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Introduction



IN T R O D U C T IO N

"One  n e \;  w r i e t y  r eined by man wi l l  be a m o re  

i m p o r t a n t  and in t e r e s t in g  sub jec t  foi  s tudy than  

one  m o r e  spec i es  added t o  the in f in i tu de  o f  a l r eady  

r e c o rd e d  s p e c i e s "
D a i  \nn (1859)

If  D a r w i n  is c o r r e c t ,  it is o u r  d u t y  t o  s t u dy  t h e  w i d e l y  g r o w n  

u n d e r e x p l o i t e d  c r op s  w h e r e  p r a c t i c a l l >  not  m u c h  w o r k  has been done.  

P u m p k i n  ( C u c L ^ y t a  nr o s c h at a  P o i r )  is one of  t h e wi del y  g r o w n  u n d e r -  

e x p l o i t e d  v e g e t a b l e s  in w h i c h  s u f f i c i e n t  a t t e n t i o n  has not  been pai d 

f or  g e n e t i c  i m p r o v e m e n t .  I n t i o d u c e d  to  our c o u n t r y  f r o m  Sout h  

A m e r i c a  by f o r e i gn  n a v i g a t o r s  and e m i s sa r i e s ,  p u m p l  n  is g r o w n  

t h r o u g h o u t  t h e l e n gt h  and b r e a d t h  c f  India The y o u n g  l e a v es ,  f l o w e r s  

and f r u i t s  ar e  r i c h  in c a r o t e n e ,  a p r e c u r s o r  of  V i t a m i n  A .  I m p o i t a n c e  

t f  p u m p k i n  as a p o t e n t i a l  suppl ier  of  c a r o t e n e  has riot been e x p l o i t e d  

t i l l  d at e .

Y i e l d  in p u m p k i n  r e m a i n s  l o w  due t o  a c o n g l o m e r a t i o n  of  f a c t o r s ,  

bot h  g e n e t i c  and e n v i r o n m e n t a l .  P o o r  genetic s t c c k ,  i n a de q u a t e  and 

i m p r o p e r  m a n a g e m e n t  p r a c t i c e s  and i n c i d e n c e  of  diseases,  p a r t i c u l a r l y  

m o s a i c ,  a r e  t h e m a i n  r easons for t h e  l o w  p r o d u c t i v i t y .  D e v e l o p m e n t  

of  h igh y i e l d i n g ,  c a r o t e n e  r i c h ,  m o s a i c  r e s i st a n t  v a r i e t i e s  w h i c h



2

can e n t r a p  t he  a b u n d a n t l y  a v ai l a b l e  sol ar  e n e r g y  should be t he  u l t i m a t e  

a i m  of  p u m p k i n  i m p i o v e m e n t  in t he  c o u n t i y .

Q u a n t i f y i n g  the a v a i l a b l e  v a n a b i l  t y  and d i v e r g e n c e  is the  p r i m a r y  

step of  a n y  c r o p  in p r o v e m e n t  p r o g r a m m e .  H i g h  a m o u n t  of  cross 

p o l l i n a t i o n  is t he  b as ic  r ea son f or  t h e  e x is t i n g  v a r i a b i l i t y  in p u m p k i n .  

T h e  c h o i c e  o f  b r e e d i n g  m e t h o d  ei ther  s e l e ct io n  o r  h y b r i d i z a t i o n  

depends p r i m a r i l y  on t h e  e x t e n t  of  h e r i t a b i l i t )  of  t h e  c h a r a c t e r  

u nde r  i m p r o v e m e n t .  S e l e c t i o n  o f  p a r e n t a l  m a t e n a l s  w i t h  m a x i m u m  

g e n e t i c  d i v e r g e n c e  is of  u t m o s t  i m p o r t a n c e  in d e v e l o p i n g  Lr ansgr es sive  

s e g re g an t s .  T h e  e x t e n t  of  v a r i a b i l i t y  t h a t  w o u l d  be a v ai l a b l e  in the 

subsequent  c y c l e s  of  s e l e c t i o n  also depe nds on t h e e x t e n t  of  g e n e t i c  

d i v e r g e n c e  of  p a r e n t s  i n v o l v e d  in h y b r i d i z a t i o n .

A b s e n c e  of  i n b r e e di n g  de pr e s s i on ,  m o n o e c i o u s  n a t u r e ,  s h o wy  

and lar ge  f l o w e r s  and a l a r ge  n u m b e r  of  seeds f r o m  a single act  

of  p o l l i n a t i o n  p o i n t  t o  s u i t a b l i t y  of  t h e  c i o p  f or  e x p l o i t a t i o n  of  h y b r i d  

v i g o u r ,  ‘' e l e c t i o n  of  g e n e t i c a l l y  d i ve r g e n t  p a r e n t s  is v e i y  c r u c i a l  

in h y b r i o i z a t  ion p r o g r a m m e ^ , .  M a h a l a n o h i s  st< L m l i c  is a p o w e r f u l  

t o o l  in q u a n t i f y i n g  t h e  d e g r e e  of  d i v e i g c n c e .

A r e a  e n d e r  p u m p k i n  in t he  c o u n t r y  is j  l i n g  r e d u c e d  day  by 

day  due to w i d e  o c c u r e n c e  o f  v i r us  d i o;5ase.> r sr l cu l a  ly y e l l o w  vein 

m o s a i c  and p u m p k i n  m o s a i c .  D e v e l o p m e n t  of  I lgh y i e l d i n g  v ar i et i es  

w i l l  be f u t i l e ,  if t h e y  do not  h av e a d e q ua t e  i e t- i s l a n c e  t o  these v i ruses.  

A  single v a r i e t y  re s is t a n t  t o  y e l l o w  vei n m o s a i c  and p u m p k i n  m o s a i c  

w i l l  r e a l l y  m a k e  a boost  in c u l t i v a t i o n  of  p u m p k i n  in K e r a l a .
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R e v i e w  of  l i t e r a t u r e  i nd i ca t ed  t hat  onl y  a meagmre a t t e m p t  

has been ma d e  in p u m p k i n  in these d i re c t i on s.  H e n c e  the present

w o r k  is h ighl y  nec essary  and was u n d e r t ak e n  w i t h  the  f o l l owin g  

o bj ec t i ve s .

1. T o  e s t i m a t e  e x te n t  of  avai labl e  v a r i a b i l i t y  for  i m p o ro t a n t  

c h a r a c t e r s  in p u m p k i n .

2. T o  st udy  e x te nt  of  g en e t i c  d i v er ge nc e  a m o n g  the genotypes 

and to group t h e m  into c l usters  based on g en e t i c  distance.

3.  T o  select  high c a r o te n e  l ines in p u mp k i n

4. T o  scr een p u m p k i n  geno t y pe s  f or  res ist a nce to y e l l o w  vein 

m os a i c  and p u m p k i n  mosai c.



R e v i e w  o f  L i te ra tu re



REVIEW  O F L IT F R A T U R E

I n f o r m a t i o n  avai labl e  on g e n et i c  v a r i a b i l i t y ,  d i ve r g e nc e  and 

resistance to mos a i c  diseases are v e r y  m u c h  l i m i t i n g  in p u mp ki n .  

Inor der  to p r o je c t  the m ag n i t u d e  of  the p r o b l e m  and to have a gener al  

guid an c e ,  i n f o r m a t i o n  on o t h e r  c u c u r b i t s  are also r e v i e w e d  and 

p r e sent ed under  the f o l l o w i n g  heads:

A .  G e n e t i c  v a r i a b i l i t y ,  h e n t a b i l i t y  and g en e t i c  ad v an ce

B.  G e n e t i c  d i ve r g e nc e  and c l us te r i ng  of  genot ypes

C .  Re s i st a n c e  to mos a ic  diseases

A . Genetic variability, heritabiiity and genetic advance

1. G e n e t i c  v a r i a b i l i t y

T h e  k n ow le d g e  of  g e n et i c  v a r i a b i l i t y  of  a br eedi ng  m a t e r i a l  

helps a plant  br e e d e r  in choosing desirable p a r ent s  and to i m p r ov e  

c h a r a c t e r s  of  e c o n o m i c  i m p o r t a n c e .  B u r t o n  ( 1932)  i n t ro d uc ed  a 

c o n v e n ie n t  p r o c e du r e  for  c a l cu l u t  on of p h e n o t y p i c  and g en o t y p i c  

c o e f f i c i e n t  of  v a r i at i on .  J ohnson _et_ a h  ( 1 9 r>3) i n t r o d u c e d  a m e t h o 

dol ogy for  p a r t i t i o n i ng  the / ar i abi l i ty  in a pop u l at i on  into h e n t a b l e  

and n o n - h e n t a b l e  c o m p o n e n t s  w i t h  the aid of  g e n et i c  p a r a m e t e r s  

such as c o e f f i c i e n t s  of  v a r i a t i o n ,  h e r i t a b i i i t y  and g e n et i c  a dv an ce 

w h ic h  coul d also serve as a basis f or  s el ect ion.

K u b i a k i  and W a l e z a k  (1976)  r e p o r t e d  large d i f f e r en c es  w i th i n

and b e t w e e n  v ar i et i es  w i t h  r es pect  to c a r o te n e  c o n t e n t  in 19

var i et i es  bel onging to C u c u r b i t a  p e p o , G  u c u r b i ta  m a x i m a  and



C u c u r b i t a  m o s c h a t a . T h e  v a r i e t y  G o l d e n  D e l i c i o u s  ( C u r u r b i t a  m a x i m a ) 

r e c o r d e d  the highest  c a r o te n e  c o n t e n t .  G op a l a k r i s hn a n  (1979)  studied 

v a r i ab i l i t y  for  25 q u a n t i t a t i v e  c h a r a c t e r s  a m on g  18 g en o t yp e s  of  

C u c u r b i t a  m o s c h a t a and found t hat  the geno t y pe s  v ere s i gn i f i ca n t l y  

d i f f er e n t  for all  the chai  det er s studied.  F r u i t  y ie l d/p l ant  ran ge d 

f r o m  5.45 kg in C M  18 to  16. 10 kg in C M  17. C a r o t e n e  c o n l e d  

ran ge d f r o m  0 . 1 5 2 %  to  0 . 5 2 7 % .  T h i s  study  i d en t i f i ed  l ines C M  17 

and C M  14 ( A m b i l i )  as high y ie l der s  ( 16 . 10  kg and 15.38 kg/plant  

r e s p e c t i v e l y )  ha v in g  desir able c h a r a c t e r s .  T h e  m a x i m u m  value of  

g e n o t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  was foi ma l e  f l ow er s/ pl an t  (56.23)  

f o l l o w e d  by f rui ts/plant  ( 50 . 32) .  R a n a (1982)  w hi l e  s t ud y i n g  v a r i ab i l i t y  

in 19 l ines of  p u m p k i n  found t h a t  the l ines g r o w n  in t w o  e n v i r o n m e nt s  

d i f f e r ed  s i g n i f i ca n t l y  f or  the  10 c h a r a c t e r s  oludied.  D o i j o d e  (1983)  

r e p o r t e d  a m pl e  v a r i a b i l i t y  f or  T . S . S .  and c a r o te n e  a m o n g  7 inbred 

l ines of  p u m p k i n .  T h e  T . S . S .  c o n t e n t  ran ge d f r o m  4.7 to  8 . 1 %  and 

f t  c a r o t en e  f r o m  1.7 to 8 . 65 mg/ 1 00  g

N a t h  and D u t t a  (1970)  r e p o i t e d  t hat  v ar i et i es  of  w a t e r m e l o n  

( C u c u i  bi ta  l an at i  s ( Th un b . /  M a n s f . )  d i f f e i c d  m u c h  foi n u m b e r  of 

f rui ts  ( 1 2  to 4 . 5 ) ,  a ve r a g e  frui t  w e igh t  ( 1 . 0  o 7.5 kg) ,  a ve r a ge  

T . S . S .  (8 to  1 2 % )  and y i e l d /a c ie  (6. 5 to 31. 14 t ) .  V a r i a b i l i t y  in w a t e r 

mel on  was r e p o r t e d  by T h a k u r  and N a n d p u n  (197 4) for  vine l ength  

w h i c h  r a n ge d f r o m  2. 64 to 4 .84 m ,  bi ancht s/vine (5 . 34  to 7.65) ,  

sex r a t i o  (15.7:1 to 2 . 5: 1) ,  days to f i rst  f i u i t  p m l  m g  (81 . 5 to 99.2) ,  

f ru i ts/v ine  (0.64 to 1.85) ,  a ve r a ge  f r u i t  w e i g h t  (2 . 29  to 5.95 kg) ,

3
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y iel d/vine (2.43 to 6 60 kg ) ,  r u m b e i  of  sceds/kg of  f ru i t  w ei gh t  

(53.? to 260.3) ,  100 seed w e i g h t  (4.92 to 13.86 g)  and T . S . S .  (6.17 

to 8 . 7 4 % ) .  P h e n o t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  ( p c v )  was the m a x i m u m  

for  seeds/kg of  frui t  w e i g h t  ( 41 . 31)  and it wao the m i n i m u m  for

days to f i rst  p i ck i ng  (6 . 46) .  T h e  c o e f f i c i e n t s  of g e n o t y p i c  va r i at i on  

( g c \ )  also had the same t re n d .  Vashiota al_ (19751 o bs er ved c o n 

siderable vai l ab i l i ty  in l e n gt h ,  w i d t h ,  1QU seed w e i g h t  and seed 

col our  in w a t e r m e l o n .  Vashista  (1983)  r e p o r t e d  s i gn i f i ca n t  d i f f er enc es

a m on g  v ar i et i es  for  all  the c h a r a c t e r s  e x c ep t  fi u i ts/pl ant .  Wide

v ar i at i ons  w e i e  obs er v ed  in days r e q u i r e d  for  a p p e a r a nc e  of  f i rst  

fema le  f l o w e r ,  d u ra t i on  in p ic k i n g  of  f i u i t s ,  n u m b e r  of  f e m a l e  f l ow er s ,  

numbei  of  f r u i t s ,  t o t a l  y ie l d / v i n e ,  T .S. S.  and f lesh seed l a t i o  in 

d i f f e r en t  v ar i et i es  ( B h a th a l  and Sandhu,  1984) .  G i L  and K u m a r  (1986)  

r e c o r d e d  v a r i a b i l i t y  f or  d i f f e r en t  t ra i t s  w h i c h  r a n g e d f r o m  1.00 

to 1.52 for  f ru i t  shape i ndex,  7 . 76  to 5 . 5 1 %  roi I .S S. ,  5 .66 to 9 . 6 9 %  

for  t ot a l  sugars and 5.01 to 8.25 rng/lOO g of  f ru i t  f lesh for  v i t a m i n  C  

c o n t e n t .

In a st udy  i n vo l v i ng  3U geno t y pe s  of w a t e r m e l o r ,  R a j e n d i a n

(1989)  obs er v ed  t hat  v ine l en gt h  ran ge d f r o m  1.13 to 3 . 5 8 m  and 

the p c v  arid g c v  w e r e  35. 45 and 21. 86  r e s p e c t i v e l y .  D a y s  to fi rst  

femal e  f l o w e r  anthesis r a n g e d  f i o m  37.17 to  61.72 and the p c v  

and g c v  w e r e  19.10 and 11.91 i e s p e c t i v e l y .  T h e  oex r a t i o  ran ge d 

f r o m  12.83 to 131.47 w i t !  m o d e r a t e l y  high v a h  e of  p c v  (86.72)
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and g c v  ( 60. 68) .  F r u i t s / v i n e  r a n ge d f r o m  0.64 to  3.17 and p c v  and 

g cv  w e r e  58.29 and 3 9 . 8 3 %  r e s p e c t i v e l y .  F r u i t  y ie l d/v ine  ran ge d 

f r o m  0.383 to 9 . 546 kg and p c v  and g c v  for  y iel d w e r e  88. 34 and 

67.60 r e s p e c t i v e l y .  Seeds/frui t  had a w i de  ran ge of  20. 50 to 539.83 

and p c v  and g c v  w e r e  58. 76  and 44. 64 r e s p e c t i v e l y .

Sr i va s t av a and S n v a s t a v a  ( 1976)  studi ed v a r i a b i l i t y  in 10 l ines 

of b i t t e r g o u r d  ( M o m o r d i c a  c h a r a n t i a  L . )  and o bs er ved si gni f icant  

d i f f er e n c es  f or  al l  the c h a r a c t e r s  e xc ep t  for  m al e  f l ower s/ pl ant .  

T h e  highest  g e n o t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  was o bs er ved for 

f rui ts/pl ant  ( 3 / .4 5 )  f o l l o w ed  by  y ie l d/p l ant  ( 32 . 13)  and f r u i t  w ei ght  

( 30. 02) .  M a l e  f l ow e r s/ pl an t  had the l owes t  g e n o t y p i c  c o e f f i c i e n t  

of  v a r i a t i o n  ( 11. 47) .  Singh et^ al_. ( 1977)  e v al u a t e d  20 var i et i es  of 

b i t t e r g o u r d  and ob t a in e d m a x i m u m  val ue of  g c v  for  f rui ts/pl ant  

(3 9),  f o l l o w e d  by  f rui t  y ie l d/p l ant  (35) .  D a y s  to f l o w e r  had the least 

g e no t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  (4) .  R a m a c h a n d r a n  (1978)  observed 

s i g ni f icant  v a r i a t i o n  for 13 q u a n t i t a t i v e  c h a r a c t e r s  in 25 diverse 

l ines of  b i t t e r g o u r d .  H e  obs er v ed  the highest  p h e n o t y p i c  c o e f f i c i e n t  

of  v a r i a t i o n  ( 39 . 88 ) ,  g e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  ( 37. 82)  and 

g en e t i c  gain ( 81 . 9)  f or  y i e l d /p l a n t .  T h e  l owest  val ue of  g e n ot y pi c  

c o e f f i c i e n t  of  v a r i a t i o n  ( 5 . 72)  was obs er v ed  foi seeds/fr ui t .

M a n ga l  et_ al .  (1981)  e s t i m a t e d  g e n o t y p i c  and p h e n o t y p i c  c o e f f i 

c i ents  of  v a r i a t i o n  in 21 v ar i et i es  of  b i t t e r g o u r d .  H i g h l y  s i gni f icant  

v ar i at i on  was o bs er ve d  for  al l  the c h a r a c t e r s .  Y i e l d / p l a n t  r e c o r d e d  

the highest  g c v  w h i l e  days to f u s t  f e m a l e  f l o w e r  anthesis,  the



m i n i m u m .  Ind i re sh  ( 1 9 8 2 )  assessed 24 l ines o f  b i t t e r g o u r d  and fo u nd  

h igh g c v  for  l i u i t  w e i g h t ,  y i e l d / p l a n t ,  f r u i t  c a v i t y  l e n g t h ,  l ea f  ar ea  

and f r u i t  l e n gt h .  C h a u d h a r i  ( 1 98 7 )  o b s e r v e d  the  highest  p h e n o t y p i c  

and g e n o t > p i c  c o e f f i c i e n t  of  v a r i a t i o n  foi y i e l d / p l a n t ,  f r u i t s / p l a n t ,  

v ine l e n g t h  and f rui t  w e i g h t .  T h e  e s t i m a t e s  o1 pcv, and g c v  w e r e  l o w  for  

e a r l y  f e m a l e  r l o w e i  f o r m a t i o n  and e a r l y  h a r v e s t .

V a h a b  ( 1 9 8 9 )  e v a l u a t e d  50 g e n o t y p e s  ar b i t t e r g o u r d  at  C o l l e g e  

of  H o r t i c u l t u r e ,  V e l l a ni k k a i  a.  A v e i a g e  f i u i l  weight,  had t h e m a x i m u m  

val ue of  p c v  ( 4 8 . 77 )  f o l l o w e d  by  y i e l d /p l a n t  ( 3 9  91)  a n d  f ru i ts / pl a n t  

( 3 1 . 82 ) .  T h e  l o w e s t  v al ue  of  p c v  wao o b o e i v e d  foi node at  w h i c h  

t he f i rst  f e m a l e  f l o w e r  is f o r m e d  ( 8 . 1 8 ) .  I he g c v  r e s u l t i n g  in high 

h e r i t a b i i i t y  wa s  of  h igh m a g n i t u d e  f or  f i u i t  w e i g h t  ( 9 9 ) ,  y ie l d / p la n t  

(99)  and f r u i t s / p l a nt  ( 99) .

In a c o m p a r a t i v e  y i e l d  t r i a l  of  24 v a r i e t i e s  of  c u c u m b e r  ( C u c u m i s  

sat i vu s)  Sol anki  and S e t h  ( 1 9 8 0 )  o b s e i v e d  c o n s id e r a b l e  p h e n o t y p i c  

v a r i a t i o n  foi m os t  of  t he  c h a r o c t c i s  s t u di ed  M i n i m u m  v a r i a t i o n  

was fo u nd  foi  m t e r n o d H  l e n g t h  i d f r u i t  y ie l d  Joshi  _et_ _al. ( 19 81 )  

r e p o r t e d  t h e least  v a r i a t i o n  f or  p n r n a i y  b r an c h c o  in t w e n t y  v a r i et i es  

of  c u c u m b e r .  1 hey  f u i t h e r  f ou n d  I ha t he  p c v  and g c v  did not  show 

d i f f e r e n c e s  for  d i f f e i e n t  c h a r a c t e r s  e x c e p t  v i ne  l e n g t h ,  n u m b e r  

of  p r i m a r y  b r an c h e s  a n d  f lesh/osed i a t i o .  R u d i a g o w d a  and P a t e l  

(1 9 8 5 )  e x a m i n e d  r e l a t i v e  p e r f o r m a n c e  o f  21 g e n o t y p e s  of  c u c u m b e r  

in w h i c h  ' Pu sa  S a n y o g '  had t h e l on ges t  v in e  w i t h  h i g h er  n u m b e r  

of  nodes on m a i n  shoot .
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K a l y a n a s u n d a r a m  (1976)  e v al u a t e d  t hr ee  m u s k m ei o n  ( C u c u m i s  

m el o  L . )  var i et i es  -  A n n a m a l a i ,  H a r a  M a d h u  and A r k a  R aj ha n s  -  and 

obser ved si gni f icant  d i f f er en c e s  a m on g  the t hr ee  v ar i et i es  f or  e c o n o m i c  

c h a r a c t e r s .  C h h o n k a r  et_ a h  (1979)  whi l e s t ud y i n g  Lhe g en e t i c  v a r i ab i l i t y  

in 11 m u sk m e i on  v ar i et i es  found t hat  the p h e no t y p i c  v a r i a t i o n  was 

quite large but  g e no t y p i c  v a r i a t i o n  was l ow.  V i j a y  (1987)  found that  

f i u i ts / v i ne ,  f lesh thickness and y iel d/v i ne had the m a x i m u m  g en o t y p i c  

c o e f f i c i e n t  of v a r i a t i o n  in 95 c u l t i v a i s  studied.

Joseph (1978)  studied v a r i a b i l i t y  in 25 sna kegour d  ( T r i ch os a n the s 

anquina L . )  t ypes w i t h  r es pect  to 21 c h ar a c t e r s  and found t hat  the 

t ypes d i f f e r e d  s i g n if i ca n t l y  w i t h  r es pect  to all  the c h a r a c t e r s  studied.  

Singh et_ a h  (1985)  r e p o r t e d  m a x i m u m  value of  g . c . \ .  for  seed v ol ume 

( 21. 95)  f o l l ow e d  by seed w e i g h t  ( 21 . 89)  and t i u i t  y ie l d/pl ant  (18.37)  

in 25 c u l t i v a rs  of  po i nt ed  g ou rd  ( T r i c ho s a n t h eo  dioica R o x b ) .

A r o r a  et_ a h  (1983)  e v al u a t e d  13 v ar i et i es  of sponge gour d  

( L u f f a  c y l i n d r i c a  R o e m ) .  M a x i m u m  ran ge of  va r i at i on  and high g e n ot y pi c  

and p h e no t y p i c  c o e f f i c i e n t s  of  v a r i a t i o n  w e r e  foi y ie l d/p l ant  fo l l owe d  

by f rui ts/pl ant  and sex l d t i o .  R e d d y  and R a o  (1984)  found that  in 

r idge gourd ( L .  a cu ta n qu la  R o x b . )  p . c . v .  ran ge d f r o m  14.58 to 1 6 2 . 6 2 %  

and the g . c . v .  f r o m  13. 56  to  1 1 2 . 0 3 %  for  days to f u s t  ma r k et a b l e  

f rui ts  and y iel d/pl ant  r e s p e c t i v e l y .  T h e  p . c . v .  and g . c . v .  for  y iel d/plant  

w e r e  the highest .  T h e  l owest  values of  p . c . v .  and g . c . v .  w e r e  real ised 

for  days to f i rst  p i ck i ng  and f rui t  d i a m e t e r .
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2. H e r i t a b i i i t y  and g en e t i c  advan ce

K u b i a k i  and W a l e z a k  (1976)  studied h er i t a b i i i t y  of c a r o t en e

co n te nt  in a f e w  C u c u r b i t a  spp. T h e  c a r o t e n e  c on t e n t  and T . S . S .

in C u c u r b i t a  spp. r e c o r d e d  high h e r i t a b i i i t y  e s t i m a te s .  T h e  inbred

lines d e vel oped t h r o u g h  self ing and s el e ct io n,  r e c o r d e d  7 0 % ,  5 0 %

and 2 0 %  m o r e  p  c a r o t e n e ,  w h e r e  the p a i e n t a l  popul at ions w e r e

M e l o n o w a  Z o l t a ,  G o l d e n  D e l i c i o us  and N a g y de b o s  Sulolok r e s p e c t i v e l y .

Gop a l ak r i sh na n (1979)  r e p o r t e d  the highest  h er i t a b i i i t y  e st i ma t e  of

9 9 . 1 4 %  for  ma l e  f lo we r s/ pl an t  f o l l o w e d  by p e r c e n t a g e  of  f em al e

f lower s and f e ma l e  f l owe r s/ pl an t  in C u c u r b i t a  m o s c h a t a . T h e  lowest

h e r i t a b i i i t y  e s t i m a t e  of  7 6 . 9 6 %  was o bs er ved for  f ru i t se t  ( % ) .  H e  also

found t hat  m al e  f l owe r s/ pl an t  had the highest  val ue of  g en e t i c  gain

( 5 2 . 3 2 % ) .  R a n a  (1982)  obs er v ed  high e s t i ma t es  of  h er i t a b i i i t y  and

ge n e t i c  a d v a n ce  for  vine l e n gt h  and f i u i t s e t  ( % )  in p u m p k i n .  Hassan

et al.  (1984)  found t hat  br oad sense h e n t a b i l i t y  [h  ( b ) ]  was high for

{
aver a ge f i u i t  w e i g h t  but  a f f e c t e d  by e n v i r o n m e n t .  B r o a d  sense h e r i t a -

2 2 
b i l i ty  [  h ( b) ]  and n a r r o w  sense h e r i t a b i i i t y  [ h  ( n) ]  values for  f rui t

2 2 
l ength w e r e  8 0 %  and 5 1 %  r e s p e c t i v e l y .  T h e  h (b)  was high but  h (n)

was low for  f r u i t  w i d t h  and f ru i t  shape i ndex.  D o i j o d e  and S u l l a d m at h

(1985)  r e p o r t e d  that  out  of  6 q u a n t i t a t i v e  f rui t  c h a r a c t e r s  studied,

all  c h a r a c t e r s  e xc ep t  t ot a l  soluble solids showed high n a r r o w  sense

h er i t a b i i i t y .  Sirohi  et_ _al_. (1986)  r e p o r t e d  high h e r i t a b i i i t y  and low

g en e t i c  ad v an ce  f or  days to f i rst  h a r v e st ,  f ru i t  w e i g h t ,  f r u i t  shape

index and flesh thickness.
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T h a k u r  and N a n d p u n  ( 1 9 7 4 )  r e p o r t e d  a h e r i t a b i i i t y  e s t i m a t e  of  

9 2 . 9 2 %  for  100 seed w e i g h t  and 8 4 . 9 7 %  toi  seeds/kg of  f rui t  in w a t e r 

m e l o n  T h e  m i n i m u m  h e r i t a b i i i t y  e s t i m a t e  of  2 5 . 9 5 %  w a s  o b s e r ve d  

for  b r a n c h e s / p l a n t .  T h e  m a x i m u m  g e n e t i c  a d v a n c e  w a s  o b s e r v ed  for  

seeds/kg of  f r u i t  ( 8 3 . 7 5 % ) .  T h e  l o w e s t  e s t i m a t e  of  g e n e t i c  a d v a n c e  

was o b s e r v e d  f o r  days  t o  f i rs t  p i c k i n g  ( 5 . 7 8 % ) .  B r a r  and N a n d p u r i

( 1 97 8 )  c o n d u c t e d  g e n e t i c  a nal ys is  of  y i e l d  a nd  f r u i t  n u m b e r  in w a t e r -

? 2 
m e l o n .  T h e  h ( b)  w a s  m o d e r a t e  ( 4 8 . 9 2 % )  and h ( n)  l o w  ( 2 3 . 6 4 % )  for

2 2 
y i e l d / p l a n t .  T h e  h ( b)  w a s  h i g h e r  ( 7 2 . 2 9 % )  and h ( n)  w a s  m o d e r a t e

( 6 6 . 9 0 % )  f or  f r u i t  n u m b e r .  Va s hi st a  et_ al_. ( 1 983)  r e p o r t e d  high

h e r i t a b i i i t y  e s t i m a t e s  f or  a l l  c h a r a c t e i s  e x c e p t  y i e l d / p l a n t .  G i l l  and

K u m a r  ( 1 9 8 6 )  r e p o r t e d  h i gh  h e r i t a b i i i t y  f or  f r u i t  shape i ndex ,

T . S . S . ,  t o t a l  sugars  and v i t a m i n  C  c o n t e n t  in w a t e i  m e l o n .  A c c o r d i n g

to t h e m ,  t h o u g h  T . S . S .  shov/ed h i gh  h e i i t a b i b t y  ( 8 2 . 7 6 % ) ,  the

e x p e c t e d  g e n e t i c  a d v a n c e  w a s  v e r ,  l o w  ( 1 0 4 2 % )  T h e  g e r e t i c  gain

was high f or  v i t a m i n  C  c o n t e n t  of  f r u i t s .  R a j e n d r a n  ( 19 8 9 )  stu di ed

h e r i t a b i i i t y  and g e n e t i c  a d v a n c e  m  w a t e i  m e l o n  and r e p o r t e d  t hat

h e r i t a b i i i t y  and g e n e t i c  gain  w e r e  3 8 . 0 0  %  and 21.1b %  l e s p e c t i v e l y

for  v ine l e n g t h .  T H e y  also r e p o r t e d  l o w  h e r i t a b i i i t y  ( 2 5 % )  and m o d e r a t e

g e n e t i c  a d v a n c e  ( 4 7 . 4 0 % )  f or  l e a v e s /v i n e ,  m o d e r a t e  h e r i t a b i i i t y  ( 3 9 % )

and l o w  g e n e t i c  g ai n  ( 1 5 . 3 % )  f or  days t o  f i r s t  f e m a l e  f l o w e r  anthesis ,

m o d e r a t e  h e r i t a b i i i t y  ( 4 9 % )  and c o m p a r a t i v e l y  h ig h  g e n e t i c  gain  ( 8 / . 4 6 % )

for  sex r a t i o ,  m o d e r a t e  h e r i t a b i i i t y  ( 4 7 % )  and m o d e r a t e  g e n e t i c  gain

( 5 6 . 0 6 % )  for  f r u j t s / v i n e ,  l o w  h e r i t a b i i i t y  ( 4 . 0 0 % )  and g e n et i c  gain

( 6 . 9 7 % )  for  c r o p  d u i a t i o n  a n d  m e d i u m  h e r i t a b i i i t y  ( 5 8 % )  a n d  g e n e t i c
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S n v a s t a v a  and S n v a s t a v a  (1976)  rep or t ed  that  frui ts/plant  

had the highest es t i mate of genet i c advance ( / 1 . 7 3 % )  result ing f r o m 

the highest es t i mate of vai labi l i ty  ( g . c . v .  -  3 7 . 4 5 % )  and her i tabi l i ty  

( 9 9 . 3 1 % )  in b i t ter gour d) .  Mal e  f lowers/plant  r e c or d ed  the lowest 

est i mate of g enet i c  gain ( 1 6 . 7 8 % )  and her i tabi l i ty  ( 4 9 . 9 8 % ) .  H i gh  

her i tabi l i ty  associated w i t h  moder at e  var i abi l i ty  resul t ing in high 

genet ic  gain was observed for  f rui t  we i gh t ,  y ield/plant  and frui t  length.  

Singh et a[.  (1977)  observed high est i mat e  of h er i tabi l i ty  and expected 

genet ic  advance for  f rui t  y iel d,  f rui ts/plant  and frui t  length in b i t t e r 

gourd.  R a m a c ha n d r a n  (1978)  r ep or t ed  that  h er i tabi l i ty  in broad sense 

was quite high for  all the 21 char a ct er s  he studied in b i t t e r g ou rd  

except  for  seeds/fruit .  Frui ts/pl ant  had the highest h er i tabi l i ty  of 

9 9 . 8 0 %  whic h  was closely fol l owed by y ie l d / p Hn t  ( 9 9 . 7 4 % )  and v i t ami n  C  

content  ( 9 9 . 6 3 % ) .  T h e  lowest hex i tabi l i ty  was for  seeds/fruit  ( 4 3 . 3 7 % ) .  

G en e t i c  gain was the highest for  yield/plant  ( 8 1 . 9 3 % )  fol l owed by 

v i ta mi n  C  content  ( 7 0 . 7 2 % )  and frui ts/plant  ( 6 4 . 3 % ) .  Mangal  et_ ah 

(1981)  noted high h er i tabi l i ty  values for leaf length,  plant  height,  

average frui t  we i gh t ,  branches,  f rui ts and yield/plant  and seeds/fruit .  

Indiresh (1982)  found that  h er i tabi l i ty  est imates we re  high for  all 

characters  studied,  except  y ield/plant  and days to f rui t  d evel opment .  

Chaudhar i  (1987)  rep or t ed  that  the genet ic  advance was ver y  high 

for y ield/plant (1114.39)  and vine length (151.53)  Vahab (1989)  reported

gain (69.87%) for seeds/fruit.
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high h er i tabi l i ty  along w i t h  genet ic  gain for  f rui t  we i gh t ,  yield/plant  

and frui ts/plant .  T h o u gh  h er i tabi l i ty  was high for  p r i m a r y  branches/ 

plant and days to opening of f i rst  femal e  f l o w er ,  the g enet i c  gain 

was of low magni tude.

Mil lei  and Q uis e nber ry  (1976)  observed m od e l a t e l y  high h e n t a b i l i t y  

for days to fi rst  femal e  f l o w e r  anthesis,  in c u c u m b er .  Solanki  and

Seth (1980)  r e p or t e d  association of high h er i tabi l i ty  w i t h  high genetic  

advance for  plant  height ,  leaves/plant ,  C u c u m K ) male f lowers/plant ,

f emal e f lower s/plant ,  internodal  length,  days to m a t u t i t y  and frui t  

yield in C u c u m i s  sativus.

C h ho nk a r  et al .  (1979)  r ep or t ed  that  the value of  heri tabi l i t ies 

and g enet i c  advance showed effect iveness in select ion for pulp thickness,  

frui t  we igh t  and per cent age of  total  soluble solids in muskmelon.

Vi jay  (1987)  not i ced high her i ta b i l i t y  and high genet i c  advance for

frui ts/vine,  T . S . S . ,  flesh thickness,  y iel d/vine,  f i ui t  wei ght  and days 

to f lower ing.

Joseph (1978)  studied h er i tabi l i ty  and expect ed genet ic  advance 

ror 21 char a ct er s  in snakegourd.  F r u i t  length had the highest  her i tabi l i ty  

of 9 9 . 1 9 %  fo l l owed by frui t  g i r th  ( 9 8 . 6 0 % )  and v i ta mi n  C  content  

( 9 7 . 5 9 % ) .  Y ie l d/pl ant  h ad « .c o mp ar at i ve l y  a low est i mat e  of ht r i t abi l i ty  

( 4 5 . 9 0 %) .  T h e  lowest  h er i tabi l i ty  es t i mate was r ec or d ed for  frui ts/plant 

(21.20%).
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In spon ge go u rd ,  A r o r a  et_ al .  (1983)  found high h e n t a b i l i t y  

est i ma t e s  for  all  the c h a r a c t e r s  studi ed ex ce p t  vine aftd int er nodal  

l ength and f rui t  d i a m e t e r  w h i c h  showed m o d e r a t e  values.  T h e  ge n e t i c  

gain was also the highest  for  y iel d/pl ant  f o l l o w ed  b / sex r a t io  and 

f ru i ts/pl ant .  R e d d y  and R a o  (1984)  found m a x i m u m  g en e t i c  gain for  

f rui t  y ie l d  ( 157. 14)  f o l l o w e d  by  a v e i a g e  f r u i t  w e i g h t  ( 130 . 70 ) ,  leaf  

area ( 108. 77)  and numb e i  of  f ru i ts  ( 100. 14)  in r i d g e g o u i d .  T h e  highest  

h e r i t ab i l i t y  was for  a v e ra g e  f ru i t  w e i g h t  and the lowes for  days 

to fi rst  h ar v es t .

B. Genetic divergence and clustering of genotypes

I m p o r t a n c e  of  g e n et i c  d i ve r g e nc e  in s el ect ion of  par ents  for  

h y b r i d i z a t i o n  was stressed by m a n y  w o r k er s .  A c c o r d i n g  to Singh and 

G u p t a  (1968)  the m o r e  diverse the pat e n ts ,  w i t h  in a reasonable r an ge ,  

the m o r e  v/ould be the c ha n c e  of  i m p r o v i n g  the  c h a r a c t e r  in quest ion.  

T h e  m a j o r  sources of  the or ig i n of g en e t i c  d i v e rs i t y  in plants coul d 

be e n u m e r a t e d  as m u t a t i o n s ,  r e c o m b i n a t i o n s  and p o l y p l o i d i z a t i o n ,  

w h e t h e r  t h e y  are a c c o m p l i s h e d  t h r o u g h  the n a t u r a l  agenci es  or  t hr ou gh  

ar t i f i c i a l l y  c o n t ro l l e d  con di t ion s  ( R a i ,  1979) .  U s u a l l y  in most  of  the 

c on ve n t i on a l  heterosis  br ee di ng  p r o g i a m m e s ,  g e og ra p hi ca l  d i ve rs i t y  

at t i me s and p h e no t y p i c  d i v e rs i t y  in m a n y  t i m e s  are take n as the 

c r i t e r i a  for  choosing g en e t i ca l l y  d i v e r g en t  popul at io ns  for  isolation 

of  inbred l ines.  P h e n o t y p i c  d i ve r g e nc e  in a p o p ul at io n  has also been 

consider ed ao an index and c r i t e r i a  of  g en e t i c  d i v e r s i t y  ( R a i ,  1979) .
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Ge n e r a l l y  ec ogeogr aphic  di vers i ty  has been considered as an

index of  g enet i c  v ar i abi l i ty  in crop plants.  H o w e v e r ,  this m a y  not

be true for  e ve r y  case,  as m an y  wor ker s  postulate that  geographic

diversi ty  need not necessari ly  be rel at ed  to g enet i c  diversi ty .  Var ie  les

f rom w idel y  seperated local i t ies are usually included in h yb r i di zat ion

p r o gr a m m e s pre sumi ng  g enet i c  d i vergence and g re a tp r  l ikel ihood

of yielding b e t t e r  segregants.  Val id i t y  of  the above p r e s ump tion  depends

upon the association b e t wee n geographi c diversi ty  and g enet i c  diversi ty

(Singh and B a m ,  1968)  Studies on g enet i c  diversi ty  by use of  mult i

var iate analysis is p r a c t i c a l l y  ni l  in p u mpki n.  Doi j od e  et_ al.  (1982)

in a study invol v i ng  seven parents indi cated wide genet ic  diversi ty

among t h e m .  Sukhi ja et_ jah (1982)  studied the g enet i c  divergence

2
among 46 lines of w a t e r m e l o n .  T h e  D  values var ied f r o m  3.84 to 

308.43 showing high diver genc e among lines selected for the study.  

T he  46 lines wer e  grouped into 12 clusters.  The intra cluster  divergence 

ranged f rom 0 to 19.40. T h e y  also r ep or t ed  that  the lines usually 

did not c luster  acc or di ng  to then geographical  dist r ibut ion.  In some 

cases, geographi c or igin i nf luenced clustenr ig.  Whi le studying 7 divprse 

w a t e r m e l o n  var iet ies  and their  hybrids,  Sidhu and B r a r  (1985)  found 

that the cluster ing  p a t t e i n  of hybrids was not i nf luenced by their  

parentage and their  geographical  or igin T h e y  observed highly signif icant  

di fferences among the genotypes.  T h e  average fruit  wei ght  c ontr i buted 

m a x i m u m  towar ds  genet i c  d i vergence ( 2 8 . 0 4 % )  fol l owed by f rui ts/plant  

( 2 3 . 2 8 % )  wh i c h  t og et her  c on t r i bu te d  5 1 . 3 2 %  of the d i ver genc e.  T h e
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28 popul at ions w e r e  g ro u p e d  into 7 c l usters.  T h e  i nt er  c l us te r  values 

ra i ged f r o m  12.88 to 39 . 39.  T h e  low i nt ra  c l us te r  and high inter  

c l us t er  values s uggested that  the popul at io ns  gro u pe d  w e r e  homogeneous 

w i t hi n  and ht t er oge neous  b e t w e e n  c l us t ers .  H o w e v e r  results did not  

show any consistent  r el at io nship  b e t w e e n  d i v e r g en c e  and heterosis 

for y iel d in w a t e r m e l o n .

In a study  i nvo l v i ng  45 diverse l ines of  C u c u mi s  m e l o , K a l l o o  

et al .  (1982)  obs er v ed  high d i v e rs i t y  as i nd i ca t ed  by the ran ge of 

D  values f r o m  2.52 to 210.14 a m o n g  the l ines.  D e p e n d i n g  on the 

g e n et i c  d i ve r g e n c e ,  the 45 st r ains w e r e  gro u pe d into 14 c lusters.  

T h e  m a x i m u m  distance at i n t e r c l u s t e r  level  was 14. 50 f o l l ow e d  by 

13.79.  T h e  i nt r a  c l us te r  d i ve r g e nc e  r a n ge d f r o m  9.3 6 to 19.86.  T h e y  

also faund t hat  the g en o t yp e s usual ly  did not  c l u st er  a c c o rd i ng  to 

the g e og ra p h i c a l  d i st r i bu t i on .  B u t  in some caseo,  g e og ra p hi ca l  or igin 

i nf luenc e d c l us te r i ng .

M a t h e w  et_ a h  ( 1906)  st udi ed  the g e n e t i c  d i stanc e a m o n g  f ive 

b o t anic al  v ar i et i es  of  C u c u m i s  m e l o . C u c u m i s  m el o  v a r .  c o no m on  

(or ien t al  p i ck l i ng  m e l on ) ,  C u c u m i s  m el o  v a r .  inodorus ( m u s k m e l o n ) ,  

C u c u m i s  m el o  v a r .  f lexuosus ( s n a ke me l o n ) ,  C u c u m i s  m el o  v a r .  ut i l issimus 

( l o n g me l o n )  and C u c u m i s  m el o  v a r .  m o m o r d i c a  ( sn a p/mel o n) .  T h e  

g en e t i c  distance was c a l c u l a t e d  considt - r ing f our  q u a n t i t a t i v e  c h a r a ct e r s ,  

nodes to firs^ f e m s l e  f l o w e r ,  f rui t  w e i g h t ,  seeds/frui t  and f rui ts/pl ant .  

M a x i m u m  g e n e t i c  d i stanc e of  12.49 was obs er v ed  b e t w e e n  musk mel on
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and sna ke me lo n .  L o n g m e l o n  and s n a pmel on w e r e  the closest  ( D  = 0.38) .

2
M u s k m e l o n  and l o n gm el o n  w e r e  a'so p l ac ed d i st a n t l y  ( D  = 9.16)

2
f o l l ow e d  by  m u s k m el o n  and sna p me l o n  ( D  = 8.79)  F r u i t s/ pl a n t  c o n t r i 

but ed m a < i m u m  to t o t a l  d i ve r g e nc e  ( 8 0 % ) .  Seeds /f i ui t  did not  c o n t r i b ut e  

to i o t a l  d i ve r g e n c e .  T h e y  found t hat  s el ect ion of  bo t a n i ca l  var i et i es  

based n r  f rui ts/pl ant  w ou ld  be log cal  in sel e ct io n  of  d i v e i g e n t  par ents .

In b i t t e r g o u r d ,  g e n et i c  d i v e r g en c e  studies w e i e  c o n du c t e d  by 

R a m a c h a n d r a n  et_ al .  (1981)  using 25 diverse g enot y pes .  O b s e r v a t i on s  

on eight  q u a n t i t a t i v e  c h a i a c t e r s  v i z .  p r i m a l  y br an c h es / pl an t ,  ma i n  

vint l en gt h ,  days to f i rst  f e m a l e  f l o w e r  anthesis,  f e m a l e  f lower s/  

p l an t ,  br an c h es / pl an t ,  f r u i t s/ pl an t ,  a ve r a ge  f r u i t  w e i g h t ,  f ru i t  l ength

and yl =*ld/piant w e r e  r e c o r d e d .  T h e  23 t ypes  w e r e  g r ou pe d m^o 10

2 2 
clus ers based on t he i r  D  values.  The lowes i nt ra  c l us te r  D  value

was in c l us te r  I (102. 43)  and c l u st er  IV had the highest  m ' r a  c l us t er

D   ̂ (560. 50) .  T h e y  f u r t h e r  r e p o r t e d  t hat  the c h a r a c t e r s ,  y iel d/pl ant

f ru i t s / pl an t ,  f e m a l e  f l owe r s/ pl an t  a i d  f rui t  l e n gt h  had c o n t r i b u t e d

p r e d o m i n a n t l y  to d i ve r g e nc e  and t hat  s el t c l  ion of  d i v e r ge n t  par ents

ba ed on he r e c h ar a c t e r s  m a y  be u°efal  f ar  heterosis br eedi ng  in

b i t t e r  gour d.  V ahab (1989)  also studi ed the d i ve r g e nc e  in b i t t e r  gour d

using 50 g enot ypes  and found t hat  the g enot ypes  d i f f e re d  s i g n i f i ca n t l y

for  all the 18 c h a r a c t e r s  studied.  T h e  50 geno t y pe s  w e r e  gr ouped

into 5 c l usters.  L i n e s  of  d i f f e re n t  sour ces/or i gin  fel l  in the same

group and d i f f e re n t  groups consisted of  l ines f i o m  the same source/

or igin.  In r i d g e g o u r d  ( L u f f a  a c u ta n qu l a  R o x K.)  m u l t i v a r i a t e  analysis

2



was c o n d u c t e d  b y  K a d a m  and K a l e  ( 1 9 8 5 )  c o n s i d e r i n g  14 v e g e t a t i v e

and r e p r o d u c t i v e  c n a r a c i  ers in 3 0  c u l t i v a r s .  A n a l y s i s  of  v a r i a n c e

r e v e a l e d  c o n si d e ra b l e  d i v e r g e n c e  a m o n g  t he  c u l t i v a r s .  T h e  30  c u l t i v a r s

2
ve^e g r o u p e d  n t o  20 c l u s t er s  bas ed on t h e i r  D  va l ue s .  T h e  l owes t  

2
i n t r a  c l u s t e r  D  va ue wa s  8 . 22  a n d  t he  highest  1 8 . 59.  T h e  higheot  

i n t e r  clus er  d i st a n c e  w a s  387.11 and the  l o w e s t  19. 79.  T h e y  f u r t h e r  

f ou nd  t h at  d e f o r m e d  f r u i t s/ v  n e ,  y i e l d / v i n e ,  f r u i t s / v i n e  and f r u i t  v o l u m e  

and c h l o r o p h y l l  'a '  c o n t e n t  w e r e  t he  i m p o r t a n t  f a c t o r s  c o n t r i b u t i n g  

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

C . Resistance to mosaic diseases

M o s a i c  is the  m o s t  d r e a d f u l  d s e i s e  a f f e c t i n g  p u m p k i n  and 

wa' -  r e p o r t e d  f r o m  m a n y  p a r t s  of  t he  c o u n t r > .  M a r t y n  ( 1 9 6 8 )  r e p o r t e d  

oi cui  enc e  o f  17 vi ruses in c u c u r b i t s .  T h e  w i d e  s p r ea d  o c c u r e n c e  

of  y e l l o w  vei n m o s a i c  v i ru s  and p u m p c i n  m o s a i c  v rus t h r e a t e n  c u l t i 

v a t io n  of  p u m p k i n  in K e r a l a  ( J a y a  r e e ,  1984;  U m a m a h e  w a r a n ,  198 >). 

T i e  c h i r a c i  e i s N c s  o f  p u m p k i n  m o s a i c  v i r uses  r e p o r t e d  f r o m  d i f f e r e n t  

p a r t s  i f  India are  not  v e r y  s i m i l a r .  S tudi es  on m o s a i c  d seases are 

r e v i e w  d u nd e r  t w o  h e i d s  v i z .  ( 1)  n a t u r e  of  the  disease and ( 2 )  s i u r c e s  

and n a t u r e  of  resis a i c e .

1. N a t u r e  of  t he disease

( al  P u m p k i n  m o s a i c

P u m p k i n  m o s a i c  wa s  f i rst  r e p o r t e d  in l i d i a  b y  H a r i h a ' ,a s u b r a m a n i a n

18
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and B a d a m i  ( 1 96 4 ) .  T h e y  o b s e r v e d  t h a t  t h e disease w a s  c h a r a c t e r i s e d  

oy s ev er e b l i s t e r i n g ,  d i s t o r t i o n  and s t u n t i n g  of  l eav es .  J a g a n a t h a n  

and R a m a k r i s ' i n a n  ( 1 9 7 1 )  o b s e - v e d  t h a t  m o t t l i n g  and m a l f o r m a t i o n  

of  l eaves  b y  a v i r u s  i so l at e d  f r o m  p u m p k  n.  T o e y  also r e p o r t e d  i hat 

pl an ts  i n f e c t e d  e a ' l y  in t h e season r e m a i n e d  d w a r f  and f l o w e r e d  

s p a r i n g l y .  A  f e w  ’e av e  e x h i b i t e d  d a r k  g r e e n  vei n b a n d in g  al ong  the 

m i d  n b  and a f e r a l  veins of  a f f e c t e d  p lan t s .  S h a n ke r  e* al_. ( 19 7 2 )  

ob e ve d t h a t  t he s y m p t o  as of  p u m p k i n  m o s a i c  v i ru s  disease f i rst  

a p o e a r e d  a m os a c m o t t l i n g  o f  t h e l ea /e s .  S o m e  t i m e s  lea e 0 s a o w e d  

c h o i o s i s  of  veins and v e i n l e t s  l e a v i n g  i nue r v e i n a l  a r e a ,  g r e e n .  T n e  

' ea f  l a m i n a  was  v e r y  o f t e n  d s t o r t e d  and r e d u c e d .  T h e  s e v e r e l y  a f f e c t e d  

l i n e s  w e r e  e A t r e m e l y  d w a r f  and >ome t i m e s  did not  b e a -  l eaves  or

f l o w e r s ,  as the  w h o l e  v i ne  w  is u r n e d  n t o  a "(oread ike s t r u r t u r e .

B h a r g a v a  and B h a r g a v a  (1 977)  r e p o r t e d  f r o m  G o r a k h p u r  ( U  p .)  t h at  

seven c u l t i v a t e d  c u c u r b i t s  ( C u c u r b i t e  m o s c h a t a , C u c u m i s  s at i vus ,  

L a q e n a n a  s i c e r a r i a , M o m o r d i c a  c h a r a n t i a , C i t r u l l u s  l a n a t u s , B e n m c a s a  

hispida and T i  i c h os a n t h es  d i o i ca  and 2 w i l d  c u c u i b i t s  w e r e  a f f e c t e d

b /  p u m p k  n y e l l o w  vei n m o s a i c  v i ru s,  p u r m k n  m o s a i c  v i r u s ,  c u c u m i s

vi rus  3,  3 st r ain s  of  c u c u m b e r  m os a c v i r us  and 7 st r ain s  of  w a t e r m e l o n  

m o s a i c  v i r us  ( W M V ) .  G h o s h  a nd  M u k h o p a d h y a y  ( 1 9 7 9 )  i so l at e d  nine 

d i f f e r e n t  s t r a  ns of v i ruses f r o m  C u c u r b i t a  m o s c h a t a  f o m  W e s t  B e n g a l  

and a m o n g  t h e m  tht  i so l at e ,  A - 7  p r o d u c e d  c h a r a c t e r i s t i c  m " t t l i n g  

w i t h  m i l d  g r e e n  b l i st e r s  and g ” een /ein b o n di ng  n t he l e a v e r  o c i n f e c t e d  

p l a n t s .  S n g h  ( 1 9 8 2 )  st u di ed  t he  e f f e c t  o f  p u m p k i n  m o s a i c  v i r u s  i n f e c t i on



20

on t he  H i l l  r e a c t i o n  and p r i m a r y  p r o d u c t i v i t y  of  C u c u r b i t a  m a x i m a  

and f ou nd  t h a t  the p r o d u c  ion of  d r y  r r r t t e r  wa s  " e d u c e d  a nd  r e s p i r a t i o n  

i a t e  i nc re a s e d  in i n f e c t e d  l eaves  c o m p a r e d  w i t h  h e a l t h y  ones.  T h e  

r a  e of dy e r e d u c t i o n  ( H i l l  r e a " t i o n )  wa s h ig h e r  in h e a l t h /  samp le s  

t h i n  n i n f e c t e d  ones at c o m p a r a b l e  ages.  U m a m a h e s w a r a n  ( 19 8 5 )  

o b s e r v e d  t h a t  t h e  lea/es  i f  C u c u r b i t a  m o s c h a t a  w h i c h  w e r e  n a t u r a l l y  

i n ' e c t e d  w i t h  t h e v i ru s  s h o w e d  s e v e r e  m o t t l i n g  and d i s f i g u r a t i o n .  

A  f ew leaves  e x h i b i t e d  d a r k  g r e e n  vei n b a n di n g.  A t  t i m e s ,  i r r e g u l a r  

c h l o r o t i c  spo s a i p e a " e d  on th=  l e a f  l a m i n a  w h i c h  l a t e r  coalasi  ed 

and b e c a m e  l a r ge  y e l l o w  a"eas.  V e r y  o f t e n ,  t he  l e a f  l a m i n a  s h o we d  

r m t H n g  w i t h  m i l d  g r e e n  b l i s t er s .  The i n f e c t e d  s eed l in gs  r e m a i n e d  

s t u n t e d  ind t h e y  f l o w e r e d  v e r y  s p a r i n g l y  and t h at  also w i t h  less n u m b e r  

of  f e m a l e  f l o w e r s  and r e d u c e d  f r u i t  s e t t i n g .  O n  m e c h a n i c a l  i n o c u l a t i o n  

of  10 days o l d  t e s 1- p l a n t s ,  he f ou n d  t h a t  t h e f l o w e r i n g  w a s  d e l a y e d ,  

the f l o w e r  s i ze  was  m u c h  r e d u c e d  a nd  t h e y  did not  o e a r  a ny  f r u i ts .

( b )  Y e l l o w  vei n n o  aic

Ve m a 1955)  r e p o r t e d  f o r  the  f i rot  t i m e  t he yel lo/v vei n m o sa i c  

of  C u c u r b i t a  pepo f r o m  P j n e .  T h e  i n f e c t e d  p l an t s  s h o w e d  y e l l o w  

^ein m o s a i c  s y m p t o m s  on l ea v es  w i t h  no r e d u c t i o n  in s i ze  o r leaf  

l a m i n a .  H e  f ou n d  t h at  t he v i rus  c o u l d  i n f e c t  C u c u r b i t a , C u c u m i s  

s a t i v u s and L u f f a  a c u t a n q u l a . C o n e n  and N i t z a n y  ( 1 9 6 0 )  d es cr i be d  

a v i rus  c a us i ng  i y p i c a l  y e l l o w  v ei n  m o s a i c  n  c u c u m b e r  f i o m  I srael .  

C o n s p i c u o u s  vei n c l e a r i n g  and c h lor osi s  o r c u c u m b e r  w e r e  r e p o r t e d
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and these w e r e  found a pp a r e nt l y  i den t i ca l  w i t h  the sy n p t o m s  of

b o t t l e g ou r d  m os a i c .  H a r p a z  and C o h e n  (1965)  r e p o r t e d  the vein y e l l o w 

ing vi rus of c u r u  aber f r o m  Israel .

C a p o o r  and A h m a d  ( 1975)  no t e d  a y e l l o w  vein m os a i c  of

C u c u r b i t a  pepo f r o m  D e c c a n .  T h e y  o bs er ved that  the  s y m p t o m s  

appear ed on young leaves as faint  y e l l o w i n g  of f i ne r  veins w h ic h  

la er  b e c a m e  c n a r a c t e r i s t i c  vein y e l l o w  ng w i t h  c h l o r o t i c  patches

o v e r  l a r ge r  areas o* l eaf  l a mi n a.  T h e y  also found that  the host range 

included C u c u r b i t a  m os c h a ta  and L u f f a  a c u t a n q u l a .

Ghoah and M u k h o p a d h y a y  (1979)  isolated a st r ain  of  vi rus f r o m  

p u mp k i n  ( C u c u r b i t a  m o s c h a t a ) f r o m  West  B en g a l ,  w h i c h  r e s em bl ed  

y e l l o w  vein m os a i c  of  c u c u m b e r  r e p o r t e d  f r o m  Israel  by  H a r p a z  and 

C o h e n  (1965) .  T h e  s y m p t o m s  a p p e ar ed  as i r r e g u l a r ,  c h l o r o t i c  spots 

on the m a r g i n  of  the l a m in a  w h i c h  g r ad u al l y  c oa l asced and b e c a me  

y e l lo w .  T h e  host ran ge r e c o r d e d  i ncludes M o m o r d i c a  c h a r a n t i a . L u f f a  

a c u t a n q u l a , C i t r u l l u s  lanatus e t c .

J a y a sr e e  (1984)  whi le s ud ing y e ' l o w  vein m os a ic  disease of

p u m p k i n  in K e r a l a ,  r e p o r t e d  t hat  the s y m p t o  as o f  disease appear ed 

as faint  y e l l o w n g  of  f i ner  veins w h i c h  l a uer  deve l o p e d  into c h a r a c t e 

r i st i c  vein y e l l o w i n g .  In a d v a n ce d  stages of  i n fe c t i o n ,  c h l o r o t i c  areas 

w e r e  seen on the l eaf  l a m i n a  along w i t h  vein y e ' l o w i n g  s y m p t o m s .  

T h e  size of  the leaves was  r e d u ce d  m a r k e d l y  and the o ve r a l l  g r o w t h  

of  i nf e ct e d  plants was s e v er e l y  r e t a r d e d .  T h e  i n f e ct e d  plants pr od u ce d



22

less n u m b e r  of  f e m a l e  f l o w e r s  and w h e n  i n f e c t e d  at  a l a t e r  stage 

p r o d u c e d  u n d e r s i z e d  f r u i t s .  T h e  host  r a n ge  i n c l u d e d  C u c u r b i t a  pepo 

L u f f a  a c u t a n q u l a , T n c h o s a n t h e s  anq u in a  and M o m o r d i c a  c h a r a n t i a . 

I n f e c t i o n  of  p l an t s  at  an e a r l y  s t age of  g r o w t h  c ause d r e d u c t i o n  in 

n u m b e r  of  l e a v e s ,  l e a f  s i z e ,  i n t e r n o d a l  l e n g t h ,  n u m b e r  of  b r a nc h es ,  

t o t a l  v ine l e n g t h  and n u m b e r  of  f l o w e r s  and also r e s u l t e d  in c o m p l e t e  

loss of  y i e l d .  T h e  y i e l d  loss of  p u m p k i n  due t o  y e l l o w  vei n m o s a i c  v i rus 

i n f e c t i o n  wa s 1 0 0 %  w h e n  the p l a n t s  w e r e  i n o c u l a t e d  at  seed l in g  stage 

( J a y a s r e e ,  1 984;  B a l a k r i s h n a n ,  1988) .

C u c u m b e r  m o s a i c  v i r u s  c o u l d  cause w i l t  and  d y i n g - o f f  in p u m p k i n  

and v e g e t a b l e  m a r r o w  ( S c h m e l z e r ,  1967) .  H e  also f ou n d  t h a t  p l ants  

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

had d i s t o r t e d  shape and w e r e  s p o t t e d .  M o s k o v e t s  and F e g l a  ( 19 72 )  

w h i l e  c o n d u c t i n g  studi es  w i t h  w a t e r m e l o n  m o s a i c  v i rus  fo u nd  t h at  

the  v i rus  c a u se d the  p r o d u c t i o n  of  s h o r t e r  r u n n e r s ,  nodes and f e w e r  

side r u n n e r s  in c u c u r b i t s .  A l m e i d a  and B o r g e s  ( 1 9 8 3 )  r e p o r t e d  t hat  

w a t e i  m e l o n  m o s a i c  v i r us  p r o d u c e d  m o s a i c  and s e v e r e  d i s t o r t i o n  of  

l eaves  o f  p u m p k i n .  Si ngh  ( 1 9 8 6 )  assessed loss c a u se d b y  a s t r a i n  of 

w a t e r m e l o n  m o s a i c  v i r us  in C u c u r b i t a  and f o u n d  t h a t  p u m p k i n  plants  

i n o c u l a t e d  at  e a r l y  stages of  g r o w t h  p r o d u c e d  s h o r t e r  r u n n e r s  and 

i n t e r n o d e s ,  f e w e r  side r u n n e r s  and f e w e r  s m a l l e r  l eaves .

L o c k h a r t  et  al .  ( 1 9 8 2 )  f o u n d  t h at  squash m o s a i c  v i r us  cause d 

t y p i c a l  r i ng  m o s a i c  s y m p t o m s  in C u c u r b i t a  a l b u m .  C o h e n  et al .  ( 1983)
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d e s c r i be d  t h a t  squash l ea f  c u r l  v i r us  ( S L C V )  p r o d u c e d  s e v e r e  s t u nt i ng  

and leaf  c u r l  in l eaves  of  C u c u r b i t a  m o s c h a t a , C u c u r b i t a  m a x i m a  

and C u c u r b i t a  pep o .

S h a r m a  and S h a r m a  ( 1 9 8 2 ^  w h i l e  s t u d y i n g  t he  m o s a i c  v i r u s  on 

b o t t l e g o u r d  fo u nd  t h a t  the  host  r a n g e  of  t he  b o t t l e g o u r d  m o s a i c  v i rus 

w a s  r e s t r i c t e d  t o  t he f a m i l y  c u c u r b i t a c e a e  a n d  t he  c o m m o n  hosts

VY[
w e r e  C u c u r b i t a  p c p o , C i t i  ul lus l a n at us ,  C u c u m i s  s a t i v u s ,  Cucunpis 

m e l o  L a q e n a r i a  s i c e r a n a  and L u f f a  a c u t a n q u l a  and al l  of  t h e m  d e v e 

loped m o s a i c  s y m p t o m s .

I g w e g b e  ( 1 9 8 3 )  o b s e r v e d  t h a t  t he C u c u m e r o p s i s  v i r us  s y s t e m i c a l l y  

i n f e c t e d  C u c u r b i t a  pepo ' S m a l l  S ug a r '  and C u c u r b i t a  m a x i m a  ' E m e r a l d ' .  

T h e  s y m p t o m s  i n c l u d e d  s e v e r e  s t u n t i n g ,  s e v e r e  l ea f  d e f o r m a t i o n ,  

f ai nt  l ight  to d a r k  g r e e n  or  y e l l o w  m o s a i c ,  l ea f  p u c k e r i n g  and s m al l  

d i s t o r t e d  f a i nt s  w i t h  c h l o r o t i c  spots.  P r o v v i d e n t »  j3t_ a h  ( 1 9 8 4 )  r e p o r t e d  

o c c u r e n c e  of  Z u c c h i n i  y e l l o w  m o s a i c  v i ru s  in c u c u r b i t s  f r o m  C o n n e c t i c u t ,  

F l o r i d a ,  N e w  Y o r k  and C a l i f o r n i a .  T w o  st r ain s  of  t he  v i rus  w e r e  

r e c o g n i z e d ,  Z Y C T - C T  and Z Y M V - F L .  P l an ts  i n f e c t e d  at  an e a r l y  

st age of  g r o w t h  f a i l e d  usu al l y  to  set any  f r u i t ,  but  t hose t h at  w e r e  

i n f e c t e d  d u r i ng  t he f l o w e r i n g  s t age p r o d u c e d  s e v e r e l y  k n ob b e d  f r u i t s .  

T h e y  also f ou n d  t h a t  c o l o u r  b r e a k  o c c u r e d  on f r u i t s  o f  e v e r y  species,  

but  was  n o t i c e a b l e  on t hose of  y e l l o w  s u m m e r  squash.

H e r r i n g t o n  ( 1 9 8 7 )  s t u d i e d  t he  y i e l d  and q u a l i t y  of  C u c u r b i t a  m a x i m a  

increased w i t h  d e l a y e d  i n f e c t i o n  b y  p a p a y a  r i ng  spot  v i rus  t y p e  W .  

W h e n  4 w e e k s  o l d  ' Q u e e n s l a n d  B l u e '  p u m p k i n  p l a n t s  w e r e  i n o c u l a t e d
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w i t h  the  v i ru s the  a v e r a g e  y i e l d  I p l a i t ,  wa ,  o n l y  3 . 4  kg ,  but  w h e n 

i n o c u l a t e d  5 w e e ks  l a t e r ,  t h e y ie l d  was  9 3 k g / p l a n t .  H e  s uggest ed 

t hat  losses c o u l d  be r e d u c e d  by  d e l a y i n g  i n f e c t i o n  by  using r e f l e c t i v e  

m u l c h e s  or  by  p r o m o t i n g  r a p i d  e a r l y  g r o w t h  b e f o r e  a c t i v e  s pr ead 

of  the  v i r us  or  by  t he  use of  r e s i st a n t  c u l t i v a r s .

2 Sour ces  and n a t u r e  of  res is t a nc e

P r o v v i d e n t t  et_ a h  ( 1 9 7 3 )  f ou n d  t h a t  C u c u r b i t a  e cu ad or en si s  

w  is m m u n e  o r  r e s i st a n t  t o  f o u r  v i r uses  i n f e c t i n g  c u c u r b i t s  and it 

was  c o m p a t i b l e  w i t h  C u c u r b i t a  m a x i m a  w h i c h  w o u l d  be a go o d  s our ce 

o f  resis an c e in b r e e d i n g  p r o g r a m m e s .  T h e y  also f ou n d  t h a t  C u c u r b i t a  

f o e t i d i s s i m a  is a g oo d  so u rc e  o f  r e s i st a n c e  to t h r e e  v i ruseo i n f e c t i n g  

c u c u r b i t s  and t h at  C u c u r b i t a  m a r t i n e z z i  w as  r e s i st a n t  o n l y  t o  t w o  

v i ruses,  but  c o u l d  be used to t r a n s f e r  r e s is t a n ce  to C M V  to C u c u r b i t a  

m o s c h a t a . P i t r a t  and D u m a s  de V a u l x  ( 1 97 9 )  d u r i n g  t h e i r  s e a r ch  for  

so j rc e s  of  r e s i st a n c e  to c u c u m b e r  m o s a i c  and w a t e r m e l o n  m o s a i c  

v i rus  a m o n g  C u c u r b i t a  species f o u n d  t h a t  C u c u r b i t a  l u n d e l l i a n a , 

C u c u r b i t a  m a r t i n e i  and C u c u r b i t a  e c u ad oi  ensis w e r e  r e s i st a n t  t o  C M V  

and W M V .

p r o / v i d e n t i  ( 1 9 8 7) r e p o r t e d  t h a t  a s ingle p l a n t  s e le ct io n  

( P  1 2 3 4 6 0 8 - 1 )  o f  Q u e e n s l a n d  B l u e '  ( C u c u r b i t a  m a x i m a ) f r o m  Sout h  

A f r i c a  a p p e a r e d  t o  possess adequate i e s i s t a n c e  to isol ate of  c u c u m b e r
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m o s a i c  v i ru s  ( C M V )  but  d u r i ng  t h e l ate  a u t u m n  and e a r l y  w i n t e r ,  

p l an t s  i n o c u l a t e d  w i t h  C M V  at t h e c o t y l e d o n a r y  s tage t e n d e d  t o  de v el o p  

s ev er e m o s a i c  and s t u n t i n g .  H e  f u i t h e r  r e p o r t e d  t h a t  a single p l an t  

s el e c t io n  f r o m  U r u g u a y  s h o w e d  go o d  t o l e r a n c e  to isolates of  w a t e r m e l o n  

m o s a i c  v i r us  f r o m  N e w  v o r k ,  H o n d a ,  N i g e r i a  and H a w a i .  S h a r m a  

and S h a r m a  ( 1982 b)  t ested 31 s u m m e r  squash g e n o t y p e s  in f i e l d  against  

n a t u r a l  i n f a c t i o n  of  a s t r a i n  of  C u c u m i s  v i r us - 1 ( C M V )  and foun 1 

t h a t  12 w e r e  m o d e r a t e l y  r e s i s t a n t ,  but  none was  i m m u n e .  P i nk  and 

W a l k e y  ( 1 98 4 )  i n o c u l a t e d  t he  p l an ts  of  C u c u r b i t a  pe po c u l t i v a r s  

C i n d r e l l a ,  C o b h a m  Bu sh G r e e n  a n d  G o l d r u s h  w i t h  six s t ra in s  of  C M V  

f r o m  d i f f e r e n t  g e o g r a p h i c a l  areas  and f ou n d  t h a t  c v .  C i n d r e l l a  s ho w e d  

h igh r e s is t a n c e  t o  al l  s t ra in s  c v .  C o b h a m  Bu sh G r e e n  w a s  m o d e r a t e l y  

r es ist a nt  and c v .  G o l d r u s h  wa s  h i g h l y  s u s c ep t i b le .  W a l k e y  and Pi nk  

( 1 9 8 4 )  i d e n t i f i e d  r e s is t a n t s  t o  t w o  B r i t i s h  st r ain s  o f  C M V  in s om e 

t y p e s  of  C u c u r b i t a  pe p o w i t h  t h e highest  l e v e l  in c v .  C i n d r e l l a  and 

r e p o r t e d  t h a t  t h e  r e s i s t a n c e  in C i n d r e l l a  is h e r i t a b l e .

W a l k e y  et_ a h  ( 1 9 8 5 )  s t u d i e d  t he  n a t u r e  of  r e s i s t a n c e  to C M V  

and f ou n d  t h at  t h e  l ev el  o f  r e s i s t a n c e  in t he  c v .  C i n d r e l l a  i nc r e as e d  

s i g n i f i c a n t l y  w h e n  t he  p o s t i n o c u l a t i o n  t e m p e r a t u r e  w a s  ra i sed  f r o m  

15 -  2 5 ° C  and t h a t  t h e r e s i s t a n ce  is i n h e r i t e d .  P i nk  and W a l k e y  ( 1985 a) 

s t u di ed  t he  e f f e c t  o f  t e m p e r a t u r e  on t he  r e s i s t a n ce  in C u c u r b i t a  

pepo and f ou n d  t h a t  at 2 5 ° C ,  m os t  p l an ts  w e r e  s y m p t o m l e s s .  In a n o t h e r  

s t u dy  the  s a m e  a u th o rs  ( 1 9 8 5  b)  r e p o r t e d  h igh f r e q u e n c y  of  res ist a nt
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plants in c v .  C i n d r e l l a  in a s c r eeni ng  t r i a l  of 64 i no c u la t e d  accessions 

of C u c u r b i t a  pepo for  C M V  r es ist a nce.  T h e y  f u r t h e r  s t a t e d  that  

resistance in the c u l t i v a r  a p p ear ed to be q u a n t i t a t i v e  and has been 

i nc u rr e d  b y  sel e ct io n  and the  res ist a nce was  e f f e c t i v e  in glass house 

against 8 strains of  the v i rus.

U  n a m a h e s w a r a n  (1985)  scr eened nine v ar i et i es  of  C u c u r b i t a  

mos c hat a  for  res istance to p u m p k i n  mosai c v i rus and r e p o r t e d  t hat  

none of  the v ar i et i es  w e r e  resistant  to  p u m p k i n  m os a i c  v i rus.  But  

some v ar i et i es  w e r e  m o r e  suscept ible w he n  c o m p a r e d  to others .  

V a r i et al  s c r eeni ng  studies by Bal a k r i sh na n  (1988)  using nine var i et i es  

of  p u m pk i n  r e v e a l ed  that  al l  the  v ar i et i es  w e r e  suscept ible to P M V .  

B u t ,  H y b r i d - 1  and C o i m b a t o r e - 1  w i t h  1 0 0 %  i n fe c t i on  and T h a t h a m a n -  

g a la m  s el ect ion and C O - 2  w i t h  9 5 %  i nfect i ons  w e r e  h ighl y  susceptible 

v ar i et i es  w he r ea s  C M - 6 7  and A r k a  S u r y a m uk h i  w e r e  less susceptible 

w i t h  5 5 %  i nf ec t i on .

J a y a sr e e  (1984)  l isted four v ar i et i es  o f  p u m p k i n  n a m e l y ,  C M - 1 4 ,  

K i n g  of  the  M a m m o t t i s ,  L a r g e  R e d  and a local  v a r i e t y  against  y e l l o w  

vein m os a ic  v i rus and found t hat  i n fe c t i on  of  plan t s  at e ar ly  stage 

of  g r o w t h  res ul te d  in c o m p l e t e  loss of  y ie l d  a m o n g  al l  the f our  var i et i es .

P r o v v i d e n t i  _et_ a h  (1984)  scr eened s ever al  h undr ed cul t i va rs  

and plant  i nt r o d u c t i o ns  foi res ist a nce  of  Z u c c h i n i  y e l l o w  mos a i c  vi rus 

and found t hat  most  of  the g e r m p l a s m  t e s t e d  was v e r y  suscept ible,



27

but resistance or  t o l e ra n c e  was found in indi vidual  accessions of 

seven c u c u r b i t  species.  T h e y  also r e p o r t e d  t hat  a C u c u r b i t a  sp. f r o m  

N i g e r i a  and a C u c u r b i t a  ecuadorensis  f r o m  E c u a d o r  w e r e  r esistant .

M o n g e r  and P r o v v i d e n t i  (1987)  studi ed i nh er i ta n c e  of  resistance 

to  Z u c c h in i  y e l l o w  m o sa i c  v i rus in C u c u r b i t a  m os ch a ta  using N i g e r i a n  

local  and B u t t e r  N u t  squash w h i c h  is e x t r e m e l y  suscept ib l e  to  Z Y M V .  

T h e  studies i nd i ca t ed  t hat  a single gene w he n  h o m o z y g o u s  in C u c u r b i t a  

mo s c h at a  con f er s  a high l evel  of  res istance to  Z Y 7 M .  P r o v v i d e n t i  

(1987)  studied i n he r i ta n c e of  res istance to  a st r ain  of  Z u c c h i n i  y e l l o w  

mosai c vi rus in c u c u m b e r  and found t hat  the  res ist a nce  was c o n f e r re d  

by a single recessive gene ( Z Y M ) .  Par is  et_ a h  (1988)  r e p o r t e d  t hat  

resistance to  Z u c c h i n i  Y e l l o w  Mo s a i c  V i rus  in C u c u r b i t a  mo s c h at a  

was c o n t ro l l e d  by a single d o m i n a n t  gene designat ed Z Y M .

I gwegb e (1983)  r e p o r t e d  t hat  C u c u r b i t a  sp. ' N i g e r i a n  L o c a l ' ,  

C u c u r b i ta  c o l o cy n th e s  ' N i g e r i a n  L o c a l ' ,  L u f f a  a cu ta n qu la  C u c u m i s  

mel o and T e l f a r i a  oc c id e nt al i s  are i m m u n e  to a v i rus i n f e ct i n g  A h u  

( C u c u m e r o p s i s  eduhs L . )  in N i g e r i a .

G r e b e r  ( 1978)  r e p o r t e d  t hat  w a t e r m e l o n  m o sa i c  v i rus-1 and

2 in Q ue e n s l a n d  i n f e ct e d  al l  c o m m e r c i a l l y  ava i l ab l e  w a t e r m e l o n ,  

veget abl e  m a r r o w  and p u m p k i n  c u l t i v a r s .  M a l u f  et_ j j l .  (1986)  r e p o rt e d  

that  a C u c u r b i t a  ecuad or en sis ,  4 C u c u r b i t a  m os c h a ta  c u l t i va r s  and

3 C u c u r b i t a  m a x i m a  w e r e  res istant  to w a t e r m e l o n  mos a ic  v i r u s - 1 .  

When i no c u la t e d  w i t h  the i n oc u l u m  ob t a in e d f r o m  i n f e ct e d  plants
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of  C u c u r b i t a  pepo at t h r e e  l ea f  stage and a g ai n  4 days 

l a t er .

S i ngh  ( 19 8 6 )  fo u nd  t h a t  in C u c u r b i t a  m a x i m a , t h e  p l ants  

i n o c u l a t e d  at 20,  3 0 ,  4 0,  30,  60 a nd  70 days a f t e r  p l a n t i n g  w i t h  

w a t e r m e l o n  m o s a i c  v i r u s  y i e l d e d  2,  2,  3 ,  4,  4 and 5 f r u i t s  r e s 

p e c t i v e l y  w i t h  a v e r a g e  t o t a l  f r u i t  w e i g h t  of  0 . 6 ,  0 .7 9 ,  1. 0,  2.3,  

3.1 and 4.8 k g / p la n t .



Materials and M ethods



M ATER IALS A N D  M ETHODS

T h e  present studies wer e  con duct ed at the Re s e a rc h  Plots 

of the D e p a r t m e n t  of O l e r i c u l t u r e ,  C ol l ege  of H o r t i c u l t u r e ,  Vel lanikkara 

T r i c h u r ,  Ke r a l a  during J une 1988 -  M a r c h  1989.  T h i s  station is located 

at an al t i tude of  23 m above M S L  and is s i tuated b e t wee n 10° 32"  N  

lat i tude and 7 6° 16" E  longi tude.  G eo g ra ph i c a l l y  it falls in the humid 

tropical  c l i m a t i c  zone.  T h e  me te or ol ogi cal  data for  the seasons 

under e x pe r i me n t at i on  are pr esented in Ap p e nd i x  1.

Experimental materials

T h e  e xp e r i me n t al  mat er i al s  consisted of 71 pump k i n  genotypes.  

Th is  i nvolved genotypes main t ain ed in the D e p a r t m e n t  of O l e r i cu l t u r e ,  

Col l ege  of H o r t i c u l t u r e ,  Vel lani kkara and genotypes c ol lect ged f rom 

all  over  India and exot ic  col lect i on made t hrough N . B . P . G . R ,  N e w  Delhi  

T h e  source and mor phol ogi cal  descript ion of the genotypes are presen

t ed  in T ab l e  1.

Methods

T h e  e x per i ment  c ompr is e d of  t w o  pai ts

A .  Assessment  of v ar i abi l i ty  and d i vergenc e and grouping of geno-

2
types based on D  values.

B.  E va l u at io n  of genotypes for  r es istance/toler ance to mosaic 

diseases.
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Table 1 Source *>d h* rphological description of 71 puarpkm genotypes

A cce ss on
P  ace of co ect on L o c o  ame F  t shape

Ste n end B  ossom ernl F r u  r  I

N o fru  t shape' 1 u t  shape Shape
F  u s

C M H A T r  chu L o c a O v a l D epressed R o und i d R o u n d e d M e d  um

C M H B n F la tte n e d • O p r e s a e  i B g

P M H C C  obu a a lie n e d m B g

C M 39 IA R I P y r  fo m D epressed In e
m e d  a e

M  d um

C M 89 She tha a O  a m f q

C M 08 K a k  na a A  P F  a tened R ound ed R ounded M  d u n

M f l a F  i  r e D e f essed N o  s q

C M 0 Assam C  obu a O e essed M ed um

C M 9 Assam va f i  ened F a ened M ed um

C M 92 C  obu a D epressed D e p  essed M  d u r>

C M 93 T  chu f  at ened M m R ounded Sm s

C M 94 It O va l F la tte n e d R ounded M e d um

C M 99 O v a l F la tte n e d F la tte n e d R ounded M

C M 97 Po nam  M nha asht a F la tte n e d D epressed D e ressed N o  r bs B g

C M 0 T N  A  U C  01 G lo b u la r F la  tened N ■ M e d m

C M 02 H C  0 2 O v a l • R ounded R o und ed M e d  urrf

C M 03 P a yy e n  r L o c a G  obula D epressed Depressed w M e d  um

C M 04 M o o va t up a H e a  shape F a lie n e d P o n te d N o  r bs 3  g

C M A m b a  a a a D e p  essed D e p  essed R ounded

C M 06 K a  ad pa o C h  u E lo n g a te F Is  ened F I*  ened N o  r bs M e d  um

C M 07 K o  l8m gode Pa jha O v a l D e f essed Rou# cVd ma

C M 08 M u th e  am ada F is t  ened D e p  cssed ■ - B g

C M 39 C h  va am  adam F la  e >ed D epressed IV m M e d J f T

C M Jo  hat Ass m C  4 O  a 1 la tened F la t ened N o  r  b» *4ed um

C M 2 r  0 - R o u n  led

C M C  7 y fo m R  u n d e d N o  bs

C M 29 M u d  k ode T chu L oca F  at ened D e  ressed D e p  essed R ounded B g

C M 26 (  lobu ar •I sa m IV

C M 30 Sreek shi ep a O v a l ft R ounded m M e d U “ 1

C M 13 T chur O b lo n g F fattened N> r  bs 0 q

T M 32 C h  nn y u a G lo b u la r D epressed D epressed R  n n d e d B g

C M 35 F la tte n e d D epressed • M M e d  um

C M 139 P a tta m b O v a l F la  tened F a tte n e d - M e d um

C M 136 C h c ru th u  u h u l  jb u la r D e  ressed Depressed hJo nb s IV

CN 38 T h  h u t  a qha L o c a * ■ • R o und ed 0V

C M 39 T h  tha a Pa g a C  ob a Du-pressed D vf ressed 10 ft
C M 47 K a k  nada A  P Su e gumade F  at ened bounded

Inte
m e d  ate

Sm s

C M 48 m b n L o  a H e  a shape D e p  essed W B g

C M 49 Pa ayu O  a R ounded R ounded R ounded ■V

C M 0 m b um G  obu a D e p  essed
In e

m  d ate
B g

C M C h  u obu • D e p  essed ounck d B q

C M 4 n ay F onqa ed f a ened

C M u  obu > Dep essed >ep essed

C M 97 Pa am  p y F ong ed R unded R om de-d N o  bs sma

C M 98 C h  t u O  al f a ened Smo

C M 99 Pa am  he y R ounded M e d  um

C M 60 Pa ay G  obu a D e p  essed D e p  essed io r bs 00

C M 162 C a m a n o  e O va ft 00 R ounded <v

C M 163 C a n n a  o e L o ca O va l D epressed F  a ened R ound ed B  g
C M 64 M ala F a tened D epressed « M e d u
C M 69 Pa a V a  shaped D e p  essed P o n ed Inte

m e d  a e
C M 6 C a n n e n o  e C  obu a ia l >  essed R ounded
C M 171 Ir mb um • •1

C M 79 P u  am annu a ened F a t e  »ed

C M 176 mb m G  obu ar D e p  essed B  g
C M 77 Pa gha C  obu a 00

C M 79 Po ach " M e d um
C M 00 K u ih e  n anda H e a  she* ed •s o t< d 1 e

m e d  a e
0  g

C M 82 Va yakuonu C  a D e p  essed f ounded M e d um
C M 83 m b um F onqa ed D epressed R unded N o  b M e d um
C M 89 G  obu ar F atte n e d O e p  essed
C M 86 K o  opuram O  a F a te n e d R ounded R ound ed
C M 88 Va yakur nu ■ ft m

C M 89 K  rha k a m ch e  y )b u  a D e p  essed O p  essed M
B g

C M 92 S naga L o  a r m  
A ssam

ft F a ened Sma

C M 9 a F a ened
C M 9 Vandu ka a L o  H M e d  um
C M 98

C M  ;
B g

JO f a boo C  pp a F x g a  r D e p  essed M e d  u n
c m  ;I 0 T chu F oa vspe 3ep ess# d F a tened Inte

r e d  a e
e g

c m  ;> 4 N B P G R  N e w  D e h N  ge a o rr> M e d  um
L o  8
E C  290 9
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T h e  30 p u m pk i n  g en o t yp e s  w e r e  g r o w n  in a r a n d o m i z e d  block 

design w i t h  2 r ep l i ca t io ns  dur ing  J u n e  -  O c t o b e r  1988.  T h e r e  w e r e  

3 pi t s/genot ype / r e pl i ca t i on .  T h e  sacing a d o pt ed was 4. 0 m  x 1.5 m.

F i v e  seeds w e r e  sown in each  pi t  and onl y  t w o  h ea l t h y  plants 

w e r e  r e t a in e d  a f t e r  th in ni ng .  D u r i n g  the cr op pi ng  p e r i od ,  c u l t u r a l  

oper at i ons and plant  p r o t e c t i o n  measur e s  w e r e  a do pt ed as per  the 

pack age of  P r a c t i c e s  R e c o m m e n d a t i o n s  of  the  K e r a l a  A g r i c u l t u r a l  

U n i v e r s i t y  (1986) .

1. P lan t  c h a r a c t e r s  studied

O n l y  the plants  in the c e n t r a l  pi t  of  e a c h  plot  w e r e  considered 

for  t aki ng  obser vat i ons  and f or  f u r t h e r  anal ysis.  T h e  q u a n t i t a t i v e  

and qu al i t y  c h ar a c t e r s  studi ed w e r e  as fol l ows :

(a)  Ear l i ness

( l )  D a y s  to  fi rst  f e m a l e  f l o w e r  anthesis

( n )  D a y s  to fi rst  m al e  f l o w e r  anthesis

( i n )  N o d e  at w h i c h  the f i rst  f em al e  f l o w e r  is f o r m e d

( i v )  N o d e  at w h i c h  the f i rst  f ru i t  is r e t a i ne d

(b)  V e g e t a t i v e

( 1) M a i n  vine l en gt h  ( m )

( n )  N od e s on m a m  vine

A. Assessment of va r iab i l i ty  and divergence and grouping of geno
types based on values
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( i n )  P r i m a r y  br anches/pl ant

(i v ) P r o d u c t i v e  b r anc hes/ pl ant

( v )  I nt e r  nodal  l e ngt h  ( c m ) .  L e n g t h  of  20th,  21st and 22nd 

i nternodes w e r e  me a s u r e d  and a ve r a ge d

( c )  F l o w e r  and f ru i t  c h ar a c t e r s

(l ) M al e  f l owe r s/ pl an t

( u ) F e m a l e  f l owe r s/ pl an t

( i l l ) Sex r a t io  ( S/lj) )

( i v ) F ru i t s / p l a n t

( v ) A v e r a g e  f ru i t  w e i g h t  (kg)

(v i ) F r u i t  l en gt h  ( c m )

( v u ) F r u i t  d i a m e t e r  ( c m )

( v i l l ) F le sh  thic kness  ( c m )

( ix ) Seeds/frui t

(x ) 100 seed w e i g h t  (g)

(xi ) F r u i t  y iel d/pl ant  ( k g )

(d)  Q u a l i t y  c h a r a c t e r s  of  f r u i t

( i )  C a r a t e n e  c on t e n t  ( / / g / 1 0 0  g) .  C a r o t e n e  c o n t e n t  of  fresh

fr u i t  f lesh was e s t i m a t e d  using s p e c t ro n i c  20 s p e c t r o p h o t o 

m e t e r  a f t e r  e x t r a c t i n g  the  c a i o t e n e  w i t h  1:1 m i x t u r e  

of  P e t r ol eum e t he r  and A c e t o n e  ( A . O . A . C .  1960)

( u )  I ron c on t e n t  ( m g /1 0 0  g) .  I ron c on t e n t  of  di red f r u i t  was

e s t i m a t e d  by O r t h o  p h e n a n t h r o l i n e - r e d  fe rr ou s c o m p le x
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m e t h o d  using s p e c t r o m c  20 s p e c t r o p h o t o m e t e ^  ( J a c ks o n ,  

1973) .

T h e  f rui t  c h a r a c t e r s  and qu al i t y  c h ar a c t e r s  w e r e  r e c o r d e d  f r o m  

the f i rst  m a t u r e  f r u i t .

2. St at i st i ca l  analysis

An a l ys i s  of  v a r i an c e for  r a n d o m i z e d  bl ock  design in respect  

of  the var ious c h a r a c t e r s  was done as per  Panse and S u k h a t h m e ( 1 557) .  

T h e  br eak up of  the  t o t a l  v a r i an c e is g iv en in T a b l e  2.

(a)  E s t i m a t i o n  of  v a r i a b i l i t y ,  h e r i t a b i l i t y  and g e n et i c  a dv an ce

V a r i a b i l i t y  exist i ng  in the p o p ul at io n  f or  var i ous  c h ar a ct e r s

was e s t i m a t e d  by  the m e t h o d  suggested by B u r t o n  (1952).

T h e  f o r m u l a e  used w er e

( l )  G e n o t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  ( g . c . v )  =

G e n o t y p i c  sta n da r d  d e v i a t i o n_________, .
M e an  of  the c h a r a c t e r  undfer study X

( n )  P a e n o t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  ( p . c . v )  =

P h e n o t y p i c  sta n da r d  d e v i at ion_______
M e a n  o f  t h ’  c h a r a c t e r  under  study X

( i n )  E n v i r o n m e n t a l  c o e f f i c i e nt  of  v a r i a t i o n  ( e . c . v ) =

E n v i r o n m e n t al  st an dar d  dev ia t i on  x
M e an  of  the c h a r a c t e r  under  study

( l /) ota idard e r r o r  or  me a n  =

100

100



34

T a b l e  2. A n a l y s i s  o f  v a r i a n c e  o f  t h e  design

S ou r c e  of  
v a r i a t i o n

df M e a n  square 
o b s e r v e d

E x p e c t e d

T o t a l 99

B e t w e e n
r e p l i c a t i o n s

1

B e t w e e n
g e n o t y p e s

49 m 2 E r r o r  v a r i a n c e  + 
[ n u m b e r  of  r e p l i c a t i o n  

g e n o t y p i c  v a r i a n c e ]

E r r o r 49 m 3 E r r o r  v a r i a n c e
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E n v i r o n m e n t a l  st an dar d  dev i at i on  

^ N u m b e r  of  r ep l i ca t io ns

T h =  g en o t y pi c ,  p h e n o t y p i c  and e n v i r o n m e n t a l  sta n da r d  deviat ions 

w °" e o b t a ine d by sol ving  f o l l o w i n g  equations f r o m  the  r es p e c t i v e  

analysis of va r i an c e t abl e for  d i f f e re n t  c h a r a ct e r s .

-  E r r o r  va r i an c e 

M } = E r r o r  v a r i a nc e  + n u m b e r  of  r e p l ic at io ns  x g e n ot y pi c

v ar i anc es

-  ► M , - M ,v j e n o t y p i c  \ a r i a n c e  =  I  j ___________
N u m b e r  of  r ep l i ca t i on s  

P h e n o t y p i c  V a r i a n ce  = G e n o t y p i c  v a r i an c e + E r r o "  var i anc e

( v )  H e r i t a b i l i t y

H e r i t a b i h t y  in br oad sense was e s t i m a t e d  by the f o r m u l a  

suggested by  B u r t o n  (1952) .

2
h (b)  = G e n o t y p i c  v a r i an c e

P h e n o t y p i c  va r i an c e

( v i )  E x p e c t e d  g e n t i c  ad v an ce

T h e  e x p e ct e d  g e n e t i c  ad v an ce  of  the  avai labl e  g e r m p l a s m  

at 5 %  i ntensi t ies  of  se l e ct io n  was c a l c u l a t e d  using the 

f o r m u l a  suggested by L us h  (1949)  and Johns on et a L  (1955)  

using the co n st a n t  V  as 2 . 06  as g iv en  by A l l a r d  (1960) .

2 t—
G A  = h x «  p x l w h e r e ,

* P r e f er s  to p h e n o t y p i c  sta n da r d  dev i a t i on  and V  intensi ty  of 

sel ect ion.
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T i e  g e ne t i c  dis a i ces  a m j n g  r>0 g e n o t y p e s  o f  p u m p < i n  /v^re

c a l c u l a t e d  c o n s i d e r i n g  20 q u a n t i t a t i v e  c h a r a c t e r s .  T h e  m e t h o d  s uggest ed

2
oy M a h a l a n o b i s  ( 19 2 8 )  was used to e s t i n a t e  D  , w i t h  x ^ ,  x ^ ,  x ^ ..................

x as t h n n u l t i p l e  m e a s u r e m e n t s  a v a i l a bl e  on e a c h  i n di v i d u a l  and 
P

d r  d 2 , d^ .................... d p as x ' 1 -  x ‘ 2 -  x ^ 2   x p -  x p , respec.  i v e l y ,

bei ng  t h e d i f f e i e n c e  in t h e  m e a n s  of  t w o  p o p u l a t i o n s , w h e r e  s u se r sc r ip t s

2
denotes g e n o t y p e s  and s u f f i x  de n ot e s  c h a r a c t e r s .  M a h a l a n o b i s  D  

s t a t i s t i c  is d e f i n e d  as

2
p D  = b .  d .  + b „  d0 + ..................  + b^  d^
r  1 1 2  2 P P

H e r e ,  t h e  b va lu e is t o  be e s t i m a t e d  such  t h a t  t h e  r a t i o  of  v a r i a n c e

b e t w e e n  t h e  p o p u l a t i o n  t o  t he  v a r i a n c e  w i t h i n  t he  p o p u l a t i o n  is

2
m a x i m i z e d .  In t e r m s  o f  v a r i a n c e s  and c o v a r i a n c e s ,  t he  D  val ue 

is o b t a i n e d  as f o l l o w ^ .

p D 2 ( x " 1-  x ' ? ( x " 1 -  x " ?  *
p  i i J J )

W h e r e ,  W 1̂ is t h e  i , j t h  e l e m e n t  o f  t h e  i n v e rs e  o f  t he  e s t i m a t e d  

v a r i a n c e  c o v a r i a n c e  m a t r i x .

2
T h e  sq uar e  r o o t  o f  D  va l ue  wa s  c a l c u l a t e d  t o  o b t a i n  g e n e r a l i z e d  

s t a t i s t i c a l  d i st a n c e  b e t w e e n  t w o  g e n o t y p e s .

A l l  t h e  g e n o t y p e s  w e r e  g r o u p e d  i nt o  a n u m b e r  of  c l u s t e r s ,  

by  t h e c o m p u t e r  o r i e n t e d  i n t e r a c t i v e  a l g o r i t h m  pr p p o s e d b y  S u r e s h ( 1 9 8 6 )  

as f o l l o w s.

(b) Assessment o f  gene t ic  d ivergence
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w e r e  i d e n t i f i e d  and t h e y  w e r e  t e r m e d  t he  n u c l e i  o f  t w o  c l us t e r s .

( 11) E a c h  g e n o t y p e  w a s  c o n s i d e re d  in t u r n  and a l l o c a t e d  t o  t he

2
c l u s t e r  f o r  w h i c h  its D  v a lu e  w i t h  t he  n u c l e u s  g e n o t y p e  was 

m i n i m u m .

2
( i n )  T o  i n c re a s e  t he  n u m b e r  o f  c l u s t er s  b y  o n e ,  t h e  m a x i m u m  D

w i t h i n  t h e  a b o v e  t w o  c l u s t e r s  w a s  f ou n d  and t h e  g e n o t y pe s  

2
h a v i n g  m a x i m u m  D  w a s  c o n s i d e r e d  as t h e  n u c l e i  in add i t i on

t o  t h e  n u c l e u s  g e n o t y p e  o f  t h e r e m a i n i n g  c l u s t e r s .  T h e  g e n o t y pe s

were re  assi gned as in ( n ) .

T h e  i ni t i a l  c l u s t e r s  thus o b t a i n e d  was  f u r t h e r  o p t i m i s e d  using the  

i t e r a t i v e  a l g o r i t h m  as d e s c r i b e d  b e l o w :

N u m b e r e d  the  g e n o t y p e s  f r o m  1 t o  30 w h e r e  t h e r e  are '30'  g e n o t y p e s.

T o o k  out  g e n o t y p e  N o. 1  f r o m  the  c l u s t e r  t o  w h i c h  it wa s a l l o c a t e d

2
and c a l c u l a t e d  t he a v e r a g e  D  val ues  b e t w e e n  this g e n o t y p e s  and 

e a c h  c l u s t e r .  A l l o c a t e d  this  g e n o t y p e  t o  t h e c l u s t e r  f o r  w h i c h  the 

a v e r a g e  v al ue  wa s  m i n i m u m .

R e p e a t e d  ( b)  f or  al l  g e n o t y p e s  n u m b e r e d  f r o m  1 t o  30 w i t h  t he c l u 

s t e r i n g  o b t a i n e d  in step ( c )  a s e c o nd  i t e r a t i o n  m a y  be s t a r t e d  if 

n e c es s a r y .

T h e  i t e r a t i o n s  w e r e  c o n t i n u e d  t i l l  t w o  s u cc es s i v e  i t e i a t i o n s  end ed 

up w i t h  the  s a m e  c o n f i g u r a t i o n s  o f  c l us t e r s .

(0 The two genotypes having m ax im um  D  value between them
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T o  decide on the o p t i m u m  n u m b e r  of  c l us t er s ,  a g raph  was d r aw n

2
w i t h  w e i g h t e d  a n t h e m a t i c  me a n  of  a ve r a ge  i n t r a c l u s t er  D  values 

against  the n u m b e r  of  c l us t ers .  T h e  point  just b ey on d  the m a x i m u m  

c u r v a t u r e  was take n as the o p t i m u m  n u m b e r  of  c l us t ers  to  be f o r m e d .

B.  t v a l u a t i o n  for  r e s i st a n c e / to l er a n c e  to m os a i c  disease

S c r e e n i ng  for  r e s i st a n c e/ t ol er a n c e to  p u m p k i n  m o sa i c  and y e l l o w  

vein mos a i c  vi ruses was done under  n a t u i a l  c on di t ion s  and a r t i f i c i a l  

i nocul a t ion .

1. Sc r ee n i ng  unde r  n a t ur a l  con di t ion s

S e v e n t y  one accessions,  i nc l ud ing  50 accessions g r o w n  for  d i v e r 

ge n c e  studies w e r e  s c r eened f or  p u m p k i n  m os a i c  and y e l l o w  vein 

m os a i c  diseases dur ing  J u n e - O c t o b e r  1988.  T h e r e  was sever e i nci dence 

of  m os a i c  diseases in the  e v a lu a t i o n  plots as w e l l  as in the p u mp k i n  

seed p r o d u c t i o n  f ields of  D e p a r t m e n t  of  O l e r i c u l t u r e .

T h e  t r i al  was laid out  in a r a n d o m i z e d  bl ock  design w i t h  2 

re p l i ca t i on s .  T h e r e  w e r e  3 p i t s /a c c es s i on /r e pl i cat io n  w i t h  2 plants/pit .  

N u m b e r  of  p lants  a f f e c t e d  by p u m p k i n  mos a i c  and Y V M  w e r e  c oun t ed 

at 15 days i nt er ne l  and r a t i n g  was done as r es ist a nt ,  t o l e r a n t ,  suscep

t i bl e  and h ighl y  suscept ib le  based on the  s y m p t o m s  expressed.

2. Sc r ee n i ng  under  a r t i f i c i a l  i no c ul a t ion

T w e n t y  six accessions,  e x hi b i t ed  b e t t e r  p e r f o r m a n c e  for  to l e r a n c e  

to mos a ic  and y ie l d.  T h e y  w e r e  f u r t h e r  g r o w n  dur ing  D e c e m b e r -  

M a r c h  ( 1 9 8 8 - 8 9 )  in a r e p l i c a t e d  t r i a l .  T h e r e  w e r e  4 plants/accession/
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r e p l i c a t i o n .  A r t i f i c i a l  i nd u ct i on  of  m os a ic  vi rus was done by  sap 

i no c u la t i on  in indi vidua l  p lants ( K a d o ,  1972) .

In a r t i f i c i a l  i no c u la t i on ,  the i n o c u l u m  was p r e p a r e d  by cr ushing 

the i n f e c t e d  l eaf  of  k n ow n  w e i g h t  into a f ine pulp by  adding one m l .  

of  ster i l e  dist i l led w a t e r  for  e v e r y  g r a m  of  diseased t issue.  T h e  

sta n da r d  sap was st r ai ne d  t h r o u g h  c o t t o n  w oo l  and was in oc u la t e d 

on c o t y l e d o n a r y  leaves of  10 days old test  p l an t s ,  by  r ub bin g  g en t l y  

w i t h  c o t t o n  and c a r b o r a n d u m  p o w d e r  ( U m a m a h e s w a r a n ,  1985) .  A f t e r  

the i n oc u l a t io n ,  the c a r b o r a n d u m  p o w e r  was was h ed  of f  f r o m  the 

cot y le do n s  w i t h  d ist i l led w a t e r  using a was h  b o t t l e .

T h e  plants  w e r e  obs er v ed  f or  s y m p t o m s  of  p u m p k i n  mosai c 

and y e l l o w  vei n mos ai c .



Plate 1. Fruit characters of pumpkin genotypes



Plate 2. Fruit characters of pumpkin genotypes



Plate 3. Fruit characters of pumpkin genotypes



Plate 4- Fruit characters of pumpkin genotypes



Plate 5. Fruit characters of pumpkin genotypes
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Plate 6. Fruit characters of pumpkin genotypes



Plate 7. Fruit characters of pumpkin genotypes





Resu l ts



RESULTS

Results of  observat ions rec or d ed f r o m  the present study are 

presented in the fore c o mi ng  pages.  T h e  ex pe r i me n t  compr ised of 

t wo  parts v iz .

A .  Assessment  of v ar i abi l i ty  and d i vergence and grouping of geno-

2
types based on D  values.

B.  E v a l u at io n  of genotypes for  resistance/tolerance to mosaic

diseases.

A . Assessment of variability and divergence and grouping of geno- 

2
types based on D values.

1. E s t im a t i o n  of  g enet i c  v ar i ab i l i t y ,  her i tabi i i ty  and g enet i c  advance.

T h e  f i f ty  pump k i n  genotypes g r ow n in a R B D  w i t h  2 repl icat ions

were subjected to v ar i abi l i ty  analysis w i t h  respect  to 20 quant i tat ive

characters  ( App en d i x  2). Pa rt i t i on i ng  of  total  var iance into its three 

components  v iz .  t r e a t m e n t ,  block and err or  indicated that  the g eno

types di f f er ed  si gni f i cant l y  for  all  the char a ct er s  studied except  

for y ield/plant  ( T a bl e  3) .  T h e  50 genotypes exhibi ted wide range

for most  of  the c har a c t er s  studied ( T a bl e  4) .  T h e  coe ff i ci ent s  of 

var i at i on,  h er i tabi i i ty  and qenet i c gain for  the 20 c h ar a ct er s  i ndicated 

that  the v ar i abi l i ty  exist ing in the populat ion is ma in l y  genet ic  ( Ta b l e  5). 

Results of individual  observat ion are presented c h ar a c t e r  wise bel ow.
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Table 3. Abstract of analysis of variance for the different characters

M e a n  square values

r h i r a rfppo R e p l i c a t i o n s  G e n o t y p e s  E r r o r
df  = 1 df = 49 df -  49

D a ' s  to f i rst  ma l e  f l o w e r  anthesis 6.73 88. 98 * * 5.70

D a  /s to fi rst  f e ma l e  f l o w e r  anthesis 15.25 164.22** 6.45

N od e  at w h i c h  f i rst  f e ma l e  f l o w e r  is f o r m e d  1.96 17.16** 0.70

F e m a l e  f l ower s/pl ant  

M al e  f lower s/pl ant  

Sex r at io  ( m a l e / f e m a l e )

N ode at w h i c h  1st f ru i t  is r e t a in e d  

M ai n  vine l ength ( m )

Nodes on ma i n  vine 

P r i m a r y  br anches/pl ant  

Inter nodal  l ength ( c m )

P r c d u c t i v e  br anches/pl ant  

F r u i t s /p l a n t

A v e r a g e  f r u i t  w e i g h t  (kg)

F r u i t  l ength ( c m )

F r u i t  d i a m e t e r  ( c m )

F lesh  thickness ( c m )

See ds/frui t  

100 seed w e i gh t  (g)

Y ie l d / pl an t  (kg)

0.02 0.74** 0.18

111.31 356.18** 53.01

15.52 24.90** 5.56

0.05 244.70** 8.80

28935. 99 78331. 10** 22211.10

86. 56 567.28** 113.53

4.00 1.37* 0.76

5.29 17.51** 6.76

0.25 7.52** 2.74

0.01 0.73* 0.44

0.02 2.73** 0.78

3.42 47.78** 6.01

2.57 29.06** 4.70

0.32 1.13** 0.22

1282.00 53174. 94** 2777. 84

1.46 18.48** 0.39

0.02 10.79 6.80

* S i gn i f ic ant  at p -  0.05

** S ign i f ic ant  at p -  0.01



Table 4. Range o f vai iab>iitr  fo r d if f erent ohararters amonq 50 pumpkin genotypes

C h a r a c t e r s R a n g e M e a n  ± SE

M i n i m u m A c c e s s i o n
N n

M a x i m u m A c c e s s i o n  
N n  . .

D a y s  t o  f i r s t  m a l e  f l o w e r  anthesis 41 C M  192 7 3 . 0 0 C M  165 5 2 . 60  + 1. 69

D a y s  t o  f i rst  f e m a l e  f l o w e r  anthesi s 41 C M  135 8 4 . 5 0 C M  201 59. 17  ± 1 .8 0

N o d e  at  w h i c h  f i rst  f e m a l e  f l o w e r  is f o r m e d 15.50 C M  188 2 9. 00 C M  177 2 2 . 48  ± 0 . 5 9

F e m a l e  f l o w e r s / p l a n t 2. 25 14 C , 1 0 6  
1 S7 5.00 C M  165 3 . 1 5  + 0 . 30

M a l e  f l o w e r s / p l a n t 3 2 . 50 C M  14 C 9 2 .5 0 C M  88 5 4 . 6 6  + 5. 15

Se* r a t i o  ( m a l e / f e m a l e ) 11.93 C M  111 2 8 . 1 9 C M  108 1 7 . 64  ± 1. 67

N o d e  at  w h i c h  f i r s t  f r u i t  is r e t a i n e d 24. 00 C M  12o, 7 8 . c;0 C M  ^ 6 "5 6 . 60  + 2 . 1 0

C M  189
M a m  vi ne  l e n g t h  ( m ) 669 C M  95 13. 99 C M  136 92 6.25 + 105. 3 8

N o d e s  on m a i n  v ine 4 5 . 00 C M  180 1 1 7 . 00 C M  179 76.71 + 7. 53

P r i m a r y  b r a n c h e s / p l a n t 1. 00 C M  125 5.00 C M  193 2 . 6 0  + 0 . 6 14

P r o d u c t i v e  b r an c h e s / p l a n t 1.00 C M  183 10. 50 C M  131 4 . 4 5  + 1. 17

I n t e r n o d a l  l e n g t h  ( c m ) 10. 50 C M  1 08, 2 1 . 50 C M  148, 1 6 .6 4  + 1 . 84

C M  136 C M  165,
C M  185

F r u i t s / p l a n t 1.00 C M  1 08,  C M 1 13 , 4 . 0 C M  147 1.87 ± 0 . 47

C M  13 6, C M 1 57 ,
C M  171,  C M 1 82,
C M  185,  C M 188

A v e r a g e  f r u i t  w e i g h t  ( kg) 0. 90 C M  157 6.70 C M  177 2 . 8 0  + 0.63

F r u i t  l e n g t h  ( c m ) 12. 25 C M  88 3 2 . 7 5 C M  154 1 9 . 2 6  ± 1.73

F r u i t  d i a m e t e r  ( c m ) 9.75 C M  147 27 . 00 C M  177 17.53 ± 1.53

F l e s h  t h i c k n e s s  ( c m ) 1.45 C M  193 4 . 65 C M  188 2.95 + 0.33

S ee d s /f r u i t 62. 50 C M  185 7 1 7 . 0 0 C M  153 4 2 4 . 8 4  + 3 7 . 2 7

100 s eed w e i g h t  ( g ) 5.35 C M  107 18.90 C M  183 1 0 . 94  + 0 . 4 4

Y i e l d / p l a n t  ( kg) 0 . 90 C M  157 13.4 C M  177 5 . 10  + 1 . 84

C a r o t e n e  c o n t e n t  ( u g/1 0 0 g) 4 . 4 6 C M  108 2 1 5 . 0 0 C M  111 3 8 . 38

I r o n  c o n t e n t  ( m g / 1 0 0  g) 0.51 C M  1 35,  C M 148 2. 74 C M  183 1.24



T a b le  5 . G enotypic (g .c.v .), phenotypic fp.c.v.) ana environm ental ( e . c . v . )  c o e ffic .cn t vanat-mn 

h e n ta b ility  (B.S.), genetic advance and genetic gain (g.g.)

C h a r a c t e r s

D a y s  to f i rst  m a l e  f l o w e r  anthesis 
D a y s  to fi rst  f e m a l e  f l o w e r  anthesis 
N o d e  at f i rst  f e m a l e  f l o w e r  f o r m e d  
N o .  fema l e  f l o w e r s / p l a n t  
N o .  " ' a l e  f lo we r s/ pl an t  
Sex rat io
N o d e  at w h i c h  f i rst  f r u i t  is r e t a i n e d
M a i n  vine l en gt h
N o d e s on m ai n  vine
P r i m a r y  br an c h es / pl an t
Int e rn o d a l  l ength
P r o d u c t i v e  br anc h es / pl an t
F ru i t s / p l a n t
A v e r a g e  f ru i t  w e i g h t
F r u i t  l ength
F r u i t  d i a m e t e r
F l e s h  thickness
Seeds/frui t
100 seed w e i g h t
Y i e l d / p l a n t

12.27 13.08 4.54
15.01 15.61 4 . 29
12.77 13.29 3.71
16.82 21. 66 13.65
22.53 26.17 13.32
17.63 22.12 13.37
29.68 3 0 . 7 6 8.10
18.09 24.21 16. 09
19.64 24. 05 13.89
21.28 39. 62 33.42
13.93 20.94 15.62
34.72 50.89 3 7 . 2 0
20.44 40. 89 3 5.41
35. 25 47.37 31. 64
23.74 26.93 12.73
19.91 23.44 12.37
22.87 27.87 15.92
37. 37 39. 37 12.41
27.50 28. 09 5.71
27.71 58.17 51.15

.88 12.47 23.70

.92 17.59 29.73

.92 5.68 25.25

.60 .85 26.91

.74 21.83 39. 94
1 1 2 8 . "

.93 21. 59 58.98

. 5 6 257.81 27.83

.67 25.33 33. 02

.29 6.12 23.54

.44 3. 18 19.10

.47 2.17 48.81

.25 .39 21.05

.55 1.51 54.03

.78 8.29 43. 09

.72 6.11 34.84

.67 1.14 38.67

.90 310.3 5 73. 05

.9 6 6.07 55.46

.23 1.39 27.20



(a)  D a y s  to fi rst  m al e  f l o w e r  anthesis

D a y s  to  f i rst  ma l e  fl  iwer  anthesis had a range of  41 to 73

days w i t h  a m e a n  of  32.6.  C M  192 was the ear l iest  accession for

days to f i rst  m al e  f l o w e r  anthesis (41 days) ,  f o l l o w e d  by C M  133 

(41.5 days) .  C M  165 p r od u ce d  ma le  f l o we r s  v e r y  late (73 days) .

T h e  g e no t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  ( g . c . v )  and p h e no t y p i c

c o e f f i c i e n t  of  v a r i a t i o n  ( p . c . v )  of  12.27 and 13.08 r e s p e c t i v e l y  for  

days to f i rst  ma l e  f l o w e r  anthesis w e r e  the l owest  a m on g  the 20 

c h ar a ct e r s  studied.  T h o u g h  the p e r c e n t a g e  o f  br oad sense h e r i t ab i l i t y  

was high ( 8 8 % ) ,  the g e n et i c  a dv an c e  expressed as p e r c e n t a g e  of  

me a n  ( g e n e t i c  gain )  was l o w  ( 2 3 . 7 0 % ) .

(b)  D a y s  to fi rst  f e ma l e  f l o w e r  anthesis

Ear l i ness  as i nd i ca t ed  by days to f i rst  f e ma l e  f l o w e r  anthesis

ran ge d f r o m  41 days in C M  135 to  84.5 days in C M  201.  A c c es s i on  

C M  14 B ,  a s el e c t io n  f r o m  C M  14 w h i c h  has been r el eased as ' A m b i l i ' ,  

and C M  188 also f l o w e r e d  e a r l y  (435 days) .  M e a n  value f or  days 

to f l o w e r i n g  was 59.17 days.

T h e  c o e ff i c i e nt s  of  v a r i a t i o n  was in gener al  l o w  as i ndi cat ed 

by low g . c . v .  and p . c . v .  (15.01 and 15.61 r e s p e c t i v e l y ) .  T h i s  also 

r e c o rd e d  a high h e r i t a b i l i t y  of  9 2 . 4 % .  B ut  the g e n et i c  a dv an c e  e x p r e 

ssed as p e r c e n t a g e  of  m e a n  was m o d e r a t e  ( 2 9 . 7 3 % ) .

44
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( c )  N o d e  at w h i c h  the first f e ma l e  f l o w e r  is f o r m e d

O n  an a ve r a g e  the f i rst  f e ma l e  f l o w e r  was bor n  on the 22nc* 

node a m o n g  the  50 geno t y pe s  t hough the values r a n ge d f r o m  15.50 

in C M  188 to  29. 00 in C M  177.  G e n o t y p e s  C M  1 4 B a n d C M  113 also 

r e c o r de d  l ow values (17 . 5 and 18.5 r e s p e c t i v e l y ) .

N o d e  at w h i c h  the f i rst  f e ma l e  f l o w e r  is f o r m e d  r e c o r d e d  the 

second l owes t  values of  g . c . v .  ( 12. 77)  and p . c . v .  ( 13. 29)  a mo n g  the 

20 c h a ra c t e r s .  It also r e c o r d e d  a high h e r i t a b i l i t y  of  9 2 . 2 %  and a 

g en e t i c  gain of  2 5 . 2 5 % .

(d)  F e m a l e  f l owe r s/ pl an t

M e an  n u m b e r  of  f e m a l e  f lo we r s  was r e c o i d e d  as 3 . 15 w i t h  

a range of  2.25 to 5.0.  M i n i m u m  n u m b e r  o f  2.25 was r e c o r d e d  by 

C M  14 C ,  C M  106 and C M  157 and the m a x i m u m  o f  5.0 by C M  165. 

C M  165 was cl osel y  f o l l o w ed  by C M  147 and C M  177 (4.5 each) .

G . c . v .  and p . c . v .  r e c o r d e d  w e r e  16.82 and 21. 66 r e s p e c t i v e l y .  

F e m a l e  f lo we r s/ pl an t  had a m e d i u m  h e r i t a b i l i t y  o f  6 0 . 0 0 %  and a 

g en e t i c  gain of  2 6 . 9 1 % .

(e)  M al e  f l owe r s/ pl an t

M a l e  f l ower s/pl ant  had a w i de  ra nge  of  3 2 . 50  in C M  14 C  to 

92.50 in C M  88.  T h e  50 g en o t yp e s studi ed gave a m e a n  value of 

54.66.  G e n o t y p e s  C M  106 and C M  180 also p r o d u c ed  less n u m b e r  

of  f em al e  f lo we r s  (35. 83 and 40. 25  r e s p e c t i v e l y ) .



46

T h e  c o e ff i c i e nt s  of  v ar i at i on  w e i e  in gener al  l ow ( g . c . v . - 2 2 . 5 2 ;  

p . c . v . - 26. 17) .  M a l e  f l o w e r ( /plant  had a h e r i t a b i l i t y  of  7 4 . 1 %  and 

a m e d i u m  value of  g e n et i c  gain ( 3 9 . 9 4 % ) .

( f )  Sex r a t io  ( M a l e / f e m a l e )

R a n g e  for  sex r a t io  was f r o m  11.93 ( C M  111)  to 28.19 in C M  108 

w i t h  a m e a n  value of  1 7 . b4. O t h e i  g en o t yp e s  w i t h  l ow values w er e  

C M  163 ( 12. 41)  and C M  102 ( 12. 92) .

Sex r a t io  r e c o r d e d  l o w  values of  c o e f f i c i e n t s  of  v ar i at i on  

( g . c . v .  17.63,  p . c . v .  22. 12) ,  a m e d i u m  h e r i t a b i l i t y  of  6 3 . 3 %  and

a l ow g e n et i c  gain o f  2 8 . 9 4 % .

(g)  N od e  at w h i c h  f i rst  f ru i t  is r e t a in e d

N o d e  at w h i c h  f i rst  f ru i t  is r e t a i n e d  r a n g e d f r o m  2 4. 0  ( C M  126

and C M  189)  to 78.5 in C M  136.  O n  an a v e r a g e  the  f i rst  f r u i t  was

r e t a in e d  on 3 6th node in the 50 geno t y pe s  studied.

N o d e  at w h i c h  the f i rst  f ru i t  is r e t a in e d  e s t i m a t e d  g . c . v .  of  

29.68 and p . c . v .  of  30. 76.  It r e c o r d e d  the s econd highest  h er i t a b i l i t y  

( 9 3 . 1 % )  and a high g en e t i c  gain ( 5 8 . 9 8 % ) .

(h)  M a m  vine l e n gt h  ( m )

L e n g t h  of  m ai n  vine r a n ge d f r o m  6.78 m  ( C M  95)  to 13.98 m 

( C M  13 6). M e a n  was r e c o r d e d  as 9.26 m .  G e n o t y p e s  C M  201 and C M  93

had a vine l e n gt h  o f  1 3 . 6 C and 12.35 m  r e s p e c t i v e l y .



C o e f f i c i e n t s  o f  varial  ion e s t i m a t e d  w e r e  l o w  ( g . c . v .  = 18.09;  

p . c . v .  24. 21) .  It also r e c or d ed  a m o d e r a t e  h er i t a b i l i t y  ( 5 5 . 8 % )

and g e n et i c  gain ( 2 7 . 8 3 % ) .

(l )  N o d e s on m ai n  vine

T h e  n u m b e r  of  nodes on m a i n  v ine had a w i d e  ra n ge  f r o m  45 

in C M  180 to 117 in C M  179 w i t h  a m e a n  value of  76.71.  G e n o t y p e s  

C M  185 and C M  106 had l o w  n u m b e r  of  nodes on m ai n  vine ( 48 . 0  

and 52.0 r e s p e c t i v e l y ) .

G . c . v .  and p . c . v .  f or  nodes on m ai n  v ine w e r e  19.64 and 24.05 

r e s p e c t i v e l y .  It also r e c o r d e d  a m e d i u m  h e n t a b i l i t y  ( 6 6 . 6 % )  and 

a g en e t i c  gain of  3 3 . 0 2 % .

( j )  P r i m a r y  br anches/pl ant

A v e r a g e  n u m b e r  o f  p r i m a r y  br anches/pl ant  for  the 50 accessions 

was 2. 6 and the values r a n g e d f r o m  1.0 in C M  125 to  5.0 in C M  193.

T h e  g en o t yp es  C M  106,  157,  177 and 176 p r o d u c ed  f our  p r i m a r y

br anches each.

T h e  c o e f f i c i e n t s  of  v a r i a t i o n  w e r e  21.28 ( g . c . v )  and 89.62 ( p . c . v ) .  

The t h i r d  l owes t  h e r i t a b i l i t y  va l ue  of  2 8 . 8 %  was r e c o r d e d  for  this t ra i t .

( k)  I nt er no d a l  l e n gt h  ( c m )

Int e rn o d a l  l en gt h  r a n g e d f r o m  10.5 c m  to 21. 5 c m .  T h e  g enot ypes  

C M  108 and C M  136 r e c o r d e d  10.5 c m  each.  T h e  highest  value was 

for  geno t y pe s  C M  148,  C M  165 and C M  185.  T h e  m e a n  l en gt h  was 

16.64 c m  a m o n g  the 50 geno t y pe s studied.

47



48

T h e  g . c . v .  and p . c . v .  w e r e  found to be l ow (13.93 and 20.94 

r es p e c t i v e l y ) .  H e r i t a b i l i t y  was also l o w  ( 4 4 . 8 % ) .  It also r e c o r d e d  

the l owest  g e n et i c  gain ( 1 9 . 1 0 % ) .

Cl) P r o d u c t i v e  br anches/pl ant

P r o d u c t i v e  b r anc hes/ pl ant  r a n ge d f r o m  1.0 in C M  183 t o  10.3 

in C M  131 and the me a n  was 4.43 a m o n g  the 30 g enot y pes .  T h e  

next  highest  value was r e c o r d e d  by  C M  107 and C M  176 (9.5 and

9.0 r es p e c t i v e l y ) .

T h e  c o e f f i c i e n t s  of  v a r i a t i o n  r e c o r d e d  w e r e  34.72 ( g . c . v )  and

50.89 ( p . c . v ) .  It also r e c o r d e d  a l o w  h er i t a b i l i t y  of  4 6 . 6 0 %  and a 

high g e n e t i c  gain ( 4 8 . 8 1 % ) .

( m )  F r u i t s / pl a n t

F r u i t s / pl a n t  s h ow e d a m e a n  value of  1.87 w i t h  a ra n ge  f r o m

1.0 to 4.0.  T h e  g en o t yp e s  C M  108,  C M  113,  C M  136,  C M  157,  C M  171, 

C M  182,  C M  185 and C M  188 p r o d u c e d  onl y  one f r u i t  each.  T h e  

g enot ypes  C M  147 p r o d u c e d  4 . 0  f ru i ts/pl ant .  C M  95 and C M  135 

r e c o r d e d  the next  highest  value of  3. 0.

G . c . v .  and p . c . v .  for  f ru i ts/pl ant  w e r e  r e c o r d e d  as 20.44 and

40. 89 r e s p e c t i v e l y .  It r e c o r d e d  the second l owes t  h e r i t a b i l i t y  ( 2 5 % )  

a m o n g  the c h ar a c t e r s  studi ed.  It also r e c o r d e d  a g e n et i c  gain of  

2 1 . 0 5 % .
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(n)  A v e r a g e  f ru i t  w e i g h t  ( k g )

A v e r a g e  f ru i t  w e i g h t  r a n ge d f r o m  0.9 kg ( C M  157)  to 6.7 kg 

( C M  177)  w i t h  a m e a n  of 2.80 kg.  T h e  a v e ra g e  f rui t  w e i g h t  was 

also high in C M  153 ( 5 . 9 kg)  and C M  171 (5.1 kg ) .

C o e f f i c i e n t s  of  v a r i a t i o n  for  a ve r a ge  fur i t  w e i g h t  w e r e  35.25 

and 47.37 r e s p e c t i v e l y  for g . c . v .  and p . c . v .  It r e c o r d e d  a m e d i u m  

h e r i t ab i l i t y  ( 5 5 . 4 % )  and a high g en e t i c  gain of  5 4 . 0 3 % .

(o)  F r u i t  l ength ( c m )

L e n g t h  of  the f rui t  va r i ed  f r o m  12. 25 c m  in C M  188 to 32 . 75  c m  

in C M  154,  the m e a n  value was onl y  19. 26 c m  a m o n g  the genot ypes  

c onsidered.  N e x t  longest f r u i t  was obs er v ed  in C M  183 (23 c m ) .  

C M  183 had a f r u i t  l e n gt h  o f  23 c m .

G . c . v .  and p . c . v .  for  f r u i t  l en gt h  w e r e  23.74 and 26.93 r es 

p e c t i v e l y .  T h o u g h  this t r a i t  had onl y  a m e d i u m  h e r i t a b i l i t y  ( 7 7 . 7 % ) ,  

the g e n et i c  gain r e c o r d e d  was high ( 4 3 . 0 9 % ) .

(p)  F r u i t  d i a m e t e r  ( c m )

M e a n  for  f rui t  d i a m e t e r  was 17.53 c m ,  w i t h  a ra n ge  of  9.75 c m  

( C M  147)  to 27. 0 c m  ( C M  177) .  G e n o t y p e s  C M  153 (25 c m )  and C M  14 B 

( 24 . 5)  also r e c o r d e d  high values.

C o e f f i c i e n t s  of  v a r i a t i o n  for  d i a m e t e r  of  f rui t  w e r e  l ow ( g . c . v .  

19.91;  p . c . v .  23.44) .  It also r e c o r d e d  a m o d e r a t e  value of  h er i ta b i l i t y  

( 7 2 . 1 % )  and g en e t i c  gain ( 3 4 . 8 4 % ) .



(q)  F l e s h  t h ic kn e s s  ( c m )

T h e  f i f t y  g e n o t y p e s  ha d a m e a n  f lesh t h i c kn e s s  o f  2.95 c m  

and it r a n g e d  f r o m  1.45 to 4 . 6 5  c m .  F l e s h  t h ic kn e s s  was  m a x i m u m  

in C M  188 ( 4 . 65  c m ) ,  f o l l o w e d  b y  C M  175 ( 4 .5  c m )  and C M  109 ( 4 . 18  c m )  

and wa s m i n i m u m  in C M  193 ( 1 . 45  c m ) .

T h e  g e n o t y p i c  and p h e n o t y p i c  c o e f f i c i e n t s  of  v a r i a t i o n  w e r e  

22. 87 and 27.87 r e s p e c t i v e l y .  F l e s h  t h ic kn e s s  had m o d e r a t e  val ues 

o f  h e r i t a b i l i t y  ( 6 7 . 4 % )  and g e n e t i c  g a m  ( 3 8 . 6 7 % ) .

( r )  S e eds /f ru i t

T h o u g h  t he m e a n  n u m b e r  f o r  s eed s /f ru i t  wa s  4 2 4 . 8 4 ,  t he n u m b e r  

r a n g e d  f r o m  62.5 in C M  185 t o  717 in C M  153 a m o n g  t he  50 g e n o t y pe s  

s t udi ed.

S ee ds /f r u i t  r e c o r d e d  t he  m a x i m u m  v al ue  o f  g . c . v .  ( 3 7 . 3 7) .  It 

also r e c o r d e d  a h igh va l ue  of  h e r i t a b i l i t y  ( 9 0 . 1 % )  and t h e highest  

g e n e t i c  gain  of  7 3 . 0 5 % .

(s)  H u n d r e d  seed w e i g h t  (g)

H u n d r e d  seed w e i g h t  r a n g e d  f i o m  5. 35 g in C M  107 to 18. 9 g 

C M  183 and the  m e a n  w a s  10. 94 g.  T h e  g e n o t y p e s  C M  89 and C M  160 

also r e c o r d e d  h ig h  val ues  ( 16 . 8  g and 15.13 g r e s p e c t i v e l y ) .

T h e  g . c . v .  f or  100 seed w e i g h t  w a s  f ou n d  t o  be c o m p a r a t i v e l y  

high ( 2 7 . 5 0 )  and t he p . c . v .  was 2 8. 09.  It  also r e c o r d e d  t he  highest
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value of  h e r i t a b i l i t y  ( 9 5 . 9 % 1  a l ong  w i t h  a h ig h  g e n e t i c  gain  ( 5 5 . 4 6 % ) .

( t )  Y i e l d / p l a n t  ( kg )

Y i e l d / p l a n t  r a n g e d  f r o m  0.9 kg in C M  157 to 13. 4 kg in C M  177 

w i t h  a m e a n  of  5 . 10  k g .  T h e  g e n o t y p e s  C M  153 and C M  189 also 

r e c o r d e d  h i gh  val ues ( 9.7 and 9.0 kg r e s p e c t i v e l y ) .

Y i e l d / p l a n t  r e c o r d e d  m a x i m u m  v al u e  of  p . c . v .  ( 5 8 . 1 7 )  a n d  

but  t he g . c . v .  w a s  o n l y  2 7. 71.  H e r i t a b i l i t y  f or  y ie l d / p la n t  r e c o r d e d  

the l owes t  va l ue  ( 2 2 . 7 % ) ,  a m o n g  t h e c h a r a c t e r s  s t u di ed .  It also r e c o r d e d  

l ow g e n e t i c  gain  of  2 7 . 2 0 % .

(u)  C a r o t e n e  c o n t e n t  ( yjg/1 00 g)

A m o n g  t he 50 g e n o t y p e s  s t ud i ed  the  c a r o t e n e  c o n t e n t  r a n g e d 

f r o m  4 . 4 6  ^jg/100 g in C M  108 t o  215 yug/100 g in C M  111.  It had 

a m e a n  va l ue  of  38 . 38  jug/100 g.  T h e  g e n o t y p e s  C M  192 and C M  91 

also r e c o r d e d  h igh val ues  of  123. 92 j j g  and  120. 4 |jg r e s p e c t i v e l y .

( v )  I ron c o n t e n t  ( m g / 1 0 0  g)

I ron c o n t e n t  r a n g e d  f r o m  0.51 to  2. 74 m g  w i t h  a m e a n  val ue 

of  1.24 m g / 1 0 0  g. L o w e s t  i r on  c o n t e n t  wa s  r e c o r d e d  b y  C M  135 and 

C M  148 ( 1 . 24  m g ) .  T h e  h i gh  va l ues  w e r e  r e c o r d e d  by  C M  183,  C M  162 

and C M  104 ( 2 . 7 4  m g ,  2.61 m g  and 2 . 3 6  m g  r e s p e c t i v e l y ) .



T h e  f i f t y  p u m p k i n  g enot ypes  inc l ud ed in the study  w e r e  gr ouped 

into 5 c l usters.  C l u s t e r s  I, II,  III ,  IV and V c o m p r is e d  of  2, 7,  9, 12 

and 20 p u m p k i n  geno t y pe s  r e s p e c t i v e l y  ( T a b l e  6).

2
T h e  i nt ra  and i n t e r c l u s t e r  D  and D  values of  the 5 clusters

w o r k e d  out  have been pre se nt e d in T a b l e s  7 and 8 r e s p e c t i v e l y .  F r o m

2
the tables it coul d be obs er v ed  that  the i n t r a c l u s t er  D  values w e r e

2
l o we r  than the i n t er c l u s t e r  D  values.

T h e  i n t r a c l u s t er  distances in the 5 clusters  ran ge d f r o m  28.90

2
in c l us t er  1 to 39.17 in c l us te r  III .  T h e  r e m a i n i n g  i n t r a c l u s t e r  D

values w e r e  in the o r d er  of  30 . 04,  35 . 29  and 35. 80  in c l usters  I V,  V

and II r e s p e c t i v e l y .  C l u s t e r  I was found to show the m a x i m u m  ave r a ge

i n t er c l u s t e r  distances w i t h  any o t h e r  c l us t ers  and it was  the c l us t er

having m a x i m u m  distance in 3 out  of  the 4 c o m bi n at i on s  it coul d

make ( D ^  values 224.48 w i t h  c l u st er  II ,  128.56 w i t h  c l u st er  III and

95.85 w i t h  c l us t er  V) .  C l u s t e r  5 w h i c h  c o m p r is e d  of  20 genotypes

2
showed the l owest  i n t er c l u s t e r  distance w i t h  o t h e r  c l us t ers  ( D  values 

45.28 w i t h  c l us t er  III and 48.63 w i t h  c l us te r  IV) .

R esul t s  p e r t a in i ng  to the e x t r e m e s  in means of  genot ypes  and 

ove r al l  me a n  for  d i f f e re n t  c h ar a c t e r s  of clusters  I, II ,  III ,  IV and 

V are pre se n t e d  in T a b l e s  9,  10,  11,  12 and 13 r e s p e c t i v e l y .

T h e  resul ts of  means and e x t r e m e s  of  means in each c l us t er  

are f urni shed c h a r a c t e r w i s e  b e l o w  :
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Table 6. D e ta ils  of pumpkin genotypes constituting different clusters

C l u  t e r  N o . C u l t i v a r s  i nc l uded
T o t a l

N u m b e r

I C M  13 6, C M  188 2

II C M  1 4 C ,  C M  104,  C M  106,  C M  126,  C M  147,  
C M  167,  C M  171 7

III C M  88,  C M  91,  C M  153,  C M  154,  C M  157,  
C M  165,  C M  175,  C M  185,  C M  201 9

IV C M  1 4 A ,  C M  14B,  C M  102,  C M  103,  C M  111, 
C M  135,  C M  139,  C M  149,  C M  179,  C M  183 
C M  189,  C M  192 12

V C M  89,  C M  93,  C M  95, C M  107,  C M  108,
C M  109,  C M  113,  C M  125,  C M  131,  C M  133,  
C M  148,  C M  160,  C M  162,  C M  163,  C M  176,  
C M  177,  C M  180,  C M  181,  C M  193,  C M  201 20
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Table 7. Average intra and inter cluster D  values of five clusters of 

pumpkin considering 20 characters

2

C lust er  No. I II III IV V

I 28.90

II 224.48 35.80

III 128.56 64.05 39.17

IV 48.85 141.77 75.37 30.04

V 95.85 75.50 45.28 48.63 34.28

Table 8. Average intra and inter cluster D  values of five clusters of 

pumpkin considering 20 characters

r i u  t er  No. I II III IV V

I 5.38

II 14.92 5.98

III 11.34 8.00 6.26

IV 6.99 11.90 8.68 5.48

V 9.79 8.69 6.73 6.97 5.86
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Table 9. Extremes and mean of genotypes in Cluster I

C h a r a c t e r s M a x i m u m A c c e 
ssion

N o .

M i n i m u m A c c e 
ssion
N o .

Mean

D ay s to fi rst  ma le  f o l o w e r  anthesis 53. 00 C M  136 42. 50 C M  188 47.75

D a y s  to fi rst  f e ma l e  f l o w e r  anthesis 58.00 C M  136 43. 50 C M  188 51.00

Node at f i rst  f e m a l e  f l o w e r  is f o r m e d 23. 00 C M  136 15.50 C M  188 19.25

F t  r a  e f l ower s/  plant 3.75 C M  136 3. 0 C M  188 3.38

Mal e  f l ower s/pl ant 89. 00 C M  136 46. 50 C M  188 67.75

Sex r at io  ( m a l e / f e m a l e ) 23.79 C M  136 15.50 C M  188 19.65

N od e  at w h i c h  f i rst  f rui t  is r e t a i ne d 78.50 C M  136 56.00 C M  188 67.25

M a i n  vine l ength  ( m ) 13.99 C M  136 8.39 C M  188 11.19

Nodes on ma i n  vine 116.00 C M  136 75.50 C M  188 95.75

P r i m a r y  br anches/  plant 8.0 C M  136 3. 0 C M  136 3.0

C M  188 C M  188

Inter nodal  l en gt h  ( c m ) 12.25 C M  188 10.50 C M  136 11.38

P r o du c t i ve  br anc h es / pl an t 4. 0 C M  136 2.50 C M  188 3.25

F r ui ts/pl ant 1.0 C M  136 1.00 C M  136 1.00

C M  188 C M  188

A v e r a g e  f rui t  w e i g h t  (kg) 3.3 C M  188 1.3 C M  136 2.30

F r u i t  l ength ( c m ) 20.25 C M  188 16.5 C M  136 18.38

F r u i t  d i a m e t e r  ( c m ) 16.25 C M  188 13.25 C M  136 14.75

Fl esh thickness ( c m ) 4 . 6 5 C M  188 1.8 C M  136 3.28

Seeds/frui t 379 . 00 C M  136 18 6.5 C M  188 282.75

10L seed w e i g h t  (g) 11.2 C M  136 8.2 C M  188 9.70

Y i e l d / p l a n t  ( k g ) 3.3 C M  188 1.3 C M  (36 2.30
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Table 10. Extremes and mean of genotypes in Cluster II

C h a r a c t e r s M a x i m u m A c c e 
ssion

N o .

M i n i m u m A c c e 
ssion

N o .

M e an

D a y s  t o  f i rst  m a l e  f l o w e r  ant hesi s 61.5 C M  106 4 3. 0 C M  1 4 C 51.21

D a y s  to f i rst  f e m a l e  f l o w e r  anthesi s 74 C M  147 45 5 C M  1 4 C 62.14

N o d e  at f i rst  f e m a l e  f l o w e r  is f o r m e d 26. 0 C M  147 20. 5 C M  1 4 C 20.07

F e m a l e  f l o w e r s / p i a n t 4.5 C M  147 2.25 C M  1 4 C  

C M  106

3.07

M a l e  f l o w er s/  plant 65.00 C M  147 32. 5 C M  1 4 C 50.30

Sex r a t i o  ( Ma l e/  f e m a l e ) 20. 65 C M  147 14. 46 C M  1 4 C 14.41

N o d e  at w h i c h  f i rst  f r u i t  is r e t a i n e d 55. 00 C M  147 26. 50 C M  1 4 C 33.21

M a i n  v ine l e n gt h  ( m ) 10. 49 C M  171 5.33 C M  1 4 C 7.91

N o d e s  on m a i n  v ine 103 .0 0 C M  147 52. 00 C M  106 70.43

P r i m a r y  br a n c h es /  plant 4 . 0 C M  106 1.50 C M  104 2.57

I n t e r no d a l  l en gt h  ( c m ) 17.5 C M  147 12. 75 C M  106 15.57

P r o d u c t i v e  b r a n c h e s / p l a n t 5.0 C M  147 2.5 C M  106 3. 79

F r u i t s / p l a n t 4 . 0 C M  147 1.0 C M  171 1.80

A v e r a g e  f rui t  w e i g h t  ( kg ) 4.8 C M  126 1.2 C M  147 3.17

F r u i t  l e n gt h  ( c m ) 26. 65 C M  106 13.50 C M  147 19.75

F r u i t  d i a m e t e r  ( c m ) 21 . 75 C M  1 4 C 9.75 C M  147 17.52

F le s h  thi ck n e ss  ( c m ) 3 . 80 C M  171 2. 05 C M  106 2.74

S ee d c/ fr ui t 661.5 C M  126 31 3. 5 C M  147 545.7

100 seed w e i g h t  ( g) 12.2 C M  126 5.4 C M  147 9.04

Y i e l d / p l a n t  ( kg ) 7.5 C M  126 2.4 C M  106 4.77
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Table 11. Extremes and mean of genotypes in Cluster III

A c c e s s i o n  A c c e s s i o n  . .
C h a r c C t e r s  M a x i m u m  M i n i m u m  M e a n

D a y s  to f i rst  m a l e  f l o w e r
a n t h e r s 73 .0
D a y s  to 1st f e m a l e  f l o w e r
a n t he  3is 84. 5
N o d e  at f i rst  f e m a l e 26. 0
f l o w e  is f o r m e d
F e m a  e f l o w e r / p l a n t 5.0
M a l e  f lo we r s/ p la n t 92 . 50
Sex r a t i o  ( M a l e / f e m a l e ) 21.83
N o d e  at  w h i c h  f i rst 57.50
f ru i t  s r e t a i n e d
M a i n  vine l en gt h  ( m ) 13. 65
N o d e s  on m a i n  vine 110. 00
P r i m a r y  b r a nc h es / pl a n t 4. 00
I n t e r no d a l  l e n gt h  ( c m ) 21. 50

P r o d u c t i v e  b r an c he s/ pl an t 6.50
F r u i t s / p l a n t 2. 50
A v e r a g e  f r u i t  w e i g h t  ( kg ) 5. 90
F r u i t  l e n gt h  ( c m ) 3 2 . 7 5
F r u i t  d i a m e t e r  ( c m ) 25. 00
F l es h  t hic kness  ( c m ) 4. 00
Seeds /f ru i t 7 1 7 . 50
100 seed w e i g h t  ( kg ) 13. 10
Y i e l d / p l a n t  ( kg ) 9. 70

C M  165 45 C M  185 57.16

C M  201 50.00 C M  175 65.66
C M  201 20. 00 C M  153 22.17

C M  185
C M  165 2.25 C M  154 3.29
C M  88 42. 17 C M  157 59.94
C M  201 12.42 C M  165 17 16
C M  201 3 0 . 0 0 C M  185 42. 16

C M  165 7.74 C M  157 10.18
C M  201 48 .0 0 C M  185 80 83
C M  157 1.50 C M  153 2. 66
C M  165 14. 50 C M  157 17.58
C M  183
C M  201 2. 00 C M  175 4. 05
C M  154 1. 00 C M  157 1.82
C M  153 0. 90 C M  157 2.84
C M  154 12.25 C M  88 20. 80
C M  153 10.3 5 C M  157 1 6.84
C M  153 1. 90 C M  157 3. 14
C M  153 102. 50 C M  201 3 4 5 . 50
C M  153 6.45 C M  88 9.76
C M  153 0. 90 C M  157 5.10
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Table 1 2 .  Extrem es and mean of genotypes in C lu ste r IV

C h a  acter s M a x i m u m
A c c es s i on

N o .
M i n i m u m

A c c es s i on
N o .

Mean

Day > to fi rst  mal e  f l o w e r  an t he s i c 57.0 C M  183 41. 00 C M  192 48.38

Day > to fi rst  f em al e  f l o w e r  
anthesis 63.5 C M  183 41. 00 C M  135 52.00
N ode at f i rst  f e ma l e  f l o w e r  
is f o r m e d 28.00 C M  103 17.50 C M  14B 21.83

F e m a l e  f lower s/pl ant 4.5 C M  103 2.50 C M  14B 3 20

Male f lower s/pl ant 63.25 C M  183 41.75 C M  111 48.31

Sex rat io ( m a l e / f e m a l e ) 23.13 C M  103 11.93 C M  111 16.55

Node at w h i c h  fi rst  f rui t  is 
r et a ine d 44. 0 C M  183 24.00 C M  189 33. 50

Main vine l ength  ( m ) 11.79 C M  179 7.17 C M  14A 9.26

Node s on ma i n  vine 117.0 C M  179 57.0 C M  189 73.50

P r i m a r y  br anches/pl ant 3. 0 C M  111 2.0 C M  1 4 A , C M  14B,

Inter nodal  length ( c m ) 21.0

C M  149 

C M  103 11.50

C M  1 0 2 , C M  135,  2.30 
C M  1 7 9 , C M  183,
C M  192

C M  192 16.90

P r o d a c t i v e  br anches/pl ant 7.0 C M  139 1.00 C M  183 4.07

Fr u i t s /p l a n t 4. 0 C M  149 1.50 C M 1 7 9 . C M 1 8 3 ,  „ „ ,

A v e r a g e  f rui t  w e i g h t  (kg) 4.50 C M  189 1.55

C M  192

C M  135

£.10

2.66

F r u i t  l ength ( c m ) 26.5 C M  183 11.50 C M  179 20.00

F r u i t  d i a m e t e r  ( c m ) 24.5 C M  14B 11.75 C M  111 17.27

F le sh  thickness ( c m ) 4.0 C M  103 2.15 C M  135,
2.81

332.00Seeds/frui t 573.0 C M  14B 106.00

C M  139 

C M  183

1 00 s=ed w e i g h t  (g) 18.90 C M  189 10.90 C M  135 11.84
V i el d ^ pl ant  (kg) 9.0 C M  189 2.50 C M  192 5.33
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Table 13. Extremes and mean of genotypes in Cluster V

ka A c c e s s i o n  . .  A c c e s s i o n  K/. „
C h a r a c t e r s  M a x i m u m  M i n i m u m  N q M e an

D a y s  to f i rst  m a l e  f l o w e r
anthesis 62.5

D a y s  to f i rst  f e m a l e
f l o w e r  anthesis 68.5

N o d e  at f i rst  f e m a l e
f l o w e r  is f o r m e d  29. 0

F e m a l e  f l o w e r s / p l a n t  4 . 5 0

M a l e  f l o w e r s / p l a n t  84 . 00

Sex r a t i o  ( m a l e / f e m a l e )  29 . 19

N o d e  at w h i c h  f i rst
f r u i t  is r e t a i n e d  4 4 . 50

M a i n  vine l e n gt h  ( m )  12.35

N o d e  on m a i n  v ine 8 7 . 00

P r i m a r y  b r a n c h es / p l an t  4 . 0 0

I n t p r n od a l  l en qt h  ( c m )  21 . 50

P r o d u c t i v e  b r a n c he s / p la n t  10 . 50

F r u i t  /pl ant  3 . 0 0

A v e r a g e  f r u i t  w e i g h t  ( k g )  6.70

F r u i t  l en gt h  ( c m )  26 . 25

F r u i t  d i a m  t e r  ( c m )  27 . 00

F l e s h  t hic kness  ( c m )  4. 18

S e e d s / f i u i t  678. 00

100 seed w e i g h t  ( g )  16. 80

Y i e l d / p l a n t  ( k g )  13 . 40

C M  133 45. 5 C M  180 54.05

C M  107 40.5 C M  193 60.33

C M  163 18.5 C M  113 23.60

C M  163 2.42 C M  93 3.14

C M  162 3 9 . 0 0 C M  182 57.01

C M  108 14.27 C M  193 18.38

C M  176 27. 00 C M  108 34. 94

C M  93 6.69 C M  95 865. 30

C M  125 4 5 . 00 C M  180 72. 00

C M  177 1. 00 C M  125 2. 70

C M  148 10. 50 C M  108 1 6.96

C M  131 2. 00 C M  95 5.23

C M  95 1.00 C M  108, 1.90
C M  113,  
C M  182

C M  177 1.50 C M  193 2.87

C M  131 13.25 C M  133 18.71

C M  177 12. 30 C M  107 18. 26

C M  109 1.45 C M  193 2.99

C M  177 2 8 5. 00 C M  193 469.83

C M  89 5.35 C M  107 11.31

C M  177 2.60 C M  193 5.18
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( a)  D a y s  to f i r s t  m a l e  f l o w e r  anthesi s

T h e  t w o  g e n o t y p e s  C M  1 3 6  and C M  188 in c l u s t e r  I p r o d u c e d  

f i rst  m a l e  f l o w e r  33 and 42. 5 days a f t e r  s o w i n g  w i t h  a c l u s t e r  m e a n  

of  4 7 .75.

T h e  m a x i m u m  and m i n i m u m  val ues  f or  t he t r a i t  in c l u s t e r  II 

w e r e  51.5 ( C M  106)  and 4 3 . 0  ( C M  1 4 - C )  w i t h  a c l u s t e r  m e a n  of  51.21.  

T h e  c o r r e s p o n d i n g  val ues  in c l u s t e r  III w e r e  7 3. 0  ( C M  165) ,  45 . 0

( C M  185)  a nd  57. 16  and t h a t  in c l u s t e r  I V w e r e  57 . 0  ( C M  183) ,  4 1 . 0  

( C M  192)  a nd  4 8. 3 8  r e s p e c t i v e l y .

D a y s  t o  f i rst  m a l e  f l o w e r  ant hesi s  f or  t h e 20 g e n o t y p e s  i nc l ud ed  

in c l u s t e r  V  r a n g e d  f i o m  62.5 ( C M  133)  t o  4 5 . 5  ( C M  180)  w i t h  a c l u s t e r  

m e a n  o f  54.05.

M a x i m u m  m e a n  v al ue  f o r  days t o  f i rst  m a l e  f l o w e r  anthesis 

wa s s h o w n  by  c l u s t e r  III a nd  m i n i m u m  by  c l u s t e r  I.

(b)  D a y s  to  f i rst  f e m a l e  f l o w e r  anthesis

M e a n  va l ue  for  t h e t w o  g e n o t y p e s  i n c l u d e d  in c l u s t e r  I was  

51.0.  C M  1 4 - C  p r o d u c e d  f e m a l e  f l o w e r s  v e r y  e a r l y  ( 4 5 . 5  day s)  and 

C M  147 wa s  v e r y  late ( 74 days)  a m o n g  t h e 7 g e n o t y p e s  in c l u s t e r  II 

and t h e c l u s t e r  m e a n  w a s  62.14.

C M  201 r e c o r d e d  t he  m a x i m u m  v al ue  ( 8 4 . 5 )  and C M  175 s h o w e d  

m i n i m u m  va l ue  of  50 in c l u s t e r  III w h i c h  had a c l u s t e r  m e a n  of  65.66.  

T h e  c o r r e s p o n d i n g  val ues  in c lus te i  I V w e r e  63.5 ( C M  183) ,  4 1 . 0  ( C M  13)
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and 52 and t h a t  in c l u s t e r  V w e r e  68.5 in C M  107,  4 5 . 5  in C M  193 

and 60.33 r e s p e c t i v e l y .

M i n i m u m  m e a n  v al ue  f or  days to f i r s t  f e m a l e  f l o w e r  anthesis  

w as  e x h i b i t e d  in c l u s t e r  I and m a x i m u m  in c l u s t e r  111.

( l ) N o d e  at  w h i c h  f i r s t  f e m a l e  f l o w e r  is f o r m e d

M e a n  v al ue  f or  che t r a i t  r a n g e d  f r o m  15.5 t o  23. 0 in c l u s t e r  I,

20. 5 to 26. 0 in c l u s t e r  I I ,  20 . 0  to  26 . 0 in c l u s t e r  I I I ,  17.5  to 2 8. 0  in

c l u s te r  IV and 18.5 to 29 in c l u st er  V.

M a x i m u m  m e a n  v a lu e  f o r  node at  w h i c h  t he  f u s t  f e m a l e  f l o w e r  

is f o r m e d  wa s  s h o wn  b y  c l u s t e r  V  ( 2 3 . 6 )  and  m i n i m u m  by  c l u s t e r  I 

( 19 . 25 ) .

(d^ F e m a l e  f l o w e r s / p l a n t

In c l u s t e r  I n u m b e r  o f  f e m a l e  f l o w e r s  p r o d u c e d  by  t h e t w o  

g e n o t y p e s  w e r e  m o r e  o r  less e qu al .  In c l us t ei  II m a x i m u m  f e m a l e  

f l o w e r s  w e r e  b o r n  in C M  147 ( 4 . 5 )  and m i n i m u m  in C M  14 C  and 

C M  106 ( 2 . 2 5 ;  and t he c o r r e s p o n d i n g  val ues  w e r e  5 .0 ( C M  165)  and

2. 25  ( C M  154)  r e s p e c t i v e l y .  In c l u s t e r  I V and V  t h e m a x i m u m  value

for  n u m b e r  of  f e m a l e  f l o w e r s  wa s  s a me  ( 4 . 5 ) .

O u t  o f  the  5 c l u s te r s ,  c l u s t e r  I had t he m a x i m u m  f e m a l e  f l o w e r s  

and c l u s t e r  II ,  t h e  m i n i m u m
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(e)  M a l e  f l o w e r s / p l a n t

C l u s t e r  I s h o w e d  the m a x i m u m  m e a n  v al ue  ( 6 7 . 7 5 )  f o l l o w e d  

by  c l u s t e r  III ( 5 9 . 9 4 )  and c l u s t e r  V ( 5 7 . 0 1 )  and c l u s t e r  I V had the

m i n i m u m  m e a n  v al ue  ( 4 8 . 31 ) .

( f )  Sex r a t i o  ( m a l e / f e m a l e )

T h e  highest  c l u s t e r  m e a n  of  19. 65 w as  o b s e r v e d  in c l u s te r

I w h i c h  wa s  c l os e l y  f o l l o w e d  by  c l u s t e r  V O B . 38) .  T h e  m e a n  of  m al e  

to f e m a l e  r a t i o  was  m i n i m u m  in c lus te i  II ( 14 . 41 ) .

(g )  N o d e  at  w h i c h  f i r s t  f r u i t  is r e t a i n e d

T h e  f i rst  f r u i t  wa s  r e t a i n e d  at t he  l o w e s t  node in c l u s t e r  II 

( 3 3 . 2 1)  w h i c h  wa s on p a r  w i t h  c lus tei  I V .  In c l u s t e r  II t he m a x i m u m  

m e a n  v a lu e  of  55. 00 w a s  o b s e r v e d  in t he g e n o t y p e  C M  147 and m i n i m u m  

in C M  1 4 - C  ( 1 4 . 4 6) .  In c l u s t e r  I V  t he m e a n  val ue s r a n g e d  f r o m  24.0 

in C M  189 t o  4 4 . 0  in C M  185.

(h)  M a i n  v i ne  ( m )

T h e  m e a n  val ues  f or  l e n g t h  o f  m a i n  v ine f o r  t he  t w o  g e no t y p es

m  c l u s t e r  I w e r e  13. 99  m  ( C M  136)  a n d  8 . 3 9  m  ( C M  188) .  A  r a n ge

f r o m  5.33 ( C M  14 C )  to 10 . 49  m  ( C M  171)  was  n o t i c e d  in c l u s t e r  II.



63

The c o r r e s p o n d i n g  val ues  w e r e  7 . 74  and 13. 65  m  in c l u s t e r  III and 

7.17 and 11. 79 m  in c l u s t e r  I V.

A m o n g  t he f i ve  c l u s t e r s  m a x i m u m  m e a n  val ue  f o r  l e n g t h  of  

m a in  v ine was  f or  c l u s t e r  I ( 1 1 . 1 9  m )  and t h e m i n i m u m  w a s  for  

c l us t e r  II (7.91 m ) .

( i )  N o d e s  on m a i n  v ine

T h e  h ighest  c l u s t e r  m e a n  o f  95 . 75  w a s  r e c o r d e d  by  c l us t ei  

I ( 9 5 . 75 )  and  l ow es t  b y  c l u s t e r  II ( 7 0 . 4 3) .  T h e  r e m a i n i n g  c l u s t e r s  v i z .  

c l u s t e r  I I I ,  IV a n d  V  ha d  c l u s t e r  m e a n s  o f  8 0 . 83 ,  7 3 . 5 0  a n d  72. 0

r e s p e c t i v e l y .

( j )  P r i m a r y  b r a nc h es / pl a n t

P r i m a r y  b r a n c h es / p l an t  had its m a x i m u m  m e a n  v al u e  in c l u s t e r  I 

( 3 . 0)  and c l u s t e r  I V had the  m i n i m u m  m e a n  ( 2 . 30 ) .  T h e  c l u s t e r  m e a n  

in the r e m a i n i n g  3 c l us t e rs  w e r e  in b e t w e e n  t hese e x t r e m e s .

(k)  I n t e r n od a l  l e n g t h  ( c m )

C l u s t e r  III had t h e h ighest  c l u s t e r  m e a n  va l ue  of  17. 58 m  w h i c h  

was  c l o s e l y  f o l l o w e d  b y  c l u s t e r  V  ( 16 . 96  m )  a n d  c l u s t e r  I V ( 1 6 . 9 0  m )  

T h e  c l u s t e r  m e a n  wa s  m i n i m u m  in c l u s t e r  I ( 11 .3 8 m ) .
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(1) P r o d u c t i v e  b r a n c h es / p l an t

C l u s t e r  V had t h e r r a x i m u m  m e a n  val ues ( 5 . 2 3 )  f or  p r o d u c t i v e  

b r an c he s / pl an t  and t he m i n i m u m  v al ue  was  s h o wn  by  c l u s t e r  I ( 3 .2 5)  

T h e  m ea n s  o f  g e n o t y p e s  i n c l u d e d  in c l u s t e r s  II I  a n d  I V  w e r e  on p a r .

T h e  p r o d u c t i v e  b r a n c h e s / p l a n t  o f  t h e  20 p u m p k i n  g e n o t y p e s  had 

a v e r y  w i d e  r a n g e  ( 2 . 0  -  10. 5) .  T h e  m a x i m u m  p r o d u c t i v e  b r an c h e s  

w e r e  b o r n  in t he g e n o t y p e  C M  131.

( m )  F r u i t s / p l a n t

B o t h  t he g e n o t y p e s  in c l u s t e r  I p r o d u c e d  o n l y  a s i ngl e  f r u i t / p l a n t .  

In c l u s t e r  II t he t r a i t  r a n g e d  f r o m  1.0 in C M  171 to  4 . 0  in C M  147.  

A m o n g  the  9 g e n o t y p e s  in c l u s t e r  III  m a x i m u m  f r u i t s / p l a n t  wa s onl y  

2.5.  In c l u s t e r  I V  t he  m a x i m u m  n u m b e r  o f  f r u i t s  ( 4 . 0 )  was  bor ne  

in C M  149 and m i n i m u m  of  1 .5 in t h r e e  g e n o t y p e s  v i z .  C M  179,  C M  183 

and C M  192.  In c l u s t e r  V m a x i m u m  f r u i t s  w e r e  p r o d u c e d  b y  C M  95.

T h e  c l u s t e r  m e a n  foi  f r u i t s / p l a n t  wa s  m a x i m u m  in c l u s t e r  IV 

( 2 . 1 6 )  and m i n i m u m  in c l u s t e r  I ( 1 . 0 ) .  T h e  r e m a i n i n g  t h r e e  c l us t e r s  

had m o r e  or  less equal  c l u s t e r  m e an s .

(n)  A v e r a g e  f r u i t  w e i g h t

T h e  t w o  g e n o t y p e s  i n c l u d e d  in c l u s t e r  I had an a v e r a g e  f r u i t  

w e i g h t  of  3.3 kg  ( C M  188)  and 1.3 kg ( C M  186) .  T h e  a v e r a g e  f r u i t
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w e i g h t  f o r  t h e  7 g e n o t y p e s  i n c l u d e d  in c l u s t e r  II ha d  a w i d e  r a n g e 

of  1.2 t o  4 . 8  k g .  In c l us t i  r  III also a w i d e  r a n g e  o f  0 . 9  t o  5 . 9 0  kg 

w a s  o b s e r v e d .  In c l u s t e r  III t h e  f r u i t  w e i g h t  w a s  m a x i m u m  in C M

153.  T h e  m a x i m u m  a n d  m i n i m u m  v a l u e s  w e r e  4 . 5  ( C M  1 8 9 )  a n d  1 .55  kg

( C M  135)  in c l u s t e r  I V  a r d  6 . 70 ( C M  1 7 7)  a nd  1 . 5 0  kg  ( C M  1 93 )  in

c l u s t e r  V

A m o n g  t h e  f i v e  c l u s t e r s ,  c l u s t e r  II s h o w e d  m a x i m u m  m e a n  

v a lu e  ( 3 . 1 7  k g )  a nd  c l u s t e r  1 ha d  m i n i m u m  m e a n  v a l u e  (2 .3  k g ) .

( o )  F r u i t  l e n g t h  ( c m )

A m o n g  t h e  f i v e  c l u s t e r s ,  c l u s t e r  I I I  h ad  t h e  m a x i m u m  m e a n  

v a lu e  ( 2 0 . 8 0  c m )  a nd  c l u s t e r  I had t h e  m i n i m u m  m e a n  v a lu e  ( 1 8 . 3 8  c m )  

In c l u s t e r  III t h e g e n o t y p e  C M  154 h ad  t h e  l o n g e s t  f r u i t  ( 3 2 . 7 5  c m )  

a n d  t h e  f i u i t  l e n g t h  w a s  m i n i m u m  in C M  88 ( 1 2 . 2 5  c m ) .  L e n g t h  o f

f r u i t  in c l u s t e r  IV r a n g e d  f r o m  1 1 . 5 0  c m  in C M  1 79  t o  2 6 . 5 0  c m  in

C M  183 w i t h  a c l u s t e r  m e a n  o f  2 0 . 0 0  c m  w h i c h  r a n k e d  s e c o n d  in 

l e n g t h  o f  f r u i t .

( p )  F r u i t  d i a m e t e r  ( c m )

A m o n g  t h e  f i v e  c l u s t e r s  m a x i m u m  c l u s t e r  m e a n  o f  1 8 . 2 6  c m  

w a s  s h o w n  b y  c l u s t e r  V  a n d  m i n i m u m  o f  1 4 . 7 5  c m  b y  c l u s t e r  I .  C l u s t e r  V 

w a s  f o l l o w e d  b y  c l u s t e r  II ( 1 7 . 5 2  c m )  a n d  c l u s t e r  I V ( 1 7 . 2 7  c m ) .
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A  r a n g e  f r o m  1 2 . 30  ( C M  107)  to 2 7 . 00  c m  ( C M  177)  wa s n o t i c e d  

in c l u s t e r  V and t h a t  in c l u s t e r  II wa s  f r o m  9.75 ( C M  147)  t o  21 . 75  c m

( C M  14 - C ) .

(q)  F l e s h  t h i ck n e s s  ( c m )

T h e  highest  c l u s t e r  m e a n  of  3 . 28  c m  w a s  r e c o r d e d  in c l u s t e r  I 

and w a s  l owes t  in c l u s t e r  II ( 2 . 74  c m ) .  C l u s t e r  III had a m e a n  f lesh 

t h ic kn e s s  o f  3 . 1 4  c m .

T h e  t w o  g e n o t y p e s  c o m p r i s e d  in c l u s t e r  I, C M  188 and C M  138 

had 4 . 6 5  c m  and 1.8 c m  r e s p e c t i v e l y .  T h e  m a x i m u m  and m i n i m u m  

v alues w e r e  3 . 8 0  ( C M  171)  and 2 . 05  c m  in c l u s t e r  II ,  4 . 0  ( C M  153)  

and 1 . 90  c m  in c l u s t e r  I I I ,  4 . 0  ( C M  103)  a n d  2 . 15  c m  in c l u s t e r  IV 

and 4. 18 ( C M  109)  and 1. 45 c m  in c l u s t e r  V  r e s p e c t i v e l y .

( r )  S e eds /f ru i t

A m o n g  t he f ive  c l u s t e r s ,  c l u s t e r  II r e c o r d e d  t he  m a x i m u m  m e a n  

v al ue  545.7 f o l l o w e d  by  c l u s t e r  V ( 4 6 9 . 8 3 )  and c l u s t e r  III ( 34 5. 9) .  

T h e  l o w e s t  m e a n  was f or  c l u s t e r  I ( 28 2 . 75 ) .

(s) 100 seed w e i g h t  (g)

C l u s t e r  I V s h ow e d  the  highest  c l us t ei  m e a n  ( 1 1 . 8 4  g)  a nd  c l u s t e r  II 

the  l o w e s t  ( 9 . 04  g) .  T h e  12 p u m p k i n  g e n o t y p e s  i n c lu d e d  in c l u s te r  IV
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had a r a n ge  of  10 . 90  ( C M  135)  -  18 . 90  g ( C M  189) .  In c l u s t e r  V the 

m a x i m u m  va lu e of  16.8 g n  w a s  r e c o r d e d  f or  C M  89 and t he  m i n i m u m  

val ue  of  5.35 g in C M  107.

( t )  Y i e l d / p l a n t  ( kg )

T h e  t w o  p u m p k i n  g e n o t y p e s ,  C M  188 and C M  136 c o n s t i t u t i n g  

c l u s te r  I s h o we d  w i d e  v a r i a t i o n  in y i e l d  -  3.3 and 1.3 kg r e s p e c t i v e l y .  

In c l u s t e r  II m a x i m u m  y i e l d  wa s  o b t a i n e d  in C M  1 2 6  (7.3 kg)  and 

m i n i m u m  in C M  106 (2 . 4  kg) .  T h e  r a n ge  f or  t he  t r a i t  in c l u s t e r  III 

was  f r o m  6. 45 in C M  88 to  13 . 10  kg in C M  153.  T h e  highest  and 

l owes t  y i e l d  was  in C M  189 ( 9 . 0  kg )  and C M  192 ( 2 . 5  kg)  in c l u s t e r  IV 

and C M  177 ( 13 . 4  kg)  and C M  193 ( 2 . 6 0  kg )  in c l u s t e r  V r e s p e c t i v e l y .

O u t  of  t he  f ive  c l u s t e r s  m a x i m u m  c l u s t e r  m e a n  w as  f or  c l u s t e r  IV 

( 5. 33 kg )  and m i n i m u m  wa s for  c l u s t e r  I (203 kg) .  C l u s t e r s  V and 

III had m e a n  val ues 5.18 and 5.10 r e s p e c t i v e l y .

B . E valu a tio n  of genotypes for le sista n c e /to le ra n ce  to m osaic  

diseases

T h e  s e v e n t y  one p u m p k i n  acc essi ons  w e r e  s cr e e n e d  f or  re s is t a nc e /  

t o l e r a n c e  to p u m p k i n  m o s a i c  and y e l l o w  vein  m o s a i c  d u r i ng  J u n e  -  

O c t o b e r  1988 u n d e r  n a t u r a l  f i e l d  c o n d i t io n s .  T h e  g e n o t y p i c  d i f f e r e n c e s  

f or  t he  e x pr es s i on  of  m o s a i c  diseases w e r e  e v i d e n c e d  b y  t he w i d e
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va r i at i on  in the int ensi ty  of mosai c s y m p t o m s  and stage of the plant  

for  the appe a ra n c e  of  the disease.

O u t  of the s ev en t y  one accessions e v a lu a te d  f i f t y  w e r e  susce

pt ible to b o t h  p u m p k i n  mos a i c  and y e l l o w  vein mos a i c  vi ruses ( T a b l e  14).  

Based on the int ensi ty  of  disease the g enot ypes  w e r e  c lassi f ied into 

highl y  s usc ept ib l e ,  s usc ept ib l e,  t o l e ra n t  and r es ist a nt .  C M  214,  a 

c o l l ec t i on  f r o m  N i g e r i a  was found to be c o m p l e t e l y  f r ee  of diseases 

and was resist a nt .  F i f t e e n  accessions,  C M  97, C M  106,  C M  130,  C M  131, 

C M  132,  C M  153,  C M  154,  C M  160,  C M  164,  C M  171,  C M  176,  C M  177,  

C M  186,  C M  197 and C M  198 w e r e  less a f f e c t e d  by y e l l o w  vein mosai c 

vi rus and w e r e  t r e a t e d  as t o l e ra n t .  A l l  the r e m a i n i n g  s ixty  eight

genot ypes  w e r e  e i t he r  suscept ib le  or  h ighly  susceptible to y el l o w

vein m os a i c  v i rus.  T y p i c a l  vein c l e ar i ng  appear ed at v e r y  e ar ly  stage 

in t w e n t y  nine p u m p k i n  accessions and res ul te d in poor  g r o w t h  of 

the cr op.

A l l  the p u m pk i n  accessions w e r e  a f f e c t e d  by  y e l l o w  vein mosai c

e ar l ie r  than p u mp k i n  mos ai c .  O u t  of  sev en t y  one g enot ypes  t w e n t y

t w o  w e r e  a f f e c t e d  by y e l l o w  vein mos a i c  vi rus w i t h i n  f i f t e en  days 

of s owi ng .  In C M  154 and C M  197 vein c l e ar i ng  was n o t i ce d  in the 

60th day a f t e r  s owi ng .  In all  the r e m a i n i n g  geno t y pe s y e l l o w  vein 

mos a ic  disease was expressed e i th e r  at the v e g e t a t i v e  phase or  the 

e ar ly  f l o w e r i n g  phase.

Based on the i nt e ns i ty  of  l ight  gr e en  ban din g,  b l i st er in g  and 

d i st or t ion of  leaves,  m o t t l e d  y e l l o w  pat ches  and ot he r  s y m p t o m s  the
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Table 14 . In cid e n ce of pum pkin m osaic and yellow  vein m osaic disease in d ifferent  

v a rie tie s of pum pkin during June -  O ctober 1988 under n atu ral condition

A c c e s s i o n
N c m b e r

P u m p k i n
m o s a i c

Y e l l o w
v ei n

m o s a i c

A c c e s s i o n
N u m b e r

P u m p k i n
m o s a i c

Y e l l o w
vein

mos a ic

C M  1 4A H . S . S C M  147 H . S . H . S .

C M  14B H . S . S C M  148 H . S . H . S .

C M  1 4 C H . S . S C M  149 S S

C M  39 H . S . S C M  150 S S

C M  85 H . S . S C M  153 S T

C M  88 T H . S . C M  154 S T

C M  89 H . S . S C M  155 H . S . H . S .

C M  90 H . S . S C M  157 H . S . H . S .

C M  91 H . S . S C M  158 H . S . H . S .

C M  92 H . S . T C M  159 H . S . H . S

C M  93 H . S . T C M  160 S T

C M  94 H . S . S C M  162 H . S . H . S .

C M  95 H . S . H . S . C M  163 H . S . S

C M  97 T S C M  164 S T

C M  101 S H . S . C M  165 S S

C M  102 S S C M  167 H . S . H . S .
C M  103 H . S . H . S . C M  171 S T
C M  104 H . S . H . S . C M  175 H . S . H . S .
C M  105 S S C M  176 S T
C M  106 T S C M  177 S T
C M  107 H . S . H . S . C M  179 S S
C M  108 H . S . H . S . C M  180 S S
C M  109 H . S . S C M  182 H . S . H . S .
C M  111 H . S . H . S . C M  183 H . S . S
C M  112 H . S . H . S . C M  185 H . S . s
C M  113 H . S . T C M  186 S T
C M  125 H . S . H . S . C M  188 S S
C M  126 H . S . H . S . C M  189 S s
C M  130 S T C M  192 H . S . H . S .
C M  131 S T C M  193 H . S . H . S .
C M  132 H . S . T C M  197 S T
C M  133 T H . S . C M  198 S T
C M  135 S H . S . C M  201 H . S . H . S .
C M  13 6 S H . S . C M  210 H . S . S
C M  138 
C M  139

H . S .
H . S .

H . S .
H . S .

C M  214 R R

H . S .  H i g h l y  su sc ep t ib l e  T  -  T o l e r a n t  

S -  Susi e p t i b le  R  -  R e s i s t a n t
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acc essi ons  w e  re  c l a s s i f i ed  into  h i g h l y  s u s c e p t i b l e ,  s u s c e p t i b l e ,  t o l e r a n t  

and r e s is t a n t  as in case of  y e l l o w  vei n m o s a i c  v i ru s.  T h e  o n l y  acc essi on  

re s is t a nt  to b ot h  p u m p k i n  m o s a i c  and y e l l o w  vei n m o s a i c  w a s  C M  214.  

B u t  this  N i g e r i a n  l oc al  f ai led  t o  p r o d u c e  m at u r e  seeds.  T h e  f ru i t s  

w e r e  k n ob e d  and did not  r e a c h  t h e m a t u r i t y  s t ag e.  In acc essi ons  

C M  97,  C M  106 and C M  133 o n l y  a l ight  g re e n  b a n di ng  was  n o t i c e d  

on the  l ea f  l a m i n a  and t he s y m p t o m s  w e r e  not  c o n s p i cu ou s and w e r e

t r e a t e d  as t o l e r a n t .  A l l  t he r e m a i n i n g  s i x t y  s ev en acc essi ons  i nc l ud in g

C M  1 4 - A ,  C M  14 B ,  C M  1 4 - C ,  s el e c t i on s  f r o m  C M  14,  w e r e  h ig hl y  

s u sc ep t ib l e  or  su sc ep t i b l e  t o  p u m p k i n  m o s a i c  v i ru s  a n d  the t y p i c a l  

g re en  and y e l l o w  m o t t l i n g  w a s  m u c h  p r o n o u n c e d .

N o n e  of  t h e p u m p k i n  a c c essi ons  w e r e  a f f e c t e d  by  p u m p k i n

m o s a i c  v i ru s  d u r in g  the  e a r l y  v e g e t a t i v e  phase,  t h at  is w i t h i n  f i f t e e n

days a f t e r  s o wi n g .  M o s a i c  s y m p t o m s  a p p e a r e d  o nl y  on t he  4 5 t h  day  

a f t e r  s o w i n g  and its o c c u r r e n c e  w a s  n o t i c e d  upt o 75 days a f t e r  s o wi n g .  

In C M  97,  C M  130,  C M  131,  C M  132,  C M  153 and C M  154 t he expressi on 

of  p u m p k i n  m o s a i c  v i ru s  wa s  o b s e r v e d  o n l y  v e r y  l ate  75 days a f t e r  

s o w in g .

B a s ed  on the y i e l d  and t o l e r a n c e  t o  y e l l o w  vei n m o s a i c  and 

p u m p k i n  m o s a i c  t w e n t y  six s u p e u o r  acc essi ons  w e r e  s e l e c t e d  and 

w e r e  f u r t h e r  g r o w n  d u r i n g  D e c e m b e r  -  J a n u a r y  1 9 8 8 - 8 9 .  T o  c o n f i r m  

r e s i st a n c e  o r  t o l e r a n c e ,  t hese l ines w e r e  g r o w n  w h e n  t h e r e  w a s  v e r y  

h igh i n c i d e n c e  of  m o s a i c  in t he a d j a c e n t  f ie lds.  A r t i f i c i a l  i n o c u l a t io n
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was also c a r r i e d  o u t .  W h e n  t he a r t i f i c i a l  i n o c u l a t i o n  was  done at 

the t h r e e  l ea f  st age  s > m p t o m s  of  p u m p k i n  m o s a i c  a p p e a r e d  15th 

day  o n w a r d s  in the n e w l y  e m e r g e d  l eaves .  A l l  t he acc essi ons  e x c ep t  

C M  214 was  f o u n d  to be s u s c e p t ib l e  to  y e l l o w  v ei n  m o s a i c  and p u m p k i n  

m o s a i c  ( T a b l e  15) .  C M  97,  C M  106 and C M  133 w h i c h  w e r e  found 

to be t o l e r a n t  to p u m p k i n  m o s a i c  d u r i n g  t he f i r s t  season w a s  s e v e r e l y  

i n f e c t e d  w i t h  t he v i r us  u n d e r  a r t i f i c i a l  i n oc u l a t i o n .

S i m i l a r l y  t o l e r a n t  a c c essi ons  C M  92,  C M  130,  C M  131,  C M  

132,  C M  153,  C M  154,  C M  160,  C M  164,  C M  171,  C M  176,  C M  177,  

C M  186,  C M  197 and C M  198 d u r i ng  the  f i r s t  season b e c a m e  h i g h ly  

s u sc ep t ib l e  to y e l l o w  vei n m o s a i c  u nd e r  a r t i f i c i a l  i n oc u l a t i o n .  D u r i n g  

this season also,  t h e r e s is t a n t  g e n o t y p e  C M  214 f ai l ed  t o  p r o d u c e  

m a t u r e  f r u i t s  and seeds.
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Table 1 5 .  Incidence of m osaic diseases in selected varieties of pumpkin 

under a rt if ic ia l inoculation during Decem ber -  Jan uary 1988-89

Ac c es s i  on 
N u m b e r

P u m p k i n
mosai c

/el l ow
vein

mos a i c

A c c es s i on
N u m b e r

P u m p k i n
mosai c

Y e l l o w

vein
mosaic

C M  14B H . S . H . S . C M  133 H . S . H . S.

C M  85 H . S H . S . C M  148 H . S. H . S.

C M  88 H . S . H . S . C M  154 H . S . H . S.

C M  92 H . S . H . S . C M  160 H . S . H . S .

C M  93 H . S. H . S . C M  164 H . S . H . S.

C M  95 H . S. H . S . C M  171 H . S. H . S

C M  97 H . S. S C M  176 H . S H . S.

C M  106 H . S. H . S . C M  177 H . S . H . S.

C M  113 H . S . H . S . C M  186 H . S. H . S.

C M  126 H . S . H . S . C M  197 H . S . H . S .

(CM 130 H . S . H . S . C M  198 H . S . H . S.

C M  131 H . S . H . S . C M  214 R R

C M  132 H . S . H . S . C M  153 H . S . H . S.

H . S .  H i ghl y  suscept ib le  5 -  Sus ept ible

T  -  T o l e r a n t  R  -  Resis t ant



Plate 10. Yellow vein mosaic disease
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DISCUSSION

P u m p k i n  ( C u c u r b i t a  m os c h a ta  P o i r )  is one of  the p opul ar  cucurbitacsous 

vegetabl es g r o w n  in Ind a. L o w  cost  of  p r o d uc t i o n ,  long keeping qual i ty  

of  f rui t  and c o m p a r a t i v e l y  high c on t e n t  of  c a r o t e n e ,  a p r e c ur so r  of 

v i t a m i n  A  in f ru i t s ,  point  to the  p o t e n t i a l i t y  of  the cr op .  I r r es p ec t i ve  

of  the p o p u l a r i t y  and i m p o r t a n c e  of  the c r o p ,  v e r y  l i t t l e  e f f o rt  is 

made to upgr ade the g e r e t i c  m ak e  up of  p u m p k i n  in India.

In any plant  i m p i o v e m e n t  p r o g r a m m e ,  the m ai n  o b j e ct i ve  is 

the d e v e l o p m e n t  of  el i te v ar i et i es  t hr ou gh  p r o d uc t i o n  b r eedi ng .  T h e  

basic i n f o r m a t i o n  a b r e e d e r  usual ly  r equi res as a p r e - re q u i s i t e  to 

any br eedi ng  p r o g r a m m e  is the e x t e n t  of  v a r i a b i l i t y  in the avai lable 

g e r m p l a s m  and gene a c t i on  of the  c h a r a c t e r s  to  be i m p r o v e d .  Basic  

i n f o r m a t i o n  on g e n et i c  v a r i a b i l i t y ,  h e r i t a b i l i t y  and g en e t i c  advan ce 

t hat  coul d be a c h ie v ed  in the next  c y c l e  of  se l e ct io n  are of  v i tal  

i m p o r t a n c e  to the b r e e d e r  f or  f o r m u l a t i n g  a p p r op r i a t e  br ee d i ng  s t r a t eg y.

L a r g e  s ho w y  f l o w e r s ,  monoe c io us  and cross pol l in at ed  nat ur e 

and m o r e  seeds/frui t  o f f e r  g r e a t e r  p o t e n t i a h t )  f or  e x pl oi t at io n  of 

h y b r i d  v i go u r  in p u m p ki n .  I m p o r t a n c e  of g e n et i c  d i v er s i t y  of  par ents  

in h y b r i d i z a t i o n  p r o g r a m m e  was emphasi sed by m a n y  w or ke r s .  T h e  

m o r e  diverse the pa r e nt s ,  w i t h  in a reasonable r an ge ,  the mo re  wou ld  

be c hanc e of  i m p r o v i n g  c h a r a c t e r s  in quest ion.  M ah al anob is  D  stat i st i c  

is a p o w e r f u l  tool  in the  hands of  p l ant  b r eeder s  to  assess degree
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of  r el at io nship  a m o n g  the geno t y pe s and to group t h e m  based on 

t h e i r  p h e n o t y p i c  expression.

In India,  br ee d i ng  of  ve g et a b l e  cr ops as a conscious e f f o r t  is 

h ar dl y  of  t hr ee  decades old and t hat  too f or  res istance to diseases 

is st i l l  of  r e c en t  o r ig i n ( S w a r u p  and Seshadhr i ,  1986) .  In a cr op like 

p u m p k i n ,  p r o d uc t i o n  br eedi ng  and resistance br ee di ng  should go side 

by side.  D u e  to  h ea v y  inc i de n c e  of  mosai c diseases,  p a r t i c u l a r l y  p u mp k i n  

mos a ic  and y e l l o w  vein m os a i c ,  the area under  p u m p k i n  in the state 

is g e t t i n g  r e d u ce d  day by day ( B a l a k r i sh n an , 1 988) .  N o n e  of  the p u mp k i n  

v ar i et i es  or  i m p r o v e d  lines in the c o u n t r y  have t o l e ra n c e  to mosaic  

diseases.

T h e  present  i nv es t i ga t io n  deals w i t h  c o l le c t i on  of  basic i n f o r m a t i o n ,  

as a p r e - r e q u i s i t e  to p r o d uc t i o n  and res istance br ee di ng  p r o g r a m m e s ,  

in p u m pk i n  and the resul ts ob t a in e d dur ing  the e nt i re  study are discussed 

in the f o l l o w in g  pages.

Success of  any  br ee d i ng  p r o g r a m m e  depends p r i m a r i l y  on the 

e x te nt  of  v a r i a b i l i t y  in the  base p o p ul at io n.  E v a l u a t i o n  and e st i ma t i on  

of  g e n et i c  v a r i a b i l i t y ,  h e r i t a b i l i t y ,  e x p e c t e d  g e n et i c  ad v an ce  e t c .  

are p r i m a r y  p r e - re qu i s i fe s f or  al l  the cr op  i m p r o v e m e n t  p r o g r a m m e s  

( J o hns on et_ a h  19 55). In the present  i nv es t i ga t i on ,  the g en e t i c  c o n t r i 

but i on in the p h e n o t y p i c  expression was studi ed to r e a l i ze  the 

p e r f o r m a n c e  of  p u m p k i n  g enot y pes .  A m o n g  the 20 q u a nt i t a t i v e  

c h ar a c t e r s  st udi ed,  the 50 p u m p k i n  accessions e x hi b i t ed  si gni f i cant
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d i ff e re n c e  f or  a l l  c h a r a c t e r s  e xc ep t  for  y ie l d/p l a nt .  Solanki  and 

Seth (1980)  also obs er v ed  the least v ar i at i on  for  f r u i t  y iel d in c u c u m b e r .  

T h e  accessions s howed s i gn i f i ca n t  v a r i a t i o n  f or  days to f i rst  fema l e  

f l o w e r  anthesis,  days to  f i rst  mal e  f lo we r s  anthesis,  node at w hi ch  

f i rst  f e ma l e  f l o w e r  is f o r m e d ,  node at w h i c h  f i rst  f r u i t  is r e t a i ne d,  

main  v ine l e n gt h , no d e s  on m ai n  v i ne,  p r i m a r y  b r an c h es / pl an t ,  p ro d u c t i v e  

b r a n ches/pl ant ,  i nt er no d a l  l en gt h ,  ma l e  f l ow e r s / p l a n t ,  f e m a l e  f lowers/ 

p l an t ,  sex r a t i o , f r u i t s / p l a n t ,  a v e ra g e  f i u i t  w e i g h t ,  f ru i t  l e n gt h ,  f rui t  

d i a m e t e r ,  f lesh thic kness ,  seeds/frui t  and 100 seed w e i g h t .  In p u mp k i n ,  

G o pa l ak r i s hn a n ( 1979) ,  R a n a (1982)  and D o i j o d e  ( 198^ )  also observed 

w i de  v a r i a t i o n  for  al l  the c h a r a c t e r s  studied.  Studies by  T h a k u r  and 

Na n d p u r i  (1974)  and R a j e n d r a n  (1989)  in w a t e r m e l o n ,  Sr i va s t av a and 

S n v a s t a v a  ( 1976) ,  R a m a c h a n d r a n  (1978)  and V ahab (1989)  in b i t t e r g o u r d  

also found s i g ni f icant  v a r i a t i o n  for  all  the q u a n t i t a t i v e  c h ar a ct e r s  

studied.

M e a n ,  range and v a r i a t i o n  ar o und the me a n  are the var i ous  e st i mat es  

of  q u a n t i t a t i v e  v a r i a b i l i t y .  In the present  i nv e st i ga t io n ,  w i de  range 

of  v a r i a t i o n  was o bs er ved foi all  the c h a r a c t e r s  studied.  In C M  135 

the f i rst  f e m a l e  f l o w e r  opened 45 days a f t e r  s owi ng  and was the 

ear l iest  accessi on.  C M  201 t ook 84.5 days f or  the  anthesis of  f i rst  

f e ma l e  f l o w e r  and was v e r y  l ate.  N od e  at w h i c h  the f i rst  femal e  

f l o w e r  is f o r m e d  r a n ge d f r o m  15.5 in C M  188 to 29.0 in C M  177. 

F e m a l e  f l owe r s/ pl an t  had a n a r r o w  range of  2. 25 -  5.0.  T h e  rat io  

of  ma l e  and f e m a l e  f l o we r s  was as l ow as 11.93 in C M  111 and as
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high as 28. 19  in C M  108.  T h o u g h  t he  m e a n  n u m b e r  of  nodes for  the 

e m e r g e n  e of  f i rst  f e m a l e  f l o w e r  w a s  22,  t h e  f i rst  f r u i t  wa s r e t a i n e d  

o n l y  on 3 6 t h  nod e,  on an a v e r a g e .  C M  147 p r o d u c e d  a m a x i m u m  of  

4 f r u i ts / p l a n t .  A v e r a g e  f r u i t  w e i g h t  r a n g e d  f r o m  0.9 k.g in C M  157 

to 6.70 kg in C M  177.  T h e  l onges t  f r u i t  (32 . 7 c m )  wa s b o r n  on C M

154.  F r u i t  d i a m e t e r  in C M  177 (27 c m )  w a s  t h r e e  t i m e s  as t h a t  of  

C M  147.  F l e s h  t h i c kn e s s  w a s  m o r e  in C M  182 ( 4 . 6 5  c m ) .  Y i e l d / p l a n t

was m a x i m u m  in C M  177 ( 1 3 . 4  kg )  f o l l o w e d  b y  C M  153 (9. 7 kg )  and

i t  a<
C M  189 (9 k g )  a n d \ m m i m u m  in C M  157 ( 0 . 9  kg) .

I m p o r t a n c e  of  p u m p k i n  as a possible su pp l i er  of  c a r o t e n e  has 

not  been m u c h  e m p h a s i z e d .  T h e  p r e s e n t  s t u d y  b r o u g h t  out  c o n s i de r ab l e  

v a r i a b i l i t y  in p u m p k i n  g e n o t y p e s  w i t h  r e s p e c t  to c a r o t e n e  c o n t e n t .  

K u b i a k i  and W a l e z a k  ( 1 9 7 6 ) ,  G o p a l a k r i s h n a n  ( 1 9 7 9 )  and D o i j o d e  ( 1983)  

also r e p o r t e d  c o n s i d er a b l e  v a r i a b i l i t y  w i t h  r e s p e c t  to  c a r o t e n e  c o n t en t  

in C u c u r b i t a  s p p . I ron c o n t e n t  in f r u i t  also e x h i b i t e d  a w i d e  r a n ge  

o f  v a r i a t i o n  ( 0 . 5 1 - 2 . 7 4  m g / 1 0 0  g) .

E s t i m a t e s  of  q u a n t i t a t i v e  v a r i a t i o n s  l ike r a n g e ,  s t a n d a r d  e r r o r  

a r o u nd  t he  m e a n  e t c .  do not  i n d i c a t e  the r e l a t i v e  a m o u n t  o f  v a r i a b i l i t y  

f or  w h i c h  c o e f f i c i e n t s  o f  v a r i a t i o n  a p p e a r  t o  be a b e t t e r  i ndex ,  w he n  

t he c h a r a c t e r s  w i t h  d i f f e r e n t  uni ts  of  m e a s u r e m e n t  are  t o  be c o m p a r e d .  

P h e n o t y p i c  c o e f f i c i e n t  o f  v a r i a t i o n  wa s  m a x i m u m  f o r  y i e l d /p l a n t

( 5 8 . 1 7)  f o l l o w e d  by  p r o d u c t i v e  b r a n ch e s/ p la n t  ( 5 0 . 8 9 ) ,  a v e r a g e  f ru i t  

w e i g h t  ( 4 7 . 3 7 )  and f r u i t s/ p la n t  ( 4 0 . 8 9) .  R a m a c h a n d r a n  ( 1 97 8 )  and V a h ab
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(1989)  obs er v ed  high values of  p c v  f or  y iel d/pl ant  in b i t t e r g o u r d .  

C h au dh ar i  (1987)  also r e p o r t e d  higher p c v  value for  y ie l d/p l ant ,  frui ts/ 

plant  and f r u i t  w e i g h t  in b i t t e r g o u r d .  D a y s  to  f i rst  m al e  f l o w e r  anthesis,  

node at w h i c h  f i rst  f e m a l e  f l o w e r  was f o r m e d  and days to f i rst  fema le  

f l o w e r  anthesis had onl y  l ow values of  p c v  ( 13 . 08 ,  13. 29 and 15.61
eV

r e s p e c t i v e l y ) .  M a n ga l  ( 1981) ,  C h a u d h a r i  (1987)  and V ahab (1989)  also 

o bs er ved l o w e r  p c v  e s t i ma t e s  f or  node at f i rst  f e ma l e  f l o w e r  was 

f o r m e d  and days to f i rst  f e m a l e  f l o w e r  anthesis in b i t t e r g o u r d .  P h e n o 

t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  was b e t w e e n  2 0 %  and 4 0 %  for  the 

r e m a i n i n g  c h a r a c t er s .  T h e  h igher  ma g n it u d e  of  p h e no t y p i c  c o e f f i c i e nt  

of  v a r i a t i o n  than the g e n o t y p i c  values i nd i ca t ed  consid er ab l e  inf luence 

of  e n v i r o n m e n t  on the expression of  c h a ra c t e r s .

T h e  plant  i m p r o v e m e n t  p r o g r a m m e s  l ike sel e ct io n  and h y b r i d i z a t i o n  

cannot  be un d e rt ak e n  based on the  p h e no t y p i c  p e r f o r m a n c e  alone 

since it is the sum t ot a l  of  g e n o t y p i c  e f f e ct  and e n v i r o n m e n t a l  inf luence.  

G e n o t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  was m a x i m u m  for  seeds/frui t  (37. 37) ,  

c losely  fo l l owe d  by a ve r a ge  f ru i t  w e ig ht  ( 35. 25)  and p r o d u c t i v e  branches/ 

plant  ( 34. 72) .  A s  in case of  p c v ,  l o w e r  values of  g cv  w e r e  observed 

for  days to  f i rst  ma l e  f l o w e r  anthesis ( 12 . 27) ,  node at w h i c h  fi rst  

f em al e  f l o w e r  was f o r m e d  ( 12. 77)  and days to f i rst  f e ma l e  f l o w e r  

anthesis.  T h a k u r  and N a n d p u r i  (1974)  in w a t e r m e l o n  and Singh et al. 

(1985)  in p o i n te d go u r d  also r e p o r t e d  m a x i m u m  value of  g c v  for  seed 

v o l u m e .  S n v a s t a v a  and S r i v as t a v a  ( 1976) ,  M a n g a l  (1981)  and C h a u dh a r i  

(1987)  also o bs er ved l o w e r  values of  g c v  for  days to f l o w e r i n g  and 

node at w h i c h  fi rst  f e m a l e  f l o w e r  was f o r m e d  in b i t t e r g o ur d .
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A  c h a r a c t e r  can be i m p r o v e d  onl y  if  it is h ighl y  h er i t abl e .  T h e  

ma g n it u d e  of  h e r i t a b i l i t y  i ndi cat es  the e ff ec t i v en e s s  w i t h  w h i c h  the 

sel e ct io r  of  geno t y pe s  can be ma d e  based on p h e n o t y p i c  p e r f o r m a n c e  

( J o hns on e* a h ,  1955) .  T h e  highest  h e r i t a b i l i t y  e s t i m a t e  in the study  

was obs er v ed  for  100 seed w e i g h t  ( 9 5 . 5 % ) .  S i m i l a r  resul ts  w e r e  r e co r d ed  

by T h a k u r  ( 19 7 0 ) ,  T h a k u r  and N a n d p u r i  (1974)  and R a j e n d r a n  (1989)  

in w a t e r m e l o n .  H i g h  hei i t a b i l i ty  r es ul t in g  f r o m  high g c v  and l ow e c v  

w e r e  also obs er v ed  for  node at w h i c h  f i rst  f ru i t  is r e t a in e d  ( 9 3 . 1 % ) ,  

days to  f i rst  f e m a l e  f l o w e r  anthesis ( 9 2 . 4 % ) ,  node at w h i c h  the fi rst  

f e m a l e  f l o w e r  is f o r m e d  ( 9 2 . 2 % )  and seeds/frui t  ( 9 0 . 1 % ) .  T h i s  i ndicates 

l o w  i m p a c t  of  e n v i r o n m e n t  on expression of  these c h a r a c t e r s .  T h e  

i m p a c t  of e n v i r o n m e n t  was e v i d e n c e d  by l o w  values of  h er i ta b i l i t y  

for  y iel d/pl ant  ( 2 2 . 7 % ) ,  f ru i ts/pl ant  ( 2 5 . 0 % )  and p r i m a r y  branches/plant  

( 2 8 . 8 % ; .  Vashista et_ a h  (1983)  r e p o r t e d  l o w  h e r i t a b i l i t y  est i ma t e  

for  y ie l d/p lant  in w a t e r m e l o n .  Indi resh ( 1982)  in b i t t e r g o u r d  and Joseph 

(1978)  in sna kegour d  also got  the same resul t .

E v e n t h o u g h  h e r i t a b i l i t y  values g ive  an i nd i ca t i on  of  e f fec t i venes s  

of s el ect ion based on the p h e no t y p i c  p e r f o r m a n c e ,  it does not  necessar i ly  

me a n  a high g en e t i c  ad v an ce  for  a p a r t i c u l a r  c h a r a c t e r .  H e r i t a b i l i t y  

along w i t h  e s t i ma t e s  of  e x p e c t e d  g e n et i c  a dv an c e  should be considered 

w hi l p  m a ki n g  select ions.

In the present  i nv es t i ga t i on  g e n et i c  a d v a n c e  was e s t i m a t e d  in 

absolute values and also in p e r ce n t a g e  of  me a n  ( g e n et i c  gain)  for
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c o m p a r i n g  t h e  d i f f e r e n t  c h a r a c t e r s .  H i g h  h e r i t a b i l i t y  a l ong w i t h  high 

g e n e t i c  gain  was  o b s e r v e d  f or  100 seed w e i g h t  ( 9 5 . 9 %  a nd  55.46/0,  

seed s/f ru i t  ( 9 0 . 1 %  and 7 3 . 0 5 % )  and node at w h i c h  f i r s t  f r u i t  is r e t a i n e d  

( 9 3 . 1 %  and 5 8 . 9 8 % ) .  H i g h  h e r i t a b i l i t y  c o u p l e d  w i t h  h i gh  g e n e t i c  gain 

i n di ca t es  a d d i t i v e  gene a c t i o n  w h i l e  high h e r i t a b i l i t y  w i t h  l o w  g e n e t i c  

gain  i n di ca t es  non a d d i c t i v e  g ene e f f e c t s  w h i c h  i nc l ud es  d o m i n a n c e  

and epistasis ( P a n s e ,  1957) .  T h e  i n v o l v e m e n t  of  a d d i t i v e  gene e f f e c t s  

f or  the ab o ve  t h r e e  c h a r a c t e r s  suggests  i m p i o v e m e n t  t h r o u g h  sel e c t i on  

( B u r t o n ,  1952) .

T h o u g h  h e r i t a b i l i t y  was  h igh for  days t o  f i r s t  f e m a l e  f l o w e r  

anthesi s and node at  w h i c h  f i r s t  f e m a l e  f l o w e r  is f o r m e d ,  t h e g e n t i c  

gain  wa s of  l o w  m a g n i t u d e .  N o n - a d d i t i v e  g ene a c t i o n  f or  days to 

f i rst  f e m a l e  f l o w e r  ant hesi s wa s  r e p o r t e d  by  S r i v a s t a v a  and S r i v a s t a v a  

( 1 97 6 ) ,  R a m a c h a n d r a n  ( 1 9 7 8 )  and V a h a b  ( 1 9 8 9 )  in b i t t e r g o u r d .  T h i s  

i mp l ie s  g r e a t  scope f or  d e v e l o p m e n t  o f  e a r l y  v a r i e t i e s  b y  u t i l i z i n g  

t r a n s g r e s s i v e  s e g r e g an t s  in t h e  het er o sis  b r e e d i n g  p r o g r a m m e .  P u m p k i n ,  

t ho u gh  a h i g h ly  cross p o l l i n a t e d  c r o p ,  be c au se  of  t h e h e r m a p h r o d i t e  

o r i g i n  does not  e x hi b i t  i n b r e e d i n g  depr essi on  a nd  t he  p r o d u c t i o n  of  

inbr e ds  is th us  a p r a c t i c a b l e  t as k .  In p u m p k i n ,  t h e m o n o e c i o u s  n a t u r e  

and lar ge  f l o w e r ^  m a k e  t h e e m a s c u l a t i o n  p i o c e s s  s i m p l e .  L a r g e  n u m b e r  

o f  s eed s /f ru i t  a n d  t he a v a i l a b i l i t y  o f  s u cc es s f ul  s e l e c t i v e  g a m e t o c i d e s  

are a d d ed a d v a n t a g e s  for  t he e x p l o i t a t i o n  of  h y b r i d  v i g o u r  and 

seed p r o d u c t i o n  on a s y s t e m a t i c ,  e f f e c t i v e  and c o m m e r c i a l  scal e.
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T h o u g h  the p o t e n t i a l i t y  of  heterosis was r e a l i z e d  as e ar ly  as 

in 1763,  its c o m m e r c i a l  u t i l i z a t i o n  is yet  to be t est ed in India.  Inbreed 

ing depression and labor ious process of  hand e m a sc u l a t i on  due to 

h e r m a p h r o d i t e  n a t ur e  are the  m a j o r  b o t t l e  necks in the massive 

seed p r o d uc t i o n  p r o g r a m m e s .  A b s e n c e  of  inbr e edi ng  depression,  presence 

of  monoo cio u8 co n di t i on  and c o l o u r f u l ,  long and s h o w y  f lo we r s  in 

p u m pk i n  point  to the s ui t ab i l i t y  of  this cr op  f or  F ^  p r o d u c t i o n .  M o re  

o v e r  s t a n dar di sat i on  of  s e l e c t iv e  g a me t o c i d e s  l ike 2 , 4 - D ,  M H  etc.  

makes the c o m m e r c i a l  t  ̂ seed p r o d uc t i o n  m o r e  easier .  A s  m an y  

as 300 seeds w i t h  a single act  of  pol l in at io n  in p u m pk i n  makes the 

F^  seed p r o d u c t i o n ,  even by  hand pol l i na t i on ,  p r o f i t a b l e .

Sel ec t io n  of  par ent s  for  h yb r i d i z a t i o n  p r o g r a m m e  is m a i n l y  based

on g en e t i c  d i v er s i t y .  M o r e  d i v er g en t  the pa r e n t s ,  the m o r e  w i l l  be

2
the expression of  heterosis.  M ah al anob is  D  stat i st i cs  is a p o w e r f u l  

tool  for  me a s u r i ng  g e n et i c  distance in plant  br ee di ng  e x p er i me n t s .  

It p e r mi t s  precise c o m pa r is o n  of  al l  the g enot ypes  by consider i ng  

large n u m b e r  of  characters s i mu lt an e o u sl y .

M a i n  o b j e ct i v e  of  the pr e sent  study  is to assess g en e t i c  di vers i ty  

a m on g  30 p u m pk i n  geno t y pe s  and to group t h e m  into cl usters  based 

on g en e t i c  distance.  G n  the basis of  ge n e t i c  distances c o m p a r e d  

w i t h  r e f e r e nc e  to 20 q u a n t i t a t i v e  c h a r a c t e r s ,  the 50 genotypes w er e  

gro u pe d  into 5 c l usters.  T h e  d i st r i but i on  of  g enot ypes  into clusters 

showed no r e g u l a r i t y .  C l u s t e r  V was the largest  con ta i n i ng  20 genot ypes.  

C l u s t e r  IV c o n t a i n t e d  12 ge n o t yp e s ,  c l us te r  III c ont ained 9 geno t y pe s
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cl us t er  II and I c o nt ai ne d  7 and 2 g en o t yp e s  r e s p e c t i v e l y .  Such an 

i r r e gu la r  p a t t e r n  of  distr  b ut i on  was r e p o r t e d  by  5ukhi ja et_ aj .  (1982) ,  

Sidhu and B r a r  (1985)  in w a t e r m e l o n  and K a l l o o  et_ al_. (1982)  in 

C u cumi s m e l o .

O u t  of  f ive  c l us t er s ,  c l us te r  I w h i c h  c o m p r i s e d  of  onl y  t w o  g en o 

t ypes,  s howed high m e a n  values f or  8 c h ar a c t e r s  -  f e m a l e  f lower s/  

p l an t ,  ma le  f l o w e r s / p l an t ,  sex r a t i o ,  node at w h i c h  the  f i rst  f rui t

is r e t a i ne d ,  m ai n  v ine l e n gt h ,  nodes on m ai n  v ine,  p r i m a r y  branches/ 

plant  and flesh th ic kness  ( T a b l e  16) .  C l u s t e r  I had the  l owest  mean 

values for  rest  of the c h a r a c t e r s  v i z .  days to  f i rst  ma l e  f l o w e r  anthesis,  

days to  f i rst  f e ma l e  f l o w e r  anthesis,  node at w h i c h  the  f i rst  fema l e  

f l o w e r  is f o r m e d ,  i nt er no d a l  l e n gt h ,  p r o d u c t i v e  b r an c h es / pl an t ,  frui ts/ 

p l an t ,  a ve ra ge  frui t  w e i g h t ,  f ru i t  l e n gt h ,  f r u i t  d i a m e t e r ,  seeds/ 

f r u i t ,  100 seed w e i g h t  and y ie l d/p lant .  I n v o l v e m e n t  o f  e i t he r  m a x i m u m  

or m i n i m u m  cl us te r  means in this c l us te r  m a y  be due to  the inclusion 

of  onl y  t w o  geno t y pe s  w h i c h  s howed w i de  ran ge of  v a r i a t i o n  for 

all the c h a ra c t e r s .

C l u s t e r  II s howed s u p e r io r i t y  f o r  onl y  t w o  c h ar a c t e r s  v i z .  a ve r a ge  

f r u i t  w e i g h t  and seeds/fr ui t .  A t  the same t i m e  it was i n f er i o r  to

the rest  of  the  c l usters  for  f em al e  f l o w e r s / p l an t ,  sex r a t i o ,  node

at w h i c h  the f u s t  f r u i t  is l e t a i n e d ,  m ai n  v ine l e n gt h ,  nodes on main  

vine and flesh thickness.  C l u s t e r  III e x hi b i t ed  highest  c l us te r  means 

for days t o  f i rst  m al e  as we l l  as f e ma l e  f l o w e r  anthesis and frui t

length.
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Incr ease in f ru i t  y ie l d  is the  p r i m a r y  o b j e ct i v e  of  any  br eedi ng 

p r o g r a m m e .  A m o n g  the 5 c l us t er s ,  c l us te r  IV had m a x i m u m  mean 

values for  f r u i t s/ pl an t ,  y ie l d/p l ant  and 100 seed w e i g h t .  T h i s  i ndicates 

the i m p o r t a n c e  of  c l us te r  IV f or  f u r t h e r  i m p r o v e m e n t .

C l u s t e r  V w h i c h  c o n t a i n ed  m a x i m u m  g en o t yp e s  of  20 was inter  

me d i a^ y  for  most  o f  the  c h a r a c t e r s  ex ce p t  node at w h i c h  f i rst  fema l e  

f l o w e r  is f o r m e d ,  p r o d u c t i v e  br anches/pl ant  and f ru i t  d i a m e t e r  for 

w h i c h  it had m a x i m u m  c l u s t e r  m ea n .

C r o s si n g  a m o n g  d i v er g e n t  pa t e n ts  is l ikely  to  y iel d h e t e ro t i c  

hybr ids.  In t he  present  st u dy ,  m a x i m u m  g e n et i c  d i stanc e was  e x hi bi ted  

b e t w e e n  c l us t ers  I and II ( D  = 224. 48,  T a b l e  16).  C l u s t e r s  showing 

the largest  g e n et i c  d i stanc e show the  m a x i m u m  d i ve r g e n c e .  C l u s t e r  I 

is c o n s t i tu t e d  by  C M  136,  a c o l l e ct i o n  f r o m  C h e r u t h u r u t h i  ( T r i c h u r  

D i s t . )  and C M  188,  a c o l l e ct i o n  f i o m  V a l iy a ku n n u .  C M  136 is c h a r a 

cte r is ed  b> m o r e  f e m a l e  f lo we r s/ pl an t  and v e g e t a t i v e  g r o w t h .  C M  188 

bears f ru i ts  ha v in g  high flesh t h ickness.  C l u s t e r  II is c o m p r i s e d  of 

7 geno t y pe s  h avin g  m e d i u m  or  lar ge  f rui ts .  In f u tu r e  p r o g r a m m e s ,  

s el ect ion of  p a r ent s  f r o m  C l u s t e r s  I and II for h y b r i d i z a t i o n  is l ikely  

to  g ive h e t e r o t i c  hybr ids.

2
T h e  i n t er c l u s t e r  distance ( D  ) was also high b e t w e e n  C l u st e r s  

I and III (128. 56)  and C l u s t e r s  II and I V (141. 77) .  T h e  m i n i m u m  inter  

c l us t er  distance was obs er v ed  b e t w e e n  C l u s t e r s  I V and V.  T h i s  i ndicates 

the  u ns u i t ab i l i t y  of s e l e c t in g  m al e  and f em al e  p a rent s  for  h y b r i d i 

z at i on  f r o m  t hese t w o  cl usters.
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Tab le 16. C lu s te r  means o f 20 quan tita tive  cha racte rs

C h a r a c t e r s

M ea n values of clusters

I II III IV V

D a y s  to fi rst  mal e  f l o w e r  anthesis 47.75 51.21 57.16 48.88 50 05

D a y s  to fi rst  f em al e  f l o w e r  anthes s 51.00 62.14 65.66 52.00 60.33

N od e  at f i rst  f e ma l e  f l o w e r  is f o r m e d 19.25 20.07 22.17 21.83 23.60

F e m a l e  f l ower s/pl ant 3.38 3.07 3.29 3.20 3.14

Mal e f l ower s/pl ant 67.75 50.30 59.94 48.31 57.01

Sex r at io  ( m a l e / f e m a l e ) 19.65 14.41 17.16 16.55 18.38

Node at w h i c h  f i rst  f r u i t  is r e t a in e d 67.25 33.21 42. 16 33. 50 34 94

M ai n vine l ength ( m ) 11.19 7.91 10.18 9.26 8.65

Nodes on ma i n  vine 95.75 70.43 80.83 73.50 72.00

P r i m a r y  br anches/pl ant 3 . 00 2.57 2.66 2.30 2.70

I n t e r n j d a l  l ength  ( c m ) 11.38 15.57 17.58 16.90 16.96

P r o d u c t i v e  br anches/pl ant 3.25 3. 79 4.05 4.07 5.23

F ru i t s/p l a n t 1.00 1.80 1.82 2. 16 1.90

A v e r a g e  f ru i t  w e i g h t  (kg) 2.30 3.17 2.84 2.66 2.87

r rui t  l ength ( c m ) 18.38 19.75 20.80 20.00 18.71

F r u i t  d i a m e t e r  ( c m ) 14.75 17.52 16.84 17.27 18.26

F le sh  thickness ( c m ) 3.28 2.74 3.14 2.81 2.99

Seeds/frui t 282.75 545.70 345.50 332. 00 469.83

100 seed w e i gh t  (g) 9.70 9.04 9.76 11.84 11.81

Y i e l d / pl an t  (kg) 2.30 4.77 5.10 5.33 5.18
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T h e  m a x i m u m  i n t r a c l u s t e r  d i st a n c e  w a s  s h o w n  b y  c l u s t e r  III

( 3 9 . 1 7 )  f o l l o w e d  b y  c l u s t e r  II (3 5 . 80)  a n d  c l u s t e r  V ( 3 4 . 2 9 ) .  H i g h  m t r a -  

c l u s t e r  d i s t a n c e  in t h e c l u s t er s  i n d i c a t e d  h i gh  d e g r e e  of  v a r i a b i l i t y  

w i t h i n  t h e  c l u s t e r s  o f f e r i n g  scope for i m p r o v e m e n t  b y  v ar i ou s  s e l e c t i o n  

m e t h o d s .

E v a l u a t i o n  f o r  r e s i s t a n c e  t o  m o s a i c  disease

V e g e t a b l e s  a r e  f a c i n g  s e r ious  p r o b l e m s  due t o  o u t b r e a k  of  n e w e r  

s t r a in s  of  v i r j s .  E x i s t e n c e  of  a h o s t - h o s t - p a r a s i t e  i n t e r a c t i o n  ma k e s 

t h e  b r e e d i n g  p r o g r a m m e s  f o r  v i ru s r e s i s t a nc e  al l  t h e  m o r e  c o m p l i c a t e d  

a nd t he  d e v e l o p m e n t  of  v i r u s  r e s i st a n t  v a r i e t i e s  is st i l l  in i n f a n c y  

e x c e p t  in o k r a .

D u e  t o  s e v e r e  i n c i d e n c e  of  m o s a i c  diseases,  p u m p k i n  c u l t i v a t i o n  

has f a c e d  a s er ious  set b a c k  d u r i n g  t h e  last  10 y e a r s  in K e r a l a .  

N o r m a l l y ,  t h e  l o c al  c u l t i v a r s  a r e  h i g h ly  s u s c e p t i b l e  t o  t h e  disease 

a nd y i e l d  loss up to  1 0 0 %  has be e n  n o t i c e d .  D e v e l o p m e n t  a nd  c u l t i v a 

t i o n  of  m o s a i c  r es i st a n t  p u m p k i n  is t h e  one and o n l y  w a y  o f  c o m b a t i n g  

t his  disease.  A s  a p r e l i m i n a r y  s t e p ,  t h e  a v ai l a b l e  l ines w e r e  e v a l u a t e d  

u n d e r  n a t u r a l  f i e l d  c o n d i t i o n  as w e l l  as u n d e r  a r t i f i c i a l  i n o c u l a t i o n .

In t h e  s c r e e n i n g  o f  acc e ss i on s  c a r r i e d  out  d u r i n g  J u n e - O c t o b e r  

1 988,  it w a s  f o u n d  t h a t  70 out  o f  71 v a r i e t i e s  w e r e  su sc ep t ib l e  to 

p u m p k i n  m o s a i c  and y e l l o v  ve i n  m o s a i c .  T h e r e  w a s  v a r i a t i o n  in t he 

i n t e n s i t y  of  t h e  disease.  M o s k o v e t s  a nd  F e g l a  ( 1 9 7 2 )  w h i l e  w o r k i n g  

w i t h  w a t e r m e l o n  m o s a i c  w r u s  a r r i v e d  at s i m i l a r  c o n cl u s i o n  and r e p o r t e d
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t hat  none of  the  w a t e r m e l o n  and p u m p k i n  v ar i et i es  t e s t e d  w e r e  i m m u n e  

to  t he  v i rus.  V a r i e t a l  scr ee n i ng  studies by U m a m a h e s w a r a n  (1985)  

and Ba l ak r i sh na n ( 1988)  against  p u m p k i n  m o sa i c  also r e v e a l e d  t hat  

all  the  v ar i et i es  tested w e r e  suscept ib l e  to  P M V .

When the  t o l e r an t  and high y ie l d i ng  g en o t yp e s w e r e  a r t i f i c i a l l y  

i n oc u l a t e d  w i t h  the v i rus ,  none of  the  accessions e x c ep t  C M  214 

was f ree f r o m  vi rus i n f e ct i on .  It is p r obabl e  t h a t  t hese l ines m ig ht  

have esca ped v i rus  i n fe c t i on  in the  f ie l d  e v a l u at i o n .  S y m p t o m s  of  

P M V  and y e l l o w  vein m os a ic  disease a pp ear ed 15 days a f t e r  i nocul a t ion .  

T h e  sa me  w e r e  also o bs er ve d  b> U m a m a h e s w a r a n  ( 1985) .  In al l  the 

suscept ible p u m p k i n  accessions,  the  inc i de n c e  of  Y V M  was  e ar l ie r  

than p u m p k i n  m os a i c .

T h e  accessions C M  214 ( N i g e r i a n  L o c a l )  w h i c h  did not  exhi bi t  

m os a i c  s y m p t o m s  unde r  a r t i f i c i a l  i no c ul a t ion  co u l d  be r a t e d  as resis

t a n t .  In the scr ee n i ng  f or  r es ist a nce  c o n d u c t e d  by P r o v v i d e n t i  et al .  
h

(198j|) N i g e r i a n  L o c a l  was found resist a nt  to  c u c u m b e r  m o sa i c  v i rus,  

pap a y a r i ng  spot v i rus ( f o r m e r l y  k n ow n as w a t e i  m e l o n  m os a i c  1) ,  

w a t e r m e l o n  m os a i c  u r u s - 1 ,  and z u c c h in i  y e l l o w  m os a i c  v i rus .  N i g e r i a n  

L o c a l  was also resistant  t o  v i ra l  i nf ec t i ons  o c c u n n g  in A u s t r a l l i a ,  

T a i w a n ,  C h i n a ,  J a p a n ,  F r a n c e ,  I t a l y ,  L g y p t ,  Israel  and T u r k e y .  M u n g e r  

and Pi o v v i de n t i  (1987)  ob t a in e d some success in t r a n sf e r i n g  resistance 

f r o m  ' N i g e r i a n  L o c a l '  to  C  u c u r b . t a  p e p o . Seed g e r m i n a t i o n ,  f i u i t  

s et t i ng  and f ru i t  d e v e l o p m e n t  of  N i g e r i a n  L o c a l  is quiet  e r r a t i c  and 

f rui ts  are w a r t y  and knobbed.  T h i s  necessi tat es  the need f or  i m p r o v i n g  

this v a r i e t y  by  cr ossing w i t h  the  l o c al l y  a da p t e d  and high yiel di ng 

v ar i et i es  a vai labl e  in the  c o u n t r y .
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T h e  present  studies w e r e  c o n d u c t e d  at the D e p a r t m e n t  of

O l e r i c u l t u r e ,  C o l l e g e  of  H o r t i c u l t u r e ,  V e l l an i kk a ra  dur ing  J u n e  1988

J a n u a r y  1989.  T h e  e x p e r i m e n t a l  m a t e r i a l  consisted of  71 p u m p k i n

geno t y pe s  c o l l e c t e d  f r o m  d i f f e re n t  par ts  o f  India as w e l l  as some

e x o t i c  accessions.  O f  this ,  50 sel e c t e d  p u m p k i n  g en o t yp es  w e r e  g ro w n

in a r a n d o m i z e d  b l o c k  design to assess the e x te nt  of  v a r i a b i l i t y  and

d i ve r g e nc e  a mo n g  the g en o t yp e s and to group t h e m  a c c o r d i n g l y  based 

2
on D  values.  T h e  c a r o t e n e  and i ron co n te n t s  present  in the 50 geno 

t ypes  w e r e  also e s t i m a t e d  to f ind out  the e x te n t  of  v a r i a bi l i t y .  

Studies w e r e  also ma d e  to scr een the 71 geno t y pe s  for  resistance/ 

tolerance to p u m p k i n  m os a i c  and y e l l o w  vein m os a i c  diseases.

T h e  f indings of  the st udy  are s u m m a i i z e d  as f o l l o ws :

The 50 g enot ypes  d i f f e re d  s i g ni f i c a n t l y  for  all  the c h ar a ct e r s  

ex ce p t  y iel d/pl ant  w h i c h  c l e a r l y  i ndi cates e x ist en ce of  abundant  

v a r i a b i l i t y  a m on g  the g en o t yp es  s el e c t ed  for  the study.

T h e  c o e ff i c i e nt s  of  v a r i a t i o n ,  h er i t a b i l i t y  and g en e t i c  gain 

for  the 20 c h a r a c t e r s  i n d i ca t e d  t hat  the v a r i a t i o n  exist i ng  is m ai n ly  

g en e t i c .

G e n o t y p i c  c o e f f i c i e n t  of  v a r i a t i o n  was m a x i m u m  for  seeds/ 

f rui t  ( 3 7 . 37 ) ,  f o l l o w e d  by a ve r a g e  f ru i t  w e i g h t  ( 35 . 25 )  and p r o d u c t i v e  

br anches/pl ant  ( 34. 72)  and it was m i n i m u m  for  days to f i rst  mal e  

f l o w e r  anthesis ( 12. 27)  and node at w h i c h  f i rst  f em al e  f l o w e r  is 

f o r m e d  (12 77).
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T h e  h i gh es t  h e n t a o i l i t y  e s t i m a t e  in t he  s t u d y  wa s  f or  100 

seed w e i g h t  ( 0 . 96 )  f o l l o w e d  by  node at w h i c h  f i rst  f r u i t  is r e t a i n e d  

( 0 . 9 3 ) ,  days to f i rst  f e m a l e  f l o w e r  anthesi s ( 0 . 9 2 ) ,  node at  w h i c h  

t h e f i r s t  f e m a l e  f l o w e r  is f o r m e d  a n d  se e d s/f r ui t .

H i g h  h e r i t a b i l i t y  c o u p l e d  w i t h  h i gh  g e n e t i c  gain  wa s  o b s er v e d  

for  100 seed w e i g h t ,  se e d s/f r ui t  and node at w h i c h  f i rst  f r u i t  is 

r e t a i n e d .

T h e  c a r o t e n e  c o n t e n t  in 50 p u m p k i n  g e n o t y p e s  r a n g e d  f r o m  

6 . 6 6  j jg  in C M  108 t o  215 j i j g / 1 0 0  g in C M  111.  I r o n  c o n t e n t  in 

the g e n o t y p e s  s h o w e d  a w i d e  i a n g e  ( 0 . 5 1 - 2 . 7 6  m g / 1 0 0  g) .

T h e  g e n o t y p e s  w e r e  g r o u p e d  i nt o  5 c l u s t e r s  based on M a h a  

2
lanobis  D  s t a t i s t i c  a n d  the  c l u s t er s  I, II ,  I I I ,  IV and V c o n t a i n e d

2,  7,  9,  12 and 20 g e n o t y p e s  r e s p e c t i v e l y .

2
T h e  i n t r a c l u s t e r  d i st a n c e  ( D  ) was  m a x i m u m  in c l u s t e r  III 

and m i n i m u m  in c l u s t e r  I.

C l u s t e r  I s h o w e d  the m a x i m u m  a v e r a g e  i n t c r c l u s t e r  d i st anc e

2
w i t h  a n y  o t h e r  c l u s t e r .  I n t e r c l u s t e r  d i st a n c e  ( D  ) w a s  m a x i m u m

b e t w e e n  c l u s t e r s  I and  II ( 1 2 8 . 5 0 )  and wa s m i n i m u m  b e t w e e n  c l us ter s  

III and  V  ( 65 . 28 ) .

O u t  of  f i ve  c l u s t e r s ,  c l u s t e r  I s h o w e d  h i gh  m e a n  v al ue  foi

8 c h a r a c t e r s  out  of  20 c h a i a c t e r s  s t ud i ed .  It had t h e l ow e s t  m e a n

v al ue  for  12 c h a r a c t e r s .



C l u s t e r  I V h a d  t h e  m a x i m u m  m e a n  v a l u e  f o r  f r u i t s / p l a n t ,  y ie l d /  

p l a n t  a n d  1 00  s eed w e i g h t .

S c r e e n i n g  s t u d i es  c a r r i e d  o u t  w i t h  71 g e n o t y p e s  r e v e a l e d  t h a t  

al l  t h e  g e n o t v p e s  e x c e p t  C M  2 1 4  w e r e  s u s c e p t i b l e  t o  P u m p k i n  m o s a i c  

a n d  y e l l o w  v e i n  m o s a i c  d i sease s.

A r t i f i c i a l  i n o c u l a t i o n  s t u d i e s  c o n f i r m e d  t h e  i m m u n i t y  o f  C M  

214 ( N i g e r i a n  L o c a l )  t o  p u m p k i n  m o s a i c  v i r u s  a n d  y e l l o w  v e i n  m o s a i c  

v i r u s .



Plate 11. CM 214 immune to pumpkin mosaic and 
yellow vein mosaic



References



R E F E R E N C E S

A l l a r d ,  R . W .  1960.  P r i nc i p l e s  of  P l an t  B r e e d i n g . J o h n W i l e y  & Sons,  Inc. ,  
pp.  89 -  98.

* A l m e i d a ,  M . . M .  and Bo r ge s ,  M .  1983.  W a t e r m e l o n  m os a ic  vi rus in P or t uga l .
C h a r a c t e r i s t i c s ,  s e r o l og y,  u l t r a s t r u c t u r a l  aspects of the host.  
R evista  de P h y t o p a t h o l o q i e . 8^:347 -  3 53.

A . O . A . C .  1960.  O f f i c i a l  M e t ho d s  of  A n al y s i s  of  A s s o ci a t i o n  of  O f f i c i a l  A g r i 
c u l t u r a l  C h e m i s t s ,  9th ed.  Was h i n g to n  pp.  215 -  226.

A r o r a ,  S . K . ,  P a n d i t a ,  P . S . ,  P a r t a p ,  P . S .  and Si dhu,  A . S .  1983.  V a r i a b i l i t y  and 
c o r r e l a t i o n  studies in sponge g our d  ( L u f f a  c y l i n d n c a  R o e m . ) .  
H a r y a n a  a q r i c . U n i v . J .  R es .  13: 146 -  149.

Bal ak r i sh na n ,  S. 1988.  Mosaic diseases of  p u m pk i n  in K e r a l a .  R e s e a r c h  H i g h  
l ights on Ve g et a b l e s .  K e r a l a  A q r i c . U n i v ., T r i c h u r ,  K e r a l a ,  pp 44 46.

B h a r g a v a ,  B .  and B h a r g a v a ,  K . S .  1977.  C u c u r b i t  m os a i c  vi rus in G o r a k p u r .  
Indian _J. a q r i c . Sci .  4 7 :1 -  5.

B h a th a l ,  G . S .  and Sandhu,  J . S .  1984.  E v a l u a t i o n  of  hybr i ds in w a t e r m e l o n  
[ C i t r u l l u s  lanatus T h u n b .  M a ns f . ] .  T h e  P unj ab  V e q . G r o w e r  19:11 17.

B r a r ,  J . S .  and N a n d p u r u  H  978.  G e n e t i c  analysis of  y ie l d  and f i u i t  n u m be r  in 
w a t e r m e l o n .  Indian J .  H o r t .  3 5 :225 -  228.

♦ B u r t o n ,  G . W .  1952.  Q u a n t i t a t i v e  i n he r i ta n c e in grasses 6th Int .  Gr ass l d .  C o n q .  
P r o c . 1_:277 -  283.

C a p o o r ,  S . R .  and A h m a d ,  R . U .  1975.  Y e l l o w  vein mos a i c  disease of  f ield p u mp ki n  
and its rel at io nship  w i t h  the v e c t o r ,  B e m i s i a  t a b a c i .  Indian P h y t o p a t h .  
28:241 -  246.

C h a u d a r i ,  S . M.  1987.  Studies on heterosis ,  c o m b i n i n g  a b i l i t y  and cor r el a t io n  
in b i t t e r  g our d  ( M o m o r d i c a  c h ar a nt ia  L . ) .  P h . D .  thesis,  M a h a t h m a  
Phul e A g r i c .  U n i v . ,  R a h u r i ,  M a h a i a s h t r a .

C h h o n k a r , V . S . ,  Singh,  D . N .  and Singh,  R . L .  1979.  G e n e t i c  v a r i a b i l i t y  and 
c o r r e l a t i o n  studies in musk me l on .  Indian _J. a q r i c . Sci .  49:361 - 3 6 3 .



II

*Co h en ,  S.,  D u ft u s ,  J . L .  I arsen,  R . C . ,  L i u ,  H . Y .  and F l o c k ,  R . A .  1983. Pu r i f i 
cat i on,  serology and vector  relationships of squash leaf cur l  virus,  
a w h i t e f l y  t r a n s m i t t e d  genini  vi rus.  Ph yt o p a th ol og y  73:1 669 -  1673.

*Cohen,  S. and N i t z a n y ,  T . F .  1960.  A  w h i t e f l y  t r a n s mi t t e d  virus of cucurbi ts 
in Israel .  P h y t o p a t h . M e d i t . JR44 -  46.

* D a r w i n ,  C . R .  1839.  O n  tin O r i g i n  of Species by Means of N a t u r a l  S el ec t io n, 
or the Pr e ser vat i on  of F a v o ur e d  R aces  in the Struggle for  L i f e , 
M od e r n  L i b r a r y  ( G ia nt s  Series) ,  N e w  Y o r k ,  N . Y .

D o i jode,  S . D .  1983. H e t e i o t i c  p e r f o i m a n c e  for T S b  and ca i ot e n e  in pumpkin 
( C u c u r b i t a  moochdta Poi r ) .  G e n et i ca  A q i a n i  _3J7̂ :233 -  238.

Doi jode,  S . D .  a r d  Sul ladm ith,  U . V .  1985. GenetiCo of cer tain  frui t  characters  
in pumpki n ( C u c u r b i t a  moschata P o l l ) .  L q y p t i a n . _J. G en e t .  C y t o l .  
t4:3 5 -  40.

D o i jode,  S . D .  S ul la dmat h,  I J .V.  and K u l k a r m ,  R . S .  1982.  G r a p h i c  analysis and 
g enet i c  di versi ty  for  v eg et a t i ve  and re pr o d u ct i ve  t ra i ts  in pumpkin 
( C u c u r b i t a  moschata P o n ) .  M y s o r e _J. a q r i c . Sci .  J_6:439 -  442.

Ghosh,  S . K .  and Mu kh op a d h ya y .  1979. Viruses of pumpki n C u c u r b i t a  moschata 
in West Bengal .  P h y t o p a t h . Z .  94:172 -  184.

G i l l ,  B.S.  and K u m a r ,  l . C .  1986.  V a r ia bi l i t y  in genet ic  stock and heritable 
c omponents  in w a t e r m e l o n .  J .  R e s . , Punjab a q r i c . U n i v .  23:583 -  588.

Gopal akr ishnan,  1 , R .  1979.  G e n e t i c  var i abi l i ty  and cor re l at ion  studies in pumpkin 
( C u c u r b i t a  moschat a  Poi r ) .  M . S c .  ( H o r t . )  thesis,  Ke ra l a  A q r i c . 
U n i v .,  T n c h u r ,  K e r a l a .

* G r e b e r ,  R . S .  1978. W a t e r me l o n  mosai c virus 1 and 2 in Queensl and cucurbi t  
crops.  Aus t r al i an  J .  ^aqric Res.  29.1235 -  1245.

H a r i h a r a su b r a ma m an ,  V.  and B a d a m i ,  R . S .  1964. A  virus disease of cucurbi ts 
f rom India.  P h y t o p a t h . Z.  2l**274 -  ^79.

H a r p a z ,  I. and C o h en ,  S. 1Q65. Semi  persistent  rel i t i onohi p between c uc umber  
vein yel l owi ng  virus ( C U Y V )  and its \Pct or ,  the w h i te f l y  (Bemis a 
t abaci ) .  P h y t o p a t h . Z.  _54:240 -  248.

A
*Hassan,  A . M .  Sheri f ,  H . S . ,  N a z c e m ,  H . R .  and ^ b d u l  Ma g id ,  A . A .  1984.  Ge n e t i c  

behaviour  of some e c o no m ic  char a ct er s  in squashes ( C u c u r b i t a  sp). 
Annal s  of  A g u e . Sci .  Moshtehor .  22:175 187.



H i

^ H e r r i n g t o n ,  M . E .  1987.  Y i e l d  and q ua l i ty  of  C u c u r b i t a  m a x i m a  increase w i t h  
del a ye d  i n fe c t i on  by papaya r ing  spot v i rus t y p e  W.  Queensl and 
J .  A q r i c . and A n i m al Sci .  44:117 -  121.

I qwegbe,  E . C . K .  1983.  P r o p e r t i e s  of  a v i rus causing sever e mos a i c  of  C u c u -  
mer op sis  edul is m  N i g e r i a .  P l an t  Diseases.  65; 315 -  317.

I ndi resh,  B . T .  1982.  Studies in g e no t y p i c  and p h e n o t y p i c  v a r i a b i l i t y  in b et t e r  
g ou rd  ( M o m o r d i c a  c h ar an t ia  L . )  ( A b s t r ) .  T he s is  A b s t r  8 p 52.

^ackson,  M . L .  1973.  Soil  C h e m i c a l  A n a l y s is .  P r e n t i c e  H a l l  of  India,  P r i v a t e  L t d ,  
N e w  D e l h i ,  pp 3 8 9  -  391.

. a g a n a t h ^ T .  and R a m a k r i s h n a n ,  K .  1971.  Studies on V i rus  diseases of  c u cur bi ts .  
Ma d r a s  aqi i c . Ĵ . _58:331 -  337.
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Appendix -  1. Meteorological data during the cropping period tm onth-wise;

M o n t h s
T e m p e r a t u r e  ( ° C )  

M a x i m u m  M i n i m u m
M e a n  r e l a t i v e  
h u m i d i t v  ( % )

T o t a l  r a i n f a l l  
( m m )

N o .  of  
r a i n v  d ays

M e a n  suns 
hours

1988

J u n e 3 0 .0 23.7 86 632.1 25 1.2

J u l y 29. 0 23.2 88 545 . 0 2 6 3. 0

A u g u s t 29. 2 24.3 86 507.8 25 3.7

S e p t e m b e r 29. 9 23.2 85 7 0 0 . 0 24 5.1

O c t o b e r 31. 7 23.3 ^8 11 6 . 6 Q 7.1

N o v e m b e r 3 2 . 6 22. 9 68 11.0 1 7.9

D e c e m b e r 3 2 . 6 22.3 57 14. 9 2 9.0

1989

J a n u a r y 3 3 .4 22. 2 54 - - 8.1

F e b r u a r v 36.3 21.2 45 - - 9.8

M a r c h 3 6 . 5 23.3 58 31.3 2 9.5
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} * 2 ( (  r t r i )

F r d u c t  i v c  T r u  t «?/ A v c n q c  f r u  t L c n q t t  ( f  t t  o

t>r t f s / p l d r t  p l d n t  w c » q l  1 ( k j )  f r u  t ( c m )

1 5 2  3 2  4 0 2 0  2 5

1  0 2  0 3 3 0 i 4  5 0

3 5 1 5 2  8 3 1 6  2 5

4  3 2  0 3 k y 1 2  2 5

3 0 2  0 3 C O 2 5  0 0

3 5 2  0 2  C O 2 8  7 5

3 5 2  0 2  2 3 1 5  2 5

2  0 3 0 2  4 3 2 4  2 j

4  0 2  0 2  9 0 1 7  5 0

5 0 2  0 ’  7 3 2 0  5 0

3 0 2  3 2  3 0 2 6  2 5

2  5 1 3 1 6 0 2 0  5 0

9  5 2  3 1 3 5 1 6  7 5

6  0 1 0 3  4 0 1 5  2 5

3 5 1 3 2  5 5 1 3  2 5

4  0 2  0 1 7 0 2 0  0 0
A s 1 0 4  2 0 1 9  2 5

3 0 2  0 2  1 0 1 4  0 0

4  0 1 3 4  8 0 2 4  0 0

1 0  5 2  0 2  3 5 2 6 . 2 5

4  5 2  0 2  4 5 1 3  2 5

3 5 3  0 1 5 5 1 9  7 5

4  0 1 0 1 3 0 1 6  5 0

7  0 2  0 2  ? Q 1 5  7 5

5  0 4  0 1 2 0 1 3  5 0
7  0 2  0 3 7 5 2 1  5 0

5 2  0 3  3 5 2 0  0 0
3 5 1 5 5  9 0 2 2  5 0
3 0 2  5 5  0 0 3 2  7 5
5  5 1  0 0  9 0 2 2  0 0
6  0 2  5 1 9 7 1 8  7 5
7  5 2  5 4 8 0 1 5  5 0
3 5 2  0 3  3 0 1 7  5 0

4  5 2  0 2  0 0 1 8  7 5
4  0 1  3 t  1 0 1 4  5 0

4  5 1 0 5 1 0 2 3  j 5

2  0 2  0 2  4 5 1 5  0 0
9  0 1 3 2  7  5 1 4  1  j>

3 0 2  0 6  7 0 2 1  5 0

5 0 1 3 2  1 0 1 1  5 0
4  0 2  3 3 3 0 2 6 . 0 0
3 5 1 0 3 2 0 1 5  2 5

1 0 1 3 3 1 0 2 6  5 0
3 5 1 0 2  7 0 1 ;  2 5
2  5 1 0 3 3 0 2 0  2 5

5 0 2  0 4  5 0 2 6 . 0 0
4  0 1 3 1 1 4  5 0
3 5 1 3 1 5 0 1 5  G O
6 3 2  0 2  1 0 2 0  0 0
3 3 1 3 2  7 0 2 5  ^ 0

Di a n< ter  of  r ie s t  S eds/ 100 seed  Y ie ld /
t f t  fru it (c 7 ) t f ickness fru it w igf t [ h  I

(q) (kq)

1 7  0 2 7 3 3 ;  0 0 1 1  1 0 5 6 0

2 4  ; 0 2  4 5 5 7 3  0 0 1 4  4 5 6  6 0

2 1  1  j> 2  5 0 6 a  9  0 0 7  0 ; 3 9 0

1 6 . 7 3 5 0 3 5 0  0 0 6 4 5 6  9 0

1 6 . 3 0 3 0 5 6 3 1  5 0 1 6  8 0 7  2 0

1 7  0 0 3 7 5 3 8 1  5 0 1 2  6 ; 4  2 0

1 8  7 5 2  9 0 5 6 5  0 0 1 4  9 0 4  5 0

1 6 . 2 5 3 1 5 4 9 c* 0 0 1 2  4 0 7  4 0

1 6 . 7 5 3 8 5 2 5 5  0 0 1 1  3 0 5 8 0

2 1  0 0 4  0 0 2 0 5  0 0 1 5  2 0 7  5 0

1 8  7 5 2  7 5 ; 8 6  5 0 7  6 0 6  5 0

1 2  1 3 2  0 5 4 3 2  5 0 9  7 5 2  4 0

1 2  3 0 2  5 5 3 8 0  0 0 5 3 5 3 8 0

2 1  7 5 3 5 5 3 6 5  0 0 1 1  1 0 3 4 0

1 9  0 0 4  1 8 4 0 1  5 0 5 63 3 6 0

1 1  7 5 2  0 0 3 1 7  0 0 1 2  6 5 3 4 0

1 4  0 0 3 0 5 5 1 6 . ^ 0 7  0 0 4

1 9  0 0 3 2 5 5 1 4  0 0 1 2  2 0 4  2 0

2 1  2 5 3 1 0 6 6 1  5 0 1 2  2 0 7  3 0

1 4  0 0 3 3 5 2  18 5 0 1 0  6 5 4  7 0

2 2  2 5 2  4 5 3 9 2  0 0 1 1  5 5 5  0 0

1 7  2 5 2  * 5 4 2 2  0 0 1 0  9 0 4  8 0

1 3  2 5 1 8 0 3 7 9  0 0 1 1  2 0 1 3 0

1 6  2 5 2  1 5 3 3 2  ; 0 1 1  3 0 4  4 0

9  7 5 2  8 5 3 1 3  5 0 5  4 0 4  8 0

1 9  5 0 3 1 5 5 0 4  5 0 1 1  3 5 7  5 0

1 5  2 5 2  6 5 4 8 4  0 0 9  7 5 6 . 7 0

2 5  0 0 4  0 0 7 1 7  5 0 1 3  1 0 9  / 0

1 6 . 2 5 3 2 0 4 5 0  0 0 9  5 3 8  7 0

1 0  3 5 1 9 0 2 0 2  5 0 6 . 2 5 0  9 0

1 5  5 0 2  1 0 6 0 7  5 0 1 5  1 3 5  i O

1 9  0 0 1 9 5 3 6 0  0 0 " 0  1 0 4  5 0

1 9  7 5 2  3 5 4 4 8  5 0 1 0  2 6 6 . 6 0

1 3  2 5 1 9 5 2 7 7  5 0 8  7 5 4  0 0

2 1  0 0 2  1 5 5 2 6  0 0 1 0  4 5 3 4 0

1 8  0 0 3 8 0 6 5 3  5 0 1 0  9 3 5 1 0

2 3  0 0 4  5 0 5 6 6 . 0 0 1 2  1 0 4  9 0

2 1  9 0 3 5 0 6 2 4  5 0 9  9 8 3 2 0
2 7  0 0 4  0 8 6 7 8  0 0 1 3  4 3 1 3  4 0

1 6 . 5 0 3 0 0 1 0 6 . 0 0 1 3  1 4 2  9 0
1 7  2 5 3 2 0 4 1 8  0 0 1 3  5 8 8  6 0

2 0 . 7 5 2  9 5 3 5 0  0 0 1 3  9 5 3 2 0

1 6 . 0 0 2  7 0 5 3  6  5 0 1 8  9 0 4  8 0
1 8  2 5 3 1 0 6 2  5 0 6  6 0 2  7 0

1 6 . 2 5 4  6 5 1 8 6  5 0 8  2 0 3 3 0

1 8  7 ; 7  6 5 4 3 9  0 0 1 3  3 8 Q  0 0

1 6 . 2 5 2  5 0 3 3 9  5 0 8  1 0 2  5 0

1 3  0 0 1 4 5 2 8 5  0 0 8  3 0 2  6 0

1 1  7 5 3 1 0 2  5 0 1 0  4 0 4  2 0

1 8  0 0 3 3 5 6 6 2  5 0 1 4  4 8 4  0 0
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A B S T R A C T

T h e  p r e s e n t  i n v e s t i g a t i o n  on " D i v e r g e n n e  studi es  in p u m p k i n  

( C u c u r b i t a  m o s c h a t a  P o i r )  wa s  c o n d u c t e d  at  t h e C o l l e g e  of  H o r t i 

c u l t u r e ,  V e l l a m k k a r a ,  T r i c h u r  d u r i n g  J u n e  1988 -  M a r c h  1989.

S e v e n t y  one p u m p k i n  g e n o t y p e s  c o l l e c t e d  f r o m  d i f f e r e n t  p ar t s  

of  India and a b r o a d  w e r e  u t i l i z e d  f o r  t he s t u d y .  T h e  e x t e n t  of  v a r i a 

b i l i t y  and d i v e r g e n c e  a m o n g  50 s e l e c t e d  g e n o ' y p e o  w e r e  assessed

2
and g r o u p e d  into 5 c l u s t er s  based on M a h a l a n o b i s  D  s t a t i s t i c .  

C l u s t e r  I, I I ,  I I I ,  I V  and V c o n t a i n e d  2,  7 ,  9,  12 and 20 g e n o t y pe s  

r e s p e c t i v e l y .  I ntel  c l us ter  d i st an c e w a s  m a x i m u m  b e t w e e n  c l u s t e r s  I 

and II and w a '  m i n i m u m  b e t w e e n  c l u s t er s  III and V .  C l u s t e r  I s h ow ed  

m a x i m u m  a v e r a g e  i n t e r c l u s t e r  d i st an c e w i t h  any  o t h e r  c l u o te r .

S c r e e n i n g  71 g en o t y pe o  foi r e s i s t a n c e / t o l e r a n c e  to p u m p k i n  

m o s a i c  and y e l l o w  v ei n  m o s a i c  diseases r e v e a l e d  t h a t  al l  g e no t y p es  

e x c e p t  C M  214 w e r e  s u s c e p t i b le .  A i t i f i c i a l  i n o c u l a t i on  studies 

c o n f i r m e d  i m m u n i t y  of  C M  214 ( N i g e r i a n  I o c a l )  to p u m p k i n  m o s a i c  

vi rus  ar  d y e l l o w  ve i n  m o s a i c  v n u s .




