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Abstract Poor milling and grain appearance is a common
feature of locally produced rice (Oryza sativa L.) in West
Africa. Development of genotypes with high yield and
uniform milled grain size will enhance the market for the
locally produced rice. One hundred rice accessions were
evaluated to assess genetic variability, heritability and
correlations for 11 milling and appearance quality traits
and grain yield. The field was laid as a 10 x 10 alpha
lattice design with three replications following standard
cultivation practices. ANOVA revealed significant differ-
ences for the traits studied. The genotypic and environ-
mental variances showed significant differences for all
characters studied. Phenotypic coefficient of variation was
greater than its corresponding genotypic coefficient of
variation for each studied trait. Heritability at broad-sense
varied from 14.1% for milling degree to 73.8% for milled
grain length-to-width ratio (L/W). Genetic advance as
percent of mean ranged from 2.2% for brown rice recovery
to 129.6% for percentage of grain with chalkiness
(PGWC). In general, genotypic correlations ranged higher
than their corresponding phenotypic correlations. Brown
rice recovery had significant positive phenotypic and
genotypic correlations with milling recovery and head rice
recovery. Consequently, brown rice recovery, milling
recovery and L/W could be used as selection criteria for the
improvement of head rice recovery. Genotypes BETIA and
CRI-AMANKWATIA had the desirable PGWC and degree
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of chalkiness, therefore, they are recommended for the
improvement of high yielding varieties with high amount
of chalkiness.
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Introduction

The world population is predicted to reach nine billion by
the year 2050 and food insecurity could become a serious
global problem (Alexandratos and Bruinsma 2012).
Therefore, it is crucial to augment the productivity of major
cereal crops such as rice to satisfy the increasing demand of
a population that keeps on growing (Fitzgerald et al. 2009).
Rice is cultivated in rain-fed upland and aquatic ecologies
in 40 counties in Africa on nearly 10 million hectares
(Negussie et al. 2017). Although West Africa has about 4.4
million hectares planted to rice (Somado et al. 2008), there
exist a production deficit due to increasing demand which
surpasses local production. Many of the countries in West
Africa therefore rely on imports to meet consumer
demands. To bridge the gap created by the production
shortage, rice breeding programmes in West Africa have
concentrated essentially on yield improvement and adap-
tation to the difficult production environments leaving
behind the improvement of grain quality (Manful 2010).
Consequently, yield and tolerance to different stresses have
been improved (Saito et al. 2012) but problems with the
quality of locally produced rice persists. The poor quality
of the locally produced rice available in the market is a
combination of the types of rice varieties grown, mediocre
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postharvest management and processing methods (Fu-
takuchi et al. 2013).

Rice grain quality encompasses the totality of all char-
acteristics feature of rice or rice products that meet con-
sumer demands and preferences (Siddiqui et al. 2007).
Generally, the parameters used to assess grain quality in
rice vary for different countries. However, four main
quality characters are essentially used, namely milling
characteristics, appearance quality, nutritional value and
cooking quality (Yu et al. 2008; Asante 2017). Rice grain
quality has become a foremost consideration for rice
breeders and consumers. Grain appearance in terms of
shape and chalkiness is a crucial factor affecting its market
acceptability. Grain shape is described by the length, width
and length-to-width ratio of the grain. Chalkiness in rice is
usually assessed by the degree of endosperm chalkiness
and the percentage of grain with chalkiness. The varieties
with percentage of grain with chalkiness higher than 20%
are less preferred in most world’s markets (Chen et al.
2011). The presence of chalky areas in rice grains is gen-
erally a sign of lower quality of the grains and thus attracts
lower market prices. The milling yield of the grain deter-
mines the yield of the head rice and the broken kernel rate
of the milled rice (Yi and Mei 2012). Milling properties are
usually evaluated by brown rice recovery, milled rice
recovery and head rice recovery (Wang et al. 2017). Head
rice is the whole unbroken rice grains obtained from mil-
ling. The broken grains essentially reduce the price of rice
by 50% (Oyedele and Adeoti 2013).

To meet the consumer preference and market demands,
improvement of grain quality is the most important
objective next to yield enhancement (Sahu et al. 2017).
Therefore, breeding rice varieties that encompass desirable
milling and appearance quality becomes a prime objective
for rice breeders around the world (Wang et al. 2017).
Several workers such as Sahu et al. (2017), Parikh et al.
(2012) and Fatema et al. (2011) have studied various
genetic variability parameters and correlations on rice grain
quality. However, to date, the genetic variability for mil-
ling and appearance quality of most rice germplasm in
Africa has not been thoroughly studied. Breeders’ require
information on the genetic variability in their germplasm
and heritability of target traits to predict gain from selec-
tion. Trait selection requires knowledge of nature and
magnitude of genotypic variation, transmissibility and
selection progress. The following parameters, namely
genotypic coefficient of variation, phenotypic coefficient of
variation, heritability and genetic advance are usually used
to measure genetic variability (Hossain et al. 2015). In
breeding for improved grain quality of rice, the knowledge
of the correlations between grain yield and the milling
quality traits is important for the identification of suit-
able selection criteria for effective yield and grain quality
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improvement. This study aimed to quantify the genetic
variability among 100 rice accessions for milling and
appearance quality traits, determine the association among
rice yield and milling quality traits, and identify suit-
able genotypes with desirable milling and appearance
qualities. A good knowledge of available genetic materials
will help breeders to identify suitable genotypes for
hybridization.

Materials and methods
Genetic materials and planting

One hundred genotypes (Table 1) were used for this study.
The study was conducted at the Crops Research Institute of
Council of the Scientific and Industrial Research (CSIR-
CRI) in Fumesua-Kumasi, Ghana during the major planting
season of 2018. Twenty-day old seedlings were trans-
planted on 09 March 2018 into a lowland field laid as
10 x 10 alpha lattice design with three replications. Plot
size was 1 m x 1 m with between and within row spacing
of 20 cm each. The field was fertilized with N,, P,Os, and
K,O at the ratio 90:60:60 kg ha™' through hand broad-
casting. One-third of N and the full amounts of P and K
were applied during final land preparation. The second and
third increments of N were applied at the tiller stage and at
panicle initiation, respectively. Manual weeding was done
at two weeks after planting and prior to flowering.

Data collection
Milling and appearance quality traits

One hundred grams of paddy of each accession per repli-
cate was milled at 14% moisture content using Zaccaria
Testing Rice Mill (model PAZ/1-DTA). One hundred
grams of the paddy rice was de-husked to obtain brown rice
through the Paddy husker of the Rice Mill with the timer
set at 15 s. Whitening of the brown rice was done by
abrasive action, using the Whitener with the timer set at
60 s to obtain the white rice (milling yield). The separation
of broken grains from the head rice was done through
indented cylinder (5.5 mm) by selecting the grading mode
with the timer set at 60 s. The weights of brown rice, white
rice, head rice and broken rice were taken, and calculations
were done based on the procedure of IRRI (IRRI 2010;
Abacar et al. 2016):

Brown rice recovery (BRR)
= (wt of brown rice (g)/wt of paddy(g)) x 100
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Table 1 Background information of rice genotypes evaluated in the study
S/mo.  Genotype Source S/no.  Genotype Source S/no  Genotype Source
1 ARTS58-5-1-1-B-B AfricaRice 35 ART98-147-1-2-B-B AfricaRice 69  AGRA-CRI-LOL-1-21  CRI-Kumasi
2 ARTS58-46-1-1-B-B  AfricaRice 36 ART100-16-1-2-B-B AfricaRice 70  CRI-1-11-15-5 CRI-Kumasi
3 ARTS58-51-1-2-B-B  AfricaRice 37 ART100-56-1-1-B-B AfricaRice 71  AGRA-CRI-LOL-1-7  CRI-Kumasi
4 ART64-26-1-1-B-B  AfricaRice 38 ART100-57-1-2-B-B AfricaRice 72 CRI-1-11-15-21 CRI-Kumasi
5 ART64-27-1-1-B-B AfricaRice 39 ART101-99-1-2-B-B AfricaRice 73 CRI-1-21-5-12 CRI-Kumasi
6 ART64-31-1-1-B-B AfricaRice 40 ART109-24-1-1-B-B AfricaRice 74 ART58-66-1-1-B-B AfricaRice
7 ART64-32-1-1-B-B AfricaRice 41 ART112-74-1-1-B-B AfricaRice 75  CRI-1-11-19-12 CRI-Kumasi
8 ART64-42-1-1-B-B  AfricaRice 42 ART112-85-1-1-B-B AfricaRice 76 Sahel 177 CRI-Kumasi
9 ART64-55-1-1-B-B AfricaRice 43 ART164-73-1-1-B-B AfricaRice 77  Viwonor short CRI-Kumasi
10 ART68-12-1-1-B-B  AfricaRice 44 ART71-2-1-1-B-B AfricaRice 78  KAF53 KAFACI
11 ART75-8-1-2-B-B AfricaRice 45 ART71-96-1-1-B-B AfricaRice 79  KAF148 KAFACI
12 ART75-14-1-2-B-B  AfricaRice 46 ART78-30-1-2-B-B AfricaRice 80 KAF228 KAFACI
13 ART75-33-1-1-B-B  AfricaRice 47 ART86-48-1-1-B-B AfricaRice 81 KAF239 KAFACI
14 ART75-56-1-2-B-B AfricaRice 48 ART93-7-1-1-B-B AfricaRice 82 T-MARSHAL CRI-Kumasi
15 ART75-57-1-1-B-B AfricaRice 49 ART93-112-1-1-B-B AfricaRice 83  TOX3378 CRI-Kumasi
16 ART79-12-1-1-B-B  AfricaRice 50 ART350:6-15-5-B AfricaRice 84  BOUKE CRI-Kumasi
17 ART90-6-1-1-B-B AfricaRice 51 ART350:10-2-1-B AfricaRice 85 OBOLO CRI-Kumasi
18 ART90-12-1-1-B-B  AfricaRice 52 ART350:2-4-3-B AfricaRice 86  GIGANTE CRI-Kumasi
19 ART90-46-1-1-B-B AfricaRice 53 ART350:2-6-1-B AfricaRice 87 NI CRI-Kumasi
20 ART105-3-1-2-B-B AfricaRice 54 WAB 2101-WAC4-1- AfricaRice 88 N4 CRI-Kumasi
TGR1-WAT3-5-
TGR2
21 ART120-26-1-1-B-B  AfricaRice 55 ART108-2-1-1-B-B AfricaRice 89  UPL45 CRI-Kumasi
22 ARTI125-26-1-1-B-B  AfricaRice 56 NERICA -L 19 AfricaRice 90 IR65 CRI-Kumasi
23 ART66-144-1-2-B-B  AfricaRice 57 IR 84105-B-B-B-TGR4  AfricaRice 91 BETIA CRI-Kumasi
24 ART73-69-1-2-B-B  AfricaRice 58 WAB 2085-TGR2- AfricaRice 92  CRI-AgraRice CRI-Kumasi
WAT4-1-1
25 ART84-35-1-1-B-B AfricaRice 59 WAB 2135-WAC B-2-  AfricaRice 93  CRI-AMANKWATIA  CRI-Kumasi
TGR3-WATS8-3
26 ART61-52-1-1-B-B  AfricaRice 60 WAB 2138-WAC B-2-  AfricaRice 94  IDJAS8S CRI-Kumasi
TGR2-WATS-1
27 ART67-4-1-1-B-B AfricaRice 61 WAB AfricaRice 95  GNI/5 CRI-Kumasi
2099.WAC1.FKR3-1-
TGR1-2
28 ART67-17-1-1-B-B AfricaRice 62 Local (Sokwai) CRI-Kumasi 9% TV2 CRI-Kumasi
29 ART67-21-1-2-B-B  AfricaRice 63 AGRA-CRI-LOL-2-27 CRI-Kumasi 97 CK3 CRI-Kumasi
30 ART67-26-1-1-B-B  AfricaRice 64 AGRA-CRI-LOL-2-7 CRI-Kumasi 98  KE40 KAFACI
31 ART67-50-1-2-B-B  AfricaRice 65 AGRA-CRI-LOL-2-29 CRI-Kumasi 99  KES3 KAFACI
32 ART98-4-1-1-B-B AfricaRice 66 Nerica-L-41 CRI-Kumasi 100  KE99 KAFACI
33 ART98-96-1-2-B-B AfricaRice 67 AGRA-CRI-LOL-1-11 CRI-Kumasi
34 ART98-147-1-1-B-B  AfricaRice 68 FAROX 508-3-10-F43-  CRI-Kumasi
1-1
Broken grain (%) Milling Recovery(MRR)

= (wt of broken grain(g)/wt of paddy (g)) x 100

Milling Degree

i

Head rice recovery(HRR)

wt of brownrice(g)

wt of brown rice(g) — wt of milled rice(g)) « 100

= (wr of milled rice(g)/wt of paddy(g)) x 100

= (wr of head rice (g)/wrt of paddy (g)) x 100
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One hundred head rice (whole grains from milling) were
randomly selected and weighed to determine the weight
in grams of hundred head rice per replicate for each
genotype.

The degree of chalkiness (DC) was assessed on 10
randomly selected grains of milled rice per replication for
each genotype. The grains were placed on a light box and
the portion of the chalky area was estimated. The mean of
the chalky area of the ten milled rice grains was recorded
as the degree of chalkiness. One hundred head rice were
randomly selected per replication and placed on light and
transparent plate. The grains with chalky area were selec-
ted visually and weighed to determine the percentage of
grains with chalkiness (PGWC).

PGWC = (wtofchalkygrains(g) /wtof 100headrice(g))
x 100

The milled rice grain length and width were measured
using a vernier caliper on 10 randomly selected milled rice
grains of each genotype per replication from the sample.
The shape of the milled rice was determined based on the
length-to-width ratio (L/W).

L/W = (average length of rice/average width of rice)

Statistical analysis

The mean values for all the traits were used for statis-
tical analyses. Analysis of variance for each trait was
done by using the Proc mixed of the Statistical Analysis
System (SAS) version 9.2 for windows. Genotypes were
considered as random effects and replication as fixed
effect.

Milling and appearance quality traits and grain yield
were used to estimate the genotypic (Gé), environmental
(53) and phenotypic (Gg) variances according to Burton
and Devane (1953). Genotypic variance (Gé) and envi-
ronmental variance (c2) were tested using the standard
error. The variance components were used to compute the
genotypic coefficient of variation (GCV), error coefficient
of variation (ECV), the phenotypic coefficient of variation
(PCV) according to Falconer (1981), broad-sense heri-
tability (Hz) according to Allard (1960) and expected
genetic advance (GA) according to Burton (1952) as
follows:

o, = (MSG — MSE)/r

where MSG is the mean square of accessions, MSE is mean
square of error, and r is number of replications.

@ Springer

o= (o) +(o2)
GCV = [(\/Gé) /mean} x 100
ECV = [(/o?)/mean] x 100
PVC = [(x/cxg) /mean} x 100

H? = (cé/ cg) % 100

GA =K x H? x \/o,

The selection differential K was 2.06 at 5% selection
intensity.

Genetic advance as percent of mean [GA (%)] was
manually calculated in order to visualize the relative utility
of genetic advance among the traits as follows:

GA(%) = (GA/mean) x 100

Correlation coefficients were calculated at both genotypic
(rg) and phenotypic (r,) levels based on the formulae sug-
gested by Falconer (1981) using the software META-R
version 6.0 to determine the relationships among the grain
yield and milled rice quality traits:

ry = r(x; -xj)gz Cov - (x; - xj)g/\/ {v(xi)ng(xj)g}

where 1(x;-Xj)g is a genotypic correlation between ith and
jth traits; Cov-(x;-X;) 18 @ genotypic covariance between ith
and jth traits; v(x;), is a genotypic variance of the ith trait;
v(Xj), is a genotypic variance of the jth trait.

= r(xi - x5), = Cov - (x:-x),/ [v(x0)y < (x),

where r(x;-Xj), is a phenotypic correlation between ith and
jth traits; Cov-(x;-X;), is a phenotypic covariance between
ith and jth traits; v(x;), is a phenotypic variance of the ith
trait; v(x;), is a phenotypic variance of the jth trait.

Results and discussions

Milling properties and appearance quality
of the rice accessions

The analysis of variance showed significant differences
(p < 0.05) among the rice accessions under study for all
the milled and appearance quality traits of the grain
(Table 2) which shows that a huge variability exists among
the genotypes for those characters. Thus, the selection of
better parental genotypes can be done to improve the
milling and appearance quality traits of the rice grain.
Coefficient of variation (CV) measures the dispersion of a
frequency distribution of a variable. When the CV is high,
the grade of distribution around the mean will also be large.
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Table 2 Mean square from the analysis of variance of 100 rice accessions evaluated for milling and appearance quality characteristics and grain

yield at Fumesua-Kumasi, Ghana in 2018

Trait Rep (df =2) Block (rep) (df =27)  Genotype (df =99)  Residual (df = 171) LSD (6\Y%

Milled grain length 0.11 0.46%* 0.51%%* 0.06 0.27 3.78
Milled grain width 0.07%** 0.02%* 0.04%%* 0.01 0.09 3.64
Milled grain L/'W 0.17%%* 0.14%* 0.247%%* 0.03 0.17 5.37
Percentage of grain with chalkiness  1143.84* 1478.50** 2335.67** 307.28 18.60 51.16
Degree of chalkiness 179.65%* 79.93%%* 108.60%* 16.05 432  39.65
Brown rice recovery 40.90* 20.97** 17.43%* 9.72 2.38 4.45
Milled rice recovery 33.01% 23.15%%* 21.41%* 8.92 2.63 4.81
Milling degree 14.97 13.84 17.02% 11.41 222 29.61
Head rice recovery 1152.26%* 166.04* 173.84%* 99.87 746  22.63
Broken rice grain 1128.31%* 122.55 121.62%* 79.69 599 4984
100 Head rice weight 0.43%%* 0.14%* 0.07%** 0.03 0.16 9.60
Grain yield per plant 0.49 3.40** 4.99%%* 1.31 1.16  32.61

*Significant at 0.05 level of probability; ** Significant at 0.01 level of probability

In this study, percentage of grain with chalkiness had the
highest CV (51.16%), while milled grain width had the
lowest CV (3.64%). Coefficient of variation was low for
milled grain length (3.78%), milled grain length-to-width
ratio (5.37%), brown rice recovery (4.45%) and milled rice
recovery (4.81%). Sahu et al. (2017) reported higher
coefficients of variation for brown rice recovery and milled
rice recovery. The lower CV observed for brown rice
recovery and milled rice recovery in our study might be
due to the use of different germplasm and differences in the
calibration of the milling machine.

Milled rice recovery ranged from 51.4 to 67.7% with
genotypes  ART64-42-1-1-B-B,  ART58-51-1-2-B-B,
ART67-21-1-2-B-B being the top performers (Table 3).
Dipti et al. (2003) reported milled rice recovery that ranged
from 68.0 to 71.0% in some Beruin rice varieties of Ban-
gladesh. Head rice recovery ranged from 25.3 to 63.1%
with three best genotypes ART64-42-1-1-B—-B, ART67-21-
1-2-B-B and CRI-1-11-19-12. Ravindra et al. (2009) also
reported a range of 48.7-67.9% for head rice recovery.
Graham Acquaah et al. (2018) reported 6 to 66% head rice
recovery for 45 rice varieties in West Africa. In the present
study, the genotypes that had highest milling recovery and
head rice recovery will be useful for farmers and breeders
in Africa and beyond.

Based on the degree of chalkiness, genotype KAF53 had
the highest value of 34.2%, while genotype CRI-
AMANKWATIA had the lowest value of 0.7%. Genotypes
CRI-AMANKWATIA and AGRA-CRI-LOL-1-11 will be
the most desirable for improving high yielding varieties
with high amount of chalkiness. Similar results of 3.0 to
44.0% and 9.0 to 34.0% were reported by Graham-Ac-
quaah et al. (2018) in the evaluation of 45 rice varieties in

Benin and Senegal respectively. The lower the percentage
of grain with chalkiness (PGWC), the more desirable it is.
PGWC ranged from 1.6 to 100%. Genotypes WAB
2135WAC B-2-TGR3-WATS-3, WAB 2138-WAC B-2-
TGR2-WATS5-1, OBOLO, N4 and UPL45 had the highest
percentage, while the genotype BETIA had the lowest.
Shilpa and Krishnan (2010) reported a PGWC that varied
from 24.1 to 85.0% in 22 rice varieties evaluated in India
for their milling and appearance characteristics. Genotypes
BETIA and CRI-AMANKWATIA had the desirable
PGWC and degree of chalkiness, thus, they can be used in
the improvement of high yielding varieties with high
amount of chalkiness.

Genotypic and phenotypic variances, expected
genetic advance and heritability for grain yield,
milling and appearance quality traits

The mean performance, genotypic coefficient of variation
(GCV), phenotypic coefficient of variation (PCV), envi-
ronmental variance (oﬁ), genotypic variation (Gé), pheno-
typic variation (csf,), heritability (H?) and genetic advance
(GA) for all the traits is presented in Table 3. Significant
differences were observed for genotypic and environmental
variances among all the rice genotypes for all the studied
traits. Among the one hundred rice genotypes evaluated,
percentage of grain with chalkiness had the highest geno-
typic variance of 676.14 and the highest phenotypic vari-
ance of 983.42. The milled grain width and hundred head
rice weight had the lowest genotypic variance of 0.01,
while milled grain width had the lowest phenotypic vari-
ance of 0.02. All the milled grain dimensions’ parameters
(width, length and length-to-width ratio) and hundred

@ Springer
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Table 3 Estimate of genetic parameters, broad-sense heritability, genetic advance for milling and appearance quality characteristics and grain
yield of 100 rice accessions evaluated at Fumesua-Kumasi, Ghana in 2018

Trait Mean Range o; o2 op GCV (%) ECV (%) PCV (%) H?> (%) GA (%)
Min Max
MGrL 6.63 564 793 0.5 % 0.02%* 0.06 & 0.01%** 021 58 3.8 7.0 70.6 021
MGrW 225 195 265 0.0l & 0.00%* 0.01 £ 0.00%* 0.02 47 3.6 6.0 62.9 0.02
L/W 296 232 377  0.07 £ 0.01** 0.03 & 0.00%* 0.10 9.0 5.4 10.5 73.8 0.10
PGWC 3426 159 100.00 676.14 + 112.14%* 307.28 + 30.88** 98342 759 512 91.5 68.8 983.42
DC 1011 067 34.17 30.85 £ 5.26%* 16.05 £ 1.65%* 4690 55.0 39.6 67.8 65.8 46.90
BRR 70.08 63.00 75.00  2.57 + 0.95%* 972 + 1.00%* 1229 23 4.4 5.0 20.9 12.29
MRR 62.06 5140 67.70  4.16 + 1.11%* 8.92 4+ 0.92%*  13.08 3.3 48 5.8 31.8 13.08
DM 1141 7.00 2200  1.87 & 0.91% 1141 + 1.29%% 1328 12.0 29.6 31.9 14.1 13.28
HRR 44.15 2530  63.10 24.66 + 9.10% 99.87 & 10.35%* 124.53 11.2 22.6 253 19.8 124.53
BroGr 1791 460 3450 13.97 & 6.54* 79.69 + 8.20%*%  93.67 209 49.8 54.0 149 93.67
100- 187 150 240  0.01 % 0.00%* 0.03 & 0.00%* 005 62 9.6 11.4 29.6 0.05
HRW
GY 446 16 7.8 0.64 + 0.21%* 2.13 + 0.22% 254 277 17.9 32.7 37.3 23.1

Gé Genotype variance; o2 Environmental variance; 012, Phenotype variance; GCV Genotype coefficient of variation; ECV Error coefficient of
variation; PCV Phenotype coefficient of variation; H* Broad sense heritability; GA Genetic advance as percent of mean

MGrL Milled grain length; MGrW Milled grain width; /W Milled grain length to width ratio; PGWC Percentage of grain with chalkiness; DC
Degree of chalkiness; BRR Brown rice recovery; MRR Milled rice recovery; DM Degree of milling; HRR Head rice recovery; BroGr Percentage
of Broken rice grains; /00-HRW Hundred Head rice weight; GY Grain Yield

*Significant at 0.05 level of probability; **Significant at 0.01 level of probability

milled grain weight had low genotypic and phenotypic
variances, which are indicative of relatively stable nature
of these traits (Sahu et al. 2017). The environmental vari-
ance for brown rice recovery, milling degree, milling
recovery, head rice recovery, percentage of broken rice
grain and grain yield were large. This result confirmed the
result of Qiu et al. 2015 who reported large environmental
variance for head rice recovery, which indicated low phe-
notypic precision in the measurement of milling quality
traits.

Among the evaluated rice accessions, percentage of
grain with chalkiness had the highest genotypic coefficient
of variation (75.9%) and phenotypic coefficient of variation
(91.5%); Brown rice recovery had the lowest GCV (2.3%)
and PCV (5.0%). Genetic variability analysis pointed out
that the values of PCV were slightly higher than their
corresponding GCV estimates for the length, width and
length-to-width ratio of the milled grain, percentage of
grain with chalkiness and degree of chalkiness. This indi-
cates that phenotypic variation was determined largely by
genotype, therefore, selection of those traits on the basis of
phenotype only could also be effective. Babu et al. (2012)
and Karuppaiyan et al. (2013) have reported similar results.
The extent of phenotypic coefficient of variation was
higher than their corresponding genotypic coefficient of
variation for brown rice recovery, milling degree, milling
recovery, head rice recovery, percentage of broken rice

@ Springer

grain, hundred head rice weight and grain yield. This may
be explained by the higher genotypes by environment
interaction for these traits as suggested by Kavitha and
Reddy (2002).

Percentage of grain with chalkiness and degree of
chalkiness combined high heritability with high genetic
advance as percent of mean. This indicates that the envi-
ronment has a minor influence on the expression of these
traits and these traits are controlled by additive gene action
as suggested by Panse (1957). Therefore, these traits could
be selected by breeders in early generations. High heri-
tability along with moderate genetic advance as percent of
mean was observed for milled grain length and milled grain
length-to-width ratio. This is an indication that additive
gene action governs those traits and selection will be
rewarding (Roychowdhury and Tah 2011). High heritabil-
ity along with low genetic advance as percentage of mean
recorded for milled grain width suggested that this trait
might be governed by non-additive gene action as indicated
by Panse (1957). Panse (1957) suggested that if a trait is
governed by non-additive gene action, it may combine high
heritability with low genetic advance. A trait that combined
high genetic advance with high heritability, suggests that
trait is controlled by additive gene action and its selection
will be very effective.



1315

Physiol Mol Biol Plants (June 2020) 26(6):1309-1317

PIOIA UTRID 1D HySIom 9011 peoH paIpuny MyH

007 ‘SuTRIS 9011 UYOIg JO 9FLIUAIDJ LD0LY ‘KISA0II 0L PeH Yy H ‘Sur[ru Jo 921591 (T AI9A003I 90LI PI[[IN YY I ‘AIOA0IT Q0L UMOIY Yy ‘SSAUDY[BYD JO 91 (7 ‘SSIUDN[BYD YIIm

ure1s Jo 93ejudd1od DMOJ Onel YIPIM 03 ISud] ureId po[IN M/7 ‘WPIM uress pI[[IN M-LON PSUS] ureId po[IA ZLOJ ‘ueaw Jo Juad1ad se ddueApe U Yo AN[IQEILIAY SUSS peolg

H

fUONIBLIBA JO JUSIOYJe00 2dAjoudyd ADd SUOIIBLIBA JO JUSIOYJR0D IO ADH ‘UONELIBA JO JUAIOYJR00 adKjouan AHH ‘oouerea adAjousyq mb SQOUBLIBA [RJUSWIUOIIAUY wb ‘QouerreA adKjouan wb
S01°0 31
6100 dr  MYH-001
¥81°0 L60°0 — 31
00 S81°0 — dx Inorg
«C1T0 — 120°0 #%676'0 — 31
1900 — 090°0 #0760 — dx WIH
w4 11€0 — #9650 9110 #4C0V'0 — 31
1L0°0 — €210 S10°0 #LTTO — dr Wa
PEI'0 —  #xISE0 —  sxbbP0 —  x9€L°0 #xP08°0 — 31
TLOO —  #+S9T0 —  #xI600 — %6650 #5709°0 — dx WAN
wab€P0 = #x€97°0 —  #x9SS°0 — %1080 #:b9P’0 — 426160 31
0S1°0 — 0VC0 —  sxbPE0 —  #ELS0 TI00 — %4080 dx yd
€800 —  #xL6V0 6800 — 9200 — SS1°0 651°0 — €r1°0 — 81
€800 — +€0T°0 LITO — L80°0 ¥L00 TE0'0 — 6000 dr od
«F0T0 —  %x0SH°0 8700 — SOT'0 —  %x65€0 #4EPE0 — 8910 —  %xT68°0 31
0110 — %SST0 0€0°0 — 9h0°0 — «81T°0 #6610 — Y600 —  %+6LL°0 dr JMDd
700 —  #xL6€0 781°0 091°0 — «€1T0 — ¥90°0 — %6070 —  #%87S°0 —  #xLSP0 — 31
€200 — 691°0 $S0°0 L90°0 — Y010 — 0900 — IS0 —  #x€9Y'0 —  %x60%°0 — dx M1
¥91°0 #+S€G°0 LLTO — 800°0 #+C0b°0 #49LT°0 — STI'0 —  #x6650 #%£99°0 #+C18°0 — 31
LITO #x12€0 900 — €000 — %6170 981°0 — vLO0 — %8050 #%886°0 #+88L°0 — dx MIDIN
Y200 — %0980 0€1°0 1ST°0 — €900 —  #x9670 —  xx00v'0 —  %x£8€°0 — *€200 — %0680 #48LY°0 —  BI
€v0°0 #%10S°0 9200 L600 — S00°0 #1100 — #4650 — %670 — L8T0 —  %xCL80 wxL6€0—  dx TION
AD MIH-001 1no1g TIH Wa TIN qIg oa dMDd Vel MIDIN LIVYL

8T(0Z Ul BUBYD) ‘ISBUINY-BNSAWN,] J& PIAJBN[EAD SUOISSIOOE 3011 ()] JO suone[a11od dsrdLjousyd pue ordfjousn jo gewnsy ¢ dqel

pringer

A



1316

Physiol Mol Biol Plants (June 2020) 26(6):1309-1317

Genotypic and phenotypic associations amongst
traits

Genotypic and phenotypic correlations between grain yield
and milled grain quality traits are recorded in Table 4.
Genotypic correlation coefficients were higher than their
corresponding phenotypic correlation coefficients for most
of the traits under study. Brown rice recovery, milling
recovery and head rice recovery had significant positive
association among themselves. Nayak et al. (2003) and
Nirmaladevi et al. (2015) reported similar associations. But
these traits were negatively correlated with milled grain
length, percentage of grain with chalkiness, milling degree
and percentage of broken rice grain at both phenotypic and
genotypic levels. This indicated that the selection based on
brown rice recovery, milling recovery and head rice
recovery would result in less breakage of the grains. Milled
grain length-to-width ratio showed negative association
with head rice recovery and positive with percentage of
broken rice grains. This indicated that short or short-bold
grain genotypes are less susceptible to breakage than long
or long-slender grain genotypes. Nirmaladevi et al. (2015)
reported similar results. Grain yield was significantly
negatively correlated with percentage of grain with
chalkiness, brown rice recovery, head rice recovery and
milling degree at genotypic level. At genotypic level, grain
yield was reported to have significant positive association
with brown rice recovery but non-significant negative with
head rice recovery (Edukondalu et al. 2017).

Brown rice recovery and milled rice recovery were
positively significantly related to head rice recovery, while
milled grain length-to-width ratio was negatively related to
head rice recovery. Head rice recovery which is a major
marketing trait could thus be selected indirectly using
milling recovery and milled grain length-to-width ratio.

Acknowledgments This work was supported by the research grant of
Pan African University Life and Earth Sciences Institute (PAULESI)
and the Africa Rice Center through the STRASA project.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

Abacar JD, Zhao-miao L, Zhang X, Ding C, She T, Zheng-hui L,
Wang S, Ding Y (2016) Variation in yield and physicochemical
quality traits among mutants of japonica rice cultivar Wuyujing
3. Rice Sci 23(1):33—41. https://doi.org/10.1016/j.rsci.2016.01.
004

Alexandratos N, Bruinsma J (2012) World agriculture towards
2030/2050: The 2012 revision. Food and Agriculture Organisa-
tion, Rome. ESA Working Paper No. 12-03

@ Springer

Allard RW (1960) Principles of plant breeding. Wiley, New York,
p 485

Asante MD (2017). Breeding rice for improved grain quality. In: Li J
(ed) Advances in International Rice Research. InTech, pp 69-89.
http://www.intechopen.com/

Babu VR, Shreya K, Dangi KS, Usharani G, Nagesh P (2012) Genetic
variability studies for qualitative and quantitative traits in
popular rice (Oryza sativa L.) hybrids of India. IISRP 2:1-5

Burton GW (1952) Quantitative inheritance in grasses. In: Proceed-
ings of 6th international grassland congress. 1: 277-283

Burton GW, Devane EH (1953) Estimating heritability in tall fescue
(Festuca arundinaceae) from replicated clonal material. Agron J
45:478-481

Chen HM, Zhao ZG, Jiang L, Wan XY, Liu LL, Wu XJ, Wan J (2011)
Molecular genetic analysis on percentage of grains with
chalkiness in rice (Oryza sativa L.). Afr J Biotechnol
10(36):6891-6903. https://doi.org/10.5897/ajb11.208

Dipti SS, Bari MN, Kabir KA (2003) Grain quality characteristics of
some Beruin rice varieties of Bangladesh. Pak J Nutr
2(4):242-245

Edukondalu B, Reddy RV, Rani ST, Kumari AC, Soundharya B
(2017) Studies on variability, heritability, correlation and path
analysis for yield and yield attributes in Rice (Oryza sativa L.).
Int J Curr Microbiol Appl Sci 6(10):2369-2376. https://doi.org/
10.20546/ijcmas.2017.610.279

Falconer DS (1981) Introduction to quantitative genetics. Oliver and
Boyd, London, p 340

Fatema K, Rasul MG, Mian MAK, Rahman MM (2011) Genetic
variability for grain quality traits in aromatic rice (Oryza sativa
L.). Bangladesh J Pl Breed Genet 24(2):19-24

Fitzgerald MA, McCouch SR, Hall RD (2009) Not just a grain of rice:
the quest for quality. Trends Plant Sci 14(3):133-139

Futakuchi K, Manful J, Sakurai T (2013) Improving grain quality of
locally produced rice in Africa. In: Wopereis MCS, Johnson DE,
Ahmadi N, Tollens E, Jalloh A (eds) Realizing Africa’s rice
promise. CABI, Wallingford, pp 311-323. https://doi.org/10.
1079/9781845938123.0000

Graham-Acquaah S, Saito K, Traore K, Dieng I, Alognon A, Bah S,
Sow A, Manful JT (2018) Variations in agronomic and grain
quality traits of rice grown under irrigated lowland conditions in
West Africa. J Food Sci Nutr 6:970-982. https://doi.org/10.1002/
fsn3.635

Hossain S, Maksudul Haque MD, Rahman J (2015) Genetic
variability, correlation and path coefficient analysis of morpho-
logical traits in some extinct local Aman rice (Oryza sativa L).
J. Rice Res. 3:158. https://doi.org/10.4172/23754338.1000158

IRRI (International Rice Research Institute) (2010) Rice Policy-
World Rice Statistics (WRS). http://www.irri.org/science/rice
stat. Accessed 20 Nov 2017

Karuppaiyan R, Kapoor C, Gopi R (2013) Variability, heritability and
genetic divergence in lowland rice genotypes under the midhills
of Sikkim. Oryza 50:81-84

Kavitha S, Reddy SR (2002) Variability, heritability and genetic
advance of some important traits in rice (Oryza sativa L.).
Andhra Agric J 49(34):222-224

Manful J (2010) Strategies to add value to rice and rice-based
products in Africa. In: Presented at the 3rd international rice
congress held in Hanoi Vietnam. http://irri.org/news-events/irri-
news/3rd-international-rice-congress

Nayak AR, Chaudhary D, Reddy JN (2003) Genetic variability and
correlation study among quality characters in scented rice. Agric
Sci Dig 23(3):175-178

Negussie Z, Kalimuthu S, Moussa S (2017) Rice production in Africa.
In: Rice production worldwide, chapter 5. Springer, pp 117-135.
https://doi.org/10.1007/978-3-319-47516-5_5


https://doi.org/10.1016/j.rsci.2016.01.004
https://doi.org/10.1016/j.rsci.2016.01.004
http://www.intechopen.com/
https://doi.org/10.5897/ajb11.208
https://doi.org/10.20546/ijcmas.2017.610.279
https://doi.org/10.20546/ijcmas.2017.610.279
https://doi.org/10.1079/9781845938123.0000
https://doi.org/10.1079/9781845938123.0000
https://doi.org/10.1002/fsn3.635
https://doi.org/10.1002/fsn3.635
https://doi.org/10.4172/23754338.1000158
http://www.irri.org/science/ricestat
http://www.irri.org/science/ricestat
http://irri.org/news-events/irri-news/3rd-international-rice-congress
http://irri.org/news-events/irri-news/3rd-international-rice-congress
https://doi.org/10.1007/978-3-319-47516-5_5

Physiol Mol Biol Plants (June 2020) 26(6):1309-1317

1317

Nirmaladevi G, Padmavathi G, Kota S, Babu VR (2015) Genetic
variability, heritability and correlation coefficients of grain
quality characters in rice (Oryza sativa L.). Sabrao J Breed Genet
47(4):424-433

Oyedele OA, Adeoti O (2013) Investigation into optimum moisture
content and parboiling time for milling Igbemo rice. J. Rice Res
1:101. https://doi.org/10.4172/jrr.1000101

Panse VG (1957) Genetics of quantitative characters in relation to
plant breeding. Indian J Genet P1 Br 17:318-328

Parikh M, Rastogi NK, Sarawgi AK (2012) Variability in grain
quality traits of aromatic rice (Oryza sativa L.). Bangladesh J
Agric Res 37(4):551-558

Qiu X, Pang Y, Yuan Z, Xing D, Xu J, Dingkuhn M, Jianlong X,
Dingkuhn M, Zhikang L, Guoyou Y (2015) Genome-wide
association study of grain appearance and milling quality in a
worldwide collection of Indica rice germplasm. PLoS One
10:e0145577. https://doi.org/10.1371/journal.pone.0145577

Ravindra V, Shreya K, Kuldeep SD, Nagesh P (2009) Evaluation of
popular rice (Oryza sativa L): hybrids for quantitative, qualita-
tive and nutritional aspects. IJSRP 3(1):22503153

Roychowdhury R, Tah J (2011) Evaluation of genetic parameters for
agro-metrical characters in Carnation genotypes. Afr Crop Sci J
19:183188

Sahu P, Sharma D, Mondal S, Kumar V, Singh S, Baghel S, Ashish I,
Vishwakarma G, Das BK (2017) Genetic variability for grain
quality traits in indigenous rice landraces of Chhattisgarh India.
JEBAS 5:439-455. https://doi.org/10.18006/2017.5(4).439.455

Saito K, Sokei Y, Wopereis MCS (2012) Enhancing rice productivity
in West Africa through genetic improvement. Crop Sci
52:484-494. https://doi.org/10.2135/cropsci2010.12.0734

Siddiqui SU, Kummamaru T, Satoh H (2007) Pakistan rice genetic
resources-1: grain morphological diversity and its distribution.
Pak J Bot 39:841-848

Somado EA, Guei RG, Keya SO (Ed) (2008) NERICA: The New
Rice for Africa a Compendium. www.warda.org/publications/
nericacomp/Nerica%20Compedium.pdf. Accessed 15 Nov 2017

Wang X, Pang Y, Wang C, Chen K, Zhu Y, Shen C, Ali J, Xu J, Li Z
(2017) New candidate genes affecting rice grain appearance and
milling quality detected by Genome-Wide and Gene-Based
Association Analyses. Front. Plant Sci. 7:1998. https://doi.org/
10.3389/fpls.2016.01998

Yi C, Mei W (2012) Pieter BFO (2012) Molecular and environmental
factors determining grain quality in rice. Food Energy Secur
1(2):111-132. https://doi.org/10.1002/fes3.11

Yu T, Jiang W, Ham T, Chu S, Lestari F, Lee F, Kim M, Xu F, Han L,
Dai L, Koh H (2008) Comparison of grain quality traits between
japonica rice cultivars from Korea and Yunnan Province of
China. JCSB 11:135-140

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.4172/jrr.1000101
https://doi.org/10.1371/journal.pone.0145577
https://doi.org/10.18006/2017.5(4).439.455
https://doi.org/10.2135/cropsci2010.12.0734
http://www.warda.org/publications/nericacomp/Nerica%20Compedium.pdf
http://www.warda.org/publications/nericacomp/Nerica%20Compedium.pdf
https://doi.org/10.3389/fpls.2016.01998
https://doi.org/10.3389/fpls.2016.01998
https://doi.org/10.1002/fes3.11

	Genetic variability, heritability and correlations for milling and grain appearance qualities in some accessions of rice (Oryza sativa L.)
	Abstract
	Introduction
	Materials and methods
	Genetic materials and planting
	Data collection
	Milling and appearance quality traits
	Statistical analysis


	Results and discussions
	Milling properties and appearance quality of the rice accessions
	Genotypic and phenotypic variances, expected genetic advance and heritability for grain yield, milling and appearance quality traits
	Genotypic and phenotypic associations amongst traits

	Acknowledgments
	References




