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Abstract

Rice is the most widely consumed staple crop in Africa and consumption continues to grow at a rapid pace with increasing
population. Success in breeding programs are largely dependent on the genetic diversity of a crop. Genetic variability occurs due to
genetic differences in individuals within a given population, which is the basis of plant breeding. Thus, if the genetic variability is
well managed, diversity can result to permanent gains in the performance of the crop. The objectives of this study were to determine
the interaction between grain yield and yield components and to conduct genetic studies on selected rice genotypes. The research
was carried out at the University of Port Harcourt Faculty of Agriculture teaching and research farm. Thirteen (13) varieties were
used which comprised 7 adapted Nigerian varieties and 6 Korean rice varieties in a randomized complete block design (RCBD) in
three replications was established. All agronomic practices were carried out at appropriately crop phenology. North Carolina |1
mating design was used to perform crosses. Data was collected on 10 agronomic traits. All means were subjected to ANOVA,
combining ability, Heterosis and Potence ratio were determined. The progenies from UPIA 2 x UPN 234, FARO 52 X UPN 266 and
UPIA 3 X UPN 266 had the best phenotypic and genotypic expression and most of the hybrids had heterotic values than their
parents. The results also showed ranges of dominance for genotypes. UPIA 1, UPIA 2, UPN 223, UPN 234 and UPN266 should be
included in breeding programs because they showed the best GCA’s across most traits.
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1. Introduction

Rice (Oryza sativa L.) is one of the major food grains
consumed by majority of people in the world [1]. Increase in
the world population has trigger the consumption rate of this
crop, therefore, necessitate the need for increase in the rice
production to guarantee food security in the world. This sad-
dled the breeder the responsibility of develop high yielding
genotypes with good quality traits for the stakeholders.

The concept of combining ability was defined as the ability
of a genotype to transmit superior performance to its proge-
nies [2]. Two types were defined; General combining ability
(GCA) and specific combining ability (SCA). According to
Sprague and Tatum general combining ability (GCA) is the
average performance of a genotype in a series of crosses. It is
a measure of additive gene action. Specific Combining Ability
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(SCA) is used to evaluate the performance of a genotype in a
cross based on what is expected on the average performance
of the lines involved. It is a measure of non-additive gene
action

Yield is a quantitative trait controlled by many associated
factors, one of such factors is ability of the parental lines to
combine effectively for higher yield and quality traits. Com-
bining ability is a powerful tool used by breeders to estimate
the ability of parents to produce superior hybrid. The
knowledge of combining ability is a useful tool to assess
ability of gene recombination among genotypes and under-
standing the nature and magnitude of gene actions involved
[3]. It also provides information about the nature and level of
gene impacts that regulates grain yields and yields characters,
thus enabling the breeders to develop effective and efficient
breeding techniques for genetic improvement of grain yields
and yields components [4].

Heterosis can be define as a natural phenomenon whereby
the offspring or the progeny out-perform their parents in
multiple traits such as yield, adaptability and as well re-
sistances to biotic and abiotic stressors [5]. In agricultural
production, heterosis is widely exploited for the development
of hybrids mostly in cereal crops.

It has been observed that cross-pollinating crops like, maize,
and other cereal typically exhibit a higher degree of heterosis
than the self-pollinating crops like rice and wheat. However,
many hybrid cultivars have also been developed in
self-pollinating plant species [6]. Heterosis can manifest by
virtue of improvement of several traits during the crop de-
velopment. The present grain yield of some cereal crops like
maize almost in five-times increase as compared to the yield
before the development of hybrid.

Maize (Zea mays) has huge potential for the manifestation
of heterosis and is effectively exploited. The number of hy-
brids in maize is far higher than any self-pollinated crops, as it
is endued with substantial amounts of heterosis for yield and
other important agronomic traits thereby enhancing the social

and economic benefits of agricultural production [7].

The genetic basis of heterosis has also been exploited in F2
populations of rice mostly the indica types of rice for hybrid
production. The results suggest that over-dominance most
likely the basis for heterosis which, exhibited in the form of
higher tiller numbers, grain weight and, grain yield [8]. This
study was therefore conducted to determine combining ability
of the genotypes and level of heterosis exhibited by progenies
for rice population improvement.

Potence ratios helps show, which are dominance of the
inherited traits if the values are greater than #1, which indicate
over-dominance, while values between —1 and +1 indicate
partial dominance and values of +1.0 show total dominance
and values of 0 indicate there no dominance. Potence ratio
was highly exploited in maize breeding in population devel-
opment [9, 10].

2. Materials and Methods

The research was carried out at the University of Port
Harcourt Faculty of Agriculture teaching and research farm,
Choba, Rivers State. University of Port Harcourt is located in
the southern part of the country along the Niger-Delta coast
and lies on latitude 4<31 to 5V0N and longitude 645 to 700
E, has an estimated annual rainfall of 2000 — 2680 mm and an
average temperature of 28 — 30°C with an elevation of 20
metre above sea level. This is a potted experiment of 28 en-
tries which, comprised 13 parental lines and their 15 proge-
nies where pre-germinated germinated and seedlings trans-
planted at the rate of two seedlings per pot in a randomized
complete block design in two replications. Normal agronomic
practices were carried out as required. Irrigation was applied
regularly to maintain the soil field capacity. Inorganic ferti-
lizer (NPK 15:15:15 ) was applied as basal application of 200
kg ha-*( N,, P,Os and K,0 ) and top-dressed with urea (46% N)
65 kg ha-" at tillering and 35 kg ha- at booting stages.

Table 1. Varieties used in this study.

S/NO Variety

WBK 114
UPIA1
UPIA2
UPIA3
FARO 52
FARO 57
FARO 61
UPN 223

© 00 N oo o B~ W N -

UPN 266

Origin/Source

Uniport Agra germplasm (Improved rice)
Uniport Agra germplasm (Improved rice)
Uniport Agra germplasm (Improved rice)
Uniport Agra germplasm (Improved rice)
Uniport Agra germplasm (Improved rice)
Uniport Agra germplasm (Improved rice)
Uniport Agra germplasm (Improved rice)
Double-haploid line from South Korea

Double-haploid line from South Korea
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S/NO Variety

10 UPN 250

11 UPN 234

12 UPN 257

13 UPN 268

14 FARO 52 X UPN 266
15 FARO 52 X UPN 223
16 FARO 52 X UPN 268
17 FARO 52 X UPN 257
18 FARO 61 X UPN 250
19 FARO 61 X UPN 234
20 UPIA1 X UPN 250
21 UPIA 1 X UPN 266
22 UPIA1 X UPN 234
23 UPIA 2 X UPN 266
24 UPIA 2 X UPN 234
25 UPIA 2 X UPN 257
26 UPIA 3 X UPN 250
27 UPIA 3 X UPN 266
28 WBK 114 X UPN 250

2.1. Data Collection

Data was collected at appropriate phenological stages of
plant development using the standard evaluation system (SES)
for Rice [11]. Data was collected from two plants in each
genotype per replication and their means was taken as a rep-
resentative sample of the population.

Parameters were measured such as plant height from the
base of the plant to the tip of the longest leaf, leaf area (LA)
was determined using a leaf area meter (li-3100, Lincoln, NE
USA), leaf area index (LAI) was calculated as was calculated
as follows. LAI = (sum of the Leaf Area of all leaves per unit
area where the leaves have been collected [12]. Number of
effective tillers, % full seed per panicle was noted, number of
seeds per panicle and number of filled seeds per panicle were
counted and recorded. Panicle length was measured in cen-
timeters. Panicle weight, 1000 seed weight and yield per plant
were all weighed using a sensitive weighing balance in grams.

2.2. Data Analysis

Analysis of variance (ANOVA) using PROC GLM [13], for
mean separation.

56

Origin/Source

Double-haploid line from South Korea
Double-haploid line from South Korea
Double-haploid line from South Korea
Double-haploid line from South Korea
Progeny

Progeny

Progeny

Progeny

Progeny

Progeny

Progeny

Progeny

Progeny

Progeny

Progeny

Hybrid generated from study

Hybrid generated from study

Hybrid generated from study

Hybrid generated from study

Variance components were estimated by the method of
moments using PROC VARCOMP procedure in SAS com-
puter software version 9.1. General combining ability and
SCA effects for the parents and crosses, respectively, were
estimated for all traits using the following model:

Yijk = m + rk + fi + mj + (fm)ij + eijk;

Yijk = phenotypic observation on the progenies;

rk = replication effect;

fi = female parent GCA effects;

mj = male parent GCA effects;

(fm)ij = interaction between female and male parents in the
crosses (SCA); and

eijk = experimental error due to environmental effects.

Additive genetic variances (8°A) and dominance variance
(8° D) and other parameters were estimated from expected
mean square equations [14, 15].

Heterosis (mid-parent MPH) and Heterobeltiosis (better
parent BPH) of the F1 crosses against their parents were also
calculated using the adjusted means [16]. Mid-parent and
better parent heterosis were calculated as;

F,—MP
MP

MPH = x 100



http://www.sciencepg.com/journal/ijgg

International Journal of Genetics and Genomics

http://www.sciencepg.com/journal/ijgg

__ F-BP

BP

BPH x 100

Where MP (mean of mid-parent) = (P1 + P2)/2 where P1
and P2 are the means of the two inbred parents, BP is the mean
of the better parent and F1 is the mean performance of the
hybrid.

Potency ratio was calculated according to Mather (1949)
[17] and Smith (1952) [18] to determine the degree of domi-
nance as follows:

_ F-MP
" 0-5(P2-P,)

Where, P: relative potency of gene set, F1: first generation
mean, P1: the mean of lower parent, P2: the mean of higher
parent, M.P.: mid-parent value = (P1 + P2)/2.

3. Results

3.1. Evaluation of Agronomic Characters in
Parental Lines and F1 Progenies

The results of this study showed that for plant height 17
varieties performed better than the general mean plant height
of 88.04 (Table 2). The cross with the highest plant height was
UPIA 2 X 234 (106.01) while the lowest was UPIA 2 X 226
(39.53). the parental line with the highest plant height was
UPIA 3 (121.00) followed by FARO 61 (115.5). The parent
with the lowest plant height was UPN 223 (67.40). Plant
height showed high significant differences (0.05) amongst the

analyzed genotypes.

Seventeen (17) varieties performed better than the general
mean based on agronomic traits such as LAI of 1.61 (Table 4).
The highest leaf area index (LAI) was 3.68 (UPIA 1 X UPN
250), followed by 3.19 (UPIA 1 X UPN 266). And among the
parental lines the highest LAl was UPIA (2.53) and significant
difference for LAI was observed among the genotypes tested
(Table 2).

About 8 varieties performed better than the general mean
value (2.67) based on effective tillers number (Table 2). Ef-
fective tiller is the number of harvestable tillers at the time of
harvest that make up the total grain yield. The cross with the
highest effective tiller was UPIA 2 X UPN 234 (7.25) fol-
lowed by FARO 52 X UPN268 (5.5). The parents with the
highest effective tiller were UPN 250 (4.5) followed by UPN
266 (3.0). Effective tillers had high significance among the
analyzed genotypes.

About 6 varieties performed better than the general mean
based on yield per plant (3.69g) (Table 2). The cross with the
highest yield per plant (YPP) was FARO 52 X UPN223 (5.89)
followed by UPIA2 X UPN234 (4.979). The parents with the
YPP were UPN 266 (5.71g) followed by UPIA 1 (4.159) The
yield per plant showed high significance among the analysed
genotypes.

Other agronomic trait measured such length of panicles,
weight of panicles, NOSPP: Number of seeds per panicle, %
FS: % Filled seeds, 1000 SW: 1000 Seed weight NOFSPP:
Number of filled seeds per panicle were significant among the
genotypes observed in the experiment. (Table 2)

Table 2. Estimation of means for yield and yield related traits in parents and F1 population.

Variety PHT (cm) LAI (cm?)
FARO52 X UPN266 99.15°%cdef 2.33%
FARO52 X UPN223 88.50¢dedeh 1.17Km
FARO52 X UPN268 100, 75°bcdel 2.24°0f
FARO52 X UPN257 96300 2.43%
FARO61 X UPN250 78.50°1" 1.1gUkIm
FARO61 X UPN234 84,501 0.55™
UPIA1 X UPN250 100.75%¢def 3.68°
UPIA 1 X UPN266 9120 3.19%
UPIA 1 X UPN234 75.50™" 1.33"K!
UPIA 2 X UPN266 39.53' 0.63'™
UPIA 2 X UPN234 106.01% 2.64
UPIA 2 X UPN257 91.9QPcdefon 2.86™
UPIA 3 X UPN250 84.40%fn 1.06m
UPIA 3 X UPN266 94,g5Pcdef 2.27°%f

57

ET PL (cm) PW (9)
5% 25.85% 1.04?
3o 23.15%%* 1.38°
6% 25,03 1.25°
2% 26.33% 1.10°
1f 17.90° 0.56°
1f 20.55% 0.79°
gecef 28.00™° 1.42
2 25,58 1.42°
2¢f 24, 75%c 1.27°
2f 21.95%% 1.34?
7 24,783 1.88°
2¢f 25,53 1.15°%
1f 20.28% 2.53?
gbede 26.55% 1.81°
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Variety PHT (cm) LAI (cm?) ET PL (cm) PW (g)
WBK114 X UPN250 87.830efon 1.5479 1f 17.16° 0.72°
UPN 250 76.10"" 1.379MK 5bed 27.45%° 1.24°
UPN 266 99, 75bcdef 1.93¢fon gedef 28.65% 2.57°
UPN 223 67.40" 0.754M 5bed 22.35% 1.75°
UPN 234 81.50%fn 1.67¢foni 2f 25.80°% 1.82°
UPN 268 84,501 1.66°0" 3o 25.90% 1.35°
UPN 257 72.75%" 1.419Nk 2% 22.25°% 1.27°
FARO 52 99.00°bedef 2.13¢0f 3o 25,25 1.42°
FARO 57 111.65%° 211010 2% 23.30°% 1.38°
FARO 61 115.5% 2.37%% 1f 27.40%° 2.01°
UPIA1 102.5%c 2.53 2% 29.90% 2.43°
UPIA?2 97.00?0c0e™ 2.02%f0 1f 26.45% 1.59°
UPIA3 121.00°% 2.05% 2% 22.50°% 0.97°
WBK 114 86.65¢1N 150Nk 1f 24.30% 1.26°
Mean 88.04 1.61 2.67 24.02 1.27
S.E 1.720 0.071 0.147 0.319 1.085
Variety NOSPP NOFSPP %FS % 1000SW (g) YPP (g)
FARO52 X UPN266 108Pe™ 47bedet 43,52°" 15.90°4f0 2.14%®
FARO52 X UPN223 g5edetani 5QPedef 69.41°¢ 18.440c0ef 5.83°%
FARO52 X UPN268 ggPedefgh OPeder 61.22% 18.300c%T 3.72°
FARO52 X UPN257 gPbedefahi 4gPedet 49.48%f 19.11Pcdef 1.39%
FARO61 X UPN250 45° 20 44 44°1N 8.02" 0.42%
FARO61 X UPN234 46" 30 69.57°¢ 13.23°1 0.68%
UPIAL X UPN250 ggederani 5 pedef 59.30%" 24,313 2.85%
UPIA 1 X UPN266 749%¢fhi 470 55.41% 23.40% 1.94%®
UPIA 1 X UPN234 591N T 77.97° 24.81% 1.69%
UPIA 2 X UPN266 g7Pedefohi 61 Pcdef 62.89°% 18.500¢%T ‘1.12%
UPIA 2 X UPN234 13570 85%° 62.96°% 17.85"f 4.97°
UPIA 2 X UPN257 11gabcde 47Pccef 39.83¢foM 16.4" 1.02%
UPIA 3 X UPN250 5goni 40c0f 68.97°¢ 14,27 %o 0.71%®
UPIA 3 X UPN266 126°% 90® 71.43% 18.530cder 4.28%
WBK114 X UPN250 569" 23 41.07°0" 10.07%" 0.50%
UPN 250 ggcdefoni 5Pedef 58.82%f 21,4730 2.91%®
UPN 266 144%® 106° 73.61% 21.91% 5.72°
UPN 223 gpc0defghi 70 72.83% 24.10%° 3.32°
UPN 234 105t 7780 73.33% 24.62% 1.67%®
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Variety NOSPP NOFSPP
UPN 268 grcdefohi ggpedef
UPN 257 71¢fahi i gbedef
FARO 52 1277%cde pgPedef
FARO 57 107"cdete pghcder
FARO 61 ggedefohi Eebedef
UPIAL 109Pede? g0
UPIA2 160° 32bede
UPIA3 770efghi 30¢f
WBK 114 g defohi 40cdef
Mean 90.34 56.69
SE 2.748 2179

%FS % 1000SW (g) YPP (g)
69.41°c 20,37 0cdef 1.88%
76.06° 21,271 8bcde 1.76%
48.76°" 20.6270cde 2.51%
52.349%f9 21.63%cd 2.31%
75.00° 19.51Pcdef 1.81%
73.39% 28.12% 4.15%
39.3g¢foni 21.4770cde 1.49%
38.96°1M 12,317 1.87%
49.3g°7" 17.81bcdefo 1.25%
59.96 18.81 3.69
1.726 0.438 1.476

Means in the same column with different superscripts are significantly (p>0.05) different PHT: Plant height, LAI: Leaf area index, ET: Effec-
tive tiller, PL: Panicle length, PW: Panicle weight, NOSPP: Number of seeds per panicle, NOFSPP: Number of filled seeds per panicle, % FS: %

Filled seeds, 1000 SW: 1000 Seed weight, YPP: Yield per plant.

3.2. Combining Ability

The mean squares and mean square errors for all traits in
the males, females and their progenies all showed significant
differences (Table 3). The mean square GCA for both male
and female parental lines were significantly different for all
traits observed. The mea square SCA (M and F) for all ob-
served traits were significant (Table 3).

The results showed negative GCA values for both male and
female parents, both were significant for the traits, it may be
concluding that the traits were governed by additive genes in
negative way, thus indicate that it may not be effective for
population improvement in the breeding programme. Positive
SCA values indicates the presence of non- additive genes in the
crosses. This shows that the genes expressed in the phenotype
of the hybrids it may be governed by dominant gene combina-
tions (Table 3).

Table 3. Analysis of variance for combining ability in F1 progenies and parents for various traits.

Mean Sum of Squares

Source of

variation Df PHT(cm) FLAI(cm? ET  LP(cm) WP(g) NOSPP NOFSPP 1000 SW (g) YPP (g)
Male parents 5 255.71**  (0.33** 3.20*%* 13.76** 0.51**  1266.08**  855.33** 1.22™ 4.82**
Female parents 6 284.34**  0.21*%* 0.78™ 13.06** 0.48** 1651.81**  553.00™  44.35** 1.81™
Male x Female 16 2729.33*  4.50* 16.88* 222.48* 1.03* 5524.53* 2155.42* 186.49* 568.54*
Error 106  142.88™ 0.14"™ 1.14™ 9.04™ 0.21"™ 587.17™ 466.23"  15.19™ 342.84"™
GCA male (52m) -178.83*  -0.29* -0.98* -1491* -0.04* -304.18* -92.86* -13.23* -40.27*
GCA female (62f) -203.75*  -0.36* -1.34* -17.45* -0.05* -332.73* -133.54*  -11.85* -47.23*
SCA (Szfm) 1293.23*  2.18* 7.87* 106.72* 0.41* 2468.68* 844.59* 85.65* 121.85*
Replication 1

*, ** significant at 0.01 and 0.05 respectively, ns, not significant. PHT: Plant height, LAI: Leaf area index, ET: Effective tiller, PL: Panicle
length, PW: Panicle weight, NOSPP: Number of seeds per panicle, 1000 SW: 1000 Seed weight, YPP: Yield per plant.
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3.3. GCA Effects for Parental Lines

The estimates of GCA effects for all traits except PW
varied significantly among the lines (Table 4).

UPN 268 and FARO 52 had the highest significantly
positive GCA’s (12.77 and 8.27) for plant height (Table 4).
FARO 61 had the highest GCA (-1.08) for leaf area index.
The best GCA’s for effective tillers were UPN 268 and
UPIA 1 with positive GCA’s of (3.20 and 2.53)

The highest GCA effects for Panicle length were in UPN
234 (11.48) and WBK 114 (-6.40), while for panicle weight
the highest positive GCA was in UPIA 2 (30.80) and UPN
257 (21.63) while the highest negative was Faro 61 (-40.37)
and WBK 114 (-29.87)

UPIA 3 and UPIA 2 had the highest GCA’s for number
of filled seeds per panicle (15.00 and 14.33) while UPN
268 and UPN 266 had the highest negative values (-17.43
and -13). The results for %Filled seeds showed highest
positive was recorded in UPIA 3 and UPN 234 (11.57 and
11.67) while the highest negative values was recorded for
WBK 114 (-17.43).

In 1000 seed weight, UPIA 1 (6.76) had the highest
positive value while WBK 114 (-7.34) had the highest
negative value. UPN 223 had the highest positive (3.61) for
Yield per plant while WBK 114 (1.72) had the highest
negative value (Table 4).

The varieties with the best GCA are UPN 268, UPN 223,
UPN 234, UPIA 1, and UPIA 2 because they had high
positive values for most traits. WBK 114 had consistently
negative GCA’s across all traits (Table 4).

3.4. SCA Effects for F1 Hybrids

The crosses with the highest number of significant pos-
itive SCA’s were UPIA 1 X UPN 250, UPIA 3 X 266 and
WBK 114 X 250 (Table 5).

In Plant height, UPIA 2 X UPN 266 (-32.81) had the
highest negative GCA while UPIA 2 X UPN 234 (26.17)
had the highest positive GCA (Table 5). Panicle length
(cm); UPIA 1 X 234 (-12.84) and UPIA 2 X 234 (-10.76).
Panicle weight (g); FARO 52 X UPN 266 (-1.05).

The results for Number of seeds per panicle showed that
UPIA 2 X UPN 266(-35.05), WBK 114 X UPN 250 (25.42)
and UPIA 2 X UPN 234 (24.2) while in Number of filled
seeds per panicle UPIA 1 X 250 (21.5) and UPIA 2 X 234
(16.37). Table 5 also shows that for % Filled seeds UPIA 2
X UPN 234 (16.37) and UPIA 2 X UPN 257 (14.83) and
1000 Seed weight (g); FARO 52 X UPN 266 (3.71) and
WBK X 250 (3.26). Yield per plant showed UPIA 2 X 234
(2.31) and FARO 52 X UPN 257 (-2.85) had the highest
SCA’s.

Table 4. General combining ability effects for the parental lines.

GCA

Z:'n-;— I(::‘nlz) ET PL (cm) PW(q) NOSPP NOFSPP ‘(’@;S %E(;))OO SW YPP (9)
Males
UPN 266 -6.81** 0.17** 0.45™ 1.42* 0.09™ 15.38** 9.75%* -0.87™ 1.67* 0.15"™
UPN 223 0.52" 0.77** 0.20™ -0.41"™ 0.07™ -0.87™ 9.00** 10.91** 1.03* 3.61*
UPN 268 12.77** 0.30** 3.20* 1.47* -0.06™ 12.13** 10.00** 2.712* 1.70* 1.50*
UPN 257 6.12** 0.71** -0.80** -2.37* -0.19** 21.63** -2.50* -13.85%*  0.35™ -0.97™
UPN 250 -0.11™ -0.08™ -1.30* -2.73* 0.19** -24.62**  -16.50** -5.12** -3.26* -1.10*
UPN 234 0.69™ 0.32** 0.53** 11.48** 0.01"™ -5.87** 4.30* 11.67** 1.22* 0.29™
Females
FARO 52 8.27** 0.10™ 1.20* 1.53* -0.12** 11.3** 3.50* -2.59* 0.53" 1.05*
FARO 61 -6.48** -1.08* -1.80* -4.34%* -0.64** -40.37**  -24.00** -1.49* -6.79** -1.67*
UPIA1 1.17* 0.79** -0.47** 2.55** 0.06"™ -12.87** -4.00* 5.72** 6.76** -0.01™
UPIA 2 -8.83** 0.10™ 2.53* 0.50™ 0.15** 30.80** 14.33** -3.27* 0.17™ 0.15™
UPIA3 1.65* -0.28** -0.30™ -0.14™ 0.86** 6.13** 15.00%* 11.57** 1.96* 0.28™
WBK 114 -0.15"™ -0.40** -1.80* -6.40** -0.59** -29.87**  -27.00** -17.43*%*  -7.34** -1.72*
MEAN 0.73 0.11 0.14 0.21 -0.01 -1.43 -0.68 -0.17 -0.17 0.13
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GCA
PHT LAI %FS 1000 SW
ET PL (cm PW NOSPP NOFSPP YPP
SE 1.74 0.15 0.44 1.23 0.11 6.01 4.02 2.59 1.08 0.41

*, ** significant at 0.05 and 0.01 respectively. ™ not significant. PHT: Plant height, LAI: Leaf area index, ET: Effective tiller, LP: Length of
panicle, WP: Weight of panicle, NOSPP: Number of seeds per panicle, NOFSPP: Number of filled seeds per panicle. %FS: % Filled seeds,
1000 SW: 1000 Seed weight, YPP: Yield per plant

Table 5. Specific combining ability effects for the F1 crosses.

SCA
Crosses

PHT (cm) LAI (cm?) ET PL (cm) PW (g)
FARO 52 X UPN 266 1.71* 0.12™ 0.55** -0.66™ -1.05*
FARO 52 X UPN 223 -8.27** -0.38™ -1.2* -1.53* 0.12**
FARO 52 X UPN 268 -8.27** -1.17* -1.2* -1.53* 0.12**
FARO 52 X UPN 257 6.07** -0.51** -1.2* -1.13* 0.10**
FARO 61 X UPN 250 -2.89* -0.08** 1.3* 1.41* -0.30**
FARO 61 X UPN 234 2.51* -0.63** -0.53** 10.15** 0.12**
UPIA 1 X UPN 250 11.71** 0.78** 1.97* 4.62* -0.14**
UPIA 1 X UPN 266 8.86** 0.29™ -0.78** -1.95* -0.04**
UPIA1 X UPN 234 -12.96** -1.72* -0.86** -12.84** -0.10**
UPIA 2 X UPN 266 -32.81** -1.58* -3.78* -3.53* -0.21**
UPIA 2 X UPN 234 26.17** 0.28** -1.22* -10.76** 0.42**
UPIA 2 X UPN 257 6.63** 0.11™ -3.86* -0.90"™ -0.47**
UPIA 3 X UPN 250 -5.12** -0.68** -0.2™ -0.41™ 0.17**
UPIA 3 X UPN 266 6.91** 0.44™ 1.95* 1.71* -0.45**
WBK 114 X UPN 250 0.11™ -0.08™ 1.3* 2.73* -0.16**
MEAN 0.02 -0.32 -0.52 -0.97 -0.12
SE 3.30 0.19 0.44 1.38 0.08

SCA
Crosses
NOSPP NOFSPP %FS (%) 1000 SW (g) YPP (g)

FARO 52 X UPN 266 -4,38* -16.25%* -11.52%* -3.71% -1.28*
FARO 52 X UPN 223 -11.13** -3.5* 2.59* -0.53** -1.05*
FARO 52 X UPN 268 -11.13** -3.5*% 2.59% -1.34* -1.05*
FARO 52 X UPN 257 -21.63** -3.0* 7.42%* 0.82** -2.85*
FARO 61 X UPN 250 22.99** 10.5** -7.45%* 0.66** 0.97*
FARO 61 X UPN 234 6.37** 1.7* 0.89* 1.39* -0.16**
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SCA
Crosses

NOSPP NOFSPP %FS (%) 1000 SW (g) YPP (g)
UPIA 1 X UPN 250 -11.62** 21.5%* 0.20™ 3.40* 1.73*
UPIA1 X UPN 266 -12.38** -14.75** 7.94** -2.42* -0.43**
UPIA 1 X UPN 234 -8.13** -4.3* 2.08* -0.58** -0.62**
UPIA 2 X UPN 266 -35.05** -13.08** 8.53** -0.75** -1.4*
UPIA 2 X UPN 234 24.2** 16.37** -3.94* 1.2* 2.31*
UPIA 2 X UPN 257 -20.3** 14.83** -1.55* -2.38* -0.38**
UPIA 3 X UPN 250 -9.38** -8.5%* 18.6** -1.9% -0.66**
UPIA 3 X UPN 266 18.62** 9.75** 1.93* -2.51* 1.63*
WBK 114 X UPN 250 25.42*%* 16.5** 5.12** 3.26* 1.1*
MEAN -3.17 1.62 2.23 -0.36 -0.14
SE 4.63 3.10 1.79 0.53 0.35

* ** significant at 0.05 and 0.01 respectively, ™ not significant. Blank superscripts = not significant. PHT: Plant height, LAI: Leaf area index,
ET: Effective tiller, LP: Length of panicle, WP: Weight of panicle, NOSPP: Number of seeds per panicle, NOFSPP: Number of filled seeds per
panicle. %FS: % Filled seeds, 1000 SW: 1000 Seed weight, YPP: Yield per plant

3.5. Heterosis

Table 6 shows that Plant height has values range from
+18.77 to -59.83 for mid-parent heterosis (MPH). The values
for better parent heterosis (BPH) ranged from -60.38 to +9.28.
UPIA 2 X UPN 266 had the highest negative values while
UPIA 2 X UPN 234 had the highest positive values. For Leaf
area index, The MPH and BPH values ranged from +88.72 to
-72.76 and -76.99 to +48.78 respectively.

The computed heterosis for Effective tillers showed that
MPH and BPH values ranged from +480 to -69.23 and
+383.33 to -77.78 respectively. UPIA 3 X UPN 250 had the
highest negative value while UPIA 2 X UPN 234 had the
highest positive value. Heterosis for Panicle length ranged
from +10.86 to -37.73 (MPH) and -37.49 to +6.31. FARO
61X UPN 250 had the highest negative value while FARO 52
X UPN 257 had the highest positive value. For Panicle weight,
The MPH and BPH values ranged from +10.26 to -65.54 and
-104.03 to -72.14 respectively. FARO 61 X UPN 250 had the
highest negative value while UPIA 2 X 234 had the highest

positive value.

As shown in Table 6 below, heterosis for Number of seeds
per panicle values ranged from +14.51 to -47.98 (MPH) and
-58 to -16.04 (BPH). FARO 61X UPN 250 had the highest
negative value while UPIA 3 X 266 had the highest positive
value. MPH and BPH for Number of filled seeds per panicle
ranged from +55.53 to -65.88 and -69.70 to +11.11. FARO
61X UPN 250 had the highest negative value while FARO 61
X 250 had the highest positive value. For % Filled seeds, the
heterosis values ranged from +41.07 to -33.58 (MPH) and
-47.65 to +6.24 (BPH). FARO 61X UPN 250 had the highest
negative value while UPIA 3 X 250 had the highest positive
value.

1000 Seed weight; 3 crosses performed better than the
mean of the parents. The values ranged from +10.51 to -60.88.
FARO 61X UPN 250 had the highest negative values while
FARO52 X 268 had the highest positive values. For Yield per
plant, the values BPH and MPH ranged from +214.54 to
-83.05 and -86.25 to +197.60. FARO 61X UPN 250 had the
highest negative value while UPIA 2 X 234 had the highest
positive value.

Table 6. Mid Parent and Better Parent Heterosis of 15 F1 crosses of upland rice varieties.

HETEROSIS VALURS IN %

Crosses PHT LAI PL PW NOF %FS 1000
o (0]
e @) T em @ O s ) sw O
FARO 52 X UPN 266 MPH -0.23 145 81.82 -3.99 -47.67 -18.10 42.86 -19.09 -24.89 -47.96
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Crosses

FARO 52 X UPN 257

FARO52 X UPN 268

FARO 52 X UPN 223

UPIA 2 X UPN 234

UPIA 2 X UPN 257

UPIA 2 X UPN266

UPIA 1 X UPN 250

UPIA 1 X UPN 234

UPIA 1 X UPN 266

FARO 61 X UPN 234

FARO 61 X UPN 250

UPIA 3 X UPN 250

UPIA 3 X UPN 266

WBK 114 X UPN 250

BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH
MPH
BPH

HETEROSIS VALURS IN %

PHT
(cm)
-0.60
12.14
-2.73
9.80
1.77
6.37
-10.61
18.77
9.28
8.28
-5.26
-59.83
-60.38
12.89
-1.71
-17.93
-26.34
-9.81
-11.02
-12.44
-24.22
-16.27
-29.60
-14.31
-30.25
-13.18
-21.61
7.99
1.36

LAI
(cm?)
9.39
37.29
14.08
12.93
5.16
-18.75
-45.07
43.24
31.19
66.56
4158
-68.18
-68.81
88.72
45.45
36.67
-47.43
42.91
0.26
-72.76
-76.79
-36.9
-50.63
-38.60
48.78
13.78
10.73
7.32
2.67

ET

66.67
-25
-10.00
100
120.00
-66.67
-44.44
480.00
383.33
50
50.00

-50.00
30.77
-27.78
14.29

-20.00
-33.33
-63.64
-77.78
-69.23
-77.78
70
41.67
-15.61
-27.01

PL
(cm)
-9.77
10.86
2.05
-2.05
-3.36
-2.61
-8.31
-5.17
6.31
0.048
-3.48
-20.31
-23.39
2.35
-6.35
-11.13
-17.22
12.64
-14.75
-22.74
-25.00
-37.73
-34.79
-18.82
-26.12
3.81
-7.33
-32.57
-37.49

PW NOF- %FS 1000
@ NOSPP Spp (%) SW (g) YPP (g)

-59.53  -24.61 -55.66 -26.01 -25.97 -62.37
-1851 1.04 -15.04 -20.72  -8.65 -35.05
-39.56  -19.71 -37.25 -34.95 -22.36 -44.62
-1278 5.1 2.55 3.61 10.51 72.75
-11.97 -18.88 2.55 -11.80 -11.17 48.21
-19.92  -12.61 -17.51 1451 -5.68 100.00
-2159  -29.23 -11.97 -4.70  -23.49 75.60

10.26 1.70 22.30 1172 -22.39 214.54
3.30 -16.04 1111 -14.14  -27.44 197.60
-19.58 1.29 -19.83 -30.99 -23.72 -36.45
-27.67  -26.79 -25.6 -47.65 -23.36 -40.70
-3558 -36.51 -28.19 1132 -1455 -52.29
-47.86  -39.88 -42.94 -1494 1553 73.43

-22.75 -11.08 -21.62 -10.29 -1.62 -19.26
-41.56  -20.87 -36.1 -19.20 -13.21 -31.33
-40.47  -44.96 -41.67 1132 564 -41.75
-47.74  -46.10 -42.77 6.24 -11.43 -59.04
-43.25  -41.17 55.53 -16.18 -5.26 66.67

-44.75  -48.20 -61.80 -2450 -16.43 -53.25
-58.49  -43.38 -55.79 -6.20  -40.14 -61.20
-60.45 -58.98 -55.98 -1.24  -46.34 -62.71
-65.54  -47.98 -65.52 -33.58 -60.88 -83.05
-72.14  -48.86 -69.70 -40.75 -62.61 -86.25
-18.07  -28.05 0.63 41.07 -16.91 -70.65
104.03 -31.44 -20.58 1727  -34.58 -75.86
-2.69 1451 32.10 2691 819 11.46

-29.57  -12.02 -15.57 -2.96 -15.53 -26.05
-42.4 -32.73 -48.22 -24.09 -48.62 -75.96
-42.86  -33.12 -53.4 -30.18 -52.94 -82.82

PHT: Plant height, LAI: Leaf area index, ET: Effective tiller, PL: Panicle Length, PW: Panicle Weight, NOSPP: Number of seeds per panicle,
NOFSPP: No of Filled seeds per panicle, %FS: %Filled Seeds, 1000 SW: 1000 Seed weight, YPP: Yield per plant, MPH: Mid parent heterosis,
BPH: Better parent heterosis.

3.6. Potence Ratio of F1 Progenies

The results in Table 7 shows that for Plant height; the po-
tence ratio Ranged from +42.8 to -0.87 showed complete
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dominance for (+/-1) or absence of dominance for (0). 7
crosses showed overdominance while 8 showed partial dom-
inance for plant height. While for Leaf area index, the potence
ratio values ranged from +31.53 to -5.79. 7 crosses showed
overdominance while 8 showed partial dominance. The ob-
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servations for Effective tiller ranged from +24 to -1.1. 3
crosses (UPIA 1 X UPN 234, FARO 52 XUPN 257 and FARO
61 X 250) showed absence of dominance (0) while FARO 61
X UPN 234 and UPIA 1 X 234 showed complete dominance
(+/-1). 7 crosses showed overdominance while 3 showed
partial dominance.

Table 7 also showed that the potence ratio for Panicle
length ranged from +1.76 to -5.73. 11 crosses showed over-
dominance while 4 showed partial dominance while Panicle
weight ranged from +83.87 to -16.15. 12 crosses showed

overdominance while 3 showed partial dominance. Potence
ratio for Number of seeds per panicle ranged from +1.51 to
-27.67. 11 crosses showed overdominance while 4 showed
partial dominance. Number of seeds per panicle ranged from
+21.67 to -4.75. 11 crosses showed overdominance while 4
showed partial dominance. 1000 Seed weight ranged from
+0.47 to -14.33. 11 crosses showed overdominance while 4
showed partial dominance. Yield per plant ranged from +7.20
to -15.21. 13crosses showed overdominance while 2 varieties
showed partial dominance (Table 7).

Table 7. Potence ratio of 15 F1 crosses of upland rice varieties.

TRAITS
Crosses

PHT (cm) LAlI(cm? ET  PL(cm)
FARO 52 X UPN 266  -0.9 3.07 3 1.12
UPIA2 X UPN 234 216 3.52 24 -4.16
UPIA1X UPN250  0.87 2.99 0 -0.55
FARO 61 X UPN 234  -0.82 -5.79 -1 -2.02
UPIA3XUPN250  -0.62 -1.92 -1.8  -1.89
FARO 61 X UPN 250  -0.87 -1.38 0 -3.81
WBK 114 X UPN 250 1.22 1.68 -1.1 573
FARO 52 X UPN 257  0.79 1.81 0 1.76
UPIA1X UPN 266  7.22 3.24 05 -592
UPIA2 X UPN257  0.58 3.72 1.5 058
UPIA 2 X UPN266 428 3153 05 -5.09
FARO52 X UPN 268  1.24 0.97 3 -1.5
UPIA1X UPN234  -1.94 -2.43 1 1.52
UPIA3X UPN 266  -1.46 11.99 35 032
FARO52 X UPN 223 0.3 -0.39 05 044

PW(g) NOSPP NOFSPP  9%FS (%) 1000 SW (g)
1.66 -2.09 -1.48 -8.23 -1.23
0.30 -3.7 2.22 -3.22 -6.07
-0.70 -0.89 0.95 -0.42 -1.09
11.76 -6.09 -7.57 -3.47 -15.21
1096  -568 -0.02 -5.29 -3.21
-2.76 2767  -4.75 -3.47 -3.58
8387  -10.9 -4.33 -5.29 -1.9
3.26 -0.03 -3.2 -6 -1.53
1615 -3.017  -3.77 -0.51 -3.83
-1.80 0034  -256 -49 -5.04
-151 -6.53 -1.09 -12.6 -1.17
-3.67 -0.3 -1.08 -14.33 4.82
-2.82 2197 2167 -0.88 0.98
0.05 0.48 0.57 0.47 0.26
1.92 1516  -0.80 -2.24 7.20

PHT: Plant height, LAI: Leaf area index, ET: Effective tiller, PL: Length of panicle, WP: Weight of panicle, NOSPP: Number of seeds per
panicle, NOFSPP: Number of filled seeds per panicle. %FS: % Filled seeds, 1000 SW: 1000 Seed weight.

4. Discussion

4.1. Combining Ability of Parental Lines and F1
Progenies

The SCA variances for all traits were all significant (P <
0.01) and higher than the GCA variances were observed
which, suggests that non-additive genes played a significant
role in the expression of the traits. This occurrence was also
noted by [19-21].

The GCA variances also had significant though negative

values. This shows that there was a presence of additive genes.
These results were in line with those from those observed by
[22-24] who all noted the presence of both additive and
non-additive gene action.

High positive GCA effects values are preferable for posi-
tive traits associated with yield while low negative GCA is
suitable for negative traits for grain yield [25]. The results
(Table 4) from this current study were not at corroborated as
some scientists who found that all parental lines showed
negative GCA’s for plant height [26]. Tall plant might be
attributed to high diversion of nutrients for vegetative growth
to detriments of grain yield of the plant.

The best specific combiners observed in this study were
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UPIA 2 X 234 and FARO 52 X 266 (Table 5). Negative SCA
is preferred for desirable traits such as plant height, yield per
plant, %filled seeds, effective tillers and number of seeds per
panicle [26] However, traits with high SCA values indicate
non additive gene action and with low heritability, therefore
negative SCA would not be preferable for grain yield that
could not be inherited by their progenies. The results also
showed that the crosses with high SCA for plant height,
number of filled seeds per panicle and % filled seeds also
showed high SCA’s in yield per plant, these results were
corroborated previously who observed significant SCA
(non-additive gene action) for most of the traits measured [27,
28].

Good combining parents always lead to higher frequency
in heterotic hybrids more than the poor combiner parents.
However, from the study carried they found that crosses
between low GCA and low SCA can give heterotic combi-
nations and therefore it will be wrong to discard the low
GCA parental lines as found in this study [29]. Here, se-
lecting the appropriate parents by taking into consideration
their combining ability including their heterosis is still re-
main the best option for maximizing the breeding efficacy in
identifying the heterotic hybrids. Analyzing combining
ability and estimating the degree of heterosis, gives an un-
derstanding on the nature of gene action, desirable parents
and important yield traits [30]. Lowland rice breeding pro-
gram in various countries including Nigeria applied com-
bining ability studies, genetic actions and heterosis studies in
identifying the suitable parents for local needs, as this study
will assist breeders in selecting good parents for rice popu-
lation improvement [31-33]. General combining ability
(GCA) and Specific combining ability (SCA) effects are
extremely important in any rice breeding program because is
useful for hybrid rice breeding program by identifying traits
that are predominantly governed by non- additive genetic
variance such as number of panicles per plant, number of
spikelets per panicle, test grain weight, total dry matter
accumulation, spikelet fertility and grain yield as some of
these Korean rice have been evaluated for good agronomic
performance in Nigeria this corroborate this study [33, 34].

4.2. Heterosis in FI Progenies

Heterosis in plants is often attributed to additive gene ac-
tion and high degree of dominance of the traits [35]. Plants
that show high positive heterosis can be selected for heter-
osis breeding to improve chances of successful transfer of
traits as shown in Table 6. It has also been observed that
favorable heterosis for traits such as FLAI, NOSPP, GWPP
and 1000 SW results in increased YPP [36]. Similar results
in heterosis for plant height with values ranging from +15.09
to -15.97 and +3.41 to -32.20, respectively were reported [37]
Other scientists observed similar results ranges for panicle
length (-39.26 to +56.41) and -40.44 to +8.56 for panicle
weight [23, 38].

The results (Table 6) indicates that most of the hybrids
performed better heterotic values than the mean of both par-
ents for most of the traits observed. Heterosis in plants is often
attributed to additive gene action and high degree of domi-
nance of the traits [35]. Plants that show high positive heter-
osis can be selected for heterosis breeding to improve chances
of successful transfer of traits. It has also been noted that
favorable heterosis for traits such as FLAI, NOSPP, GWPP
and 1000 SW results in increased YPP [36]

4.3. Potence Ratio For F1 Progenies

Estimation of potence ratio is to observed gene action of
different traits. The potence ratio results obtained from this
study showed that most of the crosses exhibited overdomi-
nance in most of the observed traits (Table 7). This shows that
overdominance gene action, played an important role in the
expression of the phenotypic traits hence selection based on
the physical traits could be effective. It is also evidence from
some studies that the values overdominace gene action than
epistasis gene action, which is very evidence in this study
Table 7 [39].

Studies also showed that overdominance played an im-
portant role in the inheritance of most traits including grain
yield per plant, there are genotypes that could be used for
population improvement in this study due to their high over-
dominance in some the agronomic traits Table 7 [40]. Similar
results were also noted, which that overdominance (> 2) for
traits studied showing genes governing the observed traits
[41].

5. Conclusion

Based on the desirable mid-parent and better parent heter-
osis observed in some of the hybrids (UPIA 2 X UPN 234 and
FARO 52 X UPN 223), they can be exploited for heterosis
breeding for better results. High heritability plus high genetic
advance observed in PHT, ET, NOSPP and NOFSPP indicates
a high genetic control (gene action) therefore, selection for
these traits would be highly effective. The crosses between
UPIA2 x UPN 234, FARO 52 X UPN 266 and UPIA 3 X UPN
266 had the best phenotypic and genotypic expressions. The
crosses between FARO 61 X UPN 250 and WBK114 X UPN
250 did not show positive expressions but high yielding UPIA
1, UPIA 2, UPN 223, UPN 234 and UPN266 should be in-
cluded in breeding programs because they showed the best
GCA’s across most traits.
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