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Domestication of Sawa Millet 

(Echinochloa colona) 1

J. M. J. d e  W e t ,2 K . E . P r a s a d a  R a o ,3 M . H . M e n g e s h a ,3 a n d

D . E . B r i n k 2

Two species o f  E ch in o c h lo a  are grown as cereals. E ch in o c h lo a  crusgalli is 

native to tem perate Eurasia and was dom esticated in Japan som e 4,000 yr ago. 

E ch in o ch lo a  co lo n a  is widely distributed in the tropics and subtropics o f  the Old 

World. It was dom esticated in India. E c h in o c h lo a  co lo n a  is morphologically al

lied to  E . crusgalli, but hybrids between-them  are sterile. E c h in o ch lo a  co lo n a  

differs consistently from  E . crusgalli in having smaller spikelets with membran

aceous rather than chartaceous glumes. Hybrids between wild and cultivated  

taxa o f  E . co lo n a  and between those o f  E . crusgalli are fertile. Cultivated  E . 

c o lo n a  is variable. It is grown as a cereal across India, Kashmir and Sikkim.

Four morphological races are recognized, although these do not have geograph 

ical, ecological or ethnological unity. Race laxa is confined to Sikkim where races 

robusta, intermedia and stolonifera are also grown. In India, races robusta, 

intermedia and stolonifera are often grown as mixtures, and  E ch in o c h lo a  is 

sometim es grown as a mixture with other cereals, particularly Setaria  ita lica  

(foxtail millet) or E leu sin e  co ra ca n a  (finger millet). The species is planted on 

poor soil, and som e cultivars mature in less than 2 mo. They hold considerable 

prom ise as cereals fo r  the sem iarid tropics.

T h e genus Echinochloa (G ram ineae) in c lu d es so m e 20 sp e c ie s  that are d istrib 

u ted  w id ely  in  th e  w arm er parts o f  th e  w orld . S ev era l sp e c ie s  are a ggressive  

co lo n izers  o f  d isturbed  h ab ita ts, and 2 are cu ltiva ted  as cerea ls . T he m o st ag 

g re ss iv e  w eed  is E. oryzoides (A rd .) F ritsch . T his sp ec ie s  is  a lso  reco g n ized  

ta x o n o m ica lly  as E. crusgalli var. oryzicola  (V asinger) O hw i. It d iffers from  E. 

crusgalli (L .) B ea u v . in  h avin g  2n =  36 rather than In =  54 ch ro m o so m es. Y a- 

bun o (1962, 1966) in d ica tes that E. crusgalli has o n e  g en o m e in  co m m on  w ith  E. 

oryzoides. T he latter sp e c ie s  is  a  w e ed  o f  p add y rice . It is  A sia n  in  origin but 

a ccom p an ied  rice as a  w e ed  to  A fr ica , A u stra lia  and th e A m erica s. T he w eed  

resem b les rice in  v eg e ta tiv e  traits and is  d ifficu lt to  w e ed  ou t during early  grow th . 

It co m es into  flow er a fe w  d ays earlier than th e r ice  cu ltivar it grow s w ith , and  

it d isp erses se e d s  b efo re  th e r ice  crop is  h a rv ested . T his in su res a  n ew  p opu lation  

o f  w e ed s  w h en  r ice  is  p lan ted  again  in th e sam e field . In  th e C au casu s o f  R u ssia  

a ra ce  o f  E. oryzoides, k n o w n  as E. macrocarpa  V asin ger, la ck s th e ab ility  o f  

effic ien t natural se e d  d isp ersa l (R o z h e v its , 1937) and is h a rv ested  as a crop . S eed s  

escap in g  th e h a rvester , or in c lu d ed  w ith  th e r ice  h a rv est, insu re n ew  w e ed  p o p 

u la tions in  su c c e s s iv e  gen era tio n s. G rains o f  E. oryzoides are u sed  in  th e C au 

ca su s for d istilla tion  o f  a lco h o l and fo r  grinding in to  flour from  w h ich  flat cak es  

are b aked . R o z h e v its  (1934) in d ica tes that th e m arket v a lu e  o f  th is w e ed  a lm ost  

equals that o f  b arley  (Hordeum vulgare L .) .

1 R e c e iv e d  2 9  M a r c h  1982; a c c e p te d  2 9  J u ly  1982.

2 C ro p  E v o lu t io n  L a b o r a to r y ,  D e p a r tm e n t  o f  A g r o n o m y , U n iv e r s i ty  o f  I l l in o is ,  U r b a n a ,  I L  6 18 0 1.

3 G e n e t ic  R e s o u rc e s  U n i t  o f  I C R I S A T ,  P a ta n c h e r u  P .O . ,  A n d h r a  P r a d e s h ,  In d ia .

Economic Botany, 3 7 (3 ), 1983, p p .  2 8 3 -2 9 1  

©  1983, b y  th e  N e w  Y o r k  B o ta n ic a l  G a r d e n ,  B r o n x ,  N Y  10458



284 E C O N O M IC  B O T A N Y [V O L . 37

Barnyard grass (E . crusgalli) is a  co m m o n  w e ed  o f  tem p erate  reg ion s o f  b oth  

the O ld and N e w  W orld s. T his sp ec ie s  is  e x te n s iv e ly  cu ltiva ted  in  Japan, K orea  

and northern C hina. H je lm q v ist (1969) su g g ests  that E. crusgalli w as cu ltivated  

in  S w ed en  during th e  la te  B ro n ze  A g e  w h en  th e  clim ate o f  northern E urope w as  

w arm er than it is to d a y . A rch a eo lo g ica l e v id en ce  su gg ests  that it w as grow n  in  

Japan as early  as th e Y a y o i p er io d , dating b a ck  so m e 4 -5  m illen ia  (W atanabe, 

1970).

Echinochloa colona (L .) L in k  is a  m ore trop ica l sp e c ie s  than E. crusgalli. It is  

so w n  in the C entral A fr ican  R ep u b lic  (T isseran t, 1953) w h ere  th e grains are fer 

m ented  to  m ake b eer. S tuhlm ann  (1909) m ention s that E. colona (Panicum co- 

lonum L .) is grow n  as a  cerea l in  th e R u vu m a d istrict o f  T anzan ia  w h ere it is  

k n ow n  as chindumba. It is  h a rv ested  as a  w ild  cerea l in  M alaw i (de W et, 1977). 

T his sp ec ies  w as a lso  h a rv ested , or p erhaps grow n  as a  cerea l, in  p red y n a stic  

E gypt. In testina l co n ten ts  o f  m um m ies e x c a v a ted  at N a g a  ed -D er in c lu d e , am ong  

other p lant rem ains, reco g n iza b le  grains o f  E. colona (D ix o n , 1969). It is  w id ely  

grow n  tod ay  on ly  in  trop ica l In d ia , w h ere E. colona p rob ab ly  is a re la tiv e ly  recen t  

d o m estica te . N o  archaeo lo g ica l rem ains o f  E. colona h a v e  b een  identified  am ong  

plant rem ains o f  th e num erous early farm ing sites  so  far ex ca v a ted  in  India  (V ish -  

nu-M ittre, 1977). In  southern  India , E. colona o ften  in v a d es cu ltiva ted  fields as  

a w e ed  and is h arv ested  as a  w ild  cerea l (F isch er , 1934). W here it is  grow n  as a  

cereal in  southern  India , th e  sp ec ie s  is o ften  p lan ted  as a  m ixture w ith  Eleusine 

coracana (L .) G aertn ., or w ith  Setaria italica (L .) B ea u v . T he cu ltiv a ted  co m p lex  

o f  E. colona is  variab le and sev era l races are reco g n ized  b y  farm ers. In  con trast,  

Paspalum scrobiculatum  L . (kodo) , an oth er in d igen ou s m illet from  trop ica l India , 

is  k n o w n  in  th e arch a eo lo g ica l record  dating b ack  so m e  3 ,000  yr (K aja le , 1977), 

but it is not w e ll d ifferen tia ted  in to  ra ces.

T A X O N O M Y  O F  D O M E S T I C A T E D  S P E C I E S

T he 2 d om estica ted  s p e c ie s , E. colona and E. crusgalli, are n o t a lw a y s ea sy  

to  d istinguish  from  o n e  an oth er on  herbarium  sh e e ts . T his is  true fo r  b oth  w ild  

and cu ltivated  taxa . In  gen era l, E. crusgalli is  a tem p erate grass w ith  aw n ed  

sp ik e le ts , w h ile  E. colona is  a m ore trop ica l grass w ith  a w n less  sp ik e le ts . B u t, 

E. crusgalli d o es  ex ten d  in to  th e subtrop ics o f  A s ia  and is  so m etim es ch aracter 

ized  b y  a w n less  sp ik e le ts . T he sy stem a tics  o f  th ese  2 sp e c ie s  w as d isc u sse d  b y  

V ick er y  (1975).

1. Echinochloa crusgalli (L .)  P . B e a u v . ,  E s s .  A g ro s t .  5 3: 161. 1812. B a s e d  on Panicum crusgalli 

L . ,  S p . P I. 5 6. 1753. F o r  s y n o n o m y  s e e  H i tc h c o c k  (19 5 0 ).

In f lo re s c e n c e s  a r e  u p  to  25 c m  lo n g  w ith  th e  r a c e m e s  s o m e w h a t  s p r e a d in g .  T h e  lo w e r  r a c e m e s  a r e  

o f te n  s h o r t ly  b r a n c h e d ,  w ith  b r a n c h  a n d  n o d a l  s e t a e  c o m m o n ly  n u m e r o u s .  S p ik e le ts  a r e  2 .7 - ^ .0  m m  

lo n g , m o r e  o r  le s s  i r r e g u la r ly  a r r a n g e d  o n  th e  r a c h is ,  a n d  u s u a l ly  a w n e d  o r  a t  le a s t  a c u te  o r  c u s p id a te .  

T h e  u p p e r  g lu m e  a n d  lo w e r  le m m a  a r e  c h a r t a c e o u s ,  m o r e  o r  le s s  g la b r o u s  b e tw e e n  th e  n e r v e s ,  u s u a l ly  

a w n e d ,  a n d  w ith  to u g h  s p in u le s  a lo n g  th e  n e rv e s  a n d  a lo n g  th e i r  m a r g in s .  I t  is  d i s t r ib u te d  w id e ly  in  

th e  t e m p e r a te  p a r t s  o f  E u r a s i a  a n d  w a s  in t r o d u c e d  to  t h e  r e s t  o f  th e  te m p e r a t e  w o r ld  a s  a  w e e d . 

W e e d y  r e p r e s e n ta t iv e s  a r e  r e c o g n iz e d  in  th e  U n i te d  S ta te s  a s  b a r n y a r d  g r a s s .  P o p u la t io n s  o f te n  

s e g re g a te  in to  p la n t s  w ith  a w n e d  s p ik e le t s ,  e s s e n t ia l ly  a w n le s s  s p ik e le t s ,  a n d  a  m ix tu r e  o f  a w n e d  a n d  

a w n le s s  s p ik e le ts  o n  th e  s a m e  r a c e m e .  W ie g a n d .(1 9 2 1 )  a n d  H i tc h c o c k  (1 950 ) c o n fu s e  c u l t iv a te d  E. 

crusgalli w ith  th e  I n d ia n  d o m e s t ic a te d  c o m p le x  o f  E. colona.

C u lt iv a te d  p la n t s  a r e  e r e c t ,  tu f te d ,  a n n u a l  a n d  u p  to  100 c m  ta l l .  C u lm s  a r e  m o s t ly  r o b u s t ,  s im p le  

o r  b r a n c h e d  f r o m  th e  u p p e r  n o d e s .  L e a f  s h e a th s  a r e  g la b r o u s ,  f r e q u e n t ly  lo n g e r  th a n  th e  in te r n o d e s .
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L ig u le  is  a b s e n t ,  a n d  th e  lig u la r  a r e a  is  g la b ro u s  a n d  s m o o th .  L e a f  b la d e s  a r e  l in e a r ,  ta p e r in g  to  a  

p o in t ,  1 5 ^ -0  c m  lo n g , 5 -2 5  m m  w id e ,  a n d  e s s e n t ia l ly  g la b r o u s .  In f lo re s c e n c e s  a r e  e r e c t  o r  s l ig h tly  

n o d d in g , a t  le n g th  e x s e r te d  f r o m  th e  u p p e r  le a f  s h e a th ,  w ith  th e  s p ik e - lik e  r a c e m e s  m o re  o r  le s s  e r e c t  

a n d  s o m e tim e s  in c u r v e d  a t  th e  t ip .  T h e  p r im a ry  a x is  is  d e n s e ly  fu rn is h e d  w ith  w h ite  s e ta e  a t  th e  

n o d e s .  R a c e m e s  a r e  1 0 -2 5  in  n u m b e r ,  p u r p l e ,  m o r e  o r  le s s  s e s s i le ,  1 -5  c m  lo n g  a n d  d e n s e ly  m u lti - 

s p ic u la te  th r o u g h o u t .  T h e  ra c h is  is  c o m p r e s s e d  a n d  a n g u la r ,  w ith  th e  p e d ic e ls  s h o r t  a n d  m o s t ly  2- 

n a te ,  u s u a l ly  w ith  s o m e  s e ta e  b e tw e e n  th e  s p ik e le ts .  S p ik e le ts  a r e  p e r s is t e n t  a t  m a tu r i ty ,  v e r y  c ro w d 

e d , 3 - 4  m m  lo n g , s h o r t ly  c u s p id a te  b u t  r a r e ly  a w n e d . T h e  g lu m e s  a n d  lo w e r  le m m a  a r e  c h a r ta c e o u s .  

T h e  lo w e r  g lu m e  is  a b o u t  o n e - th ird  a s  lo n g  a s  th e  s p ik e le t :  T h e  u p p e r  g lu m e  is  u s u a l ly  s h o r te r  th a n  

th e  s p ik e le t ,  c u s p id a te ,  h is p id  a lo n g  th e  n e r v e s ,  w ith  t h e  n e r v e s  a n d  m a rg in s  s o m e tim e s  s u b s p in u lo s e . 

T h e  lo w e r  le m m a  is  s im ila r  in  s iz e  a n d  s h a p e  to  th e  u p p e r  g lu m e . T h e  lo w e r  f lo re t  is  n e u te r  a n d  th e  

u p p e r  f lo re t  is  b is e x u a l .  T h e  g ra in  is  2 -3  m m  lo n g  a n d  a lm o s t  a s  w id e .

C u lt iv a te d  t a x a  h a v e  2n = 54  c h r o m o s o m e s ,  a n d  h y b r id s -w ith  s p o n ta n e o u s  E. crusgalli a r e  fu l ly  

f e r t i le  (Y a b u n o ,  1966). Echinochloa crusgalli w a s  p r o b a b ly  d o m e s t ic a te d  in  J a p a n  a n d  w a s  l a te r  

in t r o d u c e d  to  K o r e a ,  C h in a  a n d  a d ja c e n t  R u s s ia  a s  a  c u l t iv a te d  c e re a l . W a ta n a b e  (1970) p r e s e n t s  

e v id e n c e  to  in d ic a te  t h a t  i t  w a s  g r o w n , o r  a t  l e a s t  u s e d  a s  a  c e re a l  in  J a p a n  s in c e  th e  Y a y o i p e r io d  

d a t in g  b a c k  a t  l e a s t  4 ,0 0 0  y r .

Selected herbarium specimens o f  cultivated plants: Japan: Y o k o h a m a , Maximowicz, c o l le c te d  

18 62 , K ;  Duramann and Co., 9  A u g u s t  1893, K . China: Y u n -N a n ,  Y u n -N a n - S e n ,  Maire 2930, 28 

O c to b e r  1921, K ;  C h a n to n g ,  n o r th e r n  C h in a , Licent 6354, 11 A u g u s t 1921, K ;  C h e k ia n g , Hickin, 

N o v e m b e r  1896, K ;  S c h in g -K ia n g , n o r th e rn -  C h in a , Hort. Kew 3328, 8 A u g u s t  1862, K . Manchuria: 

L a c  H o n k a ,  Bohnhof 263, 21 J a n u a r y  1900, K ;  R iv e r  R u re ja ,  A m u re n s ij  P ro v in c e ,  Komarov 256, 

c o l le c te d  1895, K .  -

2. Echinochloa colona ( L .)  L in k ,  H o r t .  B e ro l .  2: 2 0 9 . 1833. B a s e d  o n  Panicum colonum L . ,  S y s t .  

N a t .  e d . 10, 2: 8 7 0 . 1759. F o r  s y n o n o m y  s e e  H i tc h c o c k  (1950) a n d  C la y to n  (19 72 ).

In f lo re s c e n c e s  a r e  u p  to  2 0  c m  lo n g , u s u a l ly  s o m e w h a t  n a r r o w , w ith  th e  r a c e m e s  m o s tly  a p p r e s s e d  

to  th e  p r im a ry  a x is .  T h e  lo w e r  r a c e m e s  a r e  r a r e ly  b r a n c h e d ,  w ith  b ra n c h  a n d  n o d a l  s e ta e  u s u a l ly  fe w  

in  n u m b e r .  S p ik e le ts  a r e  2 .5 - 3 .5  m m  lo n g , u s u a l ly  a r r a n g e d  in  4 ir re g u la r  r o w s ,  o f te n  a c tu e  b u t  n e v e r  

a w n e d .  U p p e r  g lu m e  a n d  lo w e r  le m m a  a r e  m e m b ra n a c e o u s ,  o f te n  s h o r t ly  p u b e s c e n t  b e tw e e n  th e  

n e r v e s ,  a n d  w ith  s o f t  s p in u le s  a lo n g  th e  n e r v e s  a n d  a lo n g  th e  m a rg in s . T h e  s p e c ie s  is  c h a r a c te r iz e d  

b y  2« =  54 c h ro m o s o m e s .  I t  is  w id e ly  d is t r ib u te d  in  th e  t r o p ic a l  a n d  s u b t ro p ic a l  p a r t s  o f  A f r ic a ,  A s ia  

a n d  A u s tr a l ia ,  a n d  w a s  in t r o d u c e d  to  th e  N e w  W o r ld  a s  a  w e e d . T h e  s p e c ie s  is  e x c e e d in g ly  v a r i a b l e . 

in  in f lo re s c e n c e  m o r p h o lo g y . T h e  r a c e m e s  a r e  u s u a l ly  a p p r e s s e d  to  th e  p r im a ry  a x is ,  b u t  th e  lo w e r  

ra c e m e s  a r e  s o m e tim e s  s p r e a d in g ,  a s  is  ty p ic a l  a ls o  o f  s o m e  c u lt iv a r s  o f  th e  s p e c ie s .  S p e c im e n s  w ith  

b r a n c h e d  lo w e r  r a c e m e s  o f te n  h a v e  c u s p id a te  s p ik e le ts ,  r e s e m b lin g  a w n le s s  s p e c im e n s  o f  E. crusgalli. 

S u c h  c o lle c tio n s  f r o m  tr o p ic a l  A f r ic a ,  h o w e v e r ,  fo r m  s te r i le  h y b r id s  w ith  th e  m o r e  ty p ic a l ly  te m p e r a te

E. crusgalli.

C u lt iv a te d  p la n t s  a r e  e r e c t  o r  g e n ic u la te  a s c e n d in g , o f te n  tu f te d ,  a n n u a l  a n d  u p  to  2 4 2  c m  ta ll.  

C u lm s  a r e  s le n d e r  t o  r o b u s t .  S le n d e r  p la n t s  a r e  d e c u m b e n t  w ith  th e  c u lm s  s tro n g ly  b r a n c h e d  a n d  

r o o t in g  f r o m  th e  lo w e r  n o d e s .  S to u t  p la n t s  a r e  e r e c t ,  w ith  a  f e w  c u lm  b ra n c h e s  f r o m  th e  u p p e r  n o d e s .  

L e a f  s h e a th s  a r e  g la b r o u s  a n d  u s u a l ly  lo n g e r  th a n  th e  in te r n o d e s .  L ig u le  is  a b s e n t ,  w ith  th e  lig u la r  

a r e a  m in u te ly  p u b e s c e n t .  L e a f  b la d e s  a r e  l in e a r ,  g ra d u a l ly  ta p e r in g  to  a  fin e  p o in t ,  8—38 c m  lo n g  a n d  

6 -4 0  m m  w id e , g la b r o u s  o r  w ith  a  fe w  lo n g  h a ir s  a t  th e  b a s e .  I n f lo re s c e n c e s  a r e  v a r ia b le ,  d e c u m b e n t  

p la n t s  a r e  c h a r a c te r iz e d  b y  s h o r t  r a c e m e s  th a t  a r e  a p p r e s s e d  to  th e  p r im a ry  a x i s ,  w h ile  m o r e  r o b u s t  

p la n t s  h a v e  la rg e r ,  p y ra m id a l  s h a p e d  in f lo re s c e n c e s  w ith  s p re a d in g  lo w e r  ra c e m e s .  I n f lo r e s c e n c e s  a r e  

u s u a l ly  e r e c t ,  r a r e ly  d ro o p in g . R a c e m e s  a r e  fe w  to  n u m e r o u s ,  d e n s e ly  c ro w d e d ,  w ith  th e  s p ik e le ts  

a r r a n g e d  in  4  i r r e g u la r  ro w s  o n  th e  t r iq u e t r o u s  r a c h i s ,  w ith  a  fe w  lo n g  s e ta e  b e tw e e n  th e  s p ik e le ts .  

P e d ic e ls  a r e  2 ^ - n a t e ,  r a r e ly  e x c e e d in g  2 m m  in  le n g th . S p ik e le ts  a r e  p e r s i s t e n t  a t  m a tu r i ty ,  2—4 m m  

lo n g , a c u te  b u t  n e v e r  a w n e d .  T h e  g lu m e s  a n d  lo w e r  le m m a  a r e  ty p ic a lly  m e m b ra n a c e o u s .  T h e  lo w e r  

g lu m e  is  a b o u t  o n e - th ird  a s  lo n g  a s  th e  s p ik e le t  a n d  th e  u p p e r  g lu m e  s o m e w h a t  s h o r te r  th a n  th e  

s p ik e le t ,  a c u te ,  c i l io la te  a lo n g  th e  m a rg in s  a n d  m in u te ly  p u b e s c e n t  b e tw e e n  th e  n e rv e s .  T h e  lo w e r  

le m m a  is  s im ila r  to  th e  u p p e r  g lu m e  in  s iz e  a n d  s h a p e .  T h e  lo w e r  f lo re t is  n e u t e r  a n d  th e  u p p e r  f lo re t  

is  b is e x u a l .  T h e  g ra in  is  2 -3  m m  lo n g  a n d  1 -2  m m  w id e .

H y b r id s  b e tw e e n  c u l t iv a te d  E. crusgalli a n d  c u l t iv a te d  E. colona a re  s te r i le  (Y a b u n o , 1966). Ech

inochloa colona w a s  d o m e s t ic a te d  in  In d ia .  I t  r e m a in s  a n  im p o r ta n t  c e re a l  o n ly  in  th e  t r o p ic s  a n d  

s u b t ro p ic s  o f  In d ia .

Selected herbarium specimens o f  cultivated plants: India: T a m il N a d u ,  M a d u r a  d is t r i c t ,  Herb.
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T a b l e  1. - P a r a m e t e r s  f o r  m o r p h o m e t r i c  c h a r a c t e r s  o f  c u l t i v a t e d  r a c e s  m  Ech

inochloa colona.y-

D a y s  to  5 0 %  f lo w e r in g P e d u n c le  le n g th ,  m m

r o b u s ta 5 9 .8 (6 .1 ) 4 5 -7 2 r o b u s ta 13 3.4 (34 .7 ) 6 0 -2 4 0

in te rm e d ia 4 6 .0 (2 .9 ) 4 1 -5 4 in te rm e d ia 157.7 (3 3 .6 ) 9 5 -2 4 0

s to lo n i f e r a 4 6 .4 (2 .1 ) 4 2—49 s to lo n i f e r a 153 .6 (2 5 .9 ) 1 0 0 -1 9 0

la x a 6 3 .3 (5 .4 ) 5 5 -7 0 la x a 123.3 (1 5 .1 ) 1 1 0 -1 5 0

P la n t  h e ig h t  , cm P a n ic le  le n g th , m m

r o b u s ta 12 8.0 (21 .4 ) 6 5 -2 4 2 r o b u s ta 2 0 5 .2 (3 2 .5 ) 1 3 0 -2 8 0

in te rm e d ia 8 1 .4 (14 .3 ) 5 1 -1 2 0 in te rm e d ia 13 2.6 (22 .5 ) 7 0 -2 0 0

s to lo n i f e r a 7 0 .3 (10 .3 ) 5 3 -9 0 s to lo n i f e r a 11 3.9 (1 6 .0 ) 1 0 0 -1 4 0

la x a 110.8 (7 .3 ) 1 0 0 -1 2 2 la x a 2 18 .3 (2 8 .6 ) 1 8 0 -2 5 0

C u lm  d ia m e te r ,  m m P a n ic le  w id th , m m

ro b u s ta 7 .7 (1 .5 ) 4 -1 5 r o b u s ta 3 7 .4 (1 0 .5 ) 2 0 -8 0

in te rm e d ia 4 .8 (1 .3 ) 3 - 9 in te rm e d ia 2 7 .8 (7 .8 ) 1 0 -5 5

s to lo n i fe ra 3 .5 (0 .8 ) 3 -5 s to lo n i f e ra 2 3.1 (5 .5 ) 1 4 -3 0

la x a 7 .8 (1 .2 ) 6 - 9 la x a 3 2 .5 (7 .6 ) 2 0 -4 0

N o . b a s a l  t i lle rs N o . p r im a r y  b r a n c h e s

r o b u s ta 6 .0 (2 .3 ) 2 -1 4 r o b u s ta 4 7 .4 (9 .0 ) 2 4 -7 0

in te rm e d ia 10,5 (4 .4 ) 4 - 2 6 in te rm e d ia 2 2 .8 (6 .0 ) 1 1 -4 5

s to lo n i f e r a 2 1 .1 (3 .7 ) 1 2 -2 8 s to lo n i f e r a 15.5 (4 .3 ) 9 -2 5

la x a 6 .7 (1 .8 ) 4 - 9 la x a 3 9 .3 (3 .2 ) 3 6 -4 3

F la g  l e a f  le n g th , m m B r a n c h  le n g th ,  m m

ro b u s ta 2 5 3 .5 (4 3 .9 ) 1 4 0 -3 8 0 r o b u s ta 3 0 .7 (9 .6 ) 2 0 -1 1 0

in te rm e d ia 177.1 (35 .8 ) 1 0 0 -3 0 0 in te rm e d ia 2 8 .3 (6 .7 ) 1 5 -5 0

s to lo n i f e r a 1 5 0.0 (45 :2) 8 0 -2 6 0 s to lo n i f e r a 2 1 .8 (7 .0 ) 1 5 -3 5

la x a 2 4 1 .7 (5 1 .9 ) 1 8 0 -3 0 0 la x a 6 9 .2 (2 3 .3 ) 4 0 -1 1 0

F la g  le a f  w id th ,  m m N o .  s p ik e le t  ro w s

r o b u s ta 2 6 .3 (5 .3 ) 15^1 0 . r o b u s ta 5 .3 (0 .8 ) 3 -8

in te rm e d ia 17.3 (4 .9 ) 6 -3 0 in te rm e d ia 4 .8 (0 .8 ) 3 - 6

s to lo n i f e r a 13.5 (4 .3 ) 8 -2 0 s to lo n i f e ra 3 .9 (0 .5 ) 3 -5

la x a 2 2 .2 (6 .7 ) 1 5 -3 0 la x a 4 .0 (1 .1 ) 3 - 5

■Sheath le n g th ,  m m

r o b u s ta - 9 5 .8 (15 .5 ) 5 0 -1 3 0

in te rm e d ia , 7 5 .5 (1 0 .1 ) 5 0 -1 0 0

s to lo n i f e r a 6 1 .4 ■ (7 .7 ) 5 0 -7 0

la x a 103.3 (15 .1 ) 8 0 -1 2 0

a .M e a n ,  s ta n d a r d  d e v ia t io n  a n d  r a n g e  a r e  in d ic a te d  f o r  e a c h  c h a r a c te r ;  n  =  147 f o r  r a c e  r o b u s ta ,  n  =  7 7  f o r  r a c e  in t e r m e d ia ,  n  =  14 

f o r  r a c e  s to lo n i f e r a  a n d  n  =  6  f o r  r a c e  la x a .

Bourne, 28  N o v e m b e r  1898, K ,  r a c e s  r o b u s t a  a n d  s to lo n i f e r a ;  T a m il  N a d u ,  B e l la r y ,  A lu r  J a lu q ,  

Burkill 21421, K ,  r a c e  r o b u s ta ;  T a m il  N a d u ,  R a m p a  d is t r i c t ,  R a m p a  H il l s ,  Naryanaswami 112, K ,  

r a c e  in te rm e d ia ;  B ih a r  a n d  O r is s a ,  C h a ib a n a ,  Haines 5288, K ,  r a c e  in te rm e d ia ;  O r is s a ,  D a s p a l la ,  

Mooney 1794, K ,  r a c e  s to lo n i f e ra ;  M a h a r a s h t r a ,  W a g h a i ,  D a u g s ,  Santapau 19242, K ,  r a c e  in te rm e d ia ;  

K a la h a n d i  S ta te ,  Mooney 1762, K ,  r a c e  s to lo n i f e r a ;  K a la h a n d i  S ta t e ,  Mooney 1761, K ,  r a c e  r o b u s ta ;  

B e n g a l ,  N o n g h y r ,  Nokim 1406, O c to b e r  1894, K ,  r a c e  s to lo n i f e ra ;  R o z i f o r t  n e a r  J a m n a g a r ,  N a w a n a -  

g a r ,  P.v.B., 16 O c to b e r  1945, K ,  r a c e  s to lo n i f e ra ;  N o r th w e s te r n  H im a la y a ,  C h a m b a ,  Gammie 18532, 

5 S e p te m b e r  1896, K ,  r a c e  r o b u s ta ;  K a s h m ir ,  S im la , Gamble 4906A, 2 6  A u g u s t  18 77 , K ,  r a c e  r o b u s ta .  

Sikkim, K u lim k u n g , Gamble 10527, J u ly  1882, K ,  r a c e  r o b u s ta ;  C h a k o o n g ,  Hooker, c o l l e c te d  O c- 

t o b e r - N o v e m b e r  18 49 , K ,  th is  c o l le c t io n  in c lu d e s  r a c e s  r o b u s ta ,  in te r m e d ia ,  s to lo n i f e r a  a n d  la x a  o n  

th e  s a m e  h e r b a r iu m  s h e e t .
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D ISCRIM IN AN T FUN CTION  1

F ig . 1 . P lo t  o f  O T U s  o n  th e  2  d is c r im in a n t  fu n c t io n s . 1 =  r a c e  r o b u s ta ,  2 =  r a c e  in te r m e d ia ,  3 =  

r a c e  s to lo n i fe ra .  G ro u p  c e n tr o id s  ( a v e r a g e  d is c r im in a n t fu n c t io n  s c o re s )  a r e  in d ic a te d  b y  a s te r is k s  

fo r  r a c e s '1 - 3 .  O T U s  fa llin g  o n  a  p r e v io u s ly  o c c u p ie d  s p a c e  w e r e  d e le te d .  C o n s e q u e n tly ,  n o t  a ll  O T U s  

a r e  p lo t te d ,  a n d  O T U s  a r e  s o m e w h a t  m o r e  tig h tly  g ro u p e d  a ro u n d  th e i r  r e s p e c t iv e  c e n t r o id s  th a n  

in d ic a te d  in  th is  fig u re .

R A C I A L  D I F F E R E N T I A T I O N  I N  C U L T I V A T E D  E. COLONA

C o llection s o f  Echinochloa colona at the International C rops R esearch  Institu te  

for th e  Sem iarid T rop ics (IC R ISA T ) assem bled  from  across India , and con sistin g  

o f  243 seed  sam p les w as grow n  in  a  uniform  nursery at Patancheru  near H y d er 

abad, and stu d ied  in  m orp h olog ica l detail for 13 qualitative and 13 quantitative  

characters. T his crop a lso  w a s stud ied  in farm ers’ fields in  southern  A ndhra  

Pradesh . Sawa is  th e  co m m o n  T elugu  nam e for th is cerea l. It is  a lso  k n o w n  as
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F ig . 2 - 5 .  I n f lo r e s c e n c e  m o r p h o lo g y  o f  c u l t iv a te d  E. colona. F ig . 2 -3 .  R a c e  r o b u s ta  (de Wet 4656, 

O c t.  2 2 , 1981, C E L ) . F ig . 4 - 5 .  R a c e  in t e r m e d ia  {de Wet 4656, O c t.  2 4 , 19 81 , C E L ) .
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F ig . 6 - 9 .  F ig . 6 - 7 .  R a c e  s to lo n i f e r a  (de Wet 4637, O c t .  6 , 1981, C E L ) . F ig . 8 -9 .  R a c e  la x a  (de 

Wet 4639, O c t.  7 ,  198 1, C E L ) .
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shama in  B en gali, samu in  U rd u , shamula and sanwa in  H in d i, and as sawu  in  

T am il. T here are prob ab ly  m an y  other lo ca l n am es u sed  a cro ss  the range o f  its  

cu ltivation  from  southern  India  to  K ashm ir and S ikkim .

Farm ers co m m o n ly  g ro w  a variety  o f  m orph olog ica l ty p es  in  th e sam e field . 

A n  analysis o f  th e data (T ab le 1), h o w e v e r , su g g ests  4  m o rp h olog ica lly  d istin ct  

co m p lex es . Interracial d ifferen ces in  13 quan tita tive characters can n ot b e  co m 

p rehended  sim u lta n eo u sly , and d iscrim inant an a lysis  (d irect m eth o d , N ie  e t a l.,  

1975) w as u sed  to  ch aracterize th ese  co m p lex e s . T his fu lfilled  severa l o b jec tiv es .  

D iscrim inant analysis serv ed  as a  data red u ction  tech n iq u e a llow ing  v isu a liza tio n  

o f  th e ex ten t o f  racial co h er en ce  and overlap  in  th e red u ced  2-d im en sional sp a ce  

defined b y  th e d iscrim inant fu n ctio n s. T hree ra ces  w ere c lear ly  separated  and  

w ell defined  b y  th is an a lysis  w ith  a  m inim um  o f  overlap  am ong th em  (F ig . 1). 

T here w as a  high (93%) co rresp o n d en ce  b e tw e en  our in itial c la ssifica tion  o f  the  

plants b ased  upon  their overa ll appearance in  th e  field  and th e resu lts o f  the  

discrim inant fu n ction  c la ssifica tio n  routine. T he fourth  race w as defined  on  the  

basis o f  qualitative characters.

1. Race robusta (F ig . 2 -3 )  is  c h a r a c t e r i z e d  b y  e r e c t  p la n t s  u p  to  2 42  c m  ta l l ,  u s u a l ly  w ith  2 -1 4  

c u lm s  th a t  b r a n c h  f r o m  th e  u p p e r  n o d e s .  T h e  flag  l e a f  is  u p  to  38 c m  lo n g  a n d  4 0  m m  w id e , w ith  th e  

in f lo r e s c e n c e  e x s e r te d  f r o m  th e  5 -1 3  c m  lo n g  s h e a th .  T h e  p e d u n c le  is  6 -2 4  c m  lo n g , a n d  s u p p o r ts  a  

1 3 -2 8  c m  lo n g  in f lo re s c e n c e  c o m p o s e d  o f  2 4 -7 0  r a c e m e s .  R a c e m e s  a r e  u p  to  110 m m  lo n g , w ith - th e  

lo w e r  r a c e m e s  s p re a d in g  o u t  f r o m  th e  p r im a r y  a x is  a t  a n  a n g le  o f  4 5 -8 5 ° , w ith  th e i r  t ip s  c u r v e d  

in w a rd ,  a n d  th e  u p p e r  o n e s  m o r e  o r  le s s  a p p r e s s e d  to  th e  p r im a r y  a x i s ,  g iv in g  th e  in f lo re s c e n c e  a  

p y ra m id a l  a p p e a ra n c e .

2 . Race intermedia (F ig . 4 -5 )  is  in te r m e d ia te  in  m o r p h o lo g y  b e tw e e n  r a c e s  r o b u s ta  a n d  s to lo n i f e ra  

a n d  i t  o f te n  in te rg ra d e s  w ith  th e s e  la r g e r  a n d  s m a lle r  r a c e s .  P la n t s  a r e  m o r e  o r  le s s  e r e c t ,  u p  to  120 

c m  ta l l ,  u s u a l ly  w ith  4 - 2 6  c u lm s  th a t  f r e q u e n t ly  b r a n c h  a n d  o f te n  r o o t  f r o m  th e  lo w e r  n o d e s .  T h e  flag  

l e a f  is  1 0 -3 0  c m  lo n g  a n d  6 -3 0  m m  w id e ,  w ith  th e  in f lo re s c e n c e  e x s e r te d  f r o m  th e  5—1.0 c m  lo n g  

s h e a th .  T h e  p e d u n c le  is  1 0 -2 4  c m  lo n g  a n d  s u p p o r ts  a  7 - 2 0  c m  lo n g  in f lo re s c e n c e  th a t  is  c o m p o s e d  

o f  11—45 r a c e m e s .  R a c e m e s  a r e  1 5 -5 0  m m  lo n g  a n d  s p r e a d  o u t  f ro m  th e  p r im a r y  a x is  a t  a n  a n g le  o f  

1 5 -2 5 °, w ith  th e  tip s  c u r v e d  in w a r d ,  o f te n  to u c h in g  the . p r im a r y  a x is .

3 . Race stolonifera (F ig . 6 -7 )  is  c h a r a c te r iz e d  b y  d e c u m b e n t  p la n t s  u p  t o  90 c m  ta l l ,  w ith  a s  m a n y  

as  28 c u lm s  th a t  b r a n c h  p r o f u s e ly  a n d  r o o t  a t  th e  lo w e r  n o d e s .  T h e  flag  l e a f  is  8 -2 6  c m  lo n g  a n d  8 -  

2 0  m m  w id e , w ith  th e  in f lo r e s c e n c e  w e ll  e x s e r te d  f r o m  th e  5 - 7  c m  lo n g  s h e a th .  T h e  p e d u n c le  is  1 0 - 

19 c m  lo n g , a n d  s u p p o r ts  a  1 0 -1 4  c m  lo n g  in f lo re s c e n c e  c o m p o s e d  o f  9 -2 5  r a c e m e s .  R a c e m e s  a r e  u p  

to  3 5  m m  lo n g , m o re  o r  le s s  a p p r e s s e d  to  th e  p r im a r y  a x is  w ith  th e  t ip s  o f te n  c u rv e d  in w a rd .

4 . Race laxa (F ig . 8 -9 )  is  k n o w n  o n ly  f r o m  a  f e w  S ik k im  c o l le c t io n s .  I t  is  c h a r a c te r iz e d  b y  lo n g , 

s l e n d e r  r a c e m e s  th a t  a r e  s t ro n g ly  b r a n c h e d  a n d  p e n d e n t  o r  a p p r e s s e d  to  t h e  p r im a r y  a x is .  P la n ts  a r e  

r o b u s t  a n d  e re c t ,  u p  to  122 c m  ta l l ,  w ith  4 - 9  c u lm s  th a t  r a r e ly  b r a n c h .  T h e  flag  le a f  is  u p  to  3 0  cm  

lo n g  a n d  3 0  m m  w id e , w ith  th e  in f lo r e s c e n c e  e x s e r te d  f r o m  th e  8 -1 2  c m  lo n g  s h e a th .  T h e  p e d u n c le  

is  1 1 -1 5  c m  lo n g  a n d  s u p p o r ts  a n  1 8 -2 5  c m  lo n g  p a n ic le  t h a t  is  c o m p o s e d  o f  3 6 ^ -3  p r im a r y  b ra n c h e s .  

R a c e m e s  a r e  4 0 -1 1 0  m m  lo n g , s l e n d e r ,  s t ro n g ly  b r a n c h e d  a n d  p e n d e n t .

T he strongly  bran ch ed  ra cem es o f  race la x a  su g g est affin ities w ith  E. crusgalli. 

R a ce la x a  h o w ev er , resem b les E. colona in  sp ik e le t m orp h ology . F u rtherm ore, 

herbarium  stud ies ind ica te  that all 4  cu ltiva ted  races o f  E. colona are grow n  in  

Sikkim , w h ile  cu ltivated  E. crusgalli has n ev er  b een  c o lle c te d  on  th e Indian  

su bcontin en t. R a ce  la x a  is  sim ilar in  m o st characters to  ra ce  robusta  (T able 1), 

and in  classification  u sin g  th e d iscrim inant fu n ctio n s co m p u ted  for th e 3 major  

ra ces, la x a  co llec tio n s all p lo tted  am ong a c c e ss io n s  o f race robusta . R a ce  la x a ,  

h o w ev e r , is d istingu ished  b y  its  slen der, lax  racem es w h ich  d istingu ish  it from  

race robusta (F ig . 8 -9 ) .
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A C K N O W L E D G M E N T S

T h is  r e s e a r c h  w a s  s u p p o r te d  b y  g r a n t s  f r o m  th e  N a t io n a l  S c ie n c e  F o u n d a t io n ,  a n d  b y  th e  C o m 

m i t t e e  f o r  C o o p e ra t iv e  R e s e a r c h  b e tw e e n  th e  U n i te d  S ta te s  a n d  S p a in , a n d  f ie ld  w o rk  s u p p o r te d  b y  

th e  I n te r n a t io n a l  B o a rd  fo r  P la n t  G e n e t ic  R e s o u r c e s  a s  p a r t  o f  i t s  g lo b a l in t e r e s t  in  p r io r i ty  s p e c ie s  

o f  m ille ts . T h e  u s e  o f  th e  f a c i l i t ie s  o f  I C R IS A T  is  a p p r e c ia te d .  E l i s a b e th  T . M c C h e s n e y  p ro v id e d  

t e c h n ic a l  a s s is ta n c e .
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