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Summary. The investigations were carried out with ten genetically diverse maize varieties and all possible 
crosses between them, including reciprocals, at two agro-climatically different locations in Punjab (India). 
The materials were studied in a split-split plot design with plant population level of 59200, 74000 and 98700 plants 
per hectare. The variances due to reciprocal cross effects were significant for plant height, ear height and 
ear girth in the pooled analysis and the effects were quite consistent over plant population levels and locations. 
The data on days to silk were recorded only at one location and highly significant reciprocal effects were ob- 
served. The cytoplasmic effects, however, did not depend on the cytoplasm alone but also on the interaction of 
genotype with cytoplasm. The reciprocal effects were more distinct in early x late combinations of varieties 
than in early × early or late × late combinations. Early parents when used as female tended to reduce plant 
and ear height and days to silk, indicating a common developmental pathway for these three traits. Since the 
cytoplasmic effects for these characters were not associated with significant effects on yield, the results can 
be of practical significance. The cytoplasmic effects for days to silk were maintained even in the F2 and back- 
crosses. These findings encourage the use of particular cytoplasm in developing early maturing varieties. 

Introduction 

The role of cytoplasmic effects in the inheritance of 

quantitative characters in maize has been reported 

by many workers in the recent past. Singh (1965), 

Crane and Nyquist (1967), Bhat and Dhawan (1971) 

and Kalsy and Sharma (1972) reported that the inter- 

action between cytoplasm and nuclear genes is im- 

portant in character expression. Fleming et al. (1960) 

demonstrated that choice of the female parent in a 

double cross hybrid may effect yield. Therefore, a 

sequence of parents showing beneficial cytoplasmic 

effects is important for taking advantage of cyto- 

plasm-gene interactions. 

The present investigation was planned to study the 

effect of cytoplasm on the expression of some impor- 

tant plant characteristics in inter-varietal crosses 

involving diverse indigenous and exotic heterozygous 

varieties at different plant densities and to examine 

the consistency of effects for silking days in the F 2 

and backcross generations. 

Materials and Methods 

The material for the study consisted of ten open-pol- 
linated populations and all possible crosses between 
them, including reciprocals. Of the I0 parent varie- 
ties, five, viz. Partappura Local (V±), Bhodipur Yel- 
low Local (V2), Bassi Local (Vs), ((J~ xSathi)× 
Sathi)-~4 (V4) and Argentina Syn. A(Vs ), were ear- 
ly maturing and the remaining five, vim. Vijay (Vs), 
JML-22(V7 ), JML-27(Vs) , Caribbean Flint Composite 
(Vg) and ((A± X Atigua Gr.I-12-#) × Ji) -/f4 (V10), 

were  la te  m a t u r i n g .  The inves t iga t ions  were  conduc t -  
ed at two agro-climatically different locations in the 
Punjab (India), Ludhiana and Gurdaspur. The soil at 
Ludhiana is poor sandy loam, whereas that at Gurda- 
spur is clay loam of high fertility. Three row spacings , 
75, 60 and 45cm, were used, keeping plant-to-plant 
spacing at 22.5 em. This produced 59200 (P±), 74000 
(Pe) and 98700 (Ps) plants per hectare. The expe- 
rimental design was split-split plot with plant den- 
sities in the main plot. The straight and reciprocal 
crosses were put in the sub-sub plots and sub-sub plots 
consisted of two rows. In each sub plot, the outer two 
rows were treated as non-experimental to avoid inter- 
genotypic competition, as the populations differed 
greatly in height, vigour and duration. 

The data were recorded on ten randomly selected 
competitive plants for the characters, grain yield per 
plant, 500-grain weight, ear length, ear girth, plant 
height and ear height. The observations on days to 
silk were recorded on a line basis at Ludhiana only. 
To study the consistency of cytoplasmic effects, four 
crosses, V~ ×V~, V2 xVv, V~ ×Vs and Va ×Vs, 
and their reciprocals, were again produced and ad- 
vanced to F2 generation during spring, 1972. Some 
backcrosses, (Vi × V7)Vv, (V3 X Ve )V6, (V7 X 
Vl)Vv and (Ve × V3)Ve, were also attempted. Ear- 
ly maturing parents were sown later than the late 
maturing parents so as to synchronize the flowering 
of early and late varieties and to ensure random se- 
lection of the plants from the parent varieties when 
making the crosses. These 20 cultures (FI, F2 and 
backcross) were grown during kharif, 1972, at Lud- 
hiana in randomised block design with four replica- 
tions in 2-rows per plot. The spacing was 75 cm from 
row to row and 22.5 cm from plant to plant. The da- 
ta were recorded only for days to silk. Data could 
not be recorded for other characters as the crop was 
severely lodged because of rain and very strong and 
gusty winds at the grain development stage. 

The analysis for split plot design was carried out 
separately for the two locations following Kempthorne 
( 1967 ). The combining ability analysis was carriedout 
according to Gritting (1956) using model I, method I. 
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T a b l e  1. A n a l y s i s  of  v a r i a n c e  f o r  r e c i p r o c a l  c r o s s  e f f e c t s  

Source d.f. Mean squares 

G r a i n  y i e l d  5 0 0 - g r a i n  E a r  E a r  P l a n t  E a r  D a y s  to  
p e r  p l a n t  w e i g h t  l e n g t h  g i r t h  h e i g h t  h e i g h t  s i l k  

L u d h i a n a  

P1 r . c . e .  45 2 1 . 7 9  1 5 . 4 9 "  0 . 1 8  0 . 1 8 4  3 6 . 8 3  ~4 4 5 . 6 3 " *  1 . 7 0 " *  
E r r o r  198 1 8 . 8 2  1 0 . 0 3  0 . 1 9  0 . 1 5  1 1 . 2 6  2 0 . 5 9  0 . 7 6  

P2 r . c . e .  45 2 1 . 8 8  1 1 . 2 9  0 . 2 2  0 . 1 8  2 0 . 9 0 *  3 7 . 6 7  *4 1 . 3 4 " *  
E r r o r  198 1 8 . 0 6  1 2 . 6 4  0 . 1 8  0 . 1 7  1 2 . 9 4  1 9 . 8 8  0 . 7 8  

P3 r . c . e .  45 1 9 . 4 5  1 2 . 9 1 4  0 . 2 4  0 . 1 7  3 0 . 6 3 * *  2 5 . 9 8 *  1 . 3 6 " *  
E r r o r  198 4 2 . 5 5  7 . 9 3  0 . 1 7  0 . 1 5  1 2 . 9 3  1 7 . 9 3  0 . 6 5  

G u r d a s p u r  

P1 r . c . e .  45 4 1 . 1 7 "  1 8 . 9 0  0 . 0 8  0 . 1 6 "  3 3 . 6 3 * *  4 2 . 3 3 * *  
E r r o r  99 2 3 . 6 1  2 2 . 3 0  0 . 0 7  0 . 1 0  1 2 . 5 9  1 7 . 5 7  

P2 r . c . e .  45 2 8 . 2 5  2 3 . 4 4  0 . 1 0  0 . 1 6  3 2 . 7 9 4 .  4 0 . 0 9 " *  
E r r o r  99 2 2 . 0 4  1 9 . 0 1  0 . 0 8  0 . 1 3  1 1 . 6 4  2 0 . 9 4  

P3 r . c . e .  45 1 8 . 4 2  2 4 . 0 7 "  0 . 1 1  0 . 1 1  3 3 . 3 0 " *  2 5 . 2 0 *  
E r r o r  99 1 4 . 5 1  1 4 . 3 4  0 . 0 9  0 . 1 1  1 1 . 3 2  1 4 . 2 4  

P o o l e d  

r . c . e .  45 9 . 2 3  6 . 1 4  0 . 0 7  0 . 0 5 *  1 7 . 0 7 - e  2 1 . 4 2 "  
r . c . e ,  x p o p .  90 3 . 6 3  1 . 9 1  0 . 0 3  0 . 0 1  1 . 9 2  2 . 7 5  
r . c . e ,  x l o c .  45 3 . 1 3  3 . 1 2  0 . 0 3  0 . 0 2  9 . 8 5  ~ 3 . 4 9  
r . c . e ,  x p o p .  x l o c .  90 2 . 9 6  2 . 3 1  0 . 0 2  0 . 0 1  0 . 2 5  2 . 0 7  
E r r o r  891 7 . 2 8  4 . 7 9  0 . 0 5  0 . 0 3  5 . 3 0  4 . 9 2  

P t ,  P2 a n d  P3 r e f e r  to  59200 p l a n t s ,  74000  p l a n t s  a n d  98700 p l a n t s  p e r  h e c t a r e ,  r e s p e c t i v e l y .  
* a n d  ** S i g n i f i c a n t  at  5 a n d  1 p e r  c e n t  r e s p e c t i v e l y .  

R e s u l t s  a n d  D i s c u s s i o n  

The  v a r i a n c e  due  to r e c i p r o c a l  c r o s s  e f f e c t s  ( r . c . e . )  

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

to  s i l k  u n d e r  a l l  t h e  e n v i r o n m e n t s  s t u d i e d  ( T a b l e  1 ) .  

F o r  g r a i n  y i e l d ,  g r a i n  w e i g h t  a n d  e a r  g i r t h ,  t h e  v a r -  

i a t i o n  due  to r . c . e ,  w a s  s i g n i f i c a n t  o n l y  in  s o m e  of  

t h e  e n v i r o n m e n t s ,  w h i l e  f o r  e a r  l e n g t h ,  r . c . e ,  v a r -  

i a n c e s  w e r e  i n v a r i a b l y  n o n - s i g n i f i c a n t .  The p o o l e d  

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

h e i g h t ,  e a r  h e i g h t ,  e a r  g i r t h  a n d  d a y s  to s i l k ,  a n d  

T a b l e  2 s h o w s  t h e  r e c i p r o c a l  c r o s s  e f f e c t s  f o r  t h e s e  

c h a r a c t e r s .  The  n u m b e r s  of  c r o s s e s  s h o w i n g  s i g n i f i -  

c a n t  r e c i p r o c a l  e f f e c t s  w e r e  s i x ,  t h i r t e e n ,  s i x t e e n  

a n d  f i ve  f o r  e a r  g i r t h ,  p l a n t  h e i g h t ,  e a r  h e i g h t  a n d  

d a y s  to s i l k ,  r e s p e c t i v e l y .  

The  i n t e r a c t i o n s  of  r . c . e ,  w i t h  p o p u l a t i o n  l e v e l s ,  

l o c a t i o n s  a n d  s e c o n d  o r d e r  i n t e r a c t i o n s  w e r e  no t  s i g -  

n i f i c a n t  e x c e p t  in  t h e  c a s e  of  r . c . e .  X l o c a t i o n  f o r  

p l a n t  h e i g h t .  T h i s  i n d i c a t e d  t h a t  t h e  r e l a t i v e  m a g n i t u d e  

of  t h e  r e c i p r o c a l  e f f e c t s  of  t h e  d i f f e r e n t  c r o s s  c o m b i -  

n a t i o n s  d id  no t  v a r y  m u c h  o v e r  t h e  e n v i r o n m e n t s .  R e -  

l i a b l e  i n f e r e n c e s  c a n ,  t h e r e f o r e ,  b e  m a d e  f o r  t he  r e -  

c i p r o c a l  e f f e c t s  u s i n g  d a t a  f r o m  o n l y  a f ew  e n v i r o n -  

m e n t s .  C r a n e  a n d  N y q u i s t  ( 1 9 6 7 )  found  t h a t  t h e  r e c i p -  

r o c a l  e f f e c t s  w e r e  m o d i f i e d  b y  i n t e r a c t i o n  w i t h  e n v i -  

r o n m e n t s ,  bu t  t h i s  r e s u l t  r e f e r r e d  to y i e l d ,  a c h a r -  

a c t e r  g r e a t l y  i n f l u e n c e d  by  e n v i r o n m e n t .  K a l s y  a n d  

S h a r m a  ( 1 9 7 2 )  c o m p a r e d  r e c i p r o c a l  d i f f e r e n c e s  in  

-va r i e t a l  h y b r i d s  a t  two l o c a t i o n s  a n d  found  t h a t  t h e  

e f f e c t s  w e r e  l e s s  c o n s i s t e n t  f o r  a c h a r a c t e r  l i k e  y i e l d  

t h a n  f o r  d a y s  to s i l k .  

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

r e p o r t e d  by  S i n g h  ( 1 9 6 5 )  f o r  y i e l d ,  e a r  h e i g h t ,  p l a n t  

h e i g h t ,  e a r  l e n g t h ,  d a y s  to s i l k ,  n u m b e r  of  e a r s  p e r  

p l a n t  a n d  m o i s t u r e  a t  h a r v e s t ,  by  B h a t  a n d  D h a w a n  

( 1 9 6 9 )  f o r  g r a i n  y i e l d ,  m a t u r i t y ,  p l a n t  h e i g h t  a n d  

e a r  h e i g h t ,  a n d  by  K a l s y  a n d  S h a r m a  ( 1 9 7 2 )  f o r  y i e l d  

p e r  p l a n t ,  d a y s  to s i l k ,  p l a n t  h e i g h t ,  e a r  h e i g h t ,  e a r  

l e n g t h ,  e a r  g i r t h  a n d  1 0 0 - g r a i n  w e i g h t .  In t h e  p r e s e n t  

s t u d y ,  r . c . e ,  e f f e c t s  w e r e  i m p o r t a n t  f o r  e a r  g i r t h ,  

p l a n t  h e i g h t ,  e a r  h e i g h t  a n d  d a y s  to s i l k .  
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T a b l e  2.  C y t o p l a s m i c  e f f e c t s  p o o l e d  o v e r  t h e  p l a n t  
d e n s i t i e s  a n d  l o c a t i o n s  

C r o s s  E a r  P l a n t  E a r  D a y s  ~ to 
g i r t h  h e i g h t  h e i g h t  s i l k  

Vz • V~ 0 . 0 7  - 3 . 4 9 "  - 4 . 3 2 " *  0 . 0 0  
Vz • V3 0 . 1 0  - 2 . 8 0  - 1 . 2 7  - 0 . 6 1  
V• •  0 . 0 1  0 . 1 0  3 . 6 0 *  0 . 1 1  
V~ • Vs 0.20 2.48 3.00 0.94 
V~ • Ve 0 . 0 8  - 3 . 3 6 "  - 3 . 5 2 "  - 0 . 6 7  
V l  • Vv 0 . 3 4 * *  - 0 . 7 9  - 2 . 9 5  - 1 . 3 9 "  
Vr • V 8 - 0 . 1 4  - 1 . 5 7  - 1 . 4 7  - 1 . 0 6  
V l  • V9 - 0 . 3 4 * *  - 4 . 1 8 "  - 7 . 9 2 * *  - 0 . 3 9  
Vl • V~o - 0 . 0 4  - 1 . 1 6  - 2 . 5 4  - 1 . 0 0  
V2 • V3 0.14 0.99 1.56 0.39 
V~ • V~ 0 . 1 2  - 0 . 1 8  2 . 1 2  - 0 . 4 4  
V2 • V~ 0 . 1 6  - 1 . 4 5  - 1 . 1 2  - 0 . 7 2  
V2 • V~ - 0 . 1 2  1 . 3 6  3 . 0 8 *  0 . 1 7  
V~ •  - 0 . 1 7  - 4 . 9 3 * *  - 5 . 9 3 * *  - 1 . 3 3 "  
V2 X Ve -0.16 -8.45"* -7.93"* -2.28"* 
V~ • V9 - 0 . 1 1  -2.07 - 0 . 5 9  0.22 
V2 • 0 . 0 5  0 . 6 1  - 0 . 3 3  - 0 . 1 7  
V3 • V~ 0 . 1 2  1 . 8 3  1 . 7 2  0 . 2 8  
V3 • V5 -0.09 -0.96 - 0 . 7 2  0.28 
V3 • V6 -0.08 -5.89** -5.49** -1.88 ** 
V3 • Vv 0 . 1 3  - 1 . 6 4  - 3 . 8 6 *  0 . 2 8  
V3 X V s  - 0 . 3 1 " *  - 3 . 3 0 *  - 5 . 5 6 * *  - 0 . 1 7  
V3 • V9 0 . 0 2  0 . 6 0  0 . 8 4  - 0 . 1 7  
V~ •  0.02 - 3 . 6 0 *  - 4 . 1 3 " *  -0.88 
Va • V5 0 . I 0  - 1 . 0 4  0 . 3 9  0 . 3 3  
V~ • V6 - 0 . 0 1  -2.13 - 1 . 9 6  -0.28 
Vr • Vv - 0 . 1 3  0 . 2 7  - 0 . 3 1  - 0 . 0 0  
V 4 • V 8 - 0 . 2 1  0 . 6 0  - 1 . 3 1  - 0 . 1 7  
V4 • V~ -0.04 -3.45" -4.88"* -0.22 
V4 • Vlo - 0 . 2 6 *  - 3 . 4 1 "  - 1 . 5 2  -0.11 
V5 X Vs 0 . 0 3  - 2 . 0 1  - 1 . 5 2  0 . 5 0  
V6 X Vv 0 . 0 1  - 0 . 3 3  - 2 . 4 3  0 . 0 6  
V5 • V 8 0.05 0.85 -1.75 0.22 
V5 X V9 -0.02 - 0 . 9 6  - 1 . 0 3  - 0 . 1 1  
V5 X V l o  0 . 1 1  - 1 . 5 4  - 2 . 6 3  -1.78"* 
V6 X Vv 0.28* 3 . 3 7 *  0.65 - 0 . 3 3  
V~ X Vs 0 . 0 2  3 . 1 4  3 . 7 3 *  - 0 . 4 4  
Vs X V9 0 . 3 6 * *  - 7 . 6 7 * *  - 5 . 6 8 * *  - 0 . 6 1  
V6 X V i o  - 0 . 0 3  - 2 . 1 7  5 . 6 7 * *  0 . 0 6  
Vv xVe 0 . 1 9  1 . 5 5  1 . 0 0  -0.28 
V~ • V9 - 0 . 1 2  1 . 7 0  2 . 7 1  1 . 0 6  
Vv X V~.o  - 0 . 0 3  - 3 . 8 8 "  - 4 . 5 4 " *  - I . I I  
Vs X V~ 0 . 1 4  1 . 0 4  1 . 8 3  0.78 
Vs • V~o - 0 . 1 6  - 3 . 0 0  - 1 . 6 4  - 0 . 6 1  
V~ • V l o  - 0 . 2 1  0 . 9 5  1 . 0 7  0 . 0 0  

S.E. -+ 0 . 1 2  1 . 6 3  2 . 2 1  0 . 6 0  
C . D .  (5%)  0 . 2 3  3 . 1 9  3 . 0 6  1 . 1 7  
C . D .  ( l g )  0 . 3 1  4 . 2 1  4 . 0 2  1 . 5 5  

* and ** Significant at 5 per cent and 1 per cent, 
respectively. 

I Ludhiana location only. 

Perusal of the estimates of r.c.e, revealed that 

the reciprocal effects were more pronounced in early 

• late combinations. Out of ten early x early combi- 

nations, the number of hybrids, showing significant 

r.c.e, for ear girth, plant height, ear height and 

days to silk was zero, one, two and zero, respective- 

ly. Of 25 early x late combinations, the correspond- 

ing numbers of hybrid combinations showing signifi- 

cant effects were four, nine, ten and five, respective- 

ly; and out of I0 late X late combinations, it was two, 

three, four and zero, respectively. The parents show- 

ing significant specific reciprocal effects were genet- 

ically diverse. The role of diversity of the parents in 

the expression and manifestation of quantitative dif- 

ferences for agronomic characters as influenced by 

specific cytoplasmic effects has also been emphasized 

by Fleming et al. (1960), Dhawan and Paliwal (1964) 

and Singh (1965). In all the crosses showing signifi- 

cant effects, the early parent as female reduced plant 

height and ear height as well as days to silk. This may 

be because of the common developmental pathway for 

these three characters. 

Even though many significant reciprocal effects 

were observed and some of the varieties were quite 

consistent in showing reciprocal effects, with many 

of the other genotypes, particularly when the crosses 

involved early x late combinations, the reciprocal ef- 

fects did not just depend on the cytoplasm but depended 

more on the interactions of genotypes with cytoplasm. 

This is in agreement with the studies of Crane and Ny- 

quist (1967) and Bhat and Dhawan (1971). 

The desirable cytoplasmic effects of early matur- 

ing varieties appear to be of practical significance as 

these were not associated with a significant effect on 

yield. The significant reduction in plant and ear height 

and days to silk had no associated effect on grain 

yield. The combinations having significant r.c.e, val- 

ues for all these three traits were V 2 X V7, V 2 X V 8 

and V 3 x V 6. Another outstanding combination was 

V I • V6, which was significantly shorter than V 6 X 

V I in plant and ear height, and earlier in maturity 

though not significantly. Yield was also higher than 

in the reciprocal and it outyielded all other combina- 

tions under high plant density at Ludhiana. 

I 
M a t e r n a l  e f f e c t s  in  F l S  , if p r e s e n t ,  a r e  c o n f o u n d -  

e d  w i th  c y t o p l a s m i c  e f f e c t s  bu t  s u c h  e f f e c t s  a r e  e l i m -  

i n a t e d  i n  f u r t h e r  g e n e r a t i o n s .  F o r  t h e  p r a c t i c a l  e x -  

p l o i t a t i o n  of  r . c . e ,  i n  b r e e d i n g  s u p e r i o r  c o m p o s i t e  

v a r i e t i e s ,  t h e s e  e f f e c t s  m u s t  b e  m a i n t a i n e d  in  s u b s e -  

q u e n t  g e n e r a t i o n s .  T h e r e f o r e ,  t h e  r . c . e ,  f o r  d a y s  to 

s i l k  w e r e  a l s o  s t u d i e d  in  t h e  F 2 g e n e r a t i o n  a n d  b a c k -  

c r o s s e s .  The  r e s u l t s  s h o w e d  t h a t  a l l  t h e  c r o s s  c o m b i -  

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

i n  a l l  t h e  g e n e r a t i o n s  ( T a b l e  3) a n d  t h e  m a g n i t u d e  o f  

t h e  d i f f e r e n c e s  w a s  a l m o s t  t h e  s a m e  i n  F 2 a n d  t h e  
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Table 3. Mean values of F~, F2 and backcross gener- 
ations for days to silking 

Cross F~ F2 

Backcross 
with late p a r -  
en t  as male 

V~ x Vv 5 4 . 2 5  ~ 5 3 . 5 0 e  55 .00~  
Vv X V l  5 6 . 2 5  5 5 . 2 5  5 6 . 7 5  
V2 X Vv 53.50 ~ 52.25 ~ - 
Vv X V2 5 5 . 7 5  55 .00  - 
V2 X V8 53.00 ~ 53.50~ - 
V8 x V~ 55.75 55.00 - 
V3 X V6 55 .25  ~ 5 2 . 7 5  ~H~ 52 .50  ~ 
Ve X V3 58.00 54.75 55.00 
C.D. (5%)  1.53 
C.D.(I%) 2.00 

~ and ~ Significant at 5 and 1 per cent, respectively. 

backcrosses as in F I. The continuity of cytoplasmic 

effects in F 2 has also been reported by Crane and 

Nyquist (1967), although their results were lower in 

magnitude. Examination of the results presented by 

Bhat and Dhawan (1971) revealed that the magnitude 

of reciprocal effects in the backcross generations was 

almost the same as in F I crosses. This continuity of 

the r.c.e, over the generations indicates the possibi- 

lity of taking advantage of the cytoplasm for develop- 

ing early maturing, short statured varieties. 

Literature 

Bhat, B.K. ; Dhawan, N.L. : Effect of cytoplasm or. 
quantitative characters of maize. Indian J. Genet. 
29, 321-325 (1969) 

Bhat, B.K. ; Dhawan, N.L. : The role of cytoplasm in 
the manifestations of quantitative characters of 
maize. Genetica 42, 165-174 (1971) 

Crane, P.L. ; Nyquist, W.E. : Effect of different gene 
cytoplasm systems on quantitative characters in 
reciprocal F2 crosses of maize. Crop Sci. 7, 
376-378 (1967) 

Dhawan, N.L. ; Paliwal, R.L. : The role of cytoplasm 
in the manifestation of heterosis and other traits 
in maize. Maize Genet. Coop. News Letter 3_88, 
Bloomington, Indiana (1964) 

Fleming, A.A. ; Kosenlinky, G.M. ; Browne, F.B.  : 
Cytoplasmic effects on agronomic characters in 
a double cross maize hybrid. Agron. J.  5_~2, 112- 
115 (1960) 

Griffing, B. : Concept of general and specific combin- 
ing ability in relation to diallel crossing systems. 
Aust. J.  Biol. Sci. 9, 463-493 (1956) 

Kalsy, H.S. ; Sharma, D. : Study of cytoplasmic ef- 
fects in reciprocal crosses of divergent varieties 
of maize (Zea may8 L.). Euphytica 2__!, 527-533 
(1972) 

Kempthorne, O. : Design and Analysis of Experiments. 
New Delhi: Wiley Eastern 1967 

Singh, M. : Cytoplasmic effect in some agronomic 
characters in backcross maize hybrids. Indian J. 
Genet. 2_~5, 198-207 (1965) 

Received September 26, 1975 
Communicated by R. Riley 

A.S. Khehra 
S.K. Bhalla 
Department of Plant Breeding 
Punjab Agricultural University 
Ludhiana (India) 


