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Abstract

Progenies from a four-parent diallel cross were studied to estimate geno-
typic correlation between selected agronomic traits and to assess the extent
of heterosis and of inbreeding depression. Plant height and the period from
seeding to heading showed positive association in the F; populations. Plant
height and panicle length also showed positive correlation. The relationships
between plant height and panicle number, seeding-to-heading period and
panicle number, and between the seeding-to-heading period and panicle length
were variable from one cross to another and the correlation coefficients were
generally low.

Compared with their parents over two seasons F, hybrids were superior
'to the midparent values in plant height, panicle number, panicle length, and
grain yield per plant. But true heterosis (heterobeltiosis) over the high parent
was not observed. The hybrids were inferior to the high parent in all the
traits related to grain yield components. Inbreeding depression in the F; was

- -not indicated for any of the component traits of grain yield.
_The lack of heterobeltiosis and of inbreeding depression could be at-
. tributed to primarily additive effect of genes controlling the yield component
traits. 'Non-allelic interaction was detectéed for plant height and panicle
number, but it was low. Spikelet sterility in three cross contributed to the
lack of heterosis in grain yield. Hybrid sterility could also restrict the full
range of recombinations attainable in the F, populations concerned.

Transgressive F, segregates having extreme earliness, high panicle number,
and long panicles were carried into the F; and F, generations. The segregates
lost their superiority largely in the F, generation.

Introduction

Recent advances in tropical rice breeding resulted from conventional
 hybridization efforts which recombined the short stature, erect and relatively
short leaves, early maturity and insensitivity to photoperiod, tillering ability
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and early growth vigor of Taiwan’s semidwarfs with the vegetative growth
vigor, disease and-insect resistance, grain dormancy, and grain quality of the
tall, late, tropical cultivars. Among these traits, the simply inherited and
highly heritable nature of sem1dwarﬁsm, the ‘basic ‘vegetative phase of the
growth duration, and photoperiod response have been thoroughly studied (Chang
et al., 1965; Aqumo and Jennings, 1966; Heu, Chang and Beachell, 1968; Chang,
Li and Vergara, 1969). Li and Chang (1970) recently studied the system of
genes eontr‘olling~agronomically significant quantitative traits such as plant
height, heading date, panicle number, panicle weight, and number of spikelets
per panicle in non-dwarf cultivars through the diallel analysis method.

Sufficient data were collected from hybrid progenies of-the four-parent
diallel cross involvking extremely diverse parents (Li and Chang, 1970) to
provide information on the genotypic correlation between traits and to assess
the magnitude of F, heterosis and of F, inbreeding depression. The breeding
behavior of F, plants that showed transgressive segregation was followed in
three ‘c¢rosses by progeny testing. ~ This paper presents 1nformat1on on these
aspects in the self-pollinated rice crop.

Materials and \v'\Methods

Four ex’tremely different varieties—Sigadis (from Indonesia), H-4 (from
Ceylon),; Dawn (from U.S.A.), ‘and Sukhwel-20 " ({rom India)-~were  selected
from relatively early maturing, essentially photoperiod-insensitive, and relatively
cross-fertile cultivars. The parents and one set of reciprocal F, hybrids were
grown in . a flooded:  bed at Los: Banos, Philippines m the 1966 dry season
(January to May) in a randomized complete block Wlth four rephcatrons Each
plot included 16 plants spaced 40x%30 cm. Fertilizers Were ‘applied at 60-30-30
kg/ha. Information was obtained on date of heading of the first emerging
panicle, plant height, panicle number, mean weight of three panicles per plant,
mean length of three panicles, number - of spikelets ‘and of fully ~developed
grams on each panicle, and ‘grain yield per plant ‘ ' '

A half-diallel set was grown in the dry season of 1967 The planting
consisted of the four p,arents, six non-reciprocal F, populations, and six F,
populations, replicated twice.” The plots contained 30 parent plants, 10 F; plants,
and 280 F; plants. Data were taken on heading date, plant helght Panicle
number, and panicle length,

. Large F, populations of 3,000 plants each from two crosses that had earlier
indicated transgregation were planted in the 1968 wet season to isolate trans-
gressive segregates.’ Plants that either produced more tillers than the high
parent, or gave longer panicles “than the high parent, or exserted panicles
earlier than the early-maturing parent were harvested and grown as a line of



July, 1973 Chang, et al—Diallel Cross of Rice Cultivars 85

21 plants each. Data were taken on 10 randomly sampled plants per line.
From F; lines that surpassed the extreme parent in one of the mentioned
characters, seeds sampled from the recorded plants were grown as F, linesin
the 1969 wet season. Data were again taken from 10 plants in each line.

Genotypic correlation coefficients were calculated from the F, and non-
segregating F,, Py, and P; populations, based on phenotypic variances and
covariances by the method outlined by Weber and Moorthy (1952).

Superiority of Fy hybrids was estimated on the basis of heterosis—mean
increase of F; hybrids over the midparent value (MP) of parents (Matzinger,
Mann and Cockerham, 1962)—and on heterobeltiosis—mean increase of F,
hybrids over the high parent (HP) (Fonseca and Patterson, 1968). Average
inbreeding depression was measured by the mean difference between the F,
and F,; populations.

Non-allelic interaction was estimated by the deviation of the mean Fy
hybrids and MP from the F, mean expressed as percentage of the MP: 100x
[Fe—16 (F;+MP)1/MP (Jinks, 1955).

Results and Discussion

Genotypic Correlation in F, Populations

The phenotypic and genotypic correlation coefficients between pairs of
traits in the F, populations of six crosses are in Table 1. Plant height and
the period from seeding to heading produced highly significant and positive
phenotypic coefficients (7s,) in all crosses. The positive association between
plant height and growth duration agrees with previous findings in studies of
a large group of pureline cultivars (Vergara ef al., 1966; Guevarra and Chang,
1965) although such an association may not apply to the progenies of a tallx
semidwarf cross (Chang efal., 1965; Heu, Chang and Beachell, 1968; Chang and
Tagumpay, 1970). The genotypic correlation values (r¢) in this study were
rather low, however, ranging from 0.173 to 0.466, because dominance for plant
height was toward tallness while dominance for the heading date was toward
earliness (Li and Chang, 1970).

The correlation coefficients for plant height and panicle number varied
from cross to cross and showed no consistent trend. In such a segregating
population, the competition between tall and short plants might affect the
expression of panicle number because mutual shading would prevent the late
tillers of short plants from developing into panicles. )

The association between the seeding-to-heading period and panicle number
was variable and the correlation coefficients were rather low. Four crosses
produced negative coefficients, of which only one was significant.

Plant height and panicle length were positively correlated in all crosses
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Table 1. Phenotypic and genotypic correlations between all pazrs of four
traits in F, plants of six crosses

phenotypic correlation coefficients are on right of the diagonal;
- the genotypic correlation coefficients, on the left

Trgit v Cross Plant height | Days to head ﬁﬁﬁgg‘; : 2 ligsgilhe
SigadisxH-4 0.242%* ~0.180%* 0.453%*
) Sigadis x Dawn 0.201%% | - 0123%* | - (0.537%*
Plant | Sigadisx Sukhwel 0.433%+ 0.033n.s|  D.452%*
_height H-4%Dawn 0.196%* 00071, 5. 0.534%*
H-4x Sukhwel o 0.406** | -0106m.s|  0.520%*
Dawn x Sukhwel 0.189%+ -0.0021. 5. 0.311%+
Sigadis x H-4 0.308 0.029n: s. 0.397*%*
-:Sigadis x Dawn 0207 ‘ =0,0651n. 8. 0.301%*
 Days to 1| SigadisxSukhwel 0490 | o 0070m.s|  0.277%%
head | H.4xDawn 0.220 -0.0261n. 5. 0.323%*
H-4 x Sukhwel 0.466 ' ~0.079n.s| 0.075n.s.
Dawn x Sukhwel -0.173 ; ~0.096* -0.170**
Sigadis x H-4 -0.410 0049 | - -0.0580. 5.
Sigadis x Dawn 0.139 -0.088 . 0.009n. s.
Panicle | SigadisxSukhwel|  0.020 0187 | oosns.
number | H.4x Dawn -0.028 -0.031 o -0.043n.s.
 H-4xSukhwel 0231 -0.099 , -0.045n. 5.
DawnxSukhwel | -0064 | -0122 | | -0.020m.s.
SigadisxH-4 | 0429 0520 |  ~0.119
, Sigadis x Dawn ~-0.604- 0378 - £0.016
. Panicle Sigadisx Sukhwel|  0.490 0318 | 002
length H4xDawn | 0657 0.437 -0.114
’ : H-4xSukhwel | 0722 | 0109 0262
‘Dawn x Sukhwel 0392 | -0200 | -0057

‘ ¥,k Qignificant at 524 and 124 Tevels.
 n.s. Non-significant,

(rg: 0.392 to 0.722). This, association agrees with the previbus findings of
Syakudo et al. (1952) and Chang efal. (1965). Nei (1960) also noted a positive:
cotrelation between culm length and panicle length:in the F; lines.

Panicle length showed a positive and significant: association ‘with :the
seeding:to-heading period in:four-crosses, a negative association for one ¢ross,
and-a non-significant correlation in another. ~The coeflicients were reélatively
low however.. Nei (1960) found a positive correlation betweén the two traits
in the F,; but ‘a negative correlation in:the Fg lmes.
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Panicle length and panicle number did not appear to be strongly associated.

The F; populations involving Dawn produced some partially sterile plants.’
The sterility found in those crosses involving Dawn could have affected the
pattern of genotypic correlations.
Heterosis and Inbreeding Depression

The data on the reciprocal F, hybrids (1966 experiment) were combined
for each cross combination since the reciprocal hybrids were not significantly
different (Li and Chang, 1970). Comparison of parents and F, populations in
each of the two seasons indicated similar differences for estimates of heterosis
and heterobeltiosis (Table 2). The F, means exceeded the average midparent
values in plant height, panicle number, panicle length, and grain yield per
plant. In seeding-to-heading period, panicle weight, and spikelet fertility,
they were inferior to the midparent values. The F; hybrids were inferior at
the l-percent level of significance to the high parent in all traits studied except
plant height. Among the F; populations grown in 1966, the highest F, mean
for grain yield (105.7 g/plant) was obtained from the H-4 array, but it was
lower than the yield of the two high parents (120.6g. for Sigadis and 121.1g.
for H-4) (Figure 1).

Table 2. Average percent of Fy performance over midparent and high
parent values and percent F, depression from Fy for
eight agronomic traits

F,—MP ' F,—High parent F,—F.
Trait MP High parent F,
1966 1967 - 1966 1967: - 1967
Days to heading SILI5** | - gdgrr | _1o7ewk ~16.37%* -5.43%*
Plant height 10.83** |  10.23** | -206n.s| - 177n.s|  L64n.s.
Panicle number /plant 18.31%* 20.25%% | -10.17%* | - 956* |  3.3lm.s.
Panicle length 5.73%* 5.67* - 6.13%* - B.75%* 2.24n, s.
Panicle weight ~13.81%* ~32.06%+* .
Spikelet number ~ 2.34n.s. ~17.23%*
' Grain yield 8.05%% - 5.06%*
Spikelet fertility (22) ~17.16%* -20.62%%

* ** Significant differences from zero at 5% and 1% levels:

n.s. Non-significant,

Reports in rice literature consistently show F; superiority expressed in
plant height, tiller or panicle number, and in several cases, panicle length.
The heterobeltiosis in these traits associated with vegetative vigor may be
interpreted as “luxuriance” or competitive advantage in a mixed stand (Ramiah
and Ramasamy, 1941; Jennings and Herrera, 1968; Kawano, Kurosawa and
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Takahashi, 1969). The Fy hybrids flowered earlier than the midparental valués,'
consistent with the interpretation based on  dominant anisomeric ‘genes con-
trolling the basic vegetative phase (Chang, Li and Vergara, 1969). For grain
yield, only a few experiments in' previous studies involved anadequate sample
size to prowde valid COmpansons.' Ina large number of hybrids, the F; yield
was below the mzdparent value {Jones, 1926; Kadam, Patil and Patankar, 1937;
' Jennmgs, 1967 Karunakaran, 1968) In expernnents where some of the Fy
hybrids were reported to be superior in yield, the difference between the parents -
‘and the hybrids was gqnerzally about 10 percent (Jones, 1926; Madhusudhana
Rao, 1965; Lee et al., 1968). Only rarely did the F, hybrids exceed the;,hi_gh
parent by a greater margin (Hsu et al, 1969; Chang, Lin énd Yang, :~1971;
Chang and’ Lin, 1972). In crosses among japonicas, rice breeders in California
reported yield increases from 122 to 210 percent over },he better parent in
eight out of 19 hybrids, mainly because of ‘increase in Ppanicle ‘number and
number of seeds per pamcle ‘But the yield differences may not be the same under
_commercial cultural pract1ces (Carnahan, Er1ckson, Tseng and Rutger, 1972).
The failure of our hybrids to show heterobeltiosis in"grain y1eld could be
partly attributed to spikelet sterility in crosses associated with Dawn.  In the
three: crosses involving Dawn, the Fy spikelet fertility ranged: from 38 to.82
percent with a mean of 54 percent. In other crosses, it ranged from 84 to 90
percent. When the crosses involving Dawn were excluded, the three remaining
crosses showed a 19.8 percent increase in yield over the midparent value and
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the difference was significant at the l-percent level. Compared with the high
parent, however, only the F; plants from SigadisxH-4 produced a mean yield
of 1335 g which exceeded that of the high parent. But the difference is non-
significant.

The average performance of the F, hybrids was slightly better than that
of the F; population means for plant height, panicle number, and panicle length
but the differences were non-significant (Table 2). For the seeding-to-heading
period, the F; means were definitely shorter than the F, means. The differences
ranging from 1.7 to 5.5 percent indicate negligible inbrééding depression.

Three studies on inbreeding depression in the F, presented divergent
findings. Misro and Sastri (1962) reported F, heterosis in plant height and
growth duration in a group of wide crosses, and observed inbfeeding depressibn
only in panicle number. Lee efal. (1968) found that in one group of nine
crosses, the I'; means were superior to the related high parents in panicle
number but inferior in number of grains per panicle, 100-grain weight, and
spikelet fertility. In another set of four-parent diallel cross, the F, populations
of crosses in three arrays were superior to the ¥, hybrids. Chang and Lin
(1972) reported a 6-percent average decrease in yield for means of F, and F,
populations in 21 crosses. Because the size of F, populations in the mentioned
studies was limited, it was difficult to assess the true extent of inbreeding
depression, ,

The role of non-allelic interation in affecting heterosis and inbreeding
depression was assessed on the basis of the parental, F;, and F, data of the
1967 experiment. Although additive and dominance effects were the predo-
minant components of genetic variation (Li and Chang, 1970), the ¥, means
were not identical to the respective midparent values or F; means. An analysis
of variance of epistatic effect based on the midparent value, F, means, and F,
means indicated a detectable interaction effect for plant height, panicle length,
and especially panicle number (Table 3). Among the four parental arrays, the
Dawn array showed the greatest expression of epistasis. However, the over-all
extent of interaction did not appear large, as indicated by the relatively low
heterosis or iﬁbreeding depression (Jinks and Jones, 1958).

Because of the small number of parental varieties in this set of diallel
crosses, the individual parents and crosses are the main objects of interest and
the limited information on combining ability, either general or specific, derived
from such a diallel set may not apply to broad inferences about the feasibility
of using hybrid vigor in rice. But since intervarietal F, hybrid sterility fre-
quently occurs in varieties coming from the same geographical area (Engle,
Chang and Ramirez, 1969), a large number of crosses must be studied to assess
the extent of heterobeltiosis and to identify highly fertile cross combinations.
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Table 3. Percent epistatic effect in the array means of the 1967 experiment

Array Heading date Plant height Panicle length | Panicle number
Sigadis ~0.42n. s. 2.19n. s, -0.09n. s. 0.72n. s.
Dawn 1.31* 2.65n. s. 2.36*% 9.65%*

H-4 0.54n. s. 3.19*% -0.21n. s. 10.98**
S-20 -0.85n. s. 4.15% -1.12n. s. 2.12%*
Over-all mean 0.15 3.04 0.23 5.87

*, ** Significant at 525 and 12 levels.
n.s. Non-significant,

Transgressive Segregates in F,, F,, and F, Populations

Table 4 shows the breeding behavior of transgressive F, segregates with

respect to tiller number, panicle length, and number of days to heading. While

F,, F,, and F, progenies surpassing the high parent in tiller number or in

panicle length were obtained, the breeding behavior showed a dissipating trend
through three successive generations.

Only a small proportion of the progenies

was significantly superior to the extreme parent in tiller number or panicle

Table 4. Breeding behavior of trahsgressive segregates on panicle length,

tiller number, and earliness

Number of lines giving lower or higher
value than the extreme parent

Character and cross Generation
A B

Tiller number ¥ 179 13
{(Dawn x H-4) Fs 158 131
) F, 30 11

Tiller number F, 56
(H-4 x Sukhwel 20) Fs 35 2

’ F, 1
Panicle length F, 169 42
(Dawn x H-4) Fi 165 161
F, 36 36
Number of days to heading F, 70 0
(Dawn x H-4) Fs 54 0
F, 17 0
Number of days to heading F, 8 0
(H-4 x Sukhwel 20) Fs 0
F, 0 0

A numerically higher (or lower) than the extreme parent.
B significantly higher (or lower) than the extreme parent by the LSD test at 5%
level (for Fy, the error term used is from the variation in the parents).



July, 1973 Chang, et al.—Diallel Cross of Rice Cultivars 91

length. However, those F; and F; progenies which appeared to be earlier than
the early heading parents did not differ significantly from the extreme parent.
The proportion of DawnXxH-4 plants that exceeded the high parent in tiller
number or panicle length was higher in the F; progenies grown in the dry
season than in the F, and F, progenies grown in the wet seasons.

The means of F,; plants and F; lines from DawnxH-4 showed a pbsitive
correlation for tiller number and for panicle length; the F; and F, line means,
a positive association for tiller number. Heritability estimates based on pheno-
typic variance, genotypic variance, and environmental components were 0.16
for tiller number in the F; lines, and 0.20 and 0.15 for panicle length in the
F,; and F, lines, respectively.

The failure to obtain truly iransgressive segregates for early maturity in
the F, and subsequent generations could be explained by the basic vegetative
phase (BVP) genes largely responsible for the growth duration in photoperiod-
insensitive genotypes. Since a very short BVP is controlled by the cumulative
effect of several dominant Ef allelic pairs (Chang, Li and Vergara, 1969), the
parents in this study might not have differed much in the BVP loci. Since
the number of BVP loci involved was rather small, the Ef loci could have
become largely fixed in the F, generation.

Transgressive segregation for tiller number in Dawn x H-4 and H-4 X Sukhwel
20 and for panicle length in DawnxH-4 dissipated from the F; through F..
The breeding behavior indicates that epistatic effects are rather small in the
F. (Table 3) and that they decrease rapidly with reduction in heterozygosity.
It also suggests that the genetic variance due to dominance effect and the
fixation of additive genetic effect decreased markedly from F, through F, It
is plausible that the superiority of transgressive segregates in the F, and F,
generations resulted from additivex dominance effects and dominance X dominance
effects in heterozygous combinations. Such types of gene interactions are not
readily fixed in the later generations of a self-pollinated crop, especially when
the size of a progeny-line is rather small (Mather and Jinks, 1971). It now
appears that additive and dominance effects are more important than was
indicated by the F, data (Li and Chang, 1970). '
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