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Protein Quality Traits and their Relationships with Yield and 
Yield Components ot Opaque-2 and Analogous Normal 

Maize Hybrids and Inbred Lines 
D. GUPTA, I. KOV~CS and L. GXSP~R 

Agricultural  Research Ins t i tu te  of the Hungar ian  Academy of Sciences, Martonv~is~r (Hungary)  

S u ~ a a r y .  Diallel cross hybrids obtained by crossing six opaque-2 (0s) converted inbred lines were compared with 
a similar series of crosses made between the analogous normal inbred lines together with the parents, for a number of 
protein quality and oil traits. The results obtained show that  there is only a minor decrease in percent protein or yield 
of protein per hectare caused by the presence of the o 2 gene in recessive homozygous condition, compared with its 
normal counterpart. On the other hand, percent lysine in the whole kernel, lysine yield per hectare and percent lysine 
in protein are increased by 53, 45 and 55 percent, respectively, in the 01 inbred lines and hybrids compared with their 
normal analogues. Percent oil and oil yield remain almost unaltered by the presence or absence of the o I gene. As well 
as lysine, the content of other amino acids, such as aspartic acid, arginine, glycine, threonine, valine and histidine are 
also, in general, increased by the presence of the o 2 gene in recessive homozygous condition. 

The results obtained have shown that  a number of correlation coefficients between the protein quality traits and 
yield components related to kernel characteristics are negative and significant, especially in the presence of the og gene 
in recessive homozygons condition. Only two correlation coefficients have been found that could be used with advant- 
age by opaque-2 maize breeders. They are a stronger positive correlation of percent protein with percent lysine, and 
lysine yield per hectare with t 000 grain weight, in o2 maize than in normal maize. 

The results presented here also show that  there is more heterotic dilution in the o 2 hybrids than in the normal analo- 
gues for traits like percent protein, percent lysine (whole kernel basis) and percent lysine in protein. I t  has been observ- 
ed that  the inbred lines with the o 2 gene in recessive homozygous condition and a superior protein quality tend to pro- 
duce hybrids of superior quality. 

Maize (Zea mays L.) proteins have  long been known 
as nutr i t ional ly  poor, being deficient in the essential 
amino acids, lysine and  t ryp tophan  (Osborne, t897, 
49t4 and Osborne and Mendel, t914). I t  was only 
in 7964 tha t  an increase in lysine content  of the endo- 
sperm proteins b y  genetic means was demonst ra ted  
(Mertz et aL, t964). I t  was shown tha t  opaque-2 (o2), 
a single recessive m u t a n t  of maize, was capable of 
increasing lysine b y  69% in the endosperm proteins. 
Lit t le  is known ye t  of the background effects tha t  
influence this  gene. Gup ta  and  KovAcs (t974a,  b 
and c) have  earlier compared diallel crosses of opa-  
que-2 and  analogous normal  maize for a number  of 
morphological features, yield and several of the yield 
components,  and obtained interesting differences 
between the o 2 and the normal  types.  This present  
paper  provides results on a number  of qual i ty  trai ts  
in these crosses, with and without  the presence of 
the  o 3 gene in recessive homozygous condition, inter-  
character  relationships of these t rai ts ,  their  relation- 
ships with yield and  a number  of yield components  
related to  kernel  characteristics, and  heterosis observ- 
ed for these traits .  

Materials and Methods 

The experiment uses the same materials, six o2 convert- 
ed inbred lines and their normal analogues, and the 15 
single cross hybrids obtained by diallel crossing of in- 

breds in each group (Gupta and KovAcs, t974b). Kernels 
obtained from a single sib-mated ear at the end of each 
row in the trial conducted during 1972 at  Martonv~s~r 
were used for biochemical analyses. Kernels thus ob- 
tained from different replications for a given genotype 
were mixed together before obtaining samples for these 
analyses. Mean observations on kernel length, kernel 
width, ! 000 grain weight, kernel density, percent water 
imbibing capacity of the kernels in 24 hours and grain 
yield expressed at t5% moisture level, all at  normal 
population density (40,000 plants]ha), have been used 
in the presentation of this paper from Gupta and Kov~cs 
(1974a and c). 

Crude protein (N • 6.25) was analysed in the samples 
using the boric acid modification of the Kjeldahl method 
(AACC, t962). All the amino acids except those contain- 
ing sulfur were analysed chromatographically, using the 
procedure developed by Moore and Stein (1954)~ in the 
nonoxidized hydrolysate obtained by the procedure 
described by Weidner and Eggum (t966). In their second 
oxidized hydrolysate, methionine was determined as 
methionine sulfone, and cysteine and cystine together 
as cysteic acid, which are the stable forms. Tryptophan, 
being acid labile, was unobtainable in both the hydroly- 
ses. Oil was determined in the samples by the Soxhlet 
procedure (MSz, 1972). 

The yield of protein, lysine (whole kernel basis) and oil 
per hectare were then calculated. Correlation coefficients 
were determined for a number of protein quality and oil 
traits, with each other and with the yield and yield com- 
ponents, by the method of Snedecor (t955), for the o 2 and 
normal tyi~s individually. Heterosis was calculated for 
each of the o 2 and normal single cross hybrids as the 
increase expressed as a percentage of their mid-parent 
(average of the two parents) values. 
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Table t. Observations on percent protein, protein yield, percent lysine, lysine yield, lysine in protein, percent oil and oil 
yield of  the various o 3 and normal genotypes individually 

% protein Protein yield Lysine yield Oil yield (kg/ha) % lysine (kg/ha) g L/100 g P % oil (kg/ha) 
S. No. Genotype 

Nor- O3 Normal O 3 Nor- Nor- O2 Nor- Nor- 
02 real real O3 real real O3 mal 02 Normal 

t. WF9 10.50 tt.55 162.46 64.91 0.53 0.30 8 . 2 7  1.67 5.09 2.58 3.44 2.68 53.22 15.06 
2. 1R61 11.55 12.60 465.23 189.05 0.53 0.34 21.22 5.07 4.56 2.68 2.94 2.45 t18.42 36.76 
3. N6 17.15 11.90 90.83 62.88 0.79 0 . 3 3  4.18 1.75 4.60 2.78 2.8o 4.48 14 .83  23.67 
4. HMv850-2 10.85 10.t5 310.96 191.71 0.5o o.29 14.4o 5.50 4.63 2.87 3.09 2 . 7 5  88.56 51.94 
5. C103 1o.85 12.25 89.32 61.25 0.55 0.3o 4.53 1.52 5.07 2.48 3.86 4.14 31.78 20.7o 
6. W187 t5.05 11.90 35.04 66.t2 o.71 0.35 1.65 1.92 4.70 2.91 2.54 3.97 5.91 22.06 
7. WF9 x R61 8.75 12.25 405.61 654.84 0.36 o.31 t6.92 t6.70 4.17 2.55 2.63 3.51 121.92 187.63 
8. WF9 • N6 tl.20 12.25 375.78 6t8.43 0.42 o.33 13.94 16.51 3.71 2.67 3 .03 3.51 101.66 177.2o 
9. WF9 • HMv850-2 9.45 10.15 446.46 4t9.56 o.40 0.3o 18.97 12.5o 4.25 2.98 3.15 2.29 148.82 94.66 

t0. WF9 • C1o3 9.45 to.5o 370.86 514.50 o.37 0.35 14.46 16.92 3.90 3.29 3,47 2.05 136.18 1o0.45 
11. WF9 x W187 9.80 11.90 252.64 339.20 0.42 o.35 t0.84 9.84 4.29 2.90 3.47 3.73 89.46 1o6,32 
12. 1R61 x N6 9.80 10.85 397.45 423.15 o.47 0.29 18.96 tl.34 4.77 2.68 3 .15 3.71 127.75 144.69 
t3. R61 • HMv850-2 9.80 9.10 592.7o 508.84 o.39 0,25 23.47 14.15 3.96 2.78 3.63 4.35 219.54 243.23 
14. 1R61 x C103 t0.85 9.45 422.46 384.50 0.45 0 .25 t7.4o 1o.19 4.12 2.65 2.91 3.72 113.30 151.36 
t5. tt61 x Wt87 9.10 10,15 387.44 518.71 0.36 0,28 15.38 t4.52 3.97 2.80 3.13 3 .75 133.26 191.64 
16. N6 • HMv850-2 1o.50 10.50 469.69 470.o2 o.43 0.33 19.26 14.62 4.1o 3.1t 3.82 3.03 170.88 135.63 
t7. N6 • C103 11.55 1t.90 419.77 552.02 0.36 0.28 12.93 13.08 3.08 2.37 3 .37 4.28 122.48 198.54 
18. N6 • W187 t0.50 11.55 372.46 322.75 0.47 0.3t 16.72 8,75 4.49 2.71 3.82 3.54 135.5o 98.92 
t9. HMv850-2 • C103 8.40 lO.15 420.30 518.58 o.35 0.29 t7.53 14.83 4.17 2.86 2.89 3.03 144.60 154.8t 
2o. HMv850-2 • W187 10.15 1o.5o 71o.66 594.93 0.42 0.27 29.13 15,24 4.1o 2.65 3.64 3.07 254.86 t73.95 
2t. C103 x W187 9.80 tl.55 413.52 484.73 0.39 0.28 16.38 tl,83 3.96 2.44 3.12 4.05 13t.65 169.97 

Mean of parents t2.66 ti.72 192.3t 105.99 0.60 0.32 9.04 2.90 4.77 2,72 3.11 3 .41  52.12 28.36 
Mean of hybrids 9.94 10.85 430.52 488.32 0.40 0.30 17.49 13.40 4.07 2.76 3.28 3.44 t43.46 155.27 
Overallmean 10.72 I1.10 362.46 379.08 0.46 0.30 t5.07 10.40 4.27 2.75 3 .23 3 .43 117.36 1t9.01 

Results  

Observations on the protein quality and oil traits 
for the 02 and the normal inbred lines and hybrids 
have been presented in Table 1. I t  will be seen that  
on average there is 10.72 ~o protein in the o 2 genotypes 
compared with 11.t0~ in the normal types. If we 
express the o 2 as percent of normal, it is found to be 
about 96.6~o, indicating an average difference of 
3.4~/o in favour of the normal gene. The means of the 
parental inbred lines show that  the o 2 lines have 
t2.66% average protein as against t t . 72% in the 
analogous normal lines. Thus, the o 2 inbred lines 
have more protein in their kernels than their normal 
analogues. The 02 single cross hybrids on the other 
hand show less protein, averaging 9.94%, than their 
normal counterparts which average 10.85~ . The 
percent protein varies between 8.40 and t7.15 for 
the various genotypes in the presence of the 02 gene 
in recessive homozygous condition and between 9.10 
and 12.60 in the absence of the o 2 gene, I t  can be seen in 
Table t that  the o 2 types yield an average of 362.46kg 
of protein per hectare compared with the slightly 
higher average, 379.08 kg/ha, of the normal types, 
showing a 4.38% difference in favour of the absence 
of the o 2 gene. The parental inbred lines have aver- 
ages of 192.3t and t05.99 kg protein/ha for the o 2 
and normal types, respectively. The single cross hy- 
brids average 430.52 and 488.32kg protein/ha, 
respectively, in the presence and absence of the o 2 

gene. The protein yield ranges between a minimum 
of 35.04 kg/ha and a maximum of 7t0.66 kg/ha for 
the o 2 inbred lines and hybrids and 6t .25 and 654.84 
kg/ha for the normal types. 

The averages of all the genotypes for the trait 
percent lysine (whole kernel basis) are 0.46 and 0.30 
for the o 2 and normal types, respectively (Table t), 
demonstrating a 53.3% difference in favour of the 
o 2 recessive homozygotes. The averages of the o~. and 
normal inbred lines for percent lysine are 0.60 and 
0.32, respectively, showing a difference of 87%, and 
of the hybrids, 0.40 and 0.30, a difference of 33~o- 
The lysine in the whole kernel ranges between 0.35 
and 0.79, and 0.25 and 0.35 ~o, for the o 2 and normal 
genotypes, respectively, including the parental inbred 
lines and the hybrids. The yield of lysine averages 
t 5.07 and t0.40 kg/ha for the o 2 and normal analo- 
gues, respectively. The o 2 recessive homozygotes, 
thus, yield on average 44.9% more lysine per hectare 
than their normal analogues. The inbred lines average 
9.04 and 2.90 kg lysine/ha for the two opacity factors, 
a difference of 211%, and the single cross hybrids 
t7 .49 and t3.40kg/ha,  a difference of 30%. The 
lysine yield varies from t.65 to 29.t3 kg/ha for the 
o 2 inbred lines and hybrids and t.52 to 16.92 kg/ha 
for the normal analogues. The observations on 
g lysine/t00 g protein (g L/100 g P) show averages 
of 4.27 and 2.75 for the o 2 and normal analogous 
genotypes (Table 1). There is, thus, an average 
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increase of 55-3 % in lysine of protein in the 21 geno- 
types which is at tr ibutable to the presence of the o 2 
gene in recessive homozygous condition. The inbred 
lines average 4.77 and 2.72 g L/ t00  g P, respectively, 
for the o 2 and normal types, showing a difference of 
75 %,  whereas the single cross hybrids have 4.07 and 
2.76, a difference of 47%. The ranges observed are 
3.08 to 5.09 for the o 2 inbred lines and hybrids and 
2.37 to 3.29 for the normal inbred lines and hybrids. 

The oil content  of the o 3 and analogous normal 
maize kernels averages 3.23 and 3.43 %, respectively 
(Table t), indicating the disadvantage of the o 8 gene 
to be nearly 5.839'0 in terms of the normal types. 
The parental  inbred lines have averages of 3.11 and 
3.4t ~o oil in the presence and absence of the o 3 gene, 
respectively, the single cross hybrids 3.28 and 3.44O/o . 
The o 2 genotypes range from 2.54 to 3.86% for oil 
content and the normal types from 2.05 to 4.48~o. 
The oil yield of all the o 2 genotypes shows average of 
117.36 kg oil]ha and that  of the normal genotypes 
119.01 kg, only slightly higher than that  of the o 2 
types. The inbred lines average 52.12 and 28.36 kg 
of oil per hectare for the o 2 and normal types, respec- 
tively, whereas the single cross hybrids show averages 
of 143.46 and t 55.27 kg/ha, respectively. 

Observations on the whole amino acid profile of 
all the 2t genotypes, with and without the o 3 gene in 
recessive homozygous condition, are presented in 
Table 2, except for lysine which appears above in 
Table 1. I t  is interesting to note tha t  the presence of 
the 02 gene generally increases the amount  of a num- 
ber of amino acids compared with their normal 
analogues: aspartic acid increases by 51%, arginine 
by  45%, glycine by  35%, threonine by  t3%,  valine 
by t l  ~ histidine by 9%, and cystine and isoleucine 
only slightly. The rest of the amino acids are reduced 
by up to t 0 %  under the influence of the o 2 gene in 
the inbred lines and their hybrids, except for leucine 
and methionine which are, on average, reduced by 
28 and 15 %, respectively, compared with their nor- 
mal counterparts.  There are genotypes, however, 
which show an increase in the content  of these amino 
acids in the presence of the 02 gene in recessive homo- 
zygous condition. 

Correlation Coefficients 

Inter-character  correlation was studied among 
a number of quali ty traits:  percent protein, percent 
lysine (whole kernel basis), percent lysine in protein 
(g L/100 g P) and percent oil, individually for the 02 
recessive homozygotes and the normal analogues. 
The difference between the two, o 2 and normal, 
analogous correlation coefficients (r) was also examin- 
ed statistically. The results of these correlation stu- 
dies are presented in Table 3. I t  will be seen that  
only the traits percent protein and percent lysine 
(whole kernel basis) show a difference in their r which 

is statistically significant, demonstrating that  the 
two traits are more closely related to each other in 
the 02 recessive homozygotes than in the normal 
analogues. The relationships between other sets of 
traits  do not  show any mathematical  difference under 
the influence of the o 3 gene (Table 3)- I t  may, how- 
ever, be added that  the trait ,  percent oil, tends to 
have an inverse relationship with other  traits  under 
analysis. Table 4 presents observations on the corre- 
lation coefficients studied between the various protein 
quality or oil traits on the one hand and yield or 
yield components related to kernel characteristics on 
the other. I t  is interesting to note tha t  the traits, 
percent protein and percent lysine, tend to show an 
inverse relationship with yield and yield components 
except with the water imbibition capacity of the 
kernels in 24 hours, both in the presence and absence 
of the o 2 gene in recessive homozygous condition; 
this is mostly statistically significant, especially in 
the presence of the o 2 gene in recessive homozygous 
condition. On the other hand, the traits, protein 
yield and lysine yield, show a positive correlation 
with the yield and yield components except the water 
imbibition capacity, which is again statistically signi- 
ficant especially in the o 2 recessive homozygotes 
(Table 4). The percent protein in lysine (g L]I00 g P) 
is significantly negatively correlated with grain yield, 
kernel length, and width in the o 2 recessive homozygo- 
tes but  not in the normal analogues and also not  
with the other yield components. The percent oil 
does not demonstrate any significant correlation 
with the yield or yield components, whether negative 
or positive, except with 1000 grain weight in the 
normal genotypes where a significant positive corre- 
lation is visible. Oil yield behaves in the same manner 
as the yield of protein or lysine. 

I t  will further  be seen in Table 4 tha t  the correla- 
tion coefficients calculated between the o 2 and the 
normal genotypes for a given character are statisti- 
cally positively significant only in the cases of protein 
yield, lysine yield and oil yield. The traits, percent  
protein, percent lysine and percent lysine in protein, 
demonstrate a positive but  non-significant correla- 
tion between the o 2 and the normal types. Percent  
oil on the other hand shows a non-significant but  
negative correlation between the 02 and the normal 
types. 

I t  must be stressed that  the difference between the 
two analogous correlation coefficients, one at the % 
level and the other at the normal level, for a given set 
of characters are statistically significant only in six 
cases out of a total  of 42 comparisons (Table 4). In 
all except one case, to be mentioned later, the quali ty 
traits, such as percent protein with t000 grain 
weight, percent lysine (whole kernel basis) with 
kernel length as well as 1000 grain weight, and per- 
cent lysine in protein with grain yield and also with 
kernel length, are more strongly inversely correlated 
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Table 2. Observations on the whole amino acid profile except lysine 

Glutamic 
S. No. Genotype Itistidine Arginine Aspar. acid Threonine Serine acid Proline 

1. W F 9  oz 3.06 6.84 t0.91 4.t7 4.58 t6.46 7.80 
+ 3.00 4.20 6.48 3.56 4.55 19.92 10.34 

2. R6t o2 3.10 5.74 t1.13 3.84 4.61 17.36 8.46 
+ 2.t 7 3.83 7.93 3.6t 5.03 20.56 9.83 

3. N6 02 2.62 6.02 t2.27 4.63 4.80 15.96 6.99 
+ 3.32 4.76 7.16 3.47 4.61 19.20 10.40 

4. HMv850-2 o~ 3.t8 6.06 10.53 3.71 4.43 t6.27 8.66 
+ 3.1t 4.52 7.41 3.47 4.56 t8.39 9.30 

5. C103 02 3.24 6.95 12.10 3.88 4.13 15.48 8.26 
+ 2.22 3.53 8.t9 3.13 4.46 20.76 8.90 

6. W187 02 2.70 5.94 t3.28 3.81 4.49 16.41 6.67 
+ 2.80 4.69 7.27 3.47 4.65 18.8t 8.90 

7. WF9  x R61 o2 3.3o 6.43 t0.65 4.31 4.65 16.34 8.19 
+ 2.63 4.09 6.43 3.38 4.34 17.61 8.45 

8. W F 9  • N6 02 2.87 5.74 11.45 4.36 4.47 16.01 8.45 
+ 3.03 3.74 6.82 3.22 4.41 19.75 10.7o 

9. W F 9  • HMv850-2 02 3.19 5.61 1o.18 3.53 4.21 17.44 8.99 
+ 3.20 4.66 7.08 3.32 4.21 t8.53 9.35 

10. W F 9  • C103 o2 3.59 6.50 8.56 3.68 4.19 16.38 8.82 
+ 3.36 3.66 6.20 3.26 4.40 t9.82 10.80 

t l .  WF9  • W187 o2 3.29 5.84 1o.60 3.85 4.43 17.05 9.22 
+ 2.93 4.04 6.42 3.38 4.42 19.96 9.28 

12. R61 • N6 02 3.21 6.01 12.05 3.96 4.38 t5.80 8.86 
+ 2.84 4.13 7.09 3.55 4.78 t8.87 9.64 

t3. R61 • HMv850-2 o2 2.92 5.72 9.30 3.58 4.32 17.77 9.05 
+ 2.75 4.18 6.73 3.44 4.47 t9.30 9.53 

t4. 1R61 • C103 o3 2.97 5.39 t l .36  3.75 4.05 t5.95 9.22 
+ 2.69 4.25 6.88 3.58 4.50 t9.14 10.t7 

15. R61 • W187 o3 2.95 5.27 to.26 3.83 4.50 t7.15 8.70 
+ 2.49 4.05 7.30 3.64 4.95 20.05 9.52 

t6. N6 • HMv850-2 02 2.55 5.58 10.98 3.97 4.14 t6.83 8.65 
+ 2.88 4.22 8.29 3.61 4.34 t8.6o 9.86 

17. N6 • Cto3 02 2.76 4.96 9.23 3.90 4.52 18.10 9.08 
+ 2.26 3.19 7.04 3.45 4.68 21.13 9.32 

18. N6 • W187 02 3.08 5.47 t0.95 3.92 4.52 16.26 9.0t 
+ 2.63 3.79 7.33 3.51 4.61 20.28 9.44 

19. HMv850-2 • CI03 o2 3.17 5.77 10.25 3.67 4.33 16.62 10.14 
+ 2.74 4.02 7.72 3.54 4.57 19.23 10.20 

20. HMv850-2 • W187 o2 2.96 5.73 9.66 3.66 4.43 17.02 9.08 
+ 2.65 3.91 7.28 3.43 4.58 19.64 9.68 

21. C1o3 • Wt87 o2 3.03 5.t8 9.71 3.89 4.52 16.87 9.66 
+ 2.58 3.44 6.25 3.32 4.50 20.05 10.04 

Mean o 2 3.04 5.85 10.73 3.90 4.41 t6.64 8.66 
+ 2.78 4.04 7.11 3.44 4.55 19.50 9.70 

02 as % of normal t09.35 144.80 150.91 113.37 96,92 85.33 89.28 

wi th  the  y ie ld  and  y ie ld  componen t s  in the  o 2 recess ive  
h o m o z y g o t e s  t h a n  in the  n o r m a l  analogues .  The  
pe rcen t  oi l  a n d  oil  y i e ld  do no t  show a n y  s ign i f ican t  
difference be tween  the  oz and  the  n o r m a l  ana logous  
cor re la t ion  coeff icients  w i th  the  y ie ld  and  y ie ld  com- 
ponents .  The  on ly  cor re la t ion  coeff icient  of some 
in t e re s t  to  opaque-2  maize  b reeders  is t h a t  of lys ine  
y ie ld  per  hec ta re  and  t000 gra in  weight ,  which  shows 
a r equa l  to  0.79*** a t  the  o~ level  as aga ins t  0.07 
for  t h e  ana logous  n o r m a l  geno types .  The  di f ference 
be tween  the  two r va lues  is s ign i f ican t  a t  a t % level  
of s ignif icance.  

Heteros is  
O bse rva t i ons  on the  pe rcen t  he teros is  over  the  

m i d - p a r e n t  have  been  p r e sen t ed  in Tab le  5 for each 
of t he  o~ and  the  n o r m a l  single cross h y b r i d s  for the  
va r ious  p ro te in  q u a l i t y  and  oil t r a i t s .  I t  will  be seen 
t h a t  pe rcen t  p ro t e in  d e m o n s t r a t e s ,  in general ,  a ne-  
g a t i v e  he teros is  over  the  m i d - p a r e n t  which  is - -  20.7 % 
in the  case of the  % h y b r i d s  and  - - 7 . 4 %  for the  ana lo -  
gous n o r m a l  hybr ids .  Thus ,  the  o~ h y b r i d s  have  
a p ro t e in  con ten t  which  is n e a r l y  3 t imes  lower  t h a n  
t h a t  of the  ana logous  n o r m a l  hybr ids .  A m o n g  the  
n o r m a l  h y b r i d s  the re  are th ree  which show a pos i t ive  
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of the various o n and normal genotypes (g amino acid/16 g N )  

345 

Glycine Alanine Cystine Valine Methionine Isoleucine Leucine Tyrosine FenyI- Ammonia alanine 

5.07 6.47 2.27 5.25 1.96 3.09 7.76 3.72 3.85 1.64 
3.48 7.t7 2.58 4.43 2.42 2.93 11.70 4.21 4.73 1.71 
4.62 6.47 1.99 4.96 1.91 3.03 8.48 3.90 4.t8 t.67 
3.63 7.86 1.93 3.76 2.88 2.24 11.87 3.54 4.83 1.83 
4.94 7.03 1.90 5.07 1.60 3.42 8.15 3.6t 4.52 t.89 
3.24 7.06 t.87 4.66 t,77 3.34 t t .94 3.8t 4.90 t.71 
4.32 6.39 2.26 4.95 2.66 3.25 8.92 3.65 4.42 1.68 
3.47 7.29 2.10 4.76 2.89 3.24 t t .92  4.12 4.89 1.70 
4.44 6.30 2.20 4.89 1.88 3.36 8.08 3.68 4.26 1.81 
2.99 7.66 1.51 4.50 1.54 3.66 13.t5 4.01 5.38 1.94 
4.77 6.89 1.61 4.99 1.3t 3.20 8.65 3.81 4.66 2.08 
3.66 7.26 t.92 4.64 2,28 3.34 11.90 4.17 5,00 t.57 
4.72 6.35 2.22 5.28 1.95 3.27 8.65 3.99 3.98 1.54 
3.38 6.74 1.93 4.50 2.17 3.08 1t.15 4.08 4.91 1.50 
5.03 6.75 1.93 5.65 1.68 3.59 8.95 3.68 3.97 1.73 
3.03 7.t4 1.93 4.66 1.91 3.80 14.14 3.51 3.57 1.98 
4.36 6.40 2.06 5.17 1.92 3.67 t0.44 2.99 3.66 1.92 
3.31 6.76 2.26 4.65 2.50 3.72 t2.72 4.17 4.80 1.77 
4.08 6.25 2.t4 5.0o 1.93 3.74 Io.49 3.97 4.93 1.84 
3.16 7.02 2.51 4.74 2.37 3.1t t3.96 2.80 3.49 2.06 
4.65 6.56 2.30 5.12 2.00 3.01 8.48 3.76 3.87 t.71 
3.19 7.21 2.t6 4.72 2.46 3.73 13.99 3.29 4.03 1.89 
4.7o 6.54 2.06 5.27 2.05 3.12 7.88 3.72 3.90 1.73 
3.54 7.29 1.85 4.83 2.39 3.30 12.00 4.42 5.27 1.52 
4.34 6.51 2.20 5.53 2.27 3.42 9.48 3.57 3.93 2 . t l  
3.62 7.22 2.04 5.42 2.68 3.43 t2.05 4.01 4.20 2.t4 
4.57 6.68 1.95 5.62 t.88 3.49 8.93 3.73 4 . t t  2.22 
3.57 7.07 2.t2 5.24 2.34 3.38 1t.85 3.93 4.73 1.90 
4.69 6.44 2.20 5.28 2.18 3.45 9.14 3.71 4.t3 1.85 
3.78 7.21 2.03 4.43 2.30 3.22 t l .89  4.00 4.49 1.84 
4.74 6.73 1.91 5.22 1.9t 3.55 9.36 3.79 4.25 1.74 
3.84 7.07 2.07 4.9t 2.39 3.47 11.30 3.92 4.26 1.86 
4.31 7.00 1.82 5.18 1.77 3.55 t0.60 3.84 4.40 1.91 
2.96 7.36 t.69 4.58 1.83 3.55 13.53 4.0t 5.t5 1.87 
4.66 6.55 1.91 5.33 1.9t 3.52 8.89 3.62 4.16 1.76 
3.51 7.t 5 1.83 4.62 1.97 3.46 t2.40 3.87 4.40 2.48 
4.46 6.38 2.54 5.08 1.92 3.26 8.78 3.56 3.90 2.00 
3.54 6.98 2.21 4.80 2.37 3.35 t t .77 3.83 4.28 2.0t 
4.55 6.68 2.t5 5.04 2.10 3.42 9.33 3.7O 4.59 1.79 
3.63 7.3t 2.08 4.73 2.4t 3.36 12.16 3.92 4.66 t .9O 
4.73 6.79 t.99 5.77 1.90 3.49 8.99 3.66 3.92 1.94 
3.21 7.37 2.06 5.29 2.09 3.51 t2.87 3.93 4.86 1.95 
4.61 6.58 2.08 5.22 1.94 3.38 8.97 3.70 4.17 t.84 
3.42 7.20 2.03 4.71 2.28 3.34 12.39 3.88 4.6t 1.86 

134.79 9t.39 t02.46 t10.83 85.09 t01.20 72.40 95.36 90.46 98.92 

he te ros i s  for pe rcen t  p ro te in ,  whereas  among  the  o,. 
h y b r i d s  t he re  a re  none.  The  he te ros i s  for pe rcen t  
p ro t e in  ranges  be tween  - -34 .8  and  3 . 1 ~  for the  02 
h y b r i d s  and  be tween  -23.9 a n d  4.5 % for t he  n o r m a l  
hyb r id s .  Tab le  5 shows t h a t  he te ros i s  for p ro t e in  
y ie ld  in t he  o 3 h y b r i d s  is 189.7~/o, whereas  the  ave rage  
for the i r  n o r m a l  ana logues  is 423.5 %. The  02 h y b r i d s  
are,  thus ,  less t h a n  half  as  he t e ro t i c  as t he  nor-  
ma l  h y b r i d s  for  y ie ld  of p ro t e in  pe r  hec ta re .  The  
ranges  obse rved  for the  02 and  the  n o r m a l  hy -  
br ids ,  r e spec t ive ly ,  are  29.2 to  56.5% a n d  167.3 to  
789.4%. 
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The  d a t a  on he te ros i s  for pe rcen t  lys ine  (Table  5) 
show the  same t r e n d  as  for pe r c e n t  p ro te in .  The  02 
h y b r i d s  show, in genera l ,  - - 3 2 . 5 %  he teros i s  and  the  
n o r m a l  ana logues  --60/0 . The  he te ros i s  in o 2 h y b r i d s  
for pe rcen t  lys ine  ranges  be tween  - -46 .9  and  - - t  7 %  
and  for no rma l s  be tween  - -21 .9  and  14.8~ . The  02 
h y b r i d s  fu r the r  d e m o n s t r a t e  143.8% mean  he te ros i s  
for  lys ine  y ie ld  per  hec ta re ,  whereas  the  n o r m a l  ana-  
logous h y b r i d s  show 429.7%,  n e a r l y  th ree  t imes  
t h a t  of t he  o 2 hybr ids .  The  02 h y b r i d s  v a r y  in he te ro -  
sis for lys ine  y ie ld  f rom t4 .7  to  473 .6% and  the  nor-  
ma l  ana logues  f rom t67.7  to  960.8%. Pe rcen t  lys ine  
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Table 3. Correlation coefficients observed between percent 
protein, percent lysine, g L/loo g .P and percent oil at the o 3 

and normal gene levelsa 

S.No. Character % lysine g L/lo0 g P % oil 

1. % protein o 2 0.90* 0.24 --0.32 
+ 0.62 --0.41 0.17 

2. % lysine o~ 0.64 --0.27 
+ 0.46 --0.23 

3. gL/100g P o 3 --0.0I 
+ --0.52 

a Correlation coefficients greater than 0.43, 0.54 and 0.66 
are significant at 5%, 1% and 0.1% levels of significance, 
respectively. Degrees of freedom : 19. 

* indicates significance of difference between the o~ and the 
analogous normal correlation coefficients at 5% level of 
significance. 

crosses involving a given inbred line have been pre- 
sented in Table 6 individually for the 02 and the 
normal types, in an at tempt to s tudy any possible 
relationship between the parental inbred lines and 
their single cross progeny and also the influence of 
the o 2 gene on this relationship. 

I t  will be seen from the data  presented in Tables t 
and 6 that the inbred line N6, which has a higher 
content of kernel proteins especially at the o2 level, 
has a tendency to transmit a fairly high amount of 
protein to its single cross progeny, both at the 02 and 
the normal levels. Similarly, the inbred line HMv 
850-2, having somewhat smaller amount of kernel 
proteins both at the 02 and the normal levels, tends 
to produce hybrids with a lower content of protein, 
both with and without the 02 gene in recessive homo- 

Table 4. Correlation coefficients observed between the protein quality traits and yield and yield components ~ 

Kernel Kernel 1000 grain Kernel % water 02 and 
S. No. Character Grain yield length width weight density imbibition normal 

1. % protein 02 --0.68 --0.50 --0.70 --0.89* --0.68 0.00 0.38 
+ -0 .48 -0.33 --0.33 -0 .62  -0 .52 0.47 

2. Protein yield 02 0.98 0.84 0.76 0.77 0.48 --0.30 0.77 
+ 0.98 0.83 0.78 0.80 0.28 -0 .66 

3. % lysine 02 --0.77 --0.64** --0.79 --0.86** --0.51 0.53 0.39 
§ --0.39 --0.21 --O.47 --O.50 --0.38 0.43 

4. Lysine yield o 2 0.96 0.83 0.74 0.79** 0.55 --0.27 0.66 
+ 0.98 0.83 0.74 0.07 0.28 --0.66 

5. g L/100 g P o 3 --0.53* --0.55* --0.53 --0.01 0.08 0.18 0.03 
+ 0.09 0.12 --0.22 0.09 0.09 --0.05 

6. % oil o~ o.21 0.03 0.18 0.20 0.30 --0.t0 --0.05 
+ -0.07 -o ,06 0.1o o.61 0.03 o.12 

7. Oil yield o 2 0.97 0.79 0,73 0.75 0.53 --0.26 0.73 
+ 0.92 0.80 0.79 0.85 o.41 --0.65 

a Same as in Table 3. 
*, ** indicate significance of difference between the 02 and normal analogous correlation 

of significance respectively. 
coefficients at 5% and 1% levels 

in protein demonstrates 14.6% negative heterosis at 
the o 2 level and t.83~ positive heterosis at the 
normal level, with ranges of --36.3 to 4.15% and 
--9.9 to 30% for the two levels ot opacity, respective- 
ly (Table 5). 

Table 5 also shows that  percent oil shows 6.8% 
heterosis at the o 2 level and 2.8% at the normal level, 
ranging from --17.5 to 43.1% at the o 2 level and from 
--39.9 to 67.3% at the normal level. The oil yield 
shows 279% mean heterosis in the o 2 hybrids and 
476% in the normal hybrids, with ranges from 42.1 to 
t206.6% and t82.6 to 815,3% heterosis in the 02 
and normal hybrids, respectively. 

Parent Progeny Relationships 

In a six-parent diallel of the type used in the pre- 
sent studies each inbred line is involved in five single 
cross combinnations. Averages of all the 5 single 

zygous condition. A similar trend is visible for the 
trait, protein yield. The inbred line HMv850-2, 
having a higher yield of protein in the hybrid combi- 
nations than the other inbreds, both at the o~ and the 
normal levels, has a fairly high yield of protein at the 
inbred level. 

Percent lysine (whole kernel basis) shows that  the 
inbred line N6, having a higher amount of lysine in 
its single cross hybrids, is itself relatively superior in 
its lysine content both at the o 2 and the normal levels. 
Similarly, the inbred lines HMv850-2 and R6t,  
having relatively more lysine per hectare, have hy- 
brids with a higher yield of lysine both at the % and 
the normal levels. The transmission behaviour of 
the traits, percent lysine in protein and percent oil 
in the kernel, to the progeny is not clear in these 
studies either at the o 2 or the normal gene levels. 

The yield of oil per hectare behaves in the same 
way as the yield of protein and lysine, that  is, the 

Theoret. Appl. Genetics, Vol. 45, No. 8 
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inbred line HMv8~0-2 tends to be the higher yielder 
of oil both at the inbred and the hybrid levels and in 
the presence or absence of the o~ gene in recessive 
homozygous condition. 

Discussion 
Undoubtedly,  the effects of the o~ gene in recessive 

homozygous condition are not underestimated in 
a comparison of crosses of the type used in the present 
studies (Gupta and Kov~cs, t974a). The observa- 
tions presented above have shown that  the hybrids 
have a lower average for the characters, such as 
percent protein, percent lysine (whole kernel basis) 
and percent lysine in protein, than their parental 
inbred lines. This has been termed "heterot ic  dilu- 
t ion" and has long been known to occur with total  
protein in maize kernels (Hayes, 1922 and Frey, t951). ~ 
A point of disadvantage to the opaque-2 maize breeder 
observed in these findings is tha t  this phenomenon ~ 
of heterotic dilution is more prominent in the o~ 
maize for all the three traits mentioned above than 
in the normal counterparts.  ~ 

There is a nearly 30% increase in the harvest  of 
lysine per hectare with the o~ maize hybrids compared 
with the normal analogues, but  the yields of total  ~ 
protein and oil per hectare are simultaneously di- 
minished by nearly 12 and 8%, respectively. 

Our results, like those of Dudley et al. (t971), have 
shown a significant negative correlation between r. 
percent protein and grain yield, and percent protein 
and kernel density, and a significant positive correla- 
t ionbetween percent lysine and gL / t00gP ,  and percent ~, 
lysine and percent protein. The observation that  per- 
cent protein has a stronger correlation with percent ly- 
sine in the whole kernel in the o~ recessive homozygotes 
than in the normal analogues corroborates tha t  made "~ 
by  Paez and Zuber (t973) and should make it easier to ~" 
select for higher percent protein with a simultaneous % 
increase in the percent lysine in the whole kernel in 
the opaque-2 maize genotypes. Sreeramulu and Bau- 
man (1970), on the other hand, observed a low but 
positive correlation between percent protein and 
grain yield both at the o~ and the normal gene levels. 
The observation that  there is a bet ter  correlation 
between the lysine yield per hectare and the 1000- .~ 
grain weight in the opaque-2 maize could again be ~, 
utilized advantageously by o~ maize breeders�9 

The observation that  the inbred lines superior in 
protein quali ty traits tend to produce hybrids of 
superior quali ty suggests tha t  a selection of inbred 
lines to be used in breeding programmes is possible 
and desirable at the o~ gene level. 
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