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Inter-character Relationships and Heterosis Observed in 
Opaque-2 Maize Crosses and in their Normal Analogues 

D. GUPTA and I. KOVACS 

Agr icu l tu ra l  Research  I n s t i t u t e  of the Hunga r i an  A c a d e m y  of Sciences, Martonvfis~r (Hungary)  

Summary. Hybrids obtained froln two series of diallel crosses made between six o. 2 converted inbred lines on the one 
hand and their normal analogues on the other were compared for twenty five characters including yield and several 
of the yield components, including the parents. Observations on simple inter-character correlation coefficients pre- 
sented here have shown that  the majority of the correlations at the 02 level are of the same order as at the normal 
level. A number of correlations of the % type are inferior to those of their normal analogues, whereas a few are favoured 
by the o a gene including the correlation of grain yield with kernels per row. A measure of heterosis for each hybrid 
over its mid-parent also demonstrated that  the % types show poorer heteresis in more cases than do their normal counter- 
parts. Still, in nearly 40 percent of the cases the o2 hybrids were found to be more heterotic than their normal ana- 
logues, particularly for the various maturity characters and several of the vield components. Thus, the possibility 
of improvement exists in breeding maize wit}l the opaque-2 gene. 

Ut i l i za t ion  of the 0a recessive endosperm m u t a n t  
gene, isola ted by Singleton and Jones  (Emerson et al., 
1935), in the large scale commerc ia l  p roduc t ion  of 
high qua l i ty  Zea mays L. is as yet  unreal ized.  The  % 
hybr ids  were found to be general ly  lower in yield,  
kernel  weight  and kernel  densi ty ,  and higher  in grain 
mois ture  at ha rves t  than  thei r  normal  coun te rpa r t s  
(Lamber t  el al., 1969; A lexande r  cl al., 1969; Feis t  
and Lamber t ,  t970). The  present  s tudy  was under-  
t aken  to examine  the in te r re la t ionships  among  a num- 
ber  of p lant  charac ters  as well as heterosis  for these 
characters ,  including yield and several  of the yield 
components ,  pa r t i cu la r ly  the kernel  character is t ics ,  
in opaque-2 and normal  analogous diallel crosses of 
six inbred  lines of maize.  

Mater ia l s  and  Metho ds  
The experiment comprises the same materials and 

methods reported earlier (Gupta and Kovgcs, 1974a 
and b). in addition, observations were also made on all 

Source 

Replications 
Genotypes 
Error (a) 

Opacity 
Genotyt)cs • opacity 
Error (b) 

1 )ensity 
Genotypes • density 
Opacity • density 
Genotypes • opacity 
• density 
Error (c) 
Total 

the plants as to height, ear placement, tillers, number of 
ears, raw ear yield, shelling percentage, grain yield ex- 
pressed at 1 5 percent moisture level, ear length, ear 
diameter, kernel rows, kernels per row, kernels per ear 
calculated as the product of kernel rows and kernels per 
row, rachis weight and rachis diameter in the trial con- 
ducted dnring 1972 at Martonv{ts~r. 

A correlation coefficient for each character with all the 
rest was calculated as per Snedecor (1956) for the opaque-2 
and the normal types individually, using the averages of 
each genotype (6 parents and the 15 single cross hybrids 
in each type, % and normal) over the replications and 
population density levels of 40,000 anti 81),oo/) plants per 
hectare. 

Average heterosis was calculated for each of the 
opaque-2 single cross hybrids and their analogous normal 
crosses as the increase expressed as a percentage of their 
mid-parent (average of the two parents) values, and their 
significance was tested using the Student 's t-test (Fisher, 
1926). 

Resul ts  

Analysis  of var iance  of observa t ions  on some of the 
characters ,  including the yield and var ious  yield 

Table 1. A nalysis of variance of 

df Plant height Ear height Tillers 

2 826.3** 164.4 I).283 
21) 12767.2** 4183.6"* 1.677 
4{) 13o.9 59.9 0.913 

1 314.6"* 3268.8** 1.092"* 
2t) 429.9** 393.4** O.335** 
42 19.5 38.4 t).071 

I 17.7 134.2"* 9,404"* 
2{) 101.9 32.1" 0.308** 

I 24.2 6.6 I).514"* 

Number Raw ear Shelling 
of ears yield %-age 

/).1)74 3166.9 11)3.5" 
0.642 94382.7** 663.4** 
I).465 2993.3 21).8 

o.074 * 143.3 23.9 
0.043** 5526.0** 2{)7.2** 
O.Ol 5 543.5 56.0 

o.415"* 122t)57.9"* o.8 
0.014 1951,4"* 318.()** 
o.oo9 2/)97.1 36.3 

2~) 72.7 30.0 0.239** o.o29 lo77.0"  
84 8O.3 18.3 0.010 0.019 533.2 

251 

** significant at 5% and 1% ]evels of significance respectively. 

76.7* 
44.6 
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components, is presented in Table t. The analysis of 
variance of the characters not included in Table I can 
be found elsewhere (Gupta and Kov~cs, 1974a and 
b). It  may be pointed out that  the analysis shows 
significant differences among the opaque-2 and the 
normal analogues for such characters as plant height, 
ear height, total leaves, leaves above ear, nmnber of 
tillers, days to 50 percent pollen-shed, days to 50 
percent silking, number of ears, ear length and kernel 
density; the differences are not statistically signifi- 
cant in the case of ear leaf area, raw ear yield, drying 
percentage of the ear, shelling percentage, grain 
yield, ear diameter, kernel rows, kernels per row, 
kernels per ear, rachis weight, rachis diameter, kernel 
length, kernel width, 1000 grain weight and percen- 
tage of water imbibed by kernels in 24 hours. In 
contrast, the mean squares due to genotypes ;~ opa- 
city interaction are significant for all these characters 
except the drying percentage of the ear and the 
water imt)ibing capacity of the kernels. 

Correlatio,z Coe//icients 

Simple phenotypic correlation coefficients (r) calcu- 
lated between various characters at the o 2 and the 
normal levels are presented in Table 2. All the corre- 
lation coefficients are positive in value as expected. 
The table also includes the correlation coefficients 
between the performance of a given character at the 
npaque-2 and the normal levels. It  will be seen that 
the opaque-2 types are highly significantly correlated 
with the normal types (significant at l~  o level) for 
all the characters, except for leaves per plant and 
percentage of water imbibed by kernels in 24 hours 
which showed a r significant only at the 5 ~ level. 
There are, however, three characters -- leaves above 
ear, drying percentage of the ear and kernel density 
-- which showed a statistically not significant correla- 
tion coefficient in this experiment between the o 2 and 
the normal types, indicating differences between 
genotypes. In addition the table includes correlation 
coefficients between the performance of each charac- 

ter at the two levels of population density, that  is, 
at 40,000 and 80,000 plants per hectare, irrespective 
of the o 2 or normal phenotype of the kernel. All the 
correlation coefficients were found to be significant 
at the 1 o{, level of significance. 

Although there appears to be no particular trend 
towards the % types showing a better inter-character 
correlation than the nornlal or vice versa (Table 2), 
it will be seen that some of the characters provide 
definite evidence of a poorer correlation with other 
phenotypic characters at the o 2 level than at the nor- 
real level. Thus, the characters of plant height, ear 
height and water imbibing capacity of the kernels 
need particular mention : in the majority of the cases, 
if not consistently, they show a poorer value of r at 
the o 2 level than at the normal level. The characters, 
ear leaf area and the days to 50 percent silking, also 
show a similar trend in their relationships with other 
characters. On the other hand, a few of the characters 
demonstrate a better correlation with others at the o o 
level than in their normal counterparts. Particularly 
noteworthy are kernel density, kernel rows and the 
number of ears per plant. 

Data have also been presented in Table 2 on the 
significance of differences between the two correlation 
coefficients calculated for each pair of characters, 
one at the 02 level and the other at the normal level. 
The characters particularly showing significant differ- 
ences between their values of r with other characters 
at the two levels of opacity are height of the ear and 
water imbibing capacity of the kernels. The charac- 
ters, kernels per row, days to 50 percent silking, 
grain yield and kernels per ear, also demonstrate 
a similar trend, if not too frequently. On the other 
hand, several characters seem to have been unaffected 
in their relationships with other characters by the 
incorporation of the % gene. Examples are leaves 
above ear, ear leaf area, tillers, ears per plant, 
1000 grain weight and kernel density. On close exam- 
ination of the cases in which the values of r have 

vbser'calivJzs on j e w  ~( lhe characters 

Ear 
Grain 5ield Ear  l eng th  d i ame t e r  

1,2 erll e 1 
FO'd,'S 

2.32 
2 3 . 7 7 * *  

1.95 

5.16"* 
().91 
8.45** 
o.37 
o.47 

0.49 
0.57 

4055.6* 4.93 o. 153 
17370.3 * * 135.49* * 3.667 * * 

911.3 3.58 {I.069 

7.2 16.92"* (}.()45 
962.5** 8.21 ** {).257** 
246.4 1.49 {I.051 

20953.6** 127.57"* (I.991 ** 
555.3** 1.74 {I.{135 
237.2 o.04 0.092 

479.o* 1.86 (k045 
247.5 1.21 0.028 
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Kerne ls  Kerne l s  Rach i s  ](achis  
per  row per  ear  weight  d i ame te r  

14.5 2436 .4  88.6 0 .036 
755 .6**  246698.C,** t205 .1  ** 1 . 6 2 6 " *  

18.8 63(i)1.6 42.5 o.437 

1 (). 2 1428.3 54. S 0 .002  
52 .3**  18474 .7"*  1 o 2 . o * *  1 . 4 3 0 " *  
12.4 3590 .9  18.1 o .040 

3 5 7 . 6 * *  155367 .2**  1 5 7 9 . 8 ' *  0 . 4 4 3 * *  
t 5 .o**  4190 .2*  2 1 . 6 " *  o .014 

1.9 526.6  3.5 (I.o81 

12.8"  * 2721.3  7.7 0 .020 
5.4 2404 .4  9.7 0 .022  
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Tab le  2. 

Character Character 

Intercharacter correlation coefficients at the opaque-2 and the normal levels of opacity 

t 2 3 4 5 6 7 8 9 l o  

02 an d  n o r m a l  
Den se  a n d  n o r m a l  pop.  

1. P l a n t  h e igh t  o2 
+ 

2. E a r  h e ig h t  o 2 
+ 

3. Leav es  per  p l a n t  02 
+ 

4. L e a v e s  above  ear  02 
+ 

5. E a r  leaf a rea  o 2 
+ 

6. Tillers o 2 
+ 

7. D a y s  to 50% pol len-shed  02 
+ 

8. D a y s  to 50% s i lk ing 02 
+ 

9. N u m b e r  of ears  o 2 
+ 

f0. R a w  ear  yield o 2 
+ 

l 1. D r y i n g  %-age  of ear  % 
+ 

12. Shel l ing o/ e / o - a g  02 
+ 

f3. Gra in  yie ld  02 
+ 

14. E a r  l e n g t h  o 2 
+ 

15. E a r  d i a m e t e r  o 2 
+ 

16. Kerne l  rows  % 
+ 

17. Ke rn e l s  per  row o 2 
+ 

f 8. Ke rne l s  per  ear  o 2 
+ 

19. R a c h i s  we igh t  o 2 
+ 

20. R a c h i s  d i a m e t e r  o 2 
+ 

21. Kerne l  l eng th  o 2 
+ 

22. Kerne l  w id th  o2 
+ 

23. 1000 gra in  we igh t  o~ 
+ 

24. Kerne l  d e n s i t y  o2 
+ 

25. % wa te r  in lb ibed  % 

�9 93 .81.  .47 .32 .72 ,67 .71 
�9 97 .97 .98 .96 �9 .90 .98 

.88 .31 .46 .87 .28 .31 
�9 96 .32 ,35 .83 ,30 .68 

.41 .13 .73 .10 .00" 

.24 .20 .78 .33 ,66 

.34 .o9 .12 .5o 

.63 .26 . f 9  .14 

.34 .31 .24 

.31 .19 .3(} 

.17 .24 

.19 .67 

.6/  

.65 

�9 85 .86 .8o 
�9 9 9  . 9 6  . 9 o  

�9 4 0  . 6 3  . 8 4  
�9 7 4  . 7 0  . 8 8  

.00" .33 .54* 
�9 67 .71 .86 

,41 .3o .{}{) 
�9 25 .07 .28 

.28 .42 .6{} 

.46 .2o .33 

.34 .58 .77 
73 .57 .79 

57 .53 .45 
5o .46 .55 

96 .78 �9 58 
91 ,79 .84 

�9 8 4  . 6 7  

.85 .87 

.87 
�9 84 

a Correlation coefficients greater than  0.43 and 0.54 are significant at 5% and 1% levels of significance respectively. Degrees 
* * *  indicate significance of differences between the analogous correlation coefficients at the 02 and the normal levels at  

Theoret. Appl. Genetics, Vol. 45, No. 2 
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and inlrac/~aracler correlalion coefficients at tl~e two levels of opacity and density, a 

67 

11 t2 I3 14 15 t6 17 18 19 20 21 22 23 24 25 

28 .59 .89 .89 .87 .64 .87 .86 .85 .86 .75 .76 .82 .39 .48 
73 .9(i) -95 -97 .98 .96 .96 -97 .97 .98 .91 .97 .95 .59 -79 

.43 .38 .70 .87 .77 .42 .82* .75 .81 .78 .59 .80 .56 .23 .00 

.24 .56 .85 .94 .80 .25 .96 .91 .84 .75 .70 .85 .66 .13 .47 

.q4 .00 .37* .61"* .46* .08 .55** .44** .54 .54 .27 .58* .32 .03 .00 

.17 .52 .83 .96 .82 .12 .96 .87 .84 .81 .64 .89 .68 .23 .52 

.76** .46 .25 .03 .12 .11 .00 .00 .17 .00 .24 .08 .51 .68 .45 

.10 .oo .23 .27 .30 . t l  .34 .35 .31 .28 .27 .13 .03 .20 .00 

.44 .24 ,47 .50 .52 .48 .51 .56 .56 .51 .45 .36 .14 .05 .o0 

.28 .42 .3o .15 .25 .61 .28 .46 .17 .o9 .49 .04 .o0 .12 .24 

.28 .22 .67 .87 .72 .33 .80 .7t .80 .81 .45 .73 .58 .32 .24 

.0o .43 .81 .82 .77 .34 .8o .82 .83 .67 .79 .79 .67 .13 .64 

.26 .51 .53 .40 .54 .79 .47 .63 .42 .42 .61 .33 .45 .48 .00 
.22 .52 .54 .37 .53 .41 .44 .53 .38 .42 .56 . t8  .45 .51 .44 

.45 .92* .74 .56 .75 .79 .60 .69 .50 .56 .87 .66 .80 .79 .40 

.4o .69 .83 .72 .83 .59 .71 .83 .74 .72 .83 .57 .78 .55 .74 

.40 .95** .78 .65 .83 .84 .67 .76 .60 .66 .89 .73 .78 .80 .30* 

.4o .73 ,87 .71 .84 .65 .75 .87 .76 .71 .89 .59 .78 .52 .77 

.1o .82 .93 .84 .92 .72 .57 .84 .76 .81 .88 .84 .88 .72 .20 

.53 .76 .81 .74 .81 .48 .74 .80 .72 .77 .67 .60 .84 .64 .64 

.2(1 .58 .91 .95 .86 .64 .94 .93 .94 .86 .78 .86 .73 .45 .10"* 

.28 .64 .96 .91 .94 .42 .93 .95 .92 .85 .85 .79 .86 .41 .76 

.44 .14 .16 .00 .16 .10 .07 .2(7) .13 .23 .00 .30 .51 .43 

.34 .15 .18 .32 .24 .17 .24 .10 .37 .18 .04 .25 .33 .26 

.71 .52 .72 .74 -55 .60 .44 .38 .87 .65 .72 .75 .1o 

.64 .47 .48 .75 .5o .67 .41 .33 .65 .32 .61 .52 .46 

�9 89 .89 .66 .87** .86 .81 .78 .86 .85 .86 .63 .28* 
.9o .91 .45 .31 .96 .92 .81 .86 .78 .86 .42 .77 

.92 .60 .96 .92 .94 .91 .74 .89 .76 .47 .20 

.87 .12 .96 .89 .93 .86 .67 .93 .78 .28 .60 

.77 .90 .91 .87 .94 .88 .87 .80 .58 .30* 
.36 .87 .89 .90 .96 .84 .78 .84 .4o .77 

.67 .84 .64 .65* .78 .55 .54 .59 .14 

.17 .51 .22 .09 .68 .08 .32 .31 .45 

.94 .93* .88 .74 .87 .75 .51 .22 

.93 .7o .83 .72 .88 .72 .25 .64 

.9o .86 .79 .81 .73 .56 .20* 

.86 .78 .87 .73 .73 .28 .73 

.88 .67 .78 .63 .35 .17" 

.85 .75 .88 .82 .32 .68 

.67 .80 .69 .47 .34 
-65 .80 .79 .37 .63 

�9 79 .78 .60 .17"* 
.56 .73 .36 .82 

.83 .57 .33 

.74 .23 .52 

.83 .46 

.69 .72 

.43 

.43 

of freedom: 19. 
5 *}4~ and 1% levels of significance respectively. 

Theoret. Appl .  Genetics, Vol. 45, No. 2 
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Hybrid 

Table 3. Percent keterosis 

Plant Ear Leaves 
height height per plant 

observed for various ckaraclers in tke opaque-2 

1.eaves /'.'a r Tillers above ear leaf area 

1. XVF9 • R61 o~ 33,04"** 35.37*** 1.34 9.09*** 
-I- 57.49*** 66.29*** 1.1)1 3.51 

2. \VI:9 X 86  o 2 42.62*** 35.66*** 1.97' 4.59* 
q- 60.t8"** 56.32*** 0.98 7.2(i)*** 

3. WF9 • tlMv850-2 o~ 40.22*** 34.55*** (/.27 9.43*** 
q- 28.63*** 47.58*** 4.86*** 8.62*** 

4. WF9 • C103 0.2 36.80*** 29.64*** t.51 9.28*** 
_1 49.69*** 58.17"** 5.82*** 7.27** 

5- WF9 • \VI87 o 2 58.78*** 66.54*** --0.5() 12.24"** 
q 57.77*** 78.64*** 4.69*** 6.67** 

6. 1~61 X 86  % 34.82*** 31.99"** 0,76 6.90** 
+ 50.06*** 49.65*** 0.49 6.19"* 

7. R61 • HMv850-2 o 2 33.29*** 41.80"** 4.97*** 7.96*** 
+ 39.82*** 47.81"** 3.76*** 9.62*** 

8. R61 Y, ('103 o~ 37.91'** 4~1.33'** 5.43*** 9.62*** 
+ 59.19"** 63.21"** 4.74*** 10.20"** 

9-R61 X \V187 o2 47.90*** 66.32*** 4.9t*** 12.38'** 
+ 51.17"** 59.26*** 0.52 3.7o 

ll). 86  • HMv85o-2 o 2 35.82*** 32.24*** 1.77" 4.06* 
q- 48.31"** 57.68 *** 5.70*** 1t.30"* 

II.  N6 • C103 0.2 37.99*** 25.46*** 2.86"** IO.53"** 
~- 53.43*** 46.66*** 4.{16'** 11.93"** 

12. 86  X \V187 o2 59.73*** 58.40*** 2.38** 14.78"** 
q- 52.74*** 57.48*** 1.00 9.24*** 

13. HMv850-2 • C103 o 2 34-53*** 23-57*** 4.39*** 9.91"** 
q- 44.31"** 56.75*** 1{1.67"** 16.00"** 

14. HMv850-2 X \VI87  o 2 48.27*** 55.81"** 1.81' 8.93*** 
+ 45,96"** 61.00"** 4.97*** 1(/.91"** 

15. C103 X \V187 o 2 43.29*** 36.32*** 0.97 I4.56"** 
q- 50.89*** 63.81"** 5.95*** 11.54"** 

Average 02 41.66 40.93 2.32 9.62 
-i 49.98 58.o2 3.88 8.93 

* ** *** indicate significance at 5%, I% and ~.1% levels of significance respectively. 

28.67*** 42.73 
47.81 *** 135%O9 

40.37*** 248.51 
49.74*** 472.97 

41.37"** 283.74 
40.13"** 215.79 

39.40*** 18.18 
58.19"** 17.86 

48.09*** 1(11.91 
54.41 *** 236.84 

38.83*** 268.71 
43.02*** 1679.75"** 

41.92"** 147.79 
51.42* * * 3860.oo* * 

36.84"** --73.51 
56.92*** 2(13.(t3 

30.90* * * 182.64 
48.54*** 4420.()()** 

44.68*** 890.28 
43.O1 *** 19(}3.71) ** 

43.25 * * * 525.O(1 
52.08*** 85.71 

65.07*** lOO7.95" 
48.37*** 6(13.7o 

35.00*** 321.74 
4o. 72* * * 725.oo 

48.35*** 11(17.58" 
57.22*** oo* 

44.38*** 19.35 
64.29* * * 312.50 

41.81 336.93 
50.39 1149.71 

been found to show signif icant  differences due to 
opaci ty,  it  will be observed tha t  in about  two- th i rds  
of the cases a poorer correlat ion occurs in the pre- 
sence of the o2 gene t han  in its absence. I t  will still, 
however,  be found tha t  the grain  yield of opaque-2 
types is more favourab lv  correlated wi th  the kernels  
per row than  is grain yield of the no rma l  types  
(Table 2). Similarly,  kernels  per row displays a s t ron-  
ger correla t ion wi th  rachis weight,  and  so do kernels  
per ear wi th  kernel rows, kernel  rows with rachis 
d iameter  and  tota l  leaves wi th  dry ing  percentage of 
the ear, wi th  the opaque-2 maize than  with the 
no rma l  maize. 

Heterosis  

Average heterosis observed for each of the opaque-2 
single cross hybr ids  and  their  normal  analogues is 
presented  in Table  3- In  most  cases the ex ten t  of 
heterosis observed is greater  for a cross made between 

normal  inbred  lines than  for tha t  between their  
opaque-2 analogues.  This holds t rue  in near ly  60 
percent  of the cases. There is also t r emendous  var ia-  
t ion among hybr ids  and  characters.  Some of the 
characters  show be t te r  heterosis in tile presence of the 
o 2 gene t han  in its absence. The examples  are earlier 
male and  female flowering, a greater  n u m b e r  of 
kernel  rows, higher shelling percentage,  larger kernels  
in length and  width,  heavier  kernels  and  higher kernel  
density,. Conversely,  the overall  grain  yield shows 
a much  poorer heterot ic  response when tile endosperm 
is of the opaque-2 type  t han  when normal .  There are 
only two hybr ids  (N6o 2 X W 1 8 7 @  and (CI03%Y-, 
W187 o2) which show more heterosis for grain yield in 
the presence of the % gene t han  in their  normal  
analogues.  The characters ,  ear height ,  ear leaf area, 
raw ear yield, ear length,  kernels  per row, kernels per 
ear and  rachis weight also show a s imilar  t rend.  

Tkeoret. A ppl. Ge+wtics, I'ol. 4,5. No. 2 



1). (;upta and  1. KovYcs: Inter-character l{elationships and Heterosis 

a*zd t/~e ar ~zor,tml sb~gle cross h.j,brids o~,er their mid-pare,~t values 

l)avsto " o Day's to ~l) ~ . ~(),~ ~ .,~ Number Raw Drying Shelling 
pollen shed silking of ears ear yield %-age of ear %-age 

Grain Ear Ear 
yield length diameter 

5.63*** 5.411"** 1o.45 79.53*** - 3.{}4 4.92 72.98** 23.(}2*** 12.77"* 
11.41'** - 9.63*** 61.48 391.99"** 1o.63 16.4o** 384.34*** 72.9o*** 41.76"** 

-1(}.48"** --11.37"** 62.44 276.81"** 9.16 9.72* 251.67"** 52.89*** 32.47*** 
-- 9.88*** 8.95*** 95.78* 668.48*** - 9.19 21.85"* 759.85*** lo4.81"** 47.1{}*** 

- 7.32*** 7.51"** 12.86 137.6(7}*** o.99 6.13 I36.97"** 35.12"** 24.o9*** 
6.55*** 7.29*** 2 2 . 6 1  190.O2"** 9.67 11.95"* 262.60*** 46.76*** 36.22*** 

8.44*** -14.(i}4"** 79.73 361.70"** 11~.26 39.73*** 284.66*** 44.56*** 34.37*** 
- 7.66*** 11.11'** 126.97" 640.65*** 5.52 2{}.08*** 7(*7.58"** 71.14"** 33.90*** 

- I2.48"** --13.95"** 70.20 343.92*** 13.85 22.19"** 246.21"** 44.76*** 40.11"** 
-- 7.48*** 9.12"** 83.99 483.39*** --16.88 12.68"* 389.63*** 75.05*** 5 / .70 '**  

6.76*** - 7.23*** 32.86 125.54"** 12.()4 3.61 79.60 34.83*** 19.82"** 
--11.20"** 7.86*** 35.51) 274.42*** -- 9.96 20.25 *** 287.13'** 57.84*** 28.28*** 

1.31 1.88 12.52 89.54*** 0.09 {).69 88.71"** 34.97*** 11.47"* 
8.99*** -- 7.72*** 69.84 206.95*** 14.16 9.99* 284.82*** 6(}.76*** 31.09"** 

-- 3.63*** - -10.65 '**  43.57 175.I0"** -- 2I).6{) 26.99*** 83.09*** 38.72*** 26.40*** 
5.72*** 8.22*** 44.46 293.79*** -- 6.68 11.01" 304.30*** 6O.66*** 26.30*** 

-- 7.01"** 9.92*** 40.89 149.71"** -- 3.93 1IL83" 112.29"** 28.00*** 26.95*** 
IO.41"** ---11.43"** 29.52 310.27"** 4.28 4.92 355.1{)*** 59.86*** 32.94*** 

- 7.43*** 8.55*** 32.83 166.51"** -- 4.27 8.69 15{).5{)*** 47.05*** 13.60"* 
-- 3.4{}*** 4.69*** 34.34 269.95*** 1 .67  I7 .30 '** 317.78"** 56.75*** 32.20*** 

-- 11.16"** --18 83*** 129.56" 587.98*** 6 .O4 34.39*** 595.61"** 76.30*** 52.04*** 
- -  7.57*** 11.11"** 87.73 630.58*** 12.38 20.42*** 714.85'** 64.29*** 35.28*** 

8.95*** 14.43"** 150.88"* 737.94*** --I4.96 21.74"** 724.39*** 90.09*** 55.14'** 
8.20*** -- 9.29*** 70.96 464.83*** --16.67 11.07" 424.40*** 76.24*** 41.49"** 

- 8.56*** --15.55"** 54.26 261.O5"** 1.94 37.70*** 222.80*** 57-8!)*** 26.27*** 
- -  1.10 -- 6.55*** 32.62 238.13"** 11.34 11.29" 328.05*** 52.7{}*** 29.86*** 

-- 5.11"** -- 9.57*** 89.66** 318.11"** -- { ) .99  16.31"** 303.70*** 64.05*** 38.41"** 
-- 4.93*** -- 6.19"** 41.71 286.41"** 7.08 4 .{ )9  384.46*** 77.07*** 46.52*** 

- -13.01 '**  19.55'** 156.38' 854.55*** 3.27 56.80*** 908.72*** 87.32*** 65.46*** 
- -  6.10"** --11.(12"** 82.48 488.52*** 3.15 8.95 517.24"** 66.81"** 42.64*** 

-- 7.82 ---11.23 65.27 311.04 -- 6.19 2O.O2 284.13 50,64 31.96 
- 7.37 -- 8.68 61.33 389.22 -- 3.43 I3.48 428.14 66.91 37.15 
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Table  3 also demons t r a t e s  t h a t  m a n y  of the  hy-  
brids show s ta t i s t i ca l ly  s ignif icant  he teros is  in the 
normal  cross for a g iven  charac te r ,  whereas  the  he te ro-  
sis obse rved  in its opaque-2  coun te rpa r t  is not  signi- 
f icant ,  or vice versa,  or one is s ignif icant  at a h igher  
level  of s ignif icance than  the other .  E x a m i n i n g  those 
showing differences be tween  the o 2 and the normal  
types,  i t  will be no ted  tha t  some of the % hybr ids  are 
def in i te ly  capable  of giving grea te r  heterosis  than  
the i r  normal  analogues,  for a n u m b e r  of characters ,  
inc luding  several  of the yield components .  Thus,  the 
% hybr ids  showing increased heterosis  over  thei r  
no rmal  coun te rpa r t s ,  for a large n u m b e r  of charac te rs  
at a t ime,  are (N6 % x Wt  87 %), ( H 1 H v 8 5 0 - 2  % • W 1 8 7  o 2) 
and (R61% • W I 8 7 o 2 ) .  Similar ly  kernel  rows and, to 
a lesser ex ten t ,  shell ing percen tage  are the charac ters  
f avoured  in a g rea te r  n u m b e r  of hybr ids  hy tl~e incor- 
pora t ion  of the o 2 gene. The  wate r  imbibing  capac i ty  

Theorel. A ppl. Ge,elics, l'ol. 4.5, No. o 

of the kernels showing nega t ive  heterosis  on an average  
is reduced to a larger  ex t en t  and more  f r equen t ly  in 
the  crosses of the normal  type  than  in the 02 type. 

D i s c u s s i o n  

A compar ison  of the crosses of the type  made  in the 
present  inves t iga t ions ,  t ha t  is, by  s t u d y i n g t h e  differ- 
ences in the crosses made  be tween  the  o~ conve r t ed  
and the normal  analogous inbred lines, makes  possible 
a precise unde r s t and ing  of o 2 gene effects in the  re- 
cessive homozygous  condi t ion.  The  e labora ted  s tu-  
dies of earl ier  workers  h a v e  lacked this aspect  (Sree- 
r amulu  and Bauman ,  1970; Salamini  et al., t970). 

The resul ts  p resen ted  above  clear ly  show tha t  im- 
p r o v e m e n t  in ttle recessive homozygo tes  is possible 
for all the  characters ,  inc luding grain yield. A l though  
a large number  of corre la t ion coefficients  are of poorer  
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l(ernel Kernels Kernels Rachis 
Hybrid rows per row per ear weight 

I. \VF9 • 1{6t % 5.60 23.74*** 30-91'** 56.11"** 
+ 18.81"** 84./0"** 116.09"** 207.81"** 

2. W F 9  • N6 o., 13.93"* 51.56"** 72.56*** 174.27"** 
-~- t9.21"** 89.66*** 123.30"** 349.96*** 

3. WF9 • HMv850-2 o 2 18.70"** 35.83*** 61.10"** 87-59*** 
+ 13.19"* 56.37*** 75.07*** 164.87'** 

4. \VF9 • C103 02 2(/.73"** 54.24*** 83.41"** t80.04"** 
19.55"** 72-89*** 107.73"** 328.36*** 

5. \ \ 'F9  X \V187 o o 15.42"* 51.2t*** 70.58*** 107.26"** 
~t 8.24* 84.9t*** 101-43"** 211.19"** 

6. R6t X N6 % 11.40"* 34.63*** 49.36*** 116.67"** 
q- t l .34"  61.82"** 79.t)7"** 154.79"** 

7. R61 • HMv850-2 o~ 1.73 34.42*** 36.50*** 86.53*** 
IO.22" 67.83*** 85.17'** 176-27"** 

8. I{61 • C103 o~_ /5.81"* 35.49*** 53.t3"** 12t.99"** 
+ 10.12" 67.82*** 84.61"** 219.14"** 

9. 1~61 X \V187 o 2 14.21"* 40.43*** 55.50*** 121.81"** 
@ 8.40* 47.58*** 111,32"** 192.27"** 

10. N6 X HMv850-2 o 2 14.07"* 58.63*** 80.15'** 140.22"** 
+ 8.04 43.88*** 92.09*** 182.85"** 

I1. N6 • C103 o~ 28.06*** 73.43*** 120.91"** 446.39*** 
-~ 10.50" 84.23*** 104.64"** 381.74'** 

t2. N6 • \V187 oe 27.t6"** 96.89*** 145.59"** 378.87*** 
+ 3.10 89.29*** 99.32*** 30t .44 '** 

13. HMv850-2 • C103 % 22.01"** 71.58"** 105.16"** 182.24"** 
-F- 8.93 76.05*** 94.09*** 247.31"** 

14. HMv850-2 • \VI87 o. 2 17.23'** 82.60*** 109.48"** 218.44"** 
+ 4.50 116.31'** t29.73"** 295.42*** 

t5. CI03 • \V187 02 17.98"* 102.38"** 141,32"** 425.78*** 
-~- --2.64 95.83*** 100.50"** 381.90'** 

Average o 2 16.27 56-47 81.04 189.61 
-,b- 10.10 75.90 100.28 253,02 

Table 3 (continued 

Rachis Kernel 
diameter length 

11.37 14.28" 
39.95 41.46"** 

22.49 4o.19"** 
53.18 37.19"** 

16.37 38.46*** 
41.24 29.13"** 

23.38 55.56*** 
39.73 24.56** 

34.70 48.57*** 
73.85 41~.oo*** 

24.45 13.43" 
23.(18 33.93" * * 

12.74 8.33 
20.26 49.15*** 

26.88 23.08** 
19.20 39.05*** 

33.33 19.7o** 
45.77 53.15"** 

5.99 27.12"** 
28.54 36.21 *** 

50.00 53.85*** 
3 0 . 4 1  43.69*** 

63.97 43.40 * * * 
54.90 21.1(1" 

18.43 40.59*** 
25.69 35.78*** 

33.87 46.55*** 
50.45 40.87*** 

57.76 77.53*** 
48.92 33.33*** 

29.05 36.71 
39.68 37.23 

value  in the opaque-2  geno types  than  in the normal ,  
the present  analysis  shows tha t  an advance  in selec- 
t ion can be p red ic ted  using the opaque-2 maize 
because it demons t r a t e s  a be t t e r  corre la t ion than  does 
normal  maize be tween  such charac ters  as grain yield 
and kernels per row, kernels  per row and rachis weight ,  
kernels per ear and kernel  rows, kernel  rows and 

rachis  d iameter ,  and to ta l  leaves and dry ing  percent-  
age of the ear. 

The  da ta  presented  on heterosis  in the o 2 and the 
analogous normal  hybr ids  seem to be as promis ing 
as the da t a  on corre la t ion coefficients.  Thus,  the 
characters  kernel  rows and shelling percentage  are 
more  favoured  hv the 02 gene in a n u m b e r  of hybrids .  

Theoret. App l .  Genelics, Vol. 45, No. 2 
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Kernel 1 ()~1~) grain Kernel 
width weight density 

4.29 23.12"* 6.67 
151.38'** 34.69*** 1.82 

I8.40*** 69.88*** 2.56 
13.611"** 56.22*** 6.33 

9.77** 19.17* - 3.38 
I2.3I ** 20.3I * --0.58 

11L93"* 29.72** 7.50 
16.42"** 47.82*** 12.42" 

25.62*** 55.88*** l l .39  
16.13'** 38.52"* 4.35 

6.77 28.05** 7.79 
15.62"** 32.95** I1.24" 

6.38 11.56 2.27 
17.2!)*** 43.24*** 4.35 

11.76"* 4.44 7.59 
18.25"** 25.48'* 7.32 

17,83"** 16.90 8.97 
14,96"** 20.64* 2.32 

1 9 . 0 5 " * *  5 2 . 4 4 * * *  18,42"* 
11.63"* 34-75*** 3.95 

23.97*** 65.85*** 13.43 
21.80"** 55.96*** 4.46 

28.07*** 115.86'** 27.27*** 
12.20"* 39.20*** 4.24 

28.68*** 29.31"* 7.69 
15.94"** 18.66" 5.8l 

24.59*** 47.66*** 14.28" 
15.62"** 24.14"* 1.11 

36.79*** 74.32*** ~(L29 
21.21"** 411.4t~*** I2.50" 

18.19 42.94 9.52 
16.16 35.53 3.95 

% water imbibed 

- 9.46 
-19 .53"  

- 7.99 
- 1 ! ) . 2 4 "  

13.o3 
--- 5.97 

25.71" 
- 6.56 

- 16.62" 
5.n6 

1.3s 
11.55 

5.I8 
21.97" 

25.42* 
2o.60** 

23.15"* 
31.73"** 

9.09 
17.O5" 

8.64 
19.38"* 

1 - 9 4  
I 7.48* 

14.14 
IL70 

4.13 
211.60* 

- 1o.67 
13.61 

2.88 
I 5.41~ 

In addi t ion,  each of the characters ,  and par t icu-  
lar ly the m a t u r i t y  characters  and the yield com- 
ponents ,  is f avoured  by the % gene in one or 
o ther  of the hybrids.  Similarly;, each of the o 2 hy-  
brids shows a be t t e r  he te ro t ic  response than  its nor- 
mal analogue for one or o ther  of tlm characters .  
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