Annals of Agric. Sc., Moshtohor.
Vol. 32(1):95-107, 1994

GENETIC ANALYSIS OF DIALLEL CROSSES
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ABSTRACT

This investigation was undertaken during three successive summer
seasons to study the combining ability of some traits of maize and their
interactions with growing years. A half diallel set of crosses involving seven
inbred lines were evaluated in this study. Significant year mean squares were
detected for all of the studied -characters except for number of rows/ear, plant
height, and silking date. Significant mean squares of crosses for all traits were
obtained in both seasons as well as the combined analysis. Also, appreciable
crosses by year interactions were detected for all characters. Significant g.c.a.
and s.c.a. variances were obtained for most of the studied traits in both seasons
and the combined data. The additive genetic variance was predominant in the
inheritance of ear diameter and plant height, whereas non-additive gene effects
were prevailing for grain yield/ plant and number of grains/row in the three
studied cases. Significant interaction effects between both general and specific
combining ability and planting dates were detected for grain yield/plant, number
of rows/ear, number of grains/row and plant height. The parental line MR4
seemed to be the best combiner for grain yield/plant, ear length, and silking
date. Inbred line MRS was the best combiner for ear diameter and it was among
the best combiners for grain yield/plant and ear length. The highest desirable
s.c.a. effects were recorded in the crosses: (K 64 x G 224 D) for grain yield/plant
and ear diameter, (G 224 D x MRS5) for ear length, (G 507 A x MRS) for number
of rows/ear, (G 251 B x MRS5) for plant height, (G 507 A x K 64) for ear height,
and (G 507 A x G 251 B) for silking date. The increases in grain yicld/plant
relative to D.C. 204 (35.28% and 30.08%) were detected for the cross (G 507 A
x MRS) in the first season and the combined analysis, respectively.

INTRODUCTION

The magnitude of genetic components for a certain character would
depend mainly upon the environmental conditions under which the genetic
materials will be evaluated Therefore, many efforts have been devoted by maize
breeders to study the interaction between environment and the genetic
components Matiznger ef al (1959) concluded that the additive genetic
variance was more affected by genotype x environment interaction than the
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non-additive variance for grain yield per plant. The same conclusion was
reached by Abdel- Sattar (1986). Galal ef al (1987). Mohamed (1989). and El-
Hosary and Sedhom (1990). :

On the contrary, El- Hosary (1985) . Nawar (1985) and Sedhom (1992)
reported that the non-additive cffects werc morc biascd by interaction with
environment than additive effects.

The present work was undertaken during three summer scasons with
the following objectives: a) to estimate the magnitude of both types of
combining ability and their interaction with growing year. and b) to determine
the relative increase of grain yield in 21 single crosses over the check variety
D.C. 204.

MATERIALS AND METHODS

The plant materials for this study included seven inbred lines of maize
representing a wide range of variability in most of the studied traits. Five of
them e, G224D,G 507 A, K 64,.G251B and G 307 A were obtained from
Maize Research Section, Field Crop Research Institute. Agricultural Research
Center, Egypt. Another two inbred lines (MR4 and MR5) were developed by the
author from the composite variety Giza 2. In 1990 summer season. the seven
inbred_lines were split planted in May 20, 30 and June, 10 t0 overcome the
differences in flowering times among the parental lines. All possible cross
combinations without reciprocals were made at the Agricultural Research
Center, Faculty of Agriculture, Moshtohor. The resultant 21 crosses along with
a check (D.C. 204) were planted ina randomized complete block design with
three replications in the two successive seasons of 1991 and 1992. The panting
dates for 1991 and 1992 seasons were June 5 and June 12. respectively. In
both seasons, each plot consisted of 2 ridges of six m length and 70 cm. width.
Hills were thinned to one plant and spaced 30 cm. apart. Plots irrigated eight
times during each growing season and fertilized at a rate of 120 kg N/fed (one
feddan= 4200 m?). The other cultural practices were performed as recommended
for the areca. Data were recorded in both seasons for grain yield/plant. ear
length, ear diameter, number of rows/ear. number of grains/row. plant height.
ear height, and silking date. Grain yield was adjusted to 15.5% moisture content.

The ordinary statistical analysis was performed for each growing
season. Thereafier, homogeneity of error variancc was tested before applying
the combined analysis for both scasons. General and specific combining ability
were calculated using Method 4 Model 1 of Griffing (1956) for each experiment
and for both scasons. The relative increases in grain yield per plant over the
check variety D.C 204 was also calculated.
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RESULTS AND DISCUSSION

The analysis of variance for all traits in each scason as well as the
combined analysis are presented in Table (1). Test of homogeneity revealed that
the error variances for the two seasons were homogenous, therefore combined
analysis was processed.  Years mean squares were significant for all of the
studied traits except for number of rows/ear, plant height and silking date.
Mean values of the first season were relatively higher than those of the second
one for most traits. Falconer (1960) suggested that a character measures in two
different environments could be regarded not as one character but as two. The
physiological mechanisms are to some extent different and consequently the
genes required for high productivity are also different.

Results in Table (1) showed that crosses mean squares were significant
for all traits in the two growing seasons as well as the combined data. Also, the
interactions between crosses and year mean squares were significant for all of
the studied characters. These interactions with years could be a result of
different ranking of genotypes from year to another.

The mean performance of F; hybrids in cach season as well as the
combined analysis were presented in Table (2). Results indicated that the
highest mean values for grain yield/plant and number of rows/ear were detected
in the cross (G 507 A x MRS) in the combined analysis of the two growing
seasons. Whereas, the cross (G224 D x MRS) produced the highest mean
performance for ear length and ear diameter in the combined data. Also, the
cross (G 507 A x K64) was the best combination for dwarfness since it expressed
the lowest values for plant and ear heights in the combined analysis. The single
cross (G 507 A x G 251 B) seemed to be the best cross among the studied
hybrids for earliness. This is because it exhibited the lowest values for date of
silking in the combined data of the two growing seasons.

The variances associated with general and specific combining abilities
(g.ca. and s.c.a) for all traits in both seasons as well as the combined analysis
are also presented in Table (1). Significant general combining ability mean
squares were detected for all characters in both seasons and the combined data
except for ear length in the first season and silking date in the second season.
Also, significant specific combining ability s.c.a. variances were obtained for
all traits except for ear height in the first season. It is clear that, the significant
g.c.a. mean squares were accompanied by significant s.c.a. variances in most
traits. This indicates that both additive and non-additive types of gene action are
important in controlling the traits under study. To clarify the relative magnitude
of each genetic component, the g.c.a./s.c.a. ratio was calculated. High ratios
which largely exceeded the unity were obtained for ear diameter and plant height
in both seasons and the combined data; for ear height in the second season and
the combined analysis, and for silking date in he first scason and the combined
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analysis. Such results indicated that the additive and additive x additive tvpes of
gene action were more important than non-additive effects in the expression of
these traits. The importance of additive genetic variance on controlling such
traits were reported by El- Zeir (1984). Galal er af (1987). Nawar ef af (1988).
El- Hosary and Sedhom (1990). Abdel- Sattar (1992) and Sedhom (1993).

On the other hand. low s.c.a./g.c.a. ratios which was less than onc were
obtained for grain vield/plant and number of grains/row in both seasons and
their combined analysis: ear length in the sccond scason and the combined
analysis; and = silking date in the second season. Consequently. non-additive
type of gene action was predominant in controlling such traits. Similar results
were reported by Rashed (1977). Sedhom (1984). El- Hosary (1985). and Abdel-
Sattar (1986).

Results in Table (1) also showed that the interaction between vears and
both types of combining abilities were significant for grain vield/plant. number
of rows/ear, number of grains/row. and plant height. This result led to the
conclusicn that the magnitude of both types of combining ability were influenced
by different growing seasons. However. the ratio between s.c.a X vear/ s.c.a
was higher than that of gca x year/g.c.a for grain vield/plant. number of
rows/ear, and number of grains/row  This indicates that non-additive gene
effects were more sensitive for different growing scasons. On the other hand. the
ratio of g.c.a x year/g.c.a was higher than that of s.c.a x vear/ s.c.a for plant
height revealing that additive and additive x additive cffects were more biased by
environment more than non-additive gene action for such trait. These results
are in the same line with those reported by Matzinger er af (1939). El- Hosary
(1989). Mohamed (1989) and El- Hosarv and Sedhom (1990)  Also. significant
s.c.a. x year along with insignificant g.c.a. x vear interactions were detected for
ear length and ear diameter revealing that non-additive effects seemed to be the
only component that greatly affected by differcnt growing vears. insignificant
interactions between vears and both tvpes of combining abilin were obtained for
ear height indicating that all tvpes of gene action were stable over the two
growing vears.

Estmates of gencral combining ability effects (1) for each parental line
tn each trait combined over two growing vears arc presenied in Table (3). s
clear that the best combiner for grain vield/plant and car length was the parental
line MR4 since 1t expressed high significant and positive value for gca
Moreover. this particular line (MR4) was also the best combiner for silking
date. where it had a significant and negative value of g.ca for this trans

Highly significant and negatne g.ca effects were recorded with line K64
for plant height and ear height  Therefore this linc appeared 1o be 1he best
combiner for plant and ear heights  However this linc (K64) was the WOrst
combiner for grain vield/plant and s components Parcntal hine G 251 B




Table (3): General combining ;biﬁty effects of parental lines for eight traits

of maize combined over two years.

Grain | Ear | ear No. of | No. of | Plant | Ear Silking
Parent | yield length | diameter | rows/ | graing/ | height height | date
g/plant ear oW
MRé 879+ | 0.80%¢ | 024 031 | 126 592 | 200 | -1.02¢
G507a GABY| 040 | Laasw 1021 4 056 | anosse] g 0.92%
K 64 134580 | 0.7g%s | L1 gpee 0.84% [ .1.99%¢ | 18018+ | 7308+ | 99
G251B | 488 [ 034 | o013 0.58** f-146* | 005 | 393 | 059
G307A | 31 | o010 | -048 020 | 020 | 431 -5.63%¢| 171%s
G24D 086 1001 | 14 | 028 | 038 | 24880 | 17200 0.7
MRS 542¢ | 061¢ | 2250 | 024 | 107 3.12 037 | 027
LS.D g95
@2 | 740 | 07 | 135 066 | 220 | 1002 607 | 127
LS.D g,01
@i-g) | 981 098 | 1.79 088 |29 | 1329 805 | 169

* and ** significant at 0.05 and 0.01 levels of probability,

respectively.
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exhibited highly significant and positive g.ca eflects for number of rows/ear.
Inbred line MRS was the best combiner for car diameter and it was among the
best combiners for grain yield/plant and car length. Line G 224 D was the
second best combiner for ear diameter. Parcntal line G 507 A appearcd 1o be
among the good combiners for silking date and grain vicld/plant.

The estimates of specific combining ability for all of the studied traits
combined over two growing seasons are presented in Table (4). Significant
desirable s.c.a. effects were obtained for grain vicld/plant (ten crosses). ear
length (six crosses). ear diameter (two cross). number of rows/car (five crosses).
number of grains (four crosses) plant height (four crosses). ear height (two
crosses), and  silking date, (two crosses). Howcver. The highest desirable
s.ca. effects were recorded in the crosses: (K64 x G 224 D)for grain
yield/plant and ear diameter ; (G 224 D x MRS) for car length: (G 507 A x
MRS) for number of rows/ear; (K64 x G 307 A) for number of grains/row. (G
251 B x MRS) for plant height; (G 507 A x K64) for ear height. and (G 507 A
x G 251 B) for silking date. In conclusion, these cross combinations would be
efficient and prospective in improving grain yields in maize.

Relative increases of grain yield/plant over D.C. 204 in both years as
well as the combined analysis are presented in Table (5). Results indicated that
six, five, and seven single crosses expressed significant and positive increases for
grain yield/plant in 1991 and 1992 seasons and the combined data. respectively.
However, the highest relative increases were detected in the cross (G 507 A x
MRS) in the first scason and the combined data , being 35.28% and 30.08%
over the check variety, respectively. Whereas, the cross (G 224 D x MRS5)
produced the highest increase (27.97%) in the second season.

It is worth mentioning here that the increases in grain vield (heterotic
effects) were more pronounced in the crosses that involve parents of different
divergent genetic origin. This is very clear in the cross (G 507 A x MR 5) which
expressed the highest increase of grain yield in the first season and the
combined analysis. The parents of these crosses were of wide divergent origin.
The origin of the parental line G 507 A is K 64 x 213, whereas the line MR 5
was developed from the composite variety Giza- 2. However. the relative
increases in grain yield were much more in the first season than the second one
among most of the studied crosses. This may be due to the carlier planting of
the first scason.

it could be concluded that these single crosses offer a possibility for
increasing grain yield of maize crop in Egypt.
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Table (4): Specific combining ability (s.c.a,
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) effects of the studied crosses for eight traits combined

over two years, s
Crosg Grain Ear Ear No,of | No.of Plant | Ear Sliking
yleld length | dlameter | rowy gralng/ | helght beight | date
#/plant ; ear ' FOW
MR¢ x G507 A 16.65*¢ " | 008 | 0460 045 | .2.47 -1.74 152 0.01
x K64 19.44%e | 17e ) 34000 | 081 | 3670 <411 174 0.21
x G251 B 2036%¢ | 077 1.28 0.90° | 188 11.59 3.21 0.51
x G30TA 18.59%2. | 1389ee | 167 w0 | 211 10.86 0.58 0.62
2 G24D | 2988 | 224%e | 049 -103* | 032 -17.84** | 141 1.08
x MRS -1.28 .0.67 0,38 029 | 247 7.26 0.58 119
GSOTA x K64 44,1490 | 2500¢ [ 073 =107° | 7.54%% | -1498% [.1072%° | 3.90%e
x G281 B 13.66%¢ 19200 | 0351 -0.70 4.83% | 1006 10.41°% | .3.260¢
x G307 A 1472¢¢ | 0,05 -0.12 031 1.58 351 -1.22 L1l
% G 224D 25.74%¢ | -116° | .3.02°¢ | 0.06 2,15 212 0,61 0.19
x MRS 24.86°° | 1.60% | 126 L3see | 146 14,220 8.44° | 162
K64 x G251 B 8,77 0,31 -1.04 045 | 199 -13.48° | 416 0.06
2 G30TA 3L12ee | 24700 | 50 15900 [ 73200 6.79 4.71 0.69
1 G2UD 393200 | 1g30e | 23900 167°¢ | 3.19% 10.42 838° | .2.66°¢
% MRS 1.92 0.02 .23 0920 | -1.28 15.52° | 0.04 0.66
G28iBxGHTA | -1024° .13 0.01 ©37 | -2.56 12.16 1.68 -0.89
£ 64D 11.62¢ 0.08 0.13 0.02 5.56% | 11.29 2.82 0.14
x MRS 21.61° | 253%¢ | 086 061 | 0.58 23.68%¢ [ -832¢ | 3s540e
G307Ax G2 D | -2281%% | 900 | 9% 075 [ 292 | 044 | 629 | 134
& MRS <31.38°0 | 2900 | p.29¢ -1.88%° | 55300 | .12.84 0.54 0.26
G 224 D x MRS 2749%¢ | 298¢ | 17s¢ 004 | 3470 7.46 -1.29 0.28
L8.Dg05 (3y-Sy,) | 1480 1.47 2.1 131 4.39 20.03 1211 | 253
L8.D o013 ByySu) | 19.63 1.98 3.22 174 5.83 26,56 1607 | 335
L8Dgog (SySup | 12.81 127 235 113 379 17.34 1048 | 218
L.8.D 811-5, 19.99 1.69 2.79 13 5,03 23.00 13.90 | 290

© and ** signifcicant at 0.05 and 0.01 levels of probability, respectively,
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Table (5): Increases in grain yield/plant relative to D.C. 204 in both
seasons and the combined analysis.

105

yleld

Cross Percentage of increase in
First year cond year | Combined
MR4 x G 507 A 33, T7ee 19.35 26.82¢¢
£ K64 -1.29 <21.45 ~-10.99
£ G251 B 24.03¢ 12.12 18.29* -
x G307 A 27.90* 15.15 21.66*
x G224 li.. g -5.84 -10.96 -8.31
x MRS 4.11 24,71 14.03
GSO0TAx K64 <29.87¢ -28.44¢ 29.18%¢
x G251 B 19.48 11.42 15.60
£ G307 A 24,46* 10.02 17.51¢
x G 224D 3.03 =17.95 =1.07
x MRS 35.28%¢ 24.48¢ 30.08%«
K64 x G251 B -15.15 -10.72 -13,02
£ GHTA 8.23 22.38 15.04
x G224D 22,51 24.01¢ 23.23%¢
£ MRS 1.08 117 1.12
G251Bx G307 A -24.89% 12,38 6.96
5 G224 D -2.16 24,01* 10.44
MRS -15.58 -1.63 -8.87
G307Ax G224 D «24.24* 2,09 -11.56
x MRS - =21.43 «6.53 -14.25
G 224 D x MRS 28.14¢ 27.97¢ 28,06%¢

* and ** signifcicant at 0.05 and 0,01 levels of probability, respectively.
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