e r n  o f  t r a n s l o c a t i o n  of 

p h o t o s y n t h a t e s  and m i n e r a l s  from h o s t  t o  p,-1ra; i te  s u g g e s t s  a p o s s i b l e  use  

o f  s e l e c t i v e  w e e d k i l l e r s  a p p l i e d  a s  1 c p ~ d j ,  ti) t h e  h o s t  l e a v e s  f o r  

c o n t r o l l i n g  t h e  p a r a s i t e .  Such method w i l l  be more e f f e c t i v e ,  a s  i t  would 

k i l l  p a r a s i t e  b e f o r e  i t  does  much harm t o  t h e  h o s t  p l a n t .  

The re  a r e  f a v o u r a b l e  r e p o r t s  o f  e f f e c t  o f  n i t r o g e n  a p p l i c a t i o n  on 

S t r i q a  c o n t r o l .  I t  i s  r e p o r t e d  t h a t  N a p p l i c a t i o n  d e l a y s  t h e  emergence 

5triq.a.  . T h i s  a s p e c t  needs  f u r t h e r  p r o b e ,  a s  a t  p r e s e n t  f a rmers  u s e  v e r y  

l i t t l e  N f o r  r a i s i n g  a  Sorghum c r o p  and s t r i g a  i n c i d e n c e  i s  u s u a l l y  more 

i n  u n f e r t i l i s e d  f i e l d s .  

I n s e c t s  l i k e  Smicronyx, Ophiomyla, E u l o c a s t r a  a r g e n t i s p o r a  etc. have 

been r e p o r t e d  t o  a t t a c k  S t r l i i a .  S i m i l a r l y  f u n g a l  pa thogens  o f  w i  t c h w e ~ l  

l i k e  C u r v u l a r i a  g e n i c u l a t a ,  Fusarium s o l a n i ,  F. roseum, Rh izoc ton ia  s o l a n i ,  

have  been r e p o r t e d .  Work on b i o l o g i c a l  c o n t r o l  o f  witchweed i s  a l s o  meagre 

and needs  f u r t h e r  i n v e s t i g a t i o n  t o  deve lop  a n  e f f e c t i v e  method o f  b i o l o g i c a l  

c o n t r o l .  

~ h u s  i t  c o u l d  be summarised t h a t  work on r e s i s t a n c e  b reed ing  c o u p l e d  

w i t h  agronomic m a n i p u l a t i o n s  and b i o l o g i c a l  c o n t r o l  would g o  a  l o n g  way t o  

e r r a d i c a t e  t h i s  p l a n t  p a r a s i t e  and t h u s  h e l p  enhance sorghum p r o d u c t i o n  o f  t h e  

semi -a r id  t r o p i c s .  
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DISCUSSION I: STRATEGIES FOR BREEDING S17RGHUM V A N  LTIES RESISTANT TO STRI~;.-, 
1 1 1 

B.S. Rana , C. Hanumantha V . J . M .  Rao and B . B .  Reddy 

Sorghum and Strry, a r e  dynamlc blologlcal  systems. Therefore, res i s tance  

t o  s t r l y a  In sorghum 1s t o  be vlewed i n  ~ t s  t o t a l l t y  a s  a  complete ecological 

system. Systematic lnformatlon on host-parasite-envlronrnent rn te rac t lons  would 

help t o  comblne resistance I n  de s l r ah l e  agronomic background and t o  develop 

su i t ab l e  a t r ~ q a  management prac t ices .  We have t o  resor t  t o  some c u l t u r a l  and 

chemical control  measures t o  suppress : - : I  population I n  endemic a reas  b u t  

ultimately the  most economical so lu t lon  l i e s  i n  developlnq r e s r s t an t  varieties. 

Some cheap cont ro l  measdres such a s  systemlc herbicides, biological cont ro l ,  

t r ap  cropping, crop ro ta t lon  anti seed tredtment by some phenolrc ac lds  a r e  

reported but they should be fur ther  worked out w i t h  particular reference t o  a  

va r l e ty ,  environment and s o i l  type. 

The information on screening technique, sources and mechanisms of 

r e s i s t ance ,  hos t -paras i te  i n t e r ac t i on  and natureof  gene ac t i on  a r e  prerequis i te :  

of any breeding programme. 

1 .  Screening techniques: 

.Stri 'qa being a  very decept ive p a r a s i t e ,  a sound and r e l i a b l e  f i e l d  

screening technique i s  e s sen t i a l  t o  d i s t inguish  between r e s i s t a n t  and 

suscept ib le  progenies. Growing of suscept ib le  en t ry  and allowing the 3trlija t o  

shed the  seed or  by adding '-8tr: :, seeds col1ec;ted from other  f i e l d s  one t o  two 

months p r i o r  t o  sowing can help t o  g e t  good l eve l s  of S t r l g a  -. in fes ta t ions .  Low 

f e r t i l i t y  and good drainage i n  deep v e r t i  sols  promote good Striga establishmen 

Hanumantha Rao and Rana ( 1 9 8 2 )  described a 3: 1 plant ing pa t te rn  of t e s t  va r i e ty  

and suscept ib le  check respect ively.  Where sick p lo t  area is l imi ted ,  t h i s  meth 

is  more economical and eas ie r  over other plant ing pa t t e rn s -  

' A I C S I ~ ,  IARI-Reqional S ta t ion ,  Rajendranaqar, Hyderabad 

'AICRPDA, Santosh Nagat, Hyderabad 500 6 5 9 ,  A.F.  1ndia.  



2 .  . .Str iga v a r i a b i l i t y :  

'There i s  need t o  understand t h c  v a r i a b i l i t y  within and between 

species  of S t r l g d  at tacking sorqhum In India both for  pathogenicity and 

morpho1oglc;il t r a l t s . ,  Some simply inher i ted  charac te rs  may be useful  t o  

determine t h e  d i f fe rences  a t  the  sub-specif ic  l e v e l ,  and t o  i den t i fy  i t s  

blotypes and ecotypes. Since 2. a s l a t i c a a t t a c k s  sorghum, sugarcane, 

! ]ear l  m i l l e t ,  n 2 1 z e ,  r i c e ,  some minor mi l l e t s  and wild grasses ,  s t ud i e s  

on c ro s s - rn f ec t l v l t y  w i l l  help t o  d i s t inguish  between d i f f e r e n t  s t r a i n s .  

3 .  Mechanisms of res l s tance :  

Some 1nform;ition on res i s tance  mechanisms such a s  low st imulant  

product ionand mechanical b a r r i e r s  I n  some r e s i s t a n t  s tocks i s  ava i lab le .  

However, the basis  of  res l s tance  of other  improved t o l e r an t  v a r i e t i e s  i s  

s t i l l  t o  be worked out .  These :~ .3r ie t ies  can be c l a s s i f i e d  i n t o  th ree  groups 

(eg . ,  stimulant negat ive,  mechanically r e s i s t a n t  and those possessing both 

mechanisms) and should be ,documented. Some of the  physiological  parameters 

such as  g ibbe re l l i n s ,  cytokinin,  i n h i o i t o t s ,  d i f f e r e n t i a l  osmotic pressures  

In the roots  of sorghum .and .;+r- j a  ( p r ~ f  erably haus tor ia )  , exo-enzyme 

production due t o  cel l -wal l  tnickenino , sugar and amino acid content  of 

sorqhum roots  appear t o  be the addi t iona l  s e l ec t i on  parameters. Their u t i l i t y  

i s  t o  be examined f u r t h e r .  

4 .  S t a b i l i t y  of res i s tance :  

Some known r e s i s t a n t  v a r l e t l e s  d i f f e r  i n  t he i r  hos t -paras i te  i n t e r ac t i on  

under var ied environments. This d i f f e r e n t i a l  behaviour a t  other  l oca t i ons  may 

not be necessar i ly  due t o  d i f f e r e n t  physiological  races  of p a r a s i t e  a lone,  but 

may depend upon d i f f e r e n t  threshold l eve l  o f  the  va r i e ty ,  i n t e n s i t y  of Striga 

i n f e s t a t l o n ,  seasonal and adaphic f ac to r s .  A va r i e ty  which shows r e s i s t ance  

i n  a  deep and s a tu r a t ed  v e r t i s o l  due t o  Striga dormancy induced by higher 

molsture w i l l  show s u s c e p t i b i l i t y  i n  well drained a l f i s o l s  and deep v e r t i s o l s  

s lnce  drainage i n  l a t t e r  promotes the s t r i g a  germination. 

The s h i f t  i n  the  l eve l  of r e s i s t ance  i n  BO-1 and N-13 under moisture 

s t r e s s  condit ion a t  Hayatnaqar farm and breakdown of Radar v a r i e t y  warrants 



s t u d i e s  of s t a b i l i t y  of r e s i s t a n c e  and t o  unders tand d i f f e r e n t  a g r o c l i -  

ma to log ica l '  situations promoting S t r l y a  germinat ion .  However, s t a b i l i t y  

of i n d i v i d u a l  r e s l s t a n c e  pa rame te r s  over  d i f f e r e n t  l o c a t i o n s  w i l l  be u s e f u l .  

5. Nature  o f  r e s i s t a n c e :  

Low s t i m u l a n t  p r o d u c t i o n  i n  sorghum which c o n f e r s  r e s i s t a n c e  t o  

Striga is i n h e r i t e d  a s  a  monogenic (Ramaiah, p e r s o n a l  communication) a s  w e l l  

a s  a q u a n t i t a t i v e  c h a r a c t e r  (Vasudeva Rao e t  d l .  1983) .  Shinde  and Kulkarni  

(1982) a l s o  t r e a t e d  .,triyd r e s i s t a n c e  a s  a  q u a n t i t a t i v e  c h a r a c t e r .  However, 

ou r  s t u d i e s  i n d i c a t e  d i f f e r e n t  d e g r e e s  of  f i e l d  r e s i s t a n c e  (Hanumantha Rao 

and Rana, 1982) .  I t  i s  d i f f i c u l t  t o  s a y ,  "How complex is  t h e  r e s i s t a n c e ? " .  

The i n d i v i d u a l  components of  r e s i s t a n c e  a r e  expected  t o  be s imply  i n h e r i t e d  

b u t  t h e  whole system s h o u l ~ l  behave l i k e  a q u a n t i t a t i v e  t h r e s h o l d  c h a r a c t e r .  

6 .  Sources  of r e s i s t a n c e :  

The f i e l d  r e s l s t a n c e  is p r e s e n t l y  a v a i l a b l e  i n  poor ly  adap ted  g e n e t i c  

background. Some of t h e  d e r i v a t i v e s  of I S  3687 x Aispur i  c r o s s  such  a s  148,  

168 and 555 from AICSIP wi th  b e t t e r  g e n e t i c  background woulf f u r n i s h  t h e  

improved s o u r c e s  of r e s i s t a n c e .  Some o f  t h e  h igh y i e l d i n g  v a r i e t i e s  such  a s  

CSV-3, CSV-8R (SPV-86), SPV Nos. 1 0 3 ,  107,  109 and 221 p o s s e s s  modera te  

r e s i s t a n c e  (Hanumantha Rao and Rana, 1982) .  S p e c i f i c  s o u r c e s  o f  r e s i s t a n c e  

t o  5. d e n s i f l o r a  a r e  still t o  be  i d e n t i f l e d .  

7 .  Breeding p rocedure :  

There  a r e  two m ~ l j o r  o b j e c t i v e s :  ( i )  Gene pyramiding i . e . ,  s t r e n g t h e n i n g  

o f  r e s i s t a n c e  i n  o r d e r  t o  a c h i e v e  s t a b l e  and r a c e - n o n s p e c i f i c  s o u r c e s ,  ( i i )  Re- 

combina t ion  b reed ing  l.e., transferring r e s i s t a n c e  t o  h igh -y ie ld ing  and 

a g r o n o m i c a l l y  d e s i r a b l e  v a r i e t i e s .  

The r e s i s t a n c e  can  be s t r e n g t h e n e d  by c r o s s l n g  v a r i e t i e s  p o s s e s s i n g  

d i f f e r e n t  r e s i s t a n c e  mechanisms and a l l e l e s  of  d i f f e r e n t  g e o g r a p h i c a l  

d i v e r s i t y .  M u l t i l o c a t i o n  t e s t l n g  i s  e s s e n t i a l  t o  t e s t  t h e  s t a b i l i t y  and 



mul t i - r ace  r e s i s t a n c e .  Choice of p a r e n t a l  m a t e r i a l  f o r  t h e  u t i l i z a t i o n  

of r e s i s t a n c e  genes i n  recombination breeding programme is impor tant .  The 

improved g e n e t i c  background of  r e s i s t a n t  v a r i e t i e s ,  168, 555 and IS  3924 

may he lp  t o  ach ieve  h igher  f r equenc ie s  o f  d e s i r a b l e  s e g r e g a t e s .  

Continuous sc reen ing  i n  a  S t r i g a  s i c k - p l o t  i s  e s s e n t i a l  f o r  gene 

pyramiding. F of r e s i s t a n t  x  h igh y i e l d i n g  c r o a s e s  i s  eva lua ted  i n  S t r i g a  
2 

f r e e  p l o t  f o r  y i e l d  and o t h e r  ag ronan ic  t r a i t s  but  t h e  subsequent  

g e n e r a t i o n s  a r e  t e s t e d  i n  a  s i c k - p l o t .  

7.1 H e t e r o s i s  breeding: 

Susceptibility i n  F, is due  t o  p a r t i a l  t o  f u l l  dominance. The 

s u s c e p t i b i l i t y  of  CSH-5 and CSH-6 hybr ids  can  be a t t r i b u t e d  t o  t h e i r  

s u s c e p t i b l e  female parentage .  Thus, both t h e  p a r e n t s  of  a  hybr id  should 

be r e s i s t a n t .  I n  f a c t ,  none of t h e  A l i n e s  a r e  r e s i s t a n t  except  some 

marginal  resistance i n  296B. P r i o r i t y  should  t h e r e f o r e  be g iven t o  develop 

t h e  r e s i s t a n t  A l i n e s .  B l i n e  r e a c t i o n  of  dwarf r e s i s t a n t  d e r i v a t i v e s  should 

be a s c e r t a i n e d .  

7 . 2  V a r i e t a l  improvement: 

7.2.1 Pure l i n e  s e l e c t i o n :  

Pure  l i n e  s e l e c t i o n  appea r s  t o  be an e f f e c t i v e  breeding methodology t o  

improve t h e  l e v e l  of  r e s i s t a n c e  of l and  r aces .  The red  l o c a l  s e l e c t i o n  from 

P J  8 K  bu lk ,  BO-1 and N-13 from l o c a l  v a r i e t i e s  a r e  t h e  p roduc t s  of  p u r e  l i n e  

s e l e c t i o n .  

7 . 2 . 2  Ped ig ree  breeding:  The predominant a d d i t i v e  g e n e t i c  v a r i a n c e  i n d i c a t e s  

t h a t  p e d i g r e e  programme should  be a  success .  The r ecove ry  of f i e l d  r e s i s t a n c e  

i n  168 and s t i m u l a n t  n e g a t i v e  type  r e s i s t a n c e  i n  i t s  s i s t e r  l i n e ,  555 is  an  

encouraging r e s u l t  from p e d i g r e e  breeding programme. The p r o g r e s s  i n  mechanical  

r e s i s t a n t  x  s t i m u l a n t  n e g a t i v e  c r o s s e s  is expected  t o  be h ighe r  t han  r e s i s t a n t  x  

s u s c e p t i b l e  (h igh  y i e l d i n g )  c r o s s e s .  



7.2.3 Backcross  b r e e d i n g :  The e v i d e n c e  t o  t r a n s f e r  q u a n t i t a t i v e  t r a i t  

th rough  b a e k c r o s s  b r e e d i n g  and i ts  e f f i c i e n c y  over  p e d i g r e e  programme 

a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  I n  f a c t ,  b a c k c r o s s i n g  programme t o  

t r a n s f e r  r e s i s t a n c e  I n  a v a i l a b l e  B - l i n e s  may be more reward ing  t h a n  

a d o p t i n g  p e d i g r e e  programme. The t r a n s f e r  o f  i n d i v i d u a l  r e s i s t a n c e  

p a r a m e t e r  th rough  b a c k c r o s s i n g  s h o u l d  be r e l a t i v e l y  e a s y  job. 

7.2.4 P o p u l a t i o n  improvement: There  1s lot  o f  opt imism r e g a r d i n g  

p o p u l a t i o n  improvement i n  sorghum. The g e n e t i c  male  s t e r i l i t y  o f  m s ,  

s h o u l d  be  t r a n s f e r r e d  t o  some improved r e s i s t a n t  s o u r c e s  b e f o r e  r e s o r t i n g  

t o  p o p u l a t i o n  improvement. programme which r e q u i r e s  more r e s o u r c e s  and 

advance  knowledge of  p o p u l a t i o n  g e n e t i c s .  Some o f  t h e s e  f a c t o r s  imposes 

l i m i t a t i o n  f o r  t h e  use  of  p u p u l a t i o n  breed lnq  programme. 

C o n c l u s i o n  

There  i s  a  need f o r  pyramiding g e n e s  c o n t r o l l i n g  d i f f e r e n t  

r e s i s t a n c e  mechanisms i n  a  l i n e  t o  a c h i e v e  t h e  s t a b i l i t y  o f  r e s i s t a n c e *  

R e s i s t a n c e  c a n  t h e n  b@ t r a n s f e r r e d  i n  h i h g - y i e l d i n g  a g r o n c m i c a l l y  s u p e r i o r  

v a r i e t i e s  by making a p p r o p r i a t e  c h o i c e  o f  p a r e n t a l  m a t e r i a l  and p e d i g r e e  

o r  b a c k c r o s s  b reed ing .  However, t h e  f i e l d  s c r e e n i n g  t e c h n i q u e  s h o u l d  be 

s t a n d a r d i z e d  and made more r e l i a b l e  under  conditions h i g h l y  f a v o u r a b l e  t o  

Strlga. - 
R e f e r e n c e s  

Hanumantha Rao, Ch., and B.S. Rana (1982) .  S e l e c t i o n  f o r  Strlga t o l e r a n c e  

i n  sorghum. These P r o c e e d i n g s .  

Rao, M.J.V. and V.L. C h i d l e y ,  K . V .  Ramaiah, and L.R. House ( 1 9 8 3 ) .  B r e e d i n g  

sorghums w i t h  r e s i s t a n c e  t o  S t r i g a  a s i a t i c a  a t  ICRISAT C e n t r e ,  P a t a n c h e r u .  

P r o c e e d i n g s  o f  Second I n t e r n a t i o n a l  Striga Workshop, Ouagadougou, Upper 

V o l t a  (W.  A f r i c a ) ,  Oct 5-8, 1981 ( i n  p r e s s ) .  

S h i n d e ,  V.K. and K u l k a r n i ,  N.  ( 1 9 8 2 ) .  G e n e t i c s  o f  r e s i s t a n c e  t o  S t r i g a  a s i a t i c a  

i n  sorghum. These P r o c e e d i n g s .  





DISCUSSION 2. SOME CONSIDERATIONS FOR STRIGA MANAGEMENT I N  SORGHUM 

P . P .  T a r h a l k a r  ' 

Sorghum, a  major  c e r e a l  o f  d r y l a n d s  I n  I n d l a ,  1s t h e  principal 

h o s t  of  Str: l a ,  Hlgher  l n t e n s l t l e s  o f  5trlsa l n f e s t a t l o n  a r c  s e e n  I n  

low f e r t l l l t y  and d r o u g h t y  s l t u a t l o n s .  The s e v e r l t y  o t  t h l s  menace L S  

r e p o r t e d  t o  be i n c r e a s l n q .  The s u s c e p t l b l l i t y  o f  t h e  r e l e a s e d  h y b r l d s  

t o  t r i  7a may become a  p o t e n t l a l  problem I n  d e s t a b l l l z l n g  production 

~n many a r e a s .  Resea rch  e f f o r t s  t o  I n c o r p o r a t e  resistance t o  ~ t r .  1 1  

I n  agronomically s u p e r l o r  g e n o t y p e s  were n o t  much s u c c e s s f u l  s o  Ear.  

E f f l c l e n t  b l o l o q ~ c a l  c o n t r o l  methods t o  r e d u c e  ; t r l ( ~ ~  l n t e n s l t y  were 

a l s o  n o t  r e p o r t e d .  The p r o h l b l t l v e  a p p l l c a t l o n  c o s t  o f  effective 

chemicals l i k e  e t h y l e n e  j a s  o r  s o l 1  f u m l q d n t s  1s a  major  constraint 

f o r  recommending them t o  an a v e r a q e  f a rmer  I n  t h e  SAT zone.  

Two p r i o r i t y  a r e a s  o f  f u t u r e  r e s e a r c h  work would be - 

i )  To r e d u c e  t h e  infestation t o  such  a l e v e l  t h a t  sorghum 

h y b r i d s  p roduce  a n  e c o n o m i c a l l y  p r o f i t a b l e  y l e l d ,  

~ i )  To d e v e l o p  c o n t r o l  measures  f o r  i t s  maximum e r a d i c a t i o n .  

Based on t h e  experience on t h e  c o n t r o l  measu res  by c u l t u r a l  

methods  (including c r o p  rotation) and herbicides, some considerations 

f o r  a  comprehensive aqronomlc  a p p r o a c h  t o  .,:rlrcI management i s  p r e s e n t e d  

A )  C u l t u r a l  Methods:  

C u l t u r a l  methods  l i k e  deep  t i l l a g e ,  f r e q u e n t  i n t e r c u l t l v a t i o n  e t c . ,  

a r e  n o t  so f a r  s u c c e s s f u l  because  of t h e  s m a l l  s i z e  and huge numbers o f  

-;trlrp s e e d ,  i t s  dormancy. Pre-condi  t i o n i n q  r e q u i r e m e n t  f o r  g e r m i n a t i o n  

and dormancy which r e s u l t  i n  t h e  u n r e l i a b l e  o c c u r r e n c e  and non-uni form 

d i s t r i b u t i o n  o f  L;tr:~'7 I n  t h e  f i e l d  p r e s e n t  f u r t h e r  p rob lems  i n  

o b t a i n i n g  r e l i a b l e  f i e l d  r e s u l t s .  However, s u c h  t r e a t m e n t s  t o  keep a  

' p r i n c i p a l  I n v e s t i g a t o r  (Sorghum Agronomy), AICSIP, Hyderabad 500 0 3 0  

226  . 



w e e d f r e e  f i e l d  a r e  n e c e s s a r y ,  b e c a u s e  more i n f o r m a t i o n  i s  s t i l l  needed 

on t h e i r  r o l e  ( i )  i n  r e d u c i n g  t h e  i n t e n s i t y  o f  S t r i g a  i n f e s t a t i o n ,  

( l i )  a s  a  s u p p l e m e n t  t o  c h e m i c a l  me thods  o f  c o n t r o l ,  and ( i i i )  f o r  

t h e  p r a c t i c a b i l i t y  o f  t h e i r  d i r e c t  recommendat ion  t o  t h e  m a r g i n a l  

f a r m e r  . 

B) Chemical  Methods:  

Among t h e  v a r i o u s  w e e d i c i d e s  t r i e d  t o  c o n t r o l  S t r i y a ,  a n  

e f f e c t i v e  c o n t r o l  is  o f f e r e d  by p r e p l a n t i n g  a p p l i c a t i o n  o f  "Fenac"  

and pos t - emergence  a p p l i c a t i o n  o f  2,4-D, when sorghum c r o p  is  a b o u t  

t h r e e  w e e k s  o l d  and t h e  ~ t r l ~ ~ ~  i s  s u b t e r r a n e a n .  Pos t - emergence  

a p p l i c a t i o n  o f  p a r a q u a t  i s  a l s o  recommended b e f o r e  Striiw comes to 

f l o w e r i n g .  Though t h e  c o s t  o f  t h e  c h e m i c a l  and i t s  o p e r a t i o n  is  a  

major  c o n s i d e r a t i o n  b e f o r e  recommending i t  t o  a  f a r m e r ,  t h e  c o n t r o l  

1s a l s o  a s s u r e d  making t h e  d i f f e r e n c e  between c r o p  f a i l u r e  t o  i t s  

s u c c e s s .  More information i s  st111 needed on i )  c o m b i n a t i o n  o f  

i n t e r c u l t u r a l  o p e r a t i o n  ( u p t o  2 5  d a y s  o f  c r o p  g r o w t h )  w i t h  2,4-D 

a p p l i c a t i o n  l a t e r ,  i i )  on p re -emergence  a p p l i c a t i o n  o f  A t r a z i n e  

f o l l o w e d  by2,4-D a p p l i c a t i o n  a t  2 5  d a y s  ( and  l a t e r  p o s s i b l y  by p a r a q u a t ) ,  

and  i i i )  on c o m p a r i s o n  o f  t h e i r  c o s t / b e n e f i t  r a t i o s ,  and e f f e c t i v e n e s s  

i n  r e d u c i n g  .;tr: ;;: i n f e s t a t i o n  e tc .  , 

C )  Farming Sys tems :  

Some information 1s a v a i l a b l e  o n  t h e  u s e  o f  ' c a t c h '  and ' t r a p '  

c r o p s  l i k e  c o t t o n ,  p e a n u t ,  cowpea,  p i g e o n p e a  e t c . ,  which  c o u l d  b e  u s e d  

i n  r o t a t i o n  w i t h  sorghum f o r  r e d u c i n g  t h e  i n t e n s i t y  o f  S t r i g a  

i n f e s t a t i o n .  Such s y s t e m  s h o u l d  also be compared w i t h  sorghum-based 

r n t e r c r o p p l n g  s y s t e m ,  f o r  whlch  some o f  t h e s e  c r o p s  have  p r o v e d  a s  

e f f i c i e n t  i n t e r c r o p s .  Such l n t c r c r o p p i n g  s y s t e m s  c o u l d  p r o v i d e  

i n f o r m a t i o n  on - 

1 j The s y s t e m ' s  y i e l d  a d v a n t a g e ,  i . e .  even  ~ f  sorghum y i e l d s  

s u f f e r  d u e  to  '. r l y  I ,  compensation 1s o f f e r e d  by i n t e r c r o p  

y l e l d ;  e .q . : so rghum+plgeonpea ,  sorghum+cowpea s y s t e m s ,  etc.  



i i )  Reducing t h e  i n t e n s i t y  o f  S t r J g d  i n f e s t i o n  i n  t h e  f o l l o w i n g  

two ways - 

a ) ' U s e  o f  ' t r a p '  c r o p  a s  i n t e r c r o p  t o  i n d u c e  t h e  g e r m i n a t i o n  

of  S t r i g a  , fo l lowed by s a c r i f i c i n g  t h e  i n t e r c r o p  by p o s t -  

emergence s p r a y  o f  2,4-D on  t h e  same, 

b )  Use o f  s u i t a b l e  fodder  legume ( i n  t h e  ' p a i r e d  rows of 

sorghum) s e r v i n g  bo th  a s  f o d d e r  i n t e r c r o p  and ' c a t c h '  

c r o p .  I t  i s  h a r v e s t e d  a f t e r ,  s a y  35 d a y s ,  and t h e  i n t e r  

pa i red- row s p a c e s  a r e  s p r a y e d  w i t h  2,4-D o r  p a r a q u a t .  

I t  is  t o  be  no ted  t h a t  p a i r i n g  of  sorghum rows (90-45 c m  o r  90-30 c m )  

d o e s  n o t  r e s u l t  i n  r e d u c i ~ l y  sorghum y i e l d ,  compared w i t h  a ' s o l e '  c r o p  

i n  normal (45 cm) rows,  w i t h  t h e  same p l a n t  d e n s i t y / h a .  The c o s t  o f  

i n t e r c r o p  s e e d  s h o u l d  n o t  become l i m i t i n g ,  i f  i t  1s t o  be s a c r i f i c e d .  

The f o l l o w i n g  t r e a t m e n t  c o m b i n a t i o n  i s  proposed  f o r  s u c h  a  t r i a l  

1 .  T, = C o n t r o l  

2. T2 = C u l t u r a l  weed c o n t r o l  (Weedfree c h e c k )  

3 ?  T3 = Recommended c u l t u r a l  methods ( l i k e  deep p l o u g h i n g ,  i n t e r c u l t u r e ,  

hand p u l l i n g  of  3 t r l y a  e t c . )  

4" T4 = P r e p l a n t i n g  a p p l i c a t i o n  of  Fenac @ 0.5 kg a . i . / h a  

5 t  T5 = C u l t u r a l  w e e d ' c o n t r o l  (T2)  u p t o  25 d a y s  + post-emergence ( a t  25 d a y s )  

a p p l i c a t i o n  of 2,4-D @ 2.0 kg a .e . /ha  ( b e f o r e  5 t r i g a  emergence)  

6*.T6 = A t r a z i n e  a p p l i c a t i o n  (pre-emergence t o  sorghum) @ 0.50 a . i . / h a  + p o s t  

emergence a p p l i c a t i o n  ( t o  sorghum) of  2,4-D a s  i n  T5. 

7*.T7 = A s  i n  T6 t p a r a q u a t  a p p l i c a t i o n  @ 1 l i t . a . i . / h a  a t  50 days .  

8. T8 = Sorghum i n  p a i r e d  rows (PR) , a l o n e  + 2,4-D a p p l i c a t i o n  a s  i n  T5 

9. Tg = Sorghum i n  PR + Pigeonpea i n t e r c r o p  

10. T l O =  Sorghum i n  PR t i n t e r c r o p  u s l n g  s u i t a b l e  ' t r a p '  c r o p  ( l i k e  d e s i  c o t t o n )  

+ a p p l i c a t i o n  o f  2,4-D a s  i n  T5 a t  30 d a y s  

11. T I 1 =  Sorghum i n  PR t i n t e r c r o p  u s i n g  s u i t a b l e  ' c a t c h '  c r o p  ( l i k e  f o d d e r  

cowpea) + a p p l i c a t i o n  o f  2,d-D a s  i n  T l 0 ( i n t e r c r o p  h a r v e s t e d  b e f o r e  

f o r  f o d d e r  p u r p o s e s )  

12. TI*= Sorghum a s  i n  T2 i n  t h e  f i r s t  y e a r  - i n  r o t a t i o n  w i t h  s u i t a b l e  ' t r a p '  

c r o p  ( l i k e  c o t t o n  ) i n  n e x t  y e a r .  

*NB: C a l c u l a t i o n  o f  c o s t b e n e f i t  r a t i o  i s  compulsory. 



For v a l i d  i n f o r m a t i o n ,  t h e  expe r imen t  i s  t o  be  conducted  i n  

' ~ t r l y a - s i c k  p l o t s '  and p r e f e r a b l y  on t h e  same s i t e  y e a r  a f t e r  y e a r  

t o  s t u d y  t h e  c u m u l a t i v e  e f f e c t  o f  t r e a t m e n t s  and a l s o  t h a t  of  

r o t a t i o n .  For t h e  'on-farm'  d e m o n s t r a t i o n  t r i a l ,  on  S t r i g a - i n f e s t e d  

f i e l d ,  a  s m a l l  s e t  of c h o i c e  t r e a t m e n t s  may be s e l e c t e d  and t h e i r  

e f f e c t  on y i e l d  l e v e l  o f  two geno types  (one  s u s c e p t i b l e  h y b r i d  a l o n g  

w i t h  ' S t r i p , ?  r e s i s t a n t '  c h e c k )  may be compared. 



DISCUSSION 3.  GRAVITY OF : 'TRIGA PROBLEM ON SORGHUM I N  ANDHRA PRADESH 

D. Narayana 
1 

Sorghum i s  one  o f  t h e  important r a i n f e d  c r o p s  i n  Andhra P radesh  

and i s  be ing  c u l t i v a t e d  o v e r  an  a r e a  o f  2 .5  m i l l i o n  h e c t a r e s .  : i t r i y a l  a  

r o o t  p a r a s i t e  1s one  o f  t h e  i m p o r t a n t  s e r i o u s  p rob lems  on sorghum i n  

Andhra P r a d e s h .  The : tr;ua i n c i d e n c e  i s  s e v e r e  i n  a l l  t h e  i m p o r t a n t  

d i s t r i c t s  For k h a r i f  soryhum, v i z ,  Ananthapur ,  Mahaboobnaqar,  Warangal 

and Ad i l abad .  Two i m p o r t a n t  d i s t r i c t s  f o r  e a r l y  r a b i ,  Khammam and Kurnool 

a r e  a l s o  b a d l y  a f f e c t e d  due  t o  i n c i d e n c e  of L ' t r l g a .  However, t h e  Str~,-[,, 

incidence i s  modera t e  ~n t r a d i t i o n a l  r a b i  zones  where t h e  jowar c r o p  i s  

m a i n l y  grown w i t h  t h e  r e c e e d i n q  s o i l  rnols t i l re ,  dew and c o l d  wea the r  

c o n d i  t i o n s  . 

Normally . f : t r i y , ?  makes i t s  a p p e a r a n c e  a t  30 - 40 d a y s  a g e  o f  t h e  

c r o p ,  I t  a p p e a r s  t h a t  211 t h e  S t r i ~ r , ;  s e e d  t h a t  i s  p r e s e n t  i n  t h e  s o i l ,  

would n o t  g e r m i n a t e  a t  one  t i m e ,  eventhough t h e  e n v i r o n m e n t a l  c o n d i t i o n s  

a r e  f a v o u r a b l e  and a  s u s c e p t i b l e  h o s t  is p r e s e n t  i n  t h e  f i e l d .  The 
o f  

removal  o f  f i r s t  f l ~ ~ h / ~ t r i ~ a  p l a n t s  u s u a l l y  g i v e  way f o r  t h e  emergence  o f  

r e m a i n i n g  S t r i o a  p l a n t s .  

The damage due  t o  3 + r i r c i  l n f e s t a t l o n  u s u a l l y  depends  on t h e  s t a q e  

o f  t h e  c r o p  a t  which _ ; t r r q a  emerges  and a l s o  t h e  i n t e n s i t y  o f  i n f e s t a t i o n .  

The heavy i n f e s t a t i o n  a t  p r e  b o o t  l e a f  s t a g e  o f  t h e  c r o p  r e s u l t s  i n  t h e  

c o m p l e t e  f a i l u r e  o f  c r o p .  The c r o p  under  t h l s  s i t u a t i o n ,  even  f a i l s  t o  
d 

p roduce  e a r h e a d d s l e s  up.  The heavy ~ n f e s t a t l o n  a t  e a r  emergence  o r  g r a i n  

f o r m a t i o n  s t a g e  l e a d s  t o  r e d u c t i o n  i n  y i e l d ,  ( u p  t o  7 0 % ) .  The emergence 

o f  S t r ~ g , l  a t  s e e d  m a t u r l t y  s t a q e  may c a u s e  v e r y  l i t t l e  r e d u c t i o n  i n  y i e l d .  

The e x p e r i e n c e s  f u r t h e r  s u g g e s t  t h a t  j t r i g a  emergence i s  ma in ly  

d e p e n d e n t  o n  t h e  r a i n f a l l  p a t t e r n  of t h e  r e g l o n .  During some s e a s o n s ,  

t h e r e  is  no S t r i q a  emergence  even  i n  s t r i y i  s i c k  p l o t ;  Accord ing ly  t h e  

'sorghum B r e e d e r ,  A. P. A g r i c u l t u r a l  U n i v e r s i t y ,  Hyderabad 500 030 



r e a c t i o n  o f  h o s t  p l a n t  ( o r  v a r i e t y )  i s  a l s o  f o u n d  t o  v a r y  from s e a s o n  t o  

s e a s o n  a t  t h e  same l o c a t i o n .  The s e a s o n s  i n  which  heavy  r a i n s  p r e v a i l e d  

a t  c r o p  g r o w t h  s t a g e  w i t h o u t  d r y  s p e l l s ,  t h e  S t r i g a  i n c i d e n c e  was f o u n d  

t o  be  much less o r  some t i m e s  p r a c t i c a l l y  n i l ,  e v e n  o n  s u s c e p t i b l e  h o s t .  

T h i s  may be  d u e  t o  e x t r e m e  d i l u t i o n  and  wash ing  o u t  o f  t h e  sorghum root 

e x u d a t e  t h a t  stimulates t h e  g e r m i n a t i o n  o f  Striga s e e d .  T h e s e  a r e  t h e  

p r a c t i c a l  f i e l d  e x p e r i e n c e s  which  need  to  be  i n v e s t i g a t e d  u n d e r  s y s t e m a t i c  

e x p e r i m e n t a t i o n .  

From among t h e  r e l e a s e d  sorghum v a r i e t i e s / h y b r i d s  CSV-1, CSV-2, 

iSV-6, CSV-7R and CSH-1 a r e  found  t o  be h i g h l y  s u s c e p t i b l e  t o  s'trlt~ii. 

The v a r i e t i e s  CSV-4 and CSV-5 a r e  m o d e r a t e l y  t o l e r a n t  t o  Iy t r iga .  The 

h y b r i d s  CSH-5 and CSH-6 whlch have  CSV-4 a s  o n e  o f  t h e  p a r e n t s ,  h a v e  

r e c o r d e d  l o w  i n c i d e n c e  o f  .-,trly.+. The h y b r i d  CSH-5 which  had low i n c i d e n c e  

o f  ,;trll~a d u r i n g  s e v e r a l  s e a s o n s  a t  S t r i q a  s i c k  p l o t  s i t u a t e d  a t  e a r l y  r a b i  

r e g i o n  N a n d y a l ,  was found  t o  be  h i g h l y  s u s c e p t i b l e  d u r i n g  k h a r i f  i n  

Mahaboobnagar ( i n  s p e c l f l c  p o c k e t s ) .  T h l s  s u g g e s t s  f o r  t h e  e s t d b l l s h m e n t  

o f  3 t r ; ~ -  s l c k  p l o t s  a t  e a c h  a g r o c l l m a t l c  regLon f o r  screening and  estimating 

t h e  p o t e n c y  o f  m a t e r l a l  f o r  d t r i s 2  t o l e r a n c e .  The r e c e n t l y  r e l e a s e d  maghl 

v a r l e t y  ' M o t h l '  1s m o d e r a t e l y  t o l e r a n t  t o  1 t r r i . 1  d u r l n g  s e v e r a l  s e a s o n s .  

S i n c e  : t r ; :a  a p p e a r s  t o  o e  a  s e r i o u s  p r o b l e m ,  t h e  f u t u r e  l i n e  o f  

w o r k  n e e d s  t o  be emphasized i n  u n d e r s t a n d i n g  t h e  r e a l  mechanisms  i n v o l v e d  

f o r  t h e  Z t r ;  72 r e s i s t a n c e .  The p r e s e n t l y  kncwn Z t r i y a  r e s i s t a n t  v a r i e t y  

N-13 seems  t o  p o s s e s s  m e c h a n i c a l  s t r e n g t h  o f  h o s t  r o o t s  which  d o e s  not a l l o w  

* r : r i  h a u s t o r l a  to e n t e r  l t s  r o o t s  . Similarly o t h e r  v a r l e t l e s  t h a t  a r e  

~ d e n t l f i e d  a s  resistant t o  ' 1 ,  i n  t h e  f l e l d  need t o  b e  v a r i f i e d  f o r  t h e s e  

mechanisms  b e f o r e  u s i n q  them i n  f u t u r e  b r e e d i n g  programmes.  



DISCUSSION 4 : CONTROL OF S T R I G A  I N  SORGHUM 

CULTURAL AND CROPPING METHODS 

Deep p lough ing  e f f e c t s  b u r i a l  o f  t h e  witchweed s e e d s  away from t h e  

r o o t s  o f  t h e  h o s t  c r o p .  Water s a t u r a t i o n  i n  t h e  i n i t i a l  s t a g e s  o f  c r o p  

growth i s  r e p o r t e d  to be u n f a v o u r a b l e  f o r  witchweed seed g e r m i n a t i o n ;  t h e  

p r o b a b l e  r e a s o n s  f o r  t h i s  might  be l e a c h i n g  o f  t h e  s t i m u l a n t  from t h e  

v i c i n i t y  of witchweed s e e d s  and lowered g e r m i n a t i o n  o f  t h e  s e e d  of t h e  

p a r a s i t e  due  t o  reduced oxygen t e n s i o n  r e s u l t i n g  from wa te r  s a t u r a t i o n .  

A p p l i c a t i o n  o f  heavy d o s e s  o f  n i t r o g e n o u s  f e r t i l i s e r  r e d u c e s  withchweed 

i n c i d e n c e .  I t  i s  r e p o r t e d  t h a t  n i t r o g e n o u s  f e r t i l i s a t i o n  t o  t h e  c r o p  l o w e r s  

t h e  p r o d u c t i o n  of growth s t i m u l a n t s  i n  t h e  h o s t ;  a n o t h e r  r e a s o n  may be a n  

i n c r e a s e  i n  t h e  p r o p o r t i o n  of i n h i b i t o r y  s u b s t a n c e s .  Crop r o t a t i o n s  

i n c l u d i n g  c a t c h  and t r a p  c r o p s  a r e  e f f e c t i v e  i n  d e p l e t i n g  t h e  weed seed  

p o p u l a t i o n  i n  t h e  s o i l .  Both t h e s e  c r o p s  s t i m u l a t e  g e r m i n a t i o n  o f  witchweed 

s e e d s ,  t h e  d i f f e r e n c e  be ing  t h a t  t h e  t r a p  c r o p s  a r e  n o t  p a r a s i t i s e d .  I t  may 

be t h a t  t h e  t r a p  c r o p s  may p r e s e n t  mechanica l  o b s t r u c t i o n  t o  h a u s t o r i a  

a t t a c h m e n t  o r  t h e  r o o t  e x u d a t e  o f  t h e  t r a p  c r o p s  migh t  l a c k  t h e  " h a u s t o r i a l  

i n i t i a t i o n  f a c t o r "  n e c e s s a r y  f o r  h a u s t o r i a l  development .  The re  i s  s t i l l  

i n a d e q u a t e  u n d e r s t a n d i n g  of t h e  behav iour  o f  t r a p  c r o p s  and r e s p o n s e  of 

S t r l g a .  

RESISTANT VARIETIES 

Str;ya a t t a c k s  t h e  c r o p  p l a n t s  d i r e c t l y  a s  i n s e c t  p e s t s  and d i s e a s e s .  

R e s i s t a n c e  b r e e d i n g  t o  p e s t s  and d i s e a s e s  is a n  accompl ished f a c t .  L i k e w i s e  

i t  is  w i t h i n  t h e  rea lm o f  d i s t i n c t  p o s s i b i l i t y  t o  b reed  f o r  S t r i g a  r e s i s t a n c e  

a s  t h e  p a r a s i t i c  weed a t t a c k s  t h e  h o s t  d i r e c t l y  i n  c o n t r a s t  t o  a l l  o t h e r  

t e r r e s t r i a l  weeds which o f f e r  compet lon  t o  t h e  c r o p  i n d i r e c t l y  f o r  w a t e r ,  

1 
P r o f .  of Agronomy ( R e t d . ) ,  Weed S c i e n c e ,  IARI, New De lh i  



n u t r i e n t s ,  l i g h t  and space .  S t u d i e s  a t  I C R I S A T  have shown t h a t  b reed ing  

of varieties r e s i s t a n t  o r  t o l e r a n t  t o  Striga is  a  v e r y  p r a c t i c a b l e  approach 

because  of ( i )  a  r e s i s t a n t  v a r i e t y  is a  non-monetary i n p u t  and ( i i )  t h e  

d i r e c t  s u b t e r r a n e a n  damage is  a v e r t e d .  S t r r g a  r e s i s t a n c e  b reed ing  has  t h e  

tw in  o b j e c t i v e s  o f  i d e n t i f y i n g  sorghum s o u r c e  l i n e s  r e s i s t a n t  t o  Stri-qa and 

t r a n s f e r  t h e  r e s i s t a n c e  t o  ag ronomica l ly  e l i t e  l i n e s .  The b e s t  a v a i l a b l e  

low s u s c e p t i b l e  s o u r c e  l i n e s  t o  J t r i g a  a r e  N - 1 3 ,  555, I S  4202, I S  7471 and 

IS  9985 .  

CHEMICAL METHODS 

Herbicides a r e  a p p l i e d  through post-emergence,  pre-emergence and 

p r e - p l a n t i n g  t e c h n ~ q u e s .  

P o s t  m e r g e n c e  Trea tmen t :  2,4-D and p a r a q u a t  a r e  t h e  most e f f e c t i v e  c h e m i c a l s  

a g a i n s t  ;:rL 71.2 i n  sorghum. 2,4-D b e i n s  a  s e l e c t i v e  t r a n s l o c a t e d  h e r b i c i d e  

wi th  some r e s i d u a l  a c t l v i t y  can  be employed a t  1-2 kg a.e./ha a s  e a r l y  a s  

4  weeks a f t e r  c r o p  sowing bu t  p r i o r  t o  <ti-. .I,> emergence whereas p a r a q u a t  a  

n o n - s e l e c t i v e  c o n t a c t - a c t i n g  herbicide wi th  no r e s i d u a l  l i f e  i n  s o i l  h a s  t o  

be d i r e c t e d  a g a i n s t  itr::> n l a n t s .  Sp ray ing  wi th  e i t h e r  o f  t h e  c h e m i c a l s  on  

t h e  emerged . ' c r i 8 ; z  will p r e v e n t  f l o w e r i n g  and s e e d i n g  t h u s  e l i m i n a t i n g  o r  

min imis ing  f u r t h e r  a d d l t i o n  o f  . - - t r - l a  s e e d s  t o  t h e  s o i l .  A s u g g e s t i o n  i s  

made by t h e  a u t h o r  t h a t  a  post-emergence s p r a y  o f  a  combina t ion  of 2,4-D 

amine s a l t  (0.5 kg@ha)  and u rea  ( 3  p e r c e n t )  on a  j u v e n i l e  c r o p  of  sorghum 

(3 -4  weeks o l d )  may s e c u r e  a good   ill of . i r r ly ; i .  The h e r b i c i d e  w i l l  be 

t a k e n  up i n  t h e  food s t r e a m  and wlll g e t  t r a n s l o c a t e d  t o  t h e  r o o t s  o f  t h e  

h o s t  p l a n t s  t h e r e b y  p r e v e n t i n g  t h e  g e r m i n a t i o n  and e s t a b l i s h m e n t  of S t r i y a  

on t h e  h o s t .  The f u n c t i o n  of u rea  In  l t s  combina t ion  wl th  a  low dose  o f  

2,4-D would appea r  t o  facilitate g r e a t e r  m o b i l i t y  of t h e  2,4-D molecu le  

and t o  a l l o w  t h e  r e t e n t i o n  of t h e  t o x i c i t y  of t h e  low dosage  l e v e l  o f  2,4-D 

an  e f f e c t  t h a t  may r e s u l t  from r e s i s t a n c e  t o  2,4-D breakdown i n s i d e  t h e  

host t i s s u e .  

P re  Emergence Trea tmen t :  S u r f a c e  3 p p l i c a t i o n  of t r i a z i n e s  and u r e a  - 
s u b s t i t u t e d  h e r b i c i d e s  h a s  n o t  pr'oved e f f e c t i v e .  Sub- so i l  a p p l i c a t i o n  



of  t h e s e  c h e m i c a l s  is worthwhile i n  which  c a s e  t h e  d e e p e r  p l acemen t  o f  

t h e  h e r b i ~ i d e  i n  p r o x i m i t y  t o  wi tchweed s e e d  may p r o v e  i n i m i c a l  t o  

g e r m i n a t i o n  and e s t a b l i s h m e n t  o f  t h e  p a r a s i t e .  Sub- su r face  a p p l i c a t i o n  

o f  p e n d i m e t h a l i n  ( T r a d e  name:S tmp)  i s  a l s o  w o r t h  t r i a l .  The a d v a n t a g e  

o f  t h e s e  c h e m i c a l s  b e l o n g i n g  t o  d i f f e r e n t  g r o u p s  o f  h e r b i c i d e s  ( t r i a z i n e s ,  

u r e a s ,  d i n i t r a m i n e s )  l i e s  i n  t h e i r  e s t a b l i s h e d  f i e l d  u s e  f o r  s e l e c t i v e  

weed c o n t r o l  I n  g raminaceous  c r o p s .  O x y f l u o r f e n  ( ' G o a l ' )  is a  h e r b i c i d e  

r e p o r t e d  t o  g i v e  b o t h  c o n t a c t  k i l l  and r e s i d u a l  pre-emregence  c o n t r o l .  

P r e - P l a n t i n g  T r e a t m e n t :  P r e - p l a n t i n g  s o i l  I n c o r p o r a t e d  t r e a t m e n t  w i t h  

f e n a c  and t r i f l u r a l i n  is  e f f e c t i v e .  F l u c h l o r a l i n  ( B a s a l i n ) ,  r e a d i l y  

a v a i l a b l e  i n  o u r  c o u n t r y ,  may p r o v e  e f f e c t i v e  a g a i n s t  .';trim, A s  t h i s  

c h e m i c a l  i s  h i g h l y  selective on l egumes ,  i t s  a p p l i c a t i o n  1s w o r t h  t r i a l  

i n  mixed c r o p s  of soryhum and l egumes .  

New Approaches :  The two r e c e n t l y  employed s t r a t e g i e s  a r e  ( i )  s u i c i d a l  

g e r m i n a t i o n  o f  wi tchweed s e e d s  i n  so i l  t h r o u g h  a r t i f i c i a l  i n d u c t i o n  o f  

g e r m i n a t i o n  by g r o w t h  s t i m u l a n t s  o r  e t h y l e n e  g a s .  I n  a b s e n c e  o f  t h e  h o s t  

c r o p ,  t h e  g e r m i n a t e d  $tq<ga s e e d l i n g s  d i e  o f f  ( i i )  p r e - s o a k i n g  h a r d e n i n g  

t r e a t m e n t  o f  c r o p  s e e d s  w i t h  p h e n o l i c  a c i d s  s u c h  a s  v a n i l i c  a c i d  and 

c a f f e i c  a c i d  ( 2 5  ppm) r e d u c e s  t h e  induction o f  s e e d  g e r m i n a t i o n  i n  t h e  

p a r a s i t e  by t h e  h o s t - r o o t - e x u d a t e ;  t h l s  e f f e c t  is due  t o  t h e  i n c r e a s e d  

l e v e l  o f  p h e n o l i c s  I n  t h e  r o o t  e x u d a t e .  The f i r s t  method p r o v o k e s  t h e  

g e r m i n a t i o n  o f  witchweed s e e d s  i n  s o i l  i n  a b s e n c e  o f  t h e  h o s t  c r o p  w h i l e  

t h e  s e c o n d  method r e d u c e s  o r  i n h i b i t s  t h e  g e r m i n a t i o n  and g rowth  o f  t h e  

p a r a s i t e  i n  p r e s e n c e  of t h e  h o s t  c r o p .  

SUGGESTION FOR F'URTHER RESEARCH ON --T'iIc;(; CONTROL 

D e t a i l s  o f  a  few e x p e r i m e n t s  t h a t  c o u l d  be  t a k e n  up a r e  f u r n i s h e d  

below : 

1 .  Pos t -Emergence  A p p l i c a t i o n  w i t h  C o m b l n a t l o n s  o f  2,4-D and Urea:  

T r e a t m e n t s  time and a p p l i c a t i o n :  S p r a y  t o  be  made o n  sorghum p l a n t s  

3-4 weeks o l d f i  



Treatments: 1 .  Variet ies:  2 (Resistant  and susceptible)  

2. Dosage levels  :6 

( 1 )  Unsprayed control ,  (2)  Urea spray alone, 3 percent, ( 3 )  2,4-D 

amine alone (.05 kg/ha product) ,  ( 4 )  Combination treatment (2 t3)  

( 5 )  2,4-D m i n e  alone,  0.75 kg/ha and ( 6 )  Combination treatment (2+5). 

Total number of treatments: 2x6=12; Lay out: RBD w i t h  4 repl ica tes .  

Total number of p lo t s  12x4 = 48. Divide the repl ica t ions  in to  8 par t s  

one way and 6 pa r t s  another way a s  t o  give 48 p l o t s  where the treatments 

can be f i t t e d  in to  4 compact blocks each w i t h  1 2  p lo t s .  

Observations: Counts of emerged S t r i g a  in the crop row and the gra in  yield.  

2. Sub-surface Application of Herbicides: Either i r r i g a t i o n  or s o i l  

disturbance a f t e r  s ! ~ r f a c e  application w i l l  move the herbicides to  lower 

depth of the s o i l .  This idea can be tes ted  a s  under. Divide the f i e l d  

i n t o  4 equal blocks one adjacent t o  the other ( A , B , C ,  and D ) .  Apply the 

herbicide pre- to  A and B. After herbicide application do not d i s tu rb  

A but t o  B give a l i g h t  digging w i t h  a  spade or any other su i t ab le  implement 

so  that  the surface-applied herbicide is moved down. Give an i r r i g a t i o n  t o  

A , B  and C a f t e r  2-3 weeks of crop emergence. When the f i e l d  comes i n t o  

condit ion,  apply the  herbicide on the s o i l  t o  C and D. Immediately a f t e r  

surface application of the herbicide,  give an i r r i g a t i o n  t o  D. 

Herbicides: 4 ( a t r az ine ,  diuron, f luchlora l in  and pendimethalin) 

Dosage l eve l s :  2 ( 0 . 5  and 1.0  kg/ha) for each product. 

Total number of treatmenta: 8+1 (untreated control )  =9 .  

Replications: 4 in  a RBD. 

Total No. of p l o t s :  36 

Divide the f l e l d  i n t o  s i x  p l o t s  each way so a s  t o  give 36  p l o t s  where 

the rep l i ca tes  can be f i t t e d  ln to  4 compact blocks with 9 p l o t s  i n  each 

block. 

Observations: Counts of emerged ' r :  :a i n  the p lo t s  and the gra in  yield.  



3. Demonstration of the Effectiveness of Ethylene Gas: The experimental 

use of ethylene gas for eradication of witchweed seeds in soil can be 

demonstrated on a small scale. The demonstration should be laid out in 

a S t r i i j a  -sick plotc A small portion of land can be divided into two 

parts A and B. Treat B with ethylene gas at 0 . 7 5  kg/ha, After about a 

fortnight sow a susceptible variety of sorghum in both parts. Record 

observations on the emergence of S t r i q a ,  crop growth and final grain 

yield. 

The practicability of using chemical growth regulants like GR7 

and GR 4 to stimulate the germination of witchweed seeds in soil may 

also be tried. It may be possible to apply the synthetic analogues/or 

strigol in irrigation water. Simplification of the procedures involved 

in the application of ethylene gas as well as the use of synthetic analogues 

in irrigation water is required. 

4. Pre-Soaking Hardening Treatment with Phenolics: Small-scale feeler trials 

can be laid out at a few centres to test the potency of seed-hardeninq 

treatment with phenolic acids under different agroclimatic conditions. 

Experiments can be taken up in pot culture to screen varieties for their 

response to different phenolic acids. Details of the treatments and 

techniques of studying the response of the germplasm can be had from 

Dr. Jayachandra and'Bharathalakshmi, Department of Botany, Bangalore 

University, Bangalore. 

5. Monitoring Studies on Str19d Seed Population in Soil: These studies 

should be conducted on a long term basis (for atleast 5 years) with the 

same layout and treatment imposition. This experiment should be located 

at a few centres in Strigd-sick fields. The following procedure is 

suggested: 

A. Field Expt: 

Varieties: 2 (one resistant, one susceptible), 

Treatments: 6 (untreated control; 2,4-D pre-em.2 kg ae/ha 

2,4-D postern; 1.0 kg a.e/ha; paraquat postem:750 ml/ha; 

Manual pulling of S t r i g a  once; Repeated pulling of z t r l g a  as to secure 

~OnIDlete freedan from emeraed Striaa. 



No. of treatments: 2x6 Replications: Four. 

Total No- of plots: 12x4=48 

Arrangement of plots and replicates can be the same as indicated under 

Expt. 1 .  

Observations: 3trl7; emergence counts at periodic intervals during the 

crop season and grain yield. 

B. Pot Culture Experiment: 

~t the start of the season and at the end of the season, soil samples 

to a depth of one foot should be collected from different treatments in the 

field experiment. ( A ) .  Composite samples of the replicates of each treatment 

should be fllled up in earthen pots (sufficiently replicated) which should be 

seeded to a suscptible variety of sorghum (one plant/pot) used in the field 

experiment. Observations should be recorded on Striya emergence and on crop 

growth, a measure of which can be obtained by removing the plants from the 

soil after they have grown for 8 weeks and recording the weight of roots and 

shoots separately. 



RECMENDATIONS OF THE WORKING GROUP 

The qroup noted with concern the high level of Ltr1ga incidence 

I n  hybrid sorghum plots at some places in the country leading to severe 

crop losses. The need to combat the menace on a war footing has been 

stressed so that the new production technology being recommended to the 

sorghum farmers do not receive a serious setback. To meet this challenge, 

~t was felt necessary to intensify research on S t r i y a  control for which 

liberal financial support and other facilities should be provided by ICAR, 

Aqrlcultural Universities and ICRISAT. 

Broadly two llnes of approach for S t r l y a  control are available 

agronomic and genetlc. While the qenetic control through breeding resistant 

varieties is economical, ~t is a lonq ranqe program requirrng several years. 

A suitable combination of agronomic methods, however, could brlng down the 

T t r i  j d  popul~t  on to a nanageacle level qulckly. The posslblllty of 

utllizlnq biological control methods and physio-chemical treatments needs to 

t)e explored. 

Based on the discussion during the meeting, the following recommendations 

for S t r i g d  control and future lines of research work were decided. 

A. Several studies on agronomic (cultural and herbicidal) control methods 

on S t r i q a  have been 'carried out in the past. From the available 

information on these studies, the following recommendations are made 

for adoption by the farmers qrowing hybrid sorghum as sole crop in 

S t r i  ya endemic areas. 

(a) Application of 2,4-D as pre-emergence treatment 30 days after 

planting @ 2 kg a.~./ha is recommended to kill all the 

germinated S t r i g a  plants. 



ib) Post-emergence application of 2,4-D or hand pulling of St-rrga 

plants before flowering is suggested as an alternate measure 

to prevent further additlon of S t r l g a  seed to the soil. 

(c) Application of higher dose of nitrogen (80 kg N/ha) reduce the 

striga damage significantly. 

id) Use of trap crorjs in rotatlon is recommended to minimise the 

S t r ~ q a  problem. The most ideal trap crops are cotton and 

groundnut. The suggested crop rotations for some of the 

regions are qlven below. 

- Andhra Pradesh - A four-year rotation of sorghum- 
Red Chalka soils) castor-pearl millet-cowpea/pigeonpea, 

- Maharashtr~ - Two-year rotation of sorghum-cotton. 
(Black soils) 

- Maharashtra - Wo-year rotation of sorghum-groundnut/ 
(Red soils) sunflower 

2 .  The ztrlqa situation under lntercropplng of sorghum with legumes and 

oilseed crops has to be crlticallv evaluated. Slnce 2,4-D and other 

herblcldes sugyested for S t r ~ p a  control are harmful to dicot crops, 

studies to flnd alternate nerblcides for use in intercropping systems 

needs to be taken up. 

3. A suggestion has been made to study the use of systemic herbicides 

both as foliar and soil treatments. It is reco~nmended that this 

work be taken up at Dharwar under the supervision of Dr. M.M. Hosmani, 

Associate Professor of Agronomy. It was agreed that arrangements for 

procuring the necessary chemicals will be made by the Project 

Coordinator (Sorghum) . 

4. Ethylene gas has been reported to be a very potential tool for eradicating 

S t r i g a .  While the prospects of itsing this method on a conrmercial ecale 



are not very bright owing to the high cost involved, it is felt that it 

could be put to use on research farms to eliminate Striga from 

experimental fields. The ICAR is requested to approve the import of 

the hand operated applicators for this purpose. 

5. It is noted that no systematic studies on crop losses due to S t r i g a  

have been made. Such studies would enable the assessment of relationship 

between S t r i y a  population and crop loss and also greatly assist in 

evolving suitable control strategy. It is suggested that the studies 

be taken up at ICRISAT and all centers of the sorghum project. This 
, . 

study may be taken up on research farms using CSH-5. Wherever such 

facilities are not available on research farms, it may be taken up on 

farmer's fields with due precautions. 

6. sorghum scientists at all centers are urged to undertake a survey for 

the occurrence of S t r i g a  to identify endemic areas. Any variation in 

respect of species or plant type and also other wild and crop hosts 

should be noted and reported. A key for identification of Stgi-ga 

species from India and instructions for conducting the survey will be 

provided. 

7. It is suggested .that entomologists and pathologists located at various 

centers of the sorgh.um project record the occurrence of pests and 

diseases on Striga and the extent of damage. The Senior ~ntanologist 

and Senior Pathologist of the Sorghum Project, Hyderabad, will 

coordinate the work on this program. 

8. It is recommended that sutides on the possible utilization of sane of 

the known pathogens of Striga as biological control agents be initiated 

at the Coordinated Center of the Sorghum Project in collaboration with 

the Dryland Agriculture Project, Hyderabad, 



g. There is some ind~cation for the existence of physiological races 

in Striga asiatlc!. l?e studies already initiated by ICRISAT in 

this regard should be continued. Similarly, the cross infectivity 

studies on 2. asicltlca strains from sorghum and pearl millet may 

also be pursued. 

10. ~t is suggested that in endemic areas where sorghum hybrids are 

subjected to heavy Striga infestation, some of the high yielding 

varieties like CSV-5, SPV-103, SPV-221 etc., known to possess 

reason3bly good levels of tolerance may be evaluated in adaptive 

trials by the concerned Agricultural Universities, Dryland 

Agriculture Project and ICRISAT. 

11. It 1s recommended that the reaction of the coordinated yield trial 

entries for resistance to Striga be evaluated to identify pranising 

qenotypes for recommending to striga endemic areas. 

12..Striga densiflora 1s known to occur in parts of Maharashtra and 

Karnataka. It is suggested that the known resistant sources and 

breeding lines developed in the resistance program be evaluated 

against this species also. 

13. The need for intensifying the work on breeding for resistance to 

Striga is well recognized. It 1s proposed that the lead function 

in this regard be taken up by ICRISAT and the centers at Farbhani, 

Rahuri, Akola and Dharwar of the Sorghum Project. In order to 

avoid dupllcatlon of efforts each of the centers will be assigned 

specific responsibility to effect 3 set of crosses. The segregating 

material wlll be distributed amonq these centers as well as others 

for screening and selection of promising lines. The details of this 

prqram will be decided soon and communicated to all concerned. 



14. The studies on inheritance of Striga resistance indicate that the 
* 

genes and gene action vary in different varieties. It is suggested 

that the Parbhani and Rahur'i Centers where these studies are in 

progress continue the work to gain a better understanding of the 

genetic basis for resistance. The genetic studies on resistance to 

S. densiflora may also be included in the program. - 

15. The available genetic information on resistance to Striga indicate 

that it is determined by few genes. It is, therefore, suggested 

that pedigree and backcross methods could be followed to transfer 

resistant genes to elite agronomic types. 

16. At present, the laboratory screening facilities to determine stimulant 

production are available only at ICRISAT. In order to enable 

screening of the large nuntber of breeding lines for this character, 

it is necessary to augment this facility. It is suggested that the 

Parbhani and Dharwar centers of the Sorghum Project take steps to 

establish such a laboratory screening facility. ICRISAT is requested 

to provide necessary technical help for this purpose. 

17. Resistance to Striga based on mechanical barriers has been recognized 

as an important mechanism. It is suggested that anatomical and 

histochemical studies be taken up at ICRISAT, Dharwar and University 

of Bangalore. 

18. The physiology of host-parasite relationship are not well understood. 

Basic studies on this aspect may be undertaken at Parbhani and Dharwar 

centers of the Sorghum Project and also at University of Bangalore. 

19. The need for evolving more efficient and rapid screening technique to 

identify ~ t r i g a  resistance is keenly felt. It is suggested to 

intensify the studies on various lab and field screening techniques 

being pursued at ICRISAT. 



20. The group noted with interest the studies being carried out at 

University of Bangalore on seed hardening technique using various 

phenolic compou&s for control of S t r i p .  It is proposed to 

organize field trials to verify the efficacy of this technique in 

controlling Striga. It is also suggested that further work on this 

line using other compounds be continued at the University of 

Bangalore. 
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- S c i e n t i s t  ( 5 - 3 ) ,  P l a n t  B reed ing  
- S c i e n t i s t  ( s - l ) ,  P l a n t  B reed ing  
- S c i e n t i s t  ( s - I ) ,  P l a n t  B reed ing  

I CRISAT, PATANCHERU P.O. , 502324 (AP) 

R . W .  Gibbons 
L . R .  House 
S . Z .  Mukuru 
D.  J .  Andrews 

R.K. Mai t i  
M .  J .  Vasudeva Rao 
S.V.R. S h e t t y  

- D i r e c t o r o f  Research 
- Leader-Sorghum lmprovement Program 
- P r i n c i p a l  Sorghum Breeder  
- Leader-Pear l  M i  1 l e t  Improvement 

P rog ram 
- P l a n t  P h y s i o l o g i s t  
- P l a n t  Breeder  
- Agronomis t  

ALL INDIA DRY LAND PROJECT ( A I  CRPDA) , SANTHOSH NAGAR, HY DERABAD 5000659 (AP) 

N. K .  Sanghi 
C .  Hanumantha Rao 
G . R .  Korwar 

- S c i e i i t i s t  ( s - 3 ) ,  P l a n t  B r e e d i n g  
- S c i e n t i s t  ( s - I ) ,  P l a n t  B reed ing  
- S c i e n t i s t  ( s - l ) ,  Agronomy 

V.  K. Sh inde 
D.  K. She lke  

L .P.  K u l k a r n i  
S.D. Choudhar i  
M.H. Lomte 

- J r .  So rghumBreeder  (AICSIP) 
- Agronomis t ,  Al  CRl P on Weed 

Management ( PL480) 
- Sorghum P h y s i o l o g i s t  (A IcS IP)  
- Ass t .  Sorghum P h y s i o l o g i s t  (AICSIP) 
- Sorghum Agronomis t ,  AlCSlP 

MAHATMA PHULE KRlSH l VI DYAPEETH, RAHURI 41 3722 (MAHARASHTRA) 

D . R .  Bapat - Sorghum Breeder  (AICSIP) 

PUNJABRAO KRl SH l VI DYAPEETH, AKOLA 444 104 (MAHARASHTRA) 

S.T.  Khade - Sorghum Breeder  ( s t  r i  ga) 

NANDYAL 51 5502 (AP) 

N. Ranganadhacha r y u l  u - Ssrghum Breeder  ( A I C S  I P )  ,RRS. 



PALEM 509215 (AP) 

D .  Narayana - Sorghum Breeder ,  (A I  CS I  P) 

B l JAPUR 586 I 0  1 (KARNATAKA 

S . R .  P a r v a t i k a r  - P l a n t  P h y s i o l o g i s t  (sorghum), ARS 

COLLEGE OF AGRICULTURE. -- liN 1 V .  OF AGRICULTURAL SCIENCES, DHARWAR 580005 
(KARNATAK~) 

M.M.  Hosmani - Assoc. P r o f e s s o r  (Agronomy) 

UN 1 V E R S  I  TY OF BANGALORE, DANGALORE >boo56 (KARNATAKA) 

Jay achand ra 

Bharatha Lakshmi 

- Assoc. P ro fesso r  (Mor i  c u l  t u r e )  
D e p a r t w n t  o f  Betany 

- Research Scho la r  
Department o f  Botany 

TANJAVORE b13001 (TAMIL NADUj 

V . S .  Mani - R e t i r e d s c i e n t i s t  (S-3), Agronomy 
No. 4, Kaver inaga r ,  
Puduko t ta i  Road. 



PALEM >09215 (AP) -- 

D .  Narayana - Sorghum Breeder ,  (A I cs I P) 

B l JAPUR 586101 (KARNATAKA 

S . R .  P a r v a t i k a r  - P l a n t  P h y s i o l o g i s t  (Sorghum), ARS 

COLLEGE OF AGRICULTURE.  -- JN I V .  OF AGRl CULTURAL SC I ENCES,  DHARWAR 580005 
(KARNATAK4) 

M. M. Hosrnani - Assoc. P r o f e s s o r  (Agronomy) 

UN l V E R S  I T Y  OF BANGALORE, bANGALORi 260056 (KARNATAKA) 

Jay achandra 

Bharatha Lakshrni 

TANJAVORE b 13005 (TAMI L NADU) - 

V . S .  Mani 

- Assoc. P ro fesso r  (Mor i  c u l  t u r e )  
D e p a r t m n t  o f  BQtany 

- Research S c h o l a r  
Department o f  Botany 

- R e t i r e d s c i e n t i s t  ( 5 - 3 ) ,  Agronomy 
No. 4 ,  Kave r inaga r ,  
Puduko t ta i  Road. 
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