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A study was conducted to determine the mode of inheritance for grain shape and aroma traits of lines
in the Uganda rice germplasm. Five aromatic and four non-aromatic rice lines were crossed in screen
house using North Carolina Design Il at the National Crops Resources Research Institute, Uganda. The
resulting F, seeds and their parents were planted in the field using complete randomized block design
in two replications. The grain shape and aroma intensity of the harvested F; seeds on per hill basis
were determined in laboratory using instrumental and sensory evaluation procedures, respectively. The
results revealed that the inheritance of grain shape and aroma traits were influenced by both additive
and non-additive gene actions, but with the grain shape being dominated by additive gene action and
the aroma by non-additive gene action. In addition, Supa 3, Supa 5 and Supa 1052 rice lines exhibited
good general combining ability effects for the shape trait while Supa 3 and MET 13 were good general
combiners for the aroma trait. The superior cross combination from Supa 3 x Supa 5 for grain shape
and Supa 3 x MET 13 for aroma trait could be used for selection of the relevant traits at advanced
stages of the breeding cycles.

Key words: General combining ability effects, gene action, North Carolina design Il, selection, sensory
evaluation.

INTRODUCTION

Rice (Oryza sativa L.) is an important food crop that has
grown to be a significant cash crop in Uganda (Kijima and
Otsuka, 2017) and in particular, the more preferred
aromatic rice (Mogga et al., 2018) reported to offer
supplementary health benefits (Prodhan et al., 2017).
The utilization of the crop has also broadened in different
industries such as food manufacturing (Plengsaengsri,

2019), health (Sen et al., 2020), energy (Olupot et al.,
2015; Menya et al., 2018) and the construction sector
(Yiga et al., 2019). In regards to the food sector, rice is
“Not Just a Grain” (Fitzgerald et al., 2008) as consumers
tend to make choices based on the rice grain qualities
(Candia, 2013) and with the continuous strengthening of
the economies of rice producing countries, demand for
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superior rice grain quality also increases. The most
important rice grain traits in Uganda include grain length,
shape, colour, stickiness when cooked, aroma and taste
(Calingacion et al., 2015). Although rice grain qualities
differ around the world, long and slender shape of rice
grains is preferred in Africa (Asante, 2017). Rice aroma,
characterized by the sweet popcorn smell (Buttery,
1983), in both raw and cooked grains is the most
important trait (Mogga et al., 2018). In addition, the rice
grain traits such as grain shape defined by the ratio of
grain length to the grain width (Singh et al., 2000) is
considered important (Kitara et al., 2018) with preference
mostly for slender grain shape. The grain shape gives the
first impression of the grain quality thus influencing the
choice of the rice consumers (Calingacion et al., 2015).

Consequently, the improvement of the grain aroma and
appearance for rice lines in Uganda was recommended
by the Uganda National Rice Development Strategy with
target of achieving the results by 2018 (MAAIF, 2009).
Both the aroma and the grain appearance are influenced
by genotype and environmental conditions (Xie et al.,
2019). In regards to presentational qualities, some grain
attributes of rice from Uganda including grain length were
suggested to have met the market requirement
specification (Lamo et al., 2017), but grain aroma which
was also reported to be associated with the grain shape
(MAAIF, 2020) was not one of the attributes for the
recently released varieties in Uganda. Furthermore,
despite of some efforts being directed at identification of
aromatic rice varieties in Uganda (Akwero et al., 2020),
the issue of adaptability has affected use of primary
introduction as a breeding strategy and yet deliberate
study on inheritance of aroma trait has so far been
limited. One of the main problems faced by plant
breeders for improving varieties is to select good parents
and better insights on the combining abilities of the
parents as pre-requisite for developing progenies for trait
selection. The objective of this study was to establish the
inheritance patterns for grain appearance and aroma
traits.

MATERIALS AND METHODS
Description of the study area

The experiment was conducted both under screen house and field
conditions at National Crops Resources Research Institute
(NaCRRI), Namulonge, Uganda during the second rainy season of
2018. The site is characterized by bimodal rainfall, with the first
rainy season starting from March to May and the second rainy
season running from September to November with an annual
rainfall intensity of 1,170 mm (Nsubuga, 2011). The soils are
classified as Acric Ferralsol and are characterized by slightly acidic
(pH of between 5.3 and 6.2) and low fertility with predominantly
clay-loam textural class (Lamo et al., 2017).

Experimental materials

Parental materials used in the study comprised of nine rice lines

with diverse backgrounds of Oryza sativa, Oryza barthi and Oryza
glaberrima selected from the rice germplasm collection centre of
NaCRRI with five highly-aromatic and four non-aromatic lines
belonging to five sets of Multi-Environment Trial (MET) from Africa
Rice Centre and Entry set from Uganda (‘E’), Namche and
Komboka (Table 1).

Plant establishment and mating design

The seeds of each rice lines comprising of E 20, E22, Namche 5
and Supa 3 as the females and Komboka, MET 3, MET 13, Supa 5
and Supa 1052 used as male parents, were planted 2017B at a rate
of three hills per individual line in 10 L, capacity plastic buckets
filled with loam soil and raised in NaCRRI under screen house
condition. At flowering, the plants were crossed using North
Carolina Design Il from the adjacent crossing block following the
manual emasculation and hooking method (Peter et al., 1964). The
resulting F; seeds were planted in the plastic buckets in 2018A and
raised in the screen house and the F, seeds were harvested, dried
and stored in paper bags separately for each bucket. The F, seeds,
alongside their parents, were planted in the field at NaCCRI in
2018B using randomized complete block design (RCBD) with two
replications at a spacing of 20 cm x 20 cm (Lamo et al., 2017). The
recommended agronomic practices of hand weeding (PRiDe, 2011)
and bird control were followed to raise good crop stands. The F3
seeds harvested from panicles of the mature stands (Counce et al.,
2000) on the account of each individual hill, comprising the tillers
derived from a single seed were sun-dried until the moisture
content determined using a moisture-meter was less than 14% (He
et al., 2018). The dried grains per plant were kept individually in
paper bags at room temperature of 25°C in the Bio-analytical and
Nutrition Laboratory unit at NaCRRI until laboratory analyses. Two
days prior to laboratory analyses, one sample of the stored F3
seeds on per hill basis were drawn from paper bags and dehulled
using a porcelain mortar and pestle.

Assessment of grain appearance

Grain shape was determined by measuring the grain length and
width (mm) using transparent plastic ruler and an average length of
ten whole rice grains lined up lengthwise along the edge of a
transparent plastic ruler and the breadth similarly determined
(Singh et al., 2000). The mean grain length to mean width ratio of
the grains for each sample was then determined as a measure of
the grain shape (Graham, 2002). The grain length was described as
short (< 5.5 mm), medium (5.51 - 6.60 mm), long (6.61 - 7.5 mm)
and very long (> 7.5 mm) and the grain shape (length to width ratio)
as: bold (< 2.1), medium (2.1 - 3.0), slender (> 3.0) (Khush et al.,
1979).

Grain sensory aroma evaluation

Seven trained panelists in sensory aroma evaluation from the
Nutrition and Bio-analytical Laboratory of National Crops Resources
Research Institute were used to evaluate the rice grain aroma. The
training consisted of two-hour sessions for 3 days prior to the grain
aroma sensory evaluation. Forty grains of each cross and lines
were soaked in 10 ml of 1.7% KOH solution in a covered and
previously coded glass petri-dish for 30 min at room temperature
following the method of Golam et al. (2010). The grain samples
were randomized and aroma evaluation were done immediately
after removing the petri-dish cover by using short sniffs. Four-point
category scales (1 = no aroma, 2 = slight aroma, 3 = moderate
aroma and 4 = high aroma) (Golam et al., 2010), were used to
score the aroma intensity. The mean aroma score for each sample



Table 1. The origin, agro-ecology and aroma class of rice genotypes used in the study.
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Genotype Crosses Pedigree Origin Agro-ecology Aroma class
Namche 5 0. sativa indica x O. sativa indica NM7-27-1- B-P-77-6 NaCRRI Uganda Upland Non-aromatic
Komboka 0. sativa indica x O. sativa indica IR 05N 221 IRRI, Philippines Lowland/ Upland Aromatic
Supa 3 0. sativa indica x O. sativa indica IR 97011-7-7-3-1-B IRRI, Philippines Lowland Non-aromatic
Supa 5 0. sativa indica x O. sativa indica - IRRI, Philippines Lowland Aromatic
Supa 1052 0. sativa indica x O. sativa indica - AfricaRice, Nigeria Lowland Aromatic
MET 3 0. sativa indica x O. barthi ARTT35-114-1-6N-2 AfricaRice, Nigeria Upland Aromatic
MET 13 O. sativa indica x O. barthi ART34-113-3-2-B-1 AfricaRice, Nigeria Upland Aromatic
E20 0. sativa indica x (O. sativa x O. glaberrima) IRAT 325/WAB 365-B-1H1-HB NaCRRI, Uganda Lowland/ upland Non-aromatic
E 22 0. sativa indica x (O. sativa x O. glaberrima) IRAT 325/WAB 365-B-1H1-HB NaCRRI, Uganda Lowland/ upland Non-aromatic
Source: Extracted from Kanaabi et al. (2018).
was obtained and classified into one of the four categories, with the numerator and denominator of the F ratio and MS, abilities as:

namely non-aromatic (< 1.5); slightly aromatic (between
1.5 and 2.5) (Kamara et al., 2016); moderately aromatic
(between 2.5 and 3.5) and highly aromatic (> 3.5) (Ocan et
al., 2019; Srigastava et al., 2019).

Statistical analyses

Data generated from individual plants were entered in
Microsoft Excel sheet and summarized into average on the
replication basis. Unbalanced general analysis of variance
(ANOVA) for the mean individual genotype data was
carried out using GenStat statistical software (Version 12"
Edition; VSN International Ltd., UK, 2009) and the means
separated using Fishers protected least significance
difference (LSD) at 5% significance level. The ANOVA
followed a RCBD statistical model:

Yik=Y + Gi+ Rj+ e

Where: Y = observation of genotype in replication j, and

block k; Y = the general mean; G; = effect of genotype i; Rj=

effect of replication j and ey = error of the observation ijk.
The genotypic difference among grain parameters of F,

segregates was determined by F test:

Fat1, ar2) = MSy/MSe

Where: dfiand df, are the degrees of freedom associated

and MS. are the genotype and error mean squares,
respectively.

For the analysis of combining ability and gene action, in
relation to NCDII, RCBD consisting of 2 replications, each
contained 20 F, segregates and nine parental lines, the
individual data were subjected to general ANOVA using
linear model shown below:

Yijk= Y + GCA + GCAj + SCA + By + €ijk

Where: Yj = mean of a specific cross; Y = Grand mean;
GCA = general combining ability, Effect of the parent in the
genotypic mean of its crosses, i = female, j = male; SCA =
specific combining ability; Phenotypic value of a specific
cross compared to the value predicted from parental GCA
values; By = Block effects; Ej = error effect.

The mean of F; seeds were subjected to general
ANOVA and regression using GenStat computer package
(Release 12.1, PC windows 7, VSN International Ltd,
2009) to determine the variance of general combining
ability (GCA) and specific combining ability (SCA) and
direction effects. The SCA were calculated by subtracting
predicted means from observed means and the significance
of GCA and SCA were tested using a standard t test
[T=effect/ (standard error of the effect)]. The error variance
(error mean square, MSg) obtained from ANOVA of
individual replication data analysis was used to determine
the F-values for the sources of variations. The MS. was
used as denominator in the F-values for testing combining

F value m MSy/MSe; F value = MSs/MS,

Where: MSy, MSs and MS, are mean square due to GCA,
SCA and error, respectively.

F-probability for the respective F values were tested using
F-distribution function based on the degree of freedom for
GCA and SCA as nominator (df;), each tested against
degree of freedom associated with the denominator (MSe)
of the F ratio, respectively. The variance of GCA and SCA
for the variables and mean squares were estimated and
used to calculate coefficient of genetic determination and
Bakers ratios according to Baker (1978). Heritability was
estimated according to the relationship between additive
(s%), genotypic (s%;) and phenotypic (s%,) variances as:
Narrow sense coefficient of genetic determination (NS-
CGD, h?), a proportion of phenotypic variation (52p or
phenotypic variance) attributed only to additive gene effect
(s% = additive variance) (Falconer and Makay, 1996), was
calculated as:

h? = (OZSECAf + 0°GCAR)/(0*GCA; + 0°GCAy +0°SCA +0%)
=s%/s%

Where, e = Sample error; (6°GCA; + 0°GCA,) = Additive
gene effect and (0°GCA; + G°GCAn +0°SCA + 0%) =
Phenotypic effect.

Broad sense coefficient of genetic determination (BS-CGD,
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Table 2. ANOVA for rice grain length/width ratio, length, width and aroma traits of the F3; seeds.

Source of D.Fy Mean square D.F2 Mean square
variation L/W ratio Length (L) Width (W) Aroma score (AS)
Rep 1 0.05741 0.02435 0.01456 1 0.04032

F3 seeds 14 0.16055*** 0.29797*** 0.01837* 19 0.56849***
Residual 14 0.01890 0.02548 0.00549 19 0.01578
Total 29 0.08861 0.15699 0.01202 39 0.28568

*** = significance at probability level 0.001; D.F; = degree of freedom for grain length, width and grain L/W ratio; D.F, = Degree of

freedom for aroma score.

H?), a proportion of all phenotypic variation (szp) due to all genetic
effect (szg) (Falconer and Makay, 1996), was calculated as:-

H22= (0®GCA; + 0°GCAL +0°SCA) (0°GCA; + 0°GCAn +0°SCA
+0 e)

Where, e = Sample error; (6°GCA; + 0°GCA, +0°SCA) = Total
genetic effect; and (6°GCA; + 0°GCA +6%SCA + 0%) = Phenotypic
effect.

Baker’s ratio was calculated as:

Baker's ratio (BR) = (0°GCA; + G°GCAm)/(0°GCA; + 0°GCAn
+0°SCA)

Where, o? = sample variance; (6°GCA; + 6°GCA) = additive gene
effect; and (0°GCA¢ + 0°GCAn + 0°SCA) = Total genetic effect.

In addition, estimates of the relative significance between
additive and non-additive effects was calculated based on the ratio
of GCA to SCA, where a ratio of greater than unity (1) would mean
predominance of GCA effect.

RESULTS

The results for the analysis of variance (ANOVA) for rice
grain traits and aroma traits of the F; seeds are
presented in Table 2. The F; seeds exhibited a significant
difference (P < 0.001) among themselves for the rice
grain length/width ratio, length, and aroma traits and (P <
0.05) for width.

Phenotypic performance of F,
parents

plants and their

The mean scores for grain traits and aroma of F; seeds
and their parents are shown in Table 3. The parental lines
had grain length/width ratio ranging from 2.94 to 3.84 and
for the F; seeds a range of between 2.92 and 3.70. Of the
24 genotypes including the parents, the F; seeds of four
genotypes (20%) and 20 genotypes (80%) were classified
as medium and slender shaped grains, respectively. In
the case of the grain length, a range of between 6.85 and
7.87 mm were determined whereas a range of between
6.75 and 8.05 mm, and 6.85 and 7.87 mm, respectively
were recorded for the parental lines and the F; seeds.
Out of the 24 parental and F; seeds, 13 (54.2%) had long

grain and 11 (45.83%) parental and F; seeds were
classified as very long grains (Khush et al., 1979). For the
grain width, the parental and F; seeds registered values
ranging from 1.95 to 2.50 mm and from 2.09 to 2.41 mm,
for the parental and F; seeds, respectively.

The aroma intensity of the genotype determined
through sensory evaluation (Golam et al., 2010), ranged
from 1.06 to 3.19 and the perceived aroma score for the
aromatic parents of Komboka, Supa 1052, MET 3, Supa
5 and MET 13 from 2.01 to 3.11. The parental seeds
registered aroma score ranging from 1.21 to 3.13, as
opposed to the crosses with values ranging from 1.06 to
3.19. Four crosses (20%) of E 20 x MET 3, Supa 3 X
Supa 1052, Supa 3 x Komboka and Supa 3 x MET 13
recorded aroma intensity higher than the aromatic parent
of Komboka rice line which exhibited the aroma intensity
of 2.01. The F; seeds from Supa 3 and MET 13 had the
highest perceived aroma intensity of 3.19 in relation to all
the genotypes studied. Based upon Hien et al. (2006)
classification for aroma intensity, only two F; seeds of
Supa 3 x MET 13 and Supa 3 x Komboka (score > 2.5)
were highly aromatic and Supa 3 x Supa 1052 and E 22
X MET 3 (score of 2.0 - 2.5) exhibited moderate aroma
intensities. F3; seeds derived from crosses between
Namche 5 x MET 3, Supa 3 x Supa 5, E 22 x Supa 5 and
E 20 x MET 3 showed slight aroma (score of 1.50 - 1.99)
and the remaining 13 genotypes were non-aromatic. The
results for analysis of variance for GCA of the parents
and SCA of the crosses and the respective variance
components, coefficient of genetic determination and
Baker’s ratio for the grain quality traits are presented in
Table 4.

The analysis of variance of 20 F, segregates and their
9 parents for general and specific combining ability
showed that the grain length/width ratio, length, width and
aroma traits were significantly (P < 0.05) different, but the
results of the SCA for the grain width trait were non-
significant. The combined GCA for the female and male,
were higher than that for the SCA for all the traits except
for the aroma. The genetic determination of the NSCGD
ranged from 0.58 to 0.64 for grain traits, but aroma
recorded a relatively lower value of 0.32. Considering
BSCGD, all the traits recorded high values falling
between 0.76 and 0.98. The Baker ratio and the grain



Table 3. Means of grain length/width ratio, length, width and aroma of F3 seeds and their parents.
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Parents Description L/W ratio Length Width AS

Female Male (mm) (mm)

Supa 3 MET 3 F3 seeds 3.62 7.76 2.14 1.06

E 22 - Parent 3.10 7.60 2.45 1.21

E 20 Supa 5 F3 seeds - - - 1.22

E 22 MET 13 F3 seeds 3.03 7.13 2.35 1.23

Supa 3 - Parent 3.70 7.95 2.15 1.23

Namche 5 Komboka F3 seeds 3.00 7.04 2.35 1.25

Namche 5 - Parent 2.94 7.35 2.50 1.29

Namche 5 Supa 5 F3 seeds - - - 1.35

Namche 5 MET 13 F3 seeds 3.03 7.01 2.32 1.35

E 22 Supa 1052 F3 seeds 3.04 6.85 2.25 1.36

E 22 Komboka F3 seeds 2.92 7.02 2.41 1.37

E 20 Supa 1052 F3 seeds - - - 1.37

Namche 5 Supa 1052 F3 seeds - - - 1.43

E 20 Komboka F3 seeds 3.15 7.35 2.35 1.46

E 20 MET 13 F3 seeds - - - 1.48

E 20 - Parent 3.13 7.35 2.35 1.48

Namche 5 MET 3 F3 seeds 3.14 6.97 2.22 1.55

Supa 3 Supa 5 F3 seeds 3.58 7.60 2.13 1.56

E 22 Supa 5 F3 seeds 3.68 7.71 2.09 1.60

E 20 MET 3 F3 seeds 2.97 6.90 2.33 1.73

- Komboka Parent 3.30 6.75 2.05 2.01

E 22 MET 3 F3 seeds 3.51 7.81 2.23 2.10

Supa 3 Supa 1052 F3 seeds 3.34 7.59 2.28 2.12

Supa 3 Komboka F3 seeds 3.65 7.83 2.15 2.77

- Supa 1052 Parent 3.84 8.05 2.10 2.96

- MET 3 Parent 3.62 7.05 1.95 2.84

- Supa 5 Parent 3.49 7.65 2.20 3.11

- MET 13 Parent 3.05 6.85 2.25 3.13

Supa 3 MET 13 F3 seeds 3.50 7.87 2.25 3.19

LSDo.0s 0.30 0.32 0.27 0.40

CV, % 4.42 1.26 3.39 10.85

AS = aroma score; L/W ratio = length to width ratio.
Table 4. ANOVA for combining ability and genetic determination in NCDII for grain traits and aroma.

SOL.jrC.e of D.F1 Mean square D.F Mean square
variation ] L/W ratio Grain length (mm) Grain width (mm) ] Aroma score
Crosses 14 0.0862*** 0.1562*** 0.0099* 19 0.2865***
GCA; 3 0.2091*** 0.3830*** 0.0166** 3 0.4927***
GCAn 4 0.0526** 0.0701** 0.0134* 4 0.1031***
SCA 7 0.0471* 0.1003** 0.0042 12 0.2969***
Error 14 0.0095 0.0127 0.0027 19 0.0079
VC(GCAy) - 0.0665 0.1234 0.0046 - 0.1212
VC(GCAm) - 0.0115 0.0153 0.0028 - 0.0190
VC(SCA) - 0.0377 0.0876 0.0014 - 0.2890
NS-CGD - 0.6234 0.5804 0.6424 - 0.3208
BS-CGD - 0.9245 0.9467 0.7635 - 0.9820

81
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Table 4. Contd.

BR -
GCA/SCA -

0.6744
1.7660

0.6130
1.5842

0.8414 -
5.3047 -

0.3267
0.4185

*** = significance at probability level 0.001; L/W = Length/width ratio; D.F; = degree of freedom for grain traits; D.F, = degree of
freedom for aroma; GCA; = General combining ability for the female; GCAn= General combining ability for the male; SCA =
Specific combining ability; VGCA; = Variance component for GCA;; VGCA,, Variance component for GCA, VSCA = Variance
component for SCA; NS-CGD = Narrow sense coefficient of genetic determination; BS-CGD = Broad sense coefficient of genetic
determination; BR = Baker’s Ratio and GCA/SCA = the ratio of GCA to SCA.

Table 5. GCA effects for L/W ratio, grain length, width and aroma traits in the rice lines.

Mean square

Parents Genotype L/W ratio Length (L) Width (W) Aroma score
E 22 0.03 -0.04 0.09 -0.10*
Namche 5 -0.20** -0.39%** 0.02 -0.25%**

Female Supa 3 0.26*** 0.39*** 0.02 0.50%**
E 20 -0.24** -0.29%** -0.06 -0.15**
MET 13 -0.09 -0.01 0.05 0.23***
MET 3 0.09 0.08* -0.04 -0.02
Supa 1052 0.20** -0.31%* 0.03 -0.07

Male Supa 5 0.24*** 0.12* -0.12 -0.20%**
Komboka -0.04 0.04 0.05 0.07

* ** *xx gignificance at probability level 0.05, 0.01 and 0.001, respectively.

traits recorded values ranging between 0.61 and 0.84
while the aroma trait registered a lower value of 0.33. The
results also showed high GCA/SCA ratio for grain traits,
ranging from 1.6 to 5.3 and a lower GCA/SCA ratio of
0.42 for aroma trait.

Combining ability effects
General combining ability effect

The general combining ability effects for the grain length,
grain width, grain length/width ratio and aroma of parents
estimated during the second season of 2018 are
presented in Table 5.

The results of analyses of combining ability effects for
the L/W ratio indicated a significant (P<0.001) positive
GCA effect for Supa 3, Supa 5 and Supa 1052, and a
significant (P<0.01) negative GCA effect of Namche 5
and E 20. Similarly, the GCA effects for the grain length
for Supa 3, Supa 5 and MET 3 were also significant (P <
0.05). Namche 5, E 20 and Supa 1052 however,
recorded a negative significant (P < 0.05) GCA effects.
The grain width unlike the rest of the grain traits showed
non-significant GCA effect. In the case of aroma, Supa 3
and MET 13 exhibited high positive significant (P < 0.001)
SCA effect (P < 0.001), while E 22, Namche 5, E 20 and
Supa 5 expressed negative significant (P <0.05) SCA

effects.

Specific combining ability effect

The results of specific combining ability effects in the
crosses for grain length, width, length/width ratio and
aroma traits are presented in Table 6. The SCA values
for L/W ratio ranged between -0.276 and 0.268 with only
one cross from E 22 x Supa 5 showing a significant (P <
0.05) positive SCA effect and also one F; from E 22 x
Komboka with a negative significant (P<0.05) SCA effect.
The SCA for the grain length ranged from -0.334 to 499
and with the cross combination from E 20 x Komboka, E
22 x MET 3 and E 22 x Supa 1052 exhibiting positive
significant (P<0.05) SCA whereas a negative significant
(P<0.05) SCA effect were observed for the F; seeds of
Supa 3 x Supa 5, E 20 x MET 3 and E 22 x Komboka.
The grain length did not show any significant SCA
effects. The SCA effects of the F; seeds for aroma trait
ranged from -1.054 to 0.835 and six (40 %) crosses were
observed to exhibit a positive significant (P < 0.05)
positive SCA effects for the aroma trait.

DISCUSSION

The significant (P < 0.05) variation observed in the grain
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Table 6. Specific combining ability effects for rice grain length, width, length/width ratio and aroma traits in the 20 F3

seeds.

Means square

S/IN  Crosses

L/W ratio Grain length Grain width Aroma score
1 E 20 x Komboka 0.157 0.248* -0.031 -0.099
2 E 20 x MET 3 -0.157 -0.248* 0.031 0.266**
3 E 22 x Komboka -0.276* -0.334* 0.090 -0.232*
4 E 22 x MET 13 -0.109 -0.184 0.020 -0.527***
5 E 22 x MET 3 0.108 0.406*** -0.005 0.593***
6 E 22 x Supa 1052 0.003 0.499*** -0.051 -0.108
7 E 22 x Supa 5 0.268* -0.156 -0.054 0.273**
8 Namche 5 x Komboka 0.154 0.035 0.031 -0.205*
9 Namche 5 x MET 13 0.054 0.052 -0.017 -0.260**
10 Namche 5 x MET 3 -0.020 -0.087 -0.015 0.190*
11 Supa 3 x Komboka 0.154 0.052 -0.090 0.535***
12 Supa 3 x MET 13 0.056 0.132 -0.003 0.835***
13 Supa 3 x MET 3 -0.004 -0.027 -0.011 -1.054***
14 Supa 3 x Supa 1052 -0.003 0.156 0.051 0.049
15 Supa 3 x Supa 5 -0.202 -0.268* 0.054 -0.370***
Standard error (s.e.) 0.10 0.11 0.05 0.089
Coefficient of variation (CV) % 2.96 1.53 2.31 5.449

* *x k% significance at probability level 0.05, 0.01 and 0.001, respectively; L/W = length to width ratio; SCA = specific combining

ability.

length/width ratio, length and width and the grain aroma
intensity of the F; populations, indicated sufficient
existence of diversity in the parents used in the study
implying that the crosses could be employed in the grain
quality improvement through selection for superior grain
traits. The variability in rice grain traits including
length/width ratio, length, width as well as aroma trait
among rice genotypes have previously been reported
(Kamara et al., 2017; Kitara et al., 2018).

Grain shape for the crosses were broadly within the
range of the parental limits, which is in line with Kumar
(2016) who reported L/W ratio of crosses to be defined by
the parental range. Furthermore, 80% of the gains for all
the genotypes conformed to the preferred slender grain
shape of the parents. Considering the mean grain length
for the F; seeds and their parents, all the genotypes
possessed this long grains with 73.3% in this category of
long grain representing grains classified as very long
implying that grain length as a quality attribute was not a
major limitation as was reported by Lamo et al. (2017)
who suggested that Uganda rice genotypes had already
met some grain quality specifications desired in the grain
market. Genotypes from E 20 x Supa 1052 had grain
length below the range of the parental lines, but the rest
of the crosses were intermediate to the parental lines.
Kumar (2016) reported grain length of some crosses to
be slightly below or above those of the parental limits and
in addition transgressive segregation for grain length was
observed as was reported by Asante (2017), also

suggesting possibility for improvement of this trait.
According to Sharma and Jaiswal (2020), the
performance of the crosses in regards to the quality rice
grain traits of the shape, length, width and aroma were
dependent on the choice of the parents. In the case of
aroma, 25 % of the crosses exhibited moderate to high
aroma intensity, suggesting that aroma trait was inherited
from parents used which was consistent with the results
reported by Kanaabi et al. (2018). A cross from Supa 3 x
MET 13 expressed a higher score than the best aromatic
parental line, which is an example of transgressive
segregation, suggesting that some cross combinations
could be employed in rice breeding program for aroma
enhancement. According to Singh et al. (2017), crosses
having both parents as good general combiner could
result into superior transgressive segregants. The results
further suggested that Supa 3 as female parent produced
highly aromatic crosses compared to E 20, E 22 and
Namche 5 backgrounds when used as female parents.
The significant (P<0.005) general combining ability
(GCA), which defines average performance of parents
(Griffing, 1956) as well as the significant GCA interaction
effects implied involvement of both additive and non-
additive gene effects in the inheritance of the rice grain
traits (Sharma and Jaiswal, 2020). Recent study by
Sharma and Jaiswal (2020) and Singh et al. (2020)
indicated high significant GCA and SCA effects of the rice
grain L/W ratio, length, width and aroma. According to
Singh et al. (2020), GCA/SCA ratio of less than 1 implied
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preponderance of the non-additive gene action and
therefore the higher GCA/SCA ratio (> 1) of the variance
components for GCA to the SCA observed for all the
traits apart from the grain aroma, implies predominance
of additive gene effect. This finding is inconsistent with
study by Srigastava et al. (2012) who reported that the
grain length was conditioned by non-additive gene
effects. A similar study conducted on Basmati for grain
attributes reported the GCA/SCA ratio for the grain length
to be above 1 and values lower than 1 in the case of the
grain L/W ratio, width and aroma traits (Sharma and
Jaiswal, 2020). In this study, with the GCA/SCA value for
the appearance traits being above 1, it implies
preponderance of additive gene action (Singh et al.,
2020).

The moderate values for narrow sense coefficient of
determination (NS-CGD) defining proportion of phenotypic
variation attributed to additive gene variance (Falconer
and Makay, 1996) and Baker’s ratio (BR) measuring the
proportion of total genetic variance attributed to additive
variance (Baker, 1978; Babu et al., 2012) implied
moderate predictability for the inheritance of grain
appearance traits (Falconer and Makay, 1996; Baker,
1978). On the other hand, the relatively lower NSCGD
and GCA/SCA ratio for the aroma traits (Table 4) further
indicated even much lower predictability for the
expression of the aroma trait in rice.

The higher value for broad sense coefficient of
determination (BS-CGD), which is defined by the
proportion of total variance attributed to genetic variance
(Falconer and Makay, 1996) across all the traits meant
that both the appearance and aroma traits (Kamara et al.,
2017; Xie et al., 2019) were mainly determined by genetic
factors and minimally influenced by environmental
conditions. It is also worth noting that although aroma
presented comparatively lower values of the genetic
determination compared to the appearance traits, the
inheritance is still plausible (Kamara et al., 2017).
Similarly, other researchers have reported aroma
intensity to be influenced mainly by the genetic factors
(Fasahat et al., 2016; Xie et al, 2019), besides
environmental effects (Mo et al., 2019).

Combining ability effects for the parents and crosses

For the general combining ability effects, the parents with
at least significant (P<0.05) positive GCA effects in this
study were considered good combiners for the L/W ratio
that is Supa 3, Supa 5 and Supa 1052, which are lowland
rice types while Namche 5 and E 20 with significant and
negative SCA effects were poor combiners. Following the
same principle, Supa 3 and Supa 5 were good combiners
for the grain length, while Supa 3 and MET 13 were good
combiners for aroma, but a commonly grown Namche 5
upland rice variety had demonstrated a poor GCA
implying limited possibilities of obtaining a superior

aromatic upland rice variety based on deploying it as an
aroma donor. On the other hand, E 22 and MET 3 both
with poor GCA presented a cross combination with
acceptable aroma intensity. In an inheritance study of
grain traits, Singh et al. (2020) reported parents with
good and poor GCA effects for length/ width ratio, length
and width traits in rice.

Considering SCA in relation to the L/W ratio, cross E 22
X Supa 5 with significant (P < 0.05) positive SCA was a
good combiner as opposed to E 22 x Komboka with
significant (P < 0.05) negative SCA effect. In the case of
the grain length, E 20 x Komboka, E 22 x MET 3 and E
22 x Supa 1052 with significant positive SCA values were
good combiners unlike the Supa 3 x Supa 5, E 20 x MET
3 and E 20 x Komboka with significant negative SCA,
hence designated poor combiners. Considering the
aroma trait, the genotypes from Namche 5 x MET 3, E 20
X MET 3, E 22 x Supa 5, E 22 x MET 3, Supa 3 x
Komboka and Supa 3 x MET 13 were good combiners
due to their significant positive SCA effects, but Namche
5 x Komboka, Namche 5 x MET 13, E 22 x Komboka,
Supa 3 x Supa 5, E 22 x MET 13 and Supa 3 x MET 13
with significant negative SCA values were considered
poor combiners. Considering the best three scorers for
L/W ratio in ascending order of magnitude were the
crosses Supa 3 x Supa 5, Supa 3 x MET 13 and Supa 3
x Komboka, these were combination of parents with good
X good, good x poor and good x poor GCA, respectively.
Similarly, the top scoring crosses for grain length trait in
ascending order of magnitude were the crosses E 22 x
MET 3, Supa 3 x Komboka and Supa 3 x MET 13
corresponding to poor x good, good X poor and good X
poor GCA, respectively. In the case of aroma, the best
three scorers in ascending order of magnitude were the
crosses Supa 3 x Supa 1052, Supa 3 x Komboka and
Supa 3 x MET 13, which corresponded to the parental
combination of good x poor, good x poor and good X
good GCA, respectively showing that the case of
transgressive segregation observed for the aroma trait
was the result of the combination of two parents both with
good general combining ability for the aroma trait.
Sharma and Jaiswal (2020) reported transgressive
segregation to be the result of a parental combination
with both good combining ability, however, some F3’s with
significant L/W ratio, for example from cross E 22 x
Komboka, a cross combination of parents with moderate
x moderate GCA effects and cross E 22 x MET 3 with
high significant SCA for grain length were from parents
with moderate GCA effects. Similarly for the aroma, cross
E 22 x Supa 5 was of parents which were both poor
general combiners, but the F, segregates had similar
effects. A similar study on the grain quality traits of rice
reported parents with various GCA combinations for the
crosses exhibiting significant SCA effects (Sharma and
Jaiswal, 2020). According to Akanksha and Jaiswal
(2019), the significant SCA which resulted from the
parents with high GCA x high GCA, high GCA x low GCA



and low GCA x low GCA were attributed to additive x
additive gene action, additive x non-additive gene action
and non-additive x non-additive gene action interactions,
respectively.

Conclusion

The results showed that both additive and non-additive
gene effects were controlling the expression of the grain
traits and aroma of rice seeds, but with preponderance of
additive gene effect for the grain traits and prevalence of
non-additive gene effect in the case of aroma indicating
that early selection for aroma based on sensory
evaluation technique would not be possible. In the case
of aroma trait, the cross of Supa 3 x MET 13 was best for
the advancement of the trait.
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