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Abstract 
The development of new rice varieties is highly dependent on genetic diversi-
ty in desirable agronomic traits. Therefore, this study aimed to identify po-
tential genotypes having the characters of Korean varieties (Tongil-type) and 
japonica developed through doubled haploid (DH) technology to apply in our 
breeding materials. 35 elite DH lines derived from another culture of Korean 
and African rice along with two local checks were planted in a randomized 
complete block design with three replications during the two seasons of 2019 
and 2020. All evaluated genotypes exhibited a wide and significant variation 
in the ten measured traits. The highest heritability related to high genetic ad-
vance was recorded for the number of tiller/plant, grain yield t/ha, number of 
filled grain per panicle, and thousand grain weights (g). Genotypic coefficient 
of variation and genetic advance were recorded for number of tiller/plant, 
number of filled grain per panicle, 1000 grain weight and grain yield t/ha in 
both seasons. Moreover, there was a highly significant and positive correla-
tion of grain yield with number of filled grain per panicle (0.65), number of 
tiller/plant (0.64) and number of panicle per m2 (0.54). Cluster analysis based 
on grain yield components trait grouped the 37 rice genotypes into four clus-
ters. Cluster B was the largest and consisted of 13 genotypes. Finally, it could 
be concluded that, based on number of productive tillers, number of filled 
grain/panicle, number of panicle per m2, and grain yield, the lines KF170506, 
KF170509, KF170542, KF170530, KF170543, KF170500 and KF170510 were 
high potential for further selection for new type of irrigated rice. In addition, 
hybridization of these 7 high-yielding could be used to achieve higher hetero-
sis among the genotypes. Furthermore, this evaluation could be useful in de-
veloping reliable selection indices for improving rice breeding programs. 
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1. Introduction 

Rice (Oryza sativa L.) is the world’s leading cereal crop as more than half of the 
world’s population is dependent on it as their staple food [1]. The rising World 
population is increasing rapidly; rice production needs to be increased to meet 
its demands in the coming years in order to keep pace with increasing popula-
tion mainly in Asia and Sub-Saharan Africa [2]. It is estimated that a 50% in-
crease in rice grain yield may be required by 2050 to keep hunger away [3]. This 
important cereal is cultivated and consumed in White Nile State in Sudan but its 
production is characterized by poor yields resulting from the use of low farm 
inputs and cultivation of unimproved cultivars with poor yield potentials [4]. 
Hence, improving rice yield potential or its yield under various conditions is the 
foremost task for rice breeders [5]. 

In semiarid regions, drought is the major threat to crop production, but cli-
mate change and variability often bring floods to the regions, forming seasonal 
wetlands causing damage to local, drought-adapted staple grains and, hence, low 
yields and food deficit. Introduction of the semiaquatic crop rice (Oryza spp.) to 
these semiarid wetlands could complement the dry land crop’s low yields and 
overcome the food shortage problem. The most sustainable way to increase rice 
production is via genetic and breeding improvements [6]. Perhaps even more 
importantly, rice breeding enables the integration of novel traits, which is essen-
tial in achieving yield stability in the changing climatic conditions we are facing 
[7]. The challenge for contemporary plant breeding is not only to integrate new 
traits into our crops but to accelerate the genetic gain of its breeding programs at 
the same time, in order to achieve a doubling in speed of yield increase [8].  

Another culture is a tissue culture procedure that can be applied in the breed-
ing in order to accelerate the process of gaining pure lines [9]. With the devel-
opment of doubled haploid (DH) techniques on improving the speed of genetic 
gain when applied in breeding programs, as well as their importance and diverse 
applicability in basic and applied research [10]. Another culture breeding system 
that can shorten varietal development cycles by 3 - 5 years allows breeders to 
improve existing local varieties. DH techniques have been, and are being, used to 
accelerate the breeding programs of a range of crops, most notably maize, wheat, 
rice and barley [11]. Rice researchers in South Korea have made breakthrough in 
yield potential occurred from modifying the existing high yield plant type to 
improve biomass, harvest index, reaching 7 - 8 tons/ha in polished rice. By for-
mulated prototypes of semi-dwarf rice cultivars called “Tongil-type” (TGT) through 
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wide crosses between indica and japonica cultivars by using Anther culture tech-
niques. The desired characters of the TGT rice are compact growth, good number 
of productive tillers, big panicles and good grain filling (120 - 200 grains), 
semi-dwarf (80 - 100 cm in height), erect and thick leaves with dark green color, 
medium earliness (100 - 130 days), deep rooting system, soft and sticky endos-
perm and high resistance to major pests and diseases [12]. Recently, huge DH 
progenies were obtained from interspecific crosses between Tongil-type and Ja-
ponica with African varieties and wild species including (O. glaberrima, O. lon-
gistaminata, and O. rufipogon). Many of them were distributed to different Afri-
can countries in order to determine the agronomic character stabilities for a fur-
ther selection of desirable characters, particularly in terms of yield and yield 
components. This will be serving as good resources for improving yield potential 
of local varieties, particularly in Sudan. 

The magnitude of genetic variability provides useful information with regard 
to the possibility and extent of improvement that may be expected in the cha-
racters through breeding and selection. Breeders are interested in evaluating ge-
netic diversity based on morphological characteristics as they are inexpensive, 
rapid, and simple to score. Moreover, this evaluation could be useful in devel-
oping reliable selection indices for important agronomic traits in rice. Therefore, 
the main objective of the present investigation was to identify the existing genet-
ic diversity and to select high yielding DH lines to cultivate under aerobic condi-
tion with the characters of the Tongil-type. That can establish relationship in 
yields and their components and utilization of the available population in future 
rice breeding programs.  

2. Materials and Methods 
2.1. Study Site and Experimental Design 

A total of 172 doubled haploid lines, were produced through another culture of 
the (F2-F3) generations derived from interspecific crosses among Korean Ton-
gil-type (Semi-dwarfism, high-yielding potential with medium amylose and 
short grain) and Japonica (Earliness, low-medium amylose, soft and sticky en-
dosperm) with African varieties and wild species (high biomass, disease resis-
tance and low yield) were established at (Tissue culture laboratory Africa-Rice 
St. Louis). Of these doubled haploid lines were grown at Sahel Station in nursery 
test observation then after several series of selection and fixation, in advanced 
generation, 172 potential lines with the required adaptive traits were received in 
season 2018 and conducted in Observation Yield Trial; then again selected the 
superior 35 DH lines along with two checks namely Sahel177 and Arica3, were 
grown for two consecutive seasons (2019 and 2020) during the rainy season un-
der irrigated condition; at White Nile Research Station Farm (latitude 14˚24'N 
and longitude 33˚22'E), Kosti of the Agricultural Research Corporation (ARC) 
Sudan. The soil of the experimental plots was classified as vertisol with high clay 
content (40% to 65%), less than 1% organic carbon, low in available nitrogen 
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(0.03% total nitrogen) and medium in available P2O5 (406 to 700 ppm total 
phosphorus), pH values is slightly alkaline which ranging from 7 to 8.2. The cli-
mate was semi-arid (Table 1). The experimental plots were laid out in rando-
mized complete block design (RCBD) with three replications. In both seasons 
deep plough, harrowing and leveling were practiced to prepare experimental 
area. The seeds were drilled on July 7th and 5th of 2019 and 2020 in turn, using a 
seed rate of 80 kg/ha. The plot size was (1 m × 6 m) with 0.2 m apart consisted 5 
rows giving a total area of 6 m2. Recommended fertilizer of Urea and Triple Su-
per Phosphate (TSP) are at the rate of 129 kg of Nitrogen (N2) per hectare and 43 
kg of passphrase (P2O5) per hectare respectively. TSP was applied as basal dose 
during final land preparation. Nitrogen was top-dressed in two equal split doses 
at 21 days after sowing and the other before panicle initiation. Hand weeding 
was performed three times per season. All plots were irrigated at sowing and 
then at weekly intervals until it reached the flowering stage and then every 3 
days. All other agronomic practices were applied as per the recommendation for 
rice production in the two seasons to raise a healthy rice crop. 

2.2. Data Collection 

Data were collected on days to flowering (days from sowing to time when the 
50% of the plants were flowering) and days to maturity (days from sowing to 
time when 80% of the panicles reached full maturity). Then at harvest, plant height 
(cm), panicle length (cm), number of tiller/plant, number of filled grain/panicle, 
percent of unfilled grain/panicle, 1000 grain weight (g) and grain yield (t/ha) 
based on grain yield per plot were recorded. The data were collected according 
to standard evaluation systems for rice standard evaluation system (SES) [13]. 
Ten randomly selected plants in the net harvested area of each plot were used for 
data collection. 

2.3. Statistical Analysis 

Analysis of variance (ANOVA) was carried out on the data to assess the geno-
typic effects and their interaction using the general linear model (GLM) proce-
dure for randomized complete blocks design in [14] SAS (version 9.1). Estimates 
of variance components were generated and combined analysis of variance was 
done for the traits in which the mean squares were homogenous. The phenotyp-
ic and genotypic variances and their coefficients, heritability in the broad sense 
and genetic advance were computed according to the formula described by [15]. 
Combined over seasons were used to compute simple linear correlation coeffi-
cients., between grain yields and nine other traits. 

3. Results and Discussion 
3.1. The Genetic Analysis of the Traits 

The results showed that there is a presence of an acceptable amount of diversity  
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Table 1. Name of 35 doubled haploid rice genotypes plus two checks used in the present study. 

SN Designation Pedigree Ecology Origin 

1 KF170495 SR35266-2-11-1-1 Irrigated AfricaRice/KAFACI 

2 KF170399 SR35278-1-7-3-2 Irrigated AfricaRice/KAFACI 

3 KF170506 SR35266-2-17-2-1 Irrigated AfricaRice/KAFACI 

4 KF170540 SR34590-HB3433-7-1-1 Irrigated AfricaRice/KAFACI 

5 KF170409 SR35278-1-9-3-3 Irrigated AfricaRice/KAFACI 

6 KF170544 SR34590-HB3433-8-2-1 Irrigated AfricaRice/KAFACI 

7 KF170410 SR35278-2-8-2-1 Irrigated AfricaRice/KAFACI 

8 KF170406 SR35278-1-9-1-3 Irrigated AfricaRice/KAFACI 

9 KF170489 SR35266-2-7-3-1 Irrigated AfricaRice/KAFACI 

10 KF170365 SR34053(#5-52)-1-4-2-10-3-1 Irrigated AfricaRice/KAFACI 

11 KF170511 SR35266-2-19-1-1 Irrigated AfricaRice/KAFACI 

12 KF170496 SR35266-2-11-4-1 Irrigated AfricaRice/KAFACI 

13 KF170530 SR34590-HB3433-2-2-1 Irrigated AfricaRice/KAFACI 

14 KF170482 SR35266-2-5-3-1 Irrigated AfricaRice/KAFACI 

15 KF170500 SR35266-2-12-4-1 Irrigated AfricaRice/KAFACI 

16 KF170488 SR35266-2-7-2-1 Irrigated AfricaRice/KAFACI 

17 KF170405 SR35278-1-9-1-2 Irrigated AfricaRice/KAFACI 

18 KF170516 SR35266-2-20-3-1 Irrigated AfricaRice/KAFACI 

19 KF170543 SR34590-HB3433-8-1-1 Irrigated AfricaRice/KAFACI 

20 KF170217 SR34054-1-21-4-3-1-1 Irrigated AfricaRice/KAFACI 

21 KF170501 SR35266-2-12-5-1 Irrigated AfricaRice/KAFACI 

22 KF170484 SR35266-2-6-1-1 Irrigated AfricaRice/KAFACI 

23 KF170505 SR35266-2-17-1-1 Irrigated AfricaRice/KAFACI 

24 KF170542 SR34590-HB3433-7-3-1 Irrigated AfricaRice/KAFACI 

25 KF170485 SR35266-2-6-2-1 Irrigated AfricaRice/KAFACI 

26 KF170498 SR35266-2-12-2-1 Irrigated AfricaRice/KAFACI 

27 KF170407 SR35278-1-9-3-1 Irrigated AfricaRice/KAFACI 

28 KF170509 SR35266-2-18-2-1 Irrigated AfricaRice/KAFACI 

29 KF170390 SR35276-2-4-3-2 Irrigated AfricaRice/KAFACI 

30 KF170532 SR34590-HB3433-4-1-1 Irrigated AfricaRice/KAFACI 

31 KF170502 SR35266-2-16-1-1 Irrigated AfricaRice/KAFACI 

32 KF170504 SR35266-2-16-3-1 Irrigated AfricaRice/KAFACI 

33 KF170503 SR35266-2-16-2-1 Irrigated AfricaRice/KAFACI 

34 KF170508 SR35266-2-18-1-1 Irrigated AfricaRice/KAFACI 

35 KF170510 SR35266-2-18-3-1 Irrigated AfricaRice/KAFACI 

36 Sahel177 Sahel177 (Check) Irrigated Senegal 

37 Arica3 Arica3 (Check) Irrigated Senegal 
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among the genotypes. This gives an opportunity for rice breeders to improve 
those traits through selection and hybridization to improve the desired traits. 
The range and mean of genotypes for all studied traits also indicated wide ranges 
of variation which also revealed a possible amount of variability among the ge-
notypes (Table 2).  

The broad-sense heritability is the relative magnitude of genotypic and phe-
notypic variances for the traits and it is used as a predictive role in selection 
procedures. This gives an idea of the total variation ascribable to genotypic ef-
fects, which are an exploitable portion of the variation. The characters that 
showed relatively high heritability estimates (≥60%) were days to flowering (90.3 
and 64.1), grain yield t/ha (89.9 and 77.7), number of filled grain/panicle (84.0 
and 85.8), panicle length (82.5 and 61.3) and number of tiller/plant (73.1 and 
86.1) in both seasons respectively, indicating the optimizing of homogeneous of 
these lines and their improvement could be achieved by mass selection. Similar 
results were reported by [16]. This indicated that the selection of these traits 
would be more effective as compared to others. The moderate heritability esti-
mate for grain yield was attributed to the fact that yield is a complex trait and is 
controlled by many genes. Since high heritability does not always indicate high 
genetic gain. Heritability with genetic advance considered together should be 
used in predicting the ultimate effect for selecting superior varieties [2] and [17]. 
High genetic advance and heritability were recorded for the number of til-
ler/plant number of filled grain/panicle 1000 grain weight and grain yield t/ha. 
These results suggested that these traits were primarily under genetic control 
and selection for these traits can be achieved through their phenotypic perfor-
mance. High heritability estimates with low genetic advance observed for days to 
maturity, number of unfilled grain/panicle and panicle/m2 indicated non-additive 
type of gene action and that genotype × environment interaction played a sig-
nificant role in the expression of the traits. The genetic analysis of quantitative 
traits is a prerequisite for plant breeding programs, which can lead to a systemic 
method of design and to the appropriate planning of plant breeding strategies. 
The current study suggests that the PCV was higher than the GCV for all traits. 
This was also the case for all the traits observed in another study; [4] reported 
that the environmental effect on any trait is indicated by the magnitude of the 
differences between the genotypic and phenotypic coefficients of variation; large 
differences reflect a large environmental effect, whereas small differences reveal 
a high genetic influence. In this study, the small differences between the PCV 
and GCV for most of the traits, such as number of tiller/plant, number of filled 
grain per panicle, 1000 grain weight and grain yield t/ha, represented some degree 
of environmental influence on the phenotypic expression of these characters. It 
also suggests that selection based on these characters would be effective for fu-
ture crossing programs. The other traits, which showed a higher difference be-
tween PCV and GCV, indicated that the environmental effect on the expression 
of those traits is higher and that selection based on these characters indepen-
dently is not effective for further yield improvement. 
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Table 2. Estimates of phenotypic variability, heritability in broad sense (h2B), genotypic (GCV) and phenotypic (PCV), coeffi-
cients of variation, genetic advance as percentage of the mean for 10 traits in 37 doubled haploid (DH) rice genotypes grown at the 
WNRS Farm, seasons 2019 and 2020. 

Variable Seasons Mean Minimum Maximum F value GCV% PCV% h2b% GAM% 

Days to flowering 
2019 94.20 ± 0.6 80 111 27.92** 59.54 62.66 90.3 1.97 

2020 101.61 ± 0.46 89 111 6.35** 39.49 49.33 64.1 1.30 

Days to maturity 
2019 115.9 ± 0.3 110 124 6.82** 25.75 31.70 66.0 1.17 

2020 120.15 ± 0.34 108 127 9.05** 28.77 33.71 72.9 1.25 

Plant height (cm) 
2019 83.6 ± 0.7 63.5 104.3 6.38** 60.52 75.52 64.2 1.58 

2020 86.9 ± 0.58 63.9 107.4 10.81*** 58.48 66.83 76.6 1.82 

Panicle length (cm) 
2019 22.1 ± 0.2 16.7 26.8 15.18** 34.95 38.47 82.5 7.70 

2020 22.2 ± 0.16 18.3 26.2 5.76** 28.35 36.20 61.3 5.70 

Number of tiller/plant 
2019 4.8 ± 0.1 3 6 9.17* 32.69 38.22 73.1 30.80 

2020 4.9 ± 0.10 3 8 19.64** 42.55 45.84 86.1 35.62 

Number of panicle/m2 
2019 311.5 ± 5.9 209 481 8.59* 302.4 357.2 71.7 0.47 

2020 322.6 ± 5.7 215 489 7.39** 276.5 335.1 68.1 0.43 

Number of filled 
grain/panicle 

2019 14.4 ± 0.4 8 25 16.78** 89.91 98.08 84.0 11.99 

2020 14.4 ± 0.43 8 32 19.13** 113.43 122.46 85.8 12.31 

Number of unfilled 
grain/panicle 

2019 106.2 ± 1.2 74 142 8.25*** 103.95 123.62 70.7 1.37 

2020 107.1 ± 1.3 83 149 11.55** 116.68 132.23 77.9 1.50 

1000 grain weight (g) 
2019 22.7 ± .2 15.2 29.2 7.02*** 32.64 39.95 66.7 6.04 

2020 22.2 ± 0.18 18.9 27.9 74.53** 41.85 42.70 96.1 8.92 

Grain yield ton/hectare 
2019 6.51 ± 0.1 3.42 8.82 27.66** 39.98 42.17 89.9 28.36 

2020 6.37 ± 0.2 3.89 8.89 11.44** 34.25 38.86 77.7 25.12 

*, **, *** Significant at 0.05, 0.01 and 0.001 probability levels, respectively. 

 
The highest PCV was recorded for number of unfilled grain/panicle (123.62 - 

132.23) and numbers of filled grains/panicle (98.02 - 122.4) in both seasons were 
also recorded by the following researchers ([18] and [19]). 

3.2. Quantitative Characteristics  

The results further revealed that most of the traits exhibited wide range of varia-
bility (Table 3(a), Table 3(b)). The late flowering genotypes were KF170390, 
KF170502, KF170504 and KF170496 while, the early flowering genotypes were 
KF170399, KF170505 and KF170510. The late maturity genotypes were 
KF170390, KF170504 while the early maturity genotypes were KF170405 and 
KF170543. Generally, most of the genotypes showed early maturing period less 
than 120 days. This suggested the chance of selecting earliness genotypes which 
can escape terminal moisture and drought stress. The range for plant height was  
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Table 3. (a) Mean of growth aspects of 35 doubled haploid lines and two checks grown at White Nile Research Station Farm 
(WNRSF) combined over two seasons, 2019 and 2020. (b) Mean of growth aspects of 35 doubled haploid lines and two checks 
grown at White Nile Research station Farm (WNRSF) combined over two seasons, 2019 and 2020. 

(a) 

Name DF DM PLH PL NTP 

KF170495 93.8MNO 118.5DEFG 82.1IJKLMN 19.4P 5.0DE 

KF170399 88.8P 116.8FGHIJ 92.4BCD 23.3CDEF 5.8B 

KF170506 98IJKL 116.5GHIJ 86.6FGH 23.9BCD 6.5A 

KF170540 96.3LM 118.8CDEF 92.1BCDE 22.6EFHIG 4.8EF 

KF170409 102.3CDEF 118.7DEFG 88.1DEFG 22.5EFHIG 4.3GH 

KF170544 97.8KL 119.3BCDE 85.4FGHIJK 22.5EFHIG 3.8I 

KF170410 94.5MNO 118.7DEFG 85.5FGHIJ 20.1OP 5.8B 

KF170406 94.8MNO 117.5EFGHI 81.9JKLMN 22.3FHIG 4.3GH 

KF170489 98.0HIJKL 118.7DEF 74.5OP 21.4KLM 4.3GH 

KF170365 98.7HIJKL 118.8CDEF 77.6OP 24.1BC 5.8B 

KF170511 102.0CDEFG 119.8BCD 80.2MNOP 21.9HIJKL 5.8B 

KF170496 104.0BCD 117.5EFGHI 82.2IJKLM 20.9LMNO 4.0HI 

KF170530 101.5DEFGH 119.8BCD 82.9HIJKM 21.2KLMNO 5.6BC 

KF170482 96LMN 117.5EFGHI 85.2FGHIJK 22.1HIJ 4.8EF 

KF170500 100.8EFGH 121.0ABC 87.8EFG 22.6EFHIG 5.6BC 

KF170488 99.3GHIJK 115.5IJKL 82.8IJKLMN 20.9KLMNO 4.0HI 

KF170405 97.8KL 113.5L 81.5IJKLMN 21.2KLMN 4.8EF 

KF170516 94.8MNO 116.5GHIJ 85.7FGHIJ 21.6KLM 4.8EF 

KF170543 93.8MNO 113.3L 87.5FG 23.8BCD 5.6BC 

KF170217 93.8MNO 116.5GHIJ 93.1B 21.7KLM 5.3CD 

KF170501 93.3NO 114.0KL 83.6GHIJKL 24.8AB 5.3CD 

KF170484 93.3NO 115.0JKL 81.2IJKLMNO 22.1HIJK 4.0HI 

KF170505 92.8O 117.3EFGHI 86.2FGHI 20.7MNO 4.0HI 

KF170542 100.0EFGHIJ 119.3BCDE 89.2BCDE 22.1HIJK 5.0CD 

KF170485 100.2EFGHI 117.8DEFGH 88.4CDEF 21.8KLM 5.0DE 

KF170498 96.1LMN 117.3EFGHI 86.3FGHI 20.9LMNO 4.8EF 

KF170407 98.8HIJKL 117.5EFGHI 82.3IJKLMN 23.6CDE 5.3CD 

KF170509 96.6KLM 119.3BCDE 88.2CDEF 23.9BCD 6.6A 

KF170390 108.1A 122.3A 92.1BCDE 22.9DEFGH 4.0HI 

KF170532 99.5EFGHIJ 115.8HIJK 87.4FG 20.2NOP 4.0HI 

KF170502 105.3AB 118.8CDEF 92.5C 20.8MNO 3.6I 

KF170504 104.6BC 122.3A 81.1KLMNO 21.3KLM 4.5FG 

KF170503 96.2LMN 118.3DEFG 81.0KLMNO 21.9HIJKL 4.3GH 
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Continued 

KF170508 94.1MNO 118DEFGH 79.2NOP 21.1KLMNO 3.8I 

KF170510 92.8O 119.8BCD 81.4IJKLMN 23.1CDEFG 5.8B 

SAHEL177 100.8EFGHI 119.3BCDE 76.0OP 21.4KLM 4.6EFG 

ARICA3 102.8BCDE 121.3AB 103.0A 25.5A 6.0B 

Mean 97.9 ± 0.44 118.0 ± 0.3 85.2 ± 0.5 22.1 ± 0.2 4.9 ± 0.1 

CV% 2.5 1.7 4.5 4.2 8.3 

*, ** significant at 0.05 and 0.01 probability respectively. Days to 50% heading (DH); Days to maturity (DM); Plant height centi-
meter (PLH); Panicle length centimeter (PL); No of tiller/plant (NTP). 

(b) 

Name NPM NFGP NUFGP TGW GY th 

KF170495 319FGHIJ 104EFGH 16DEFG 24.3BCD 6.92DE 

KF170399 369BCD 116B 12HIJK 25.9A 7.11CDE 

KF170506 429A 134A 9LMN 23.8DE 8.35A 

KF170540 277LMNO 106DDEFG 19C 22.7FGH 5.99GHI 

KF170409 306IJKLM 103EFGH 14FGHI 19.4Q 6.75EF 

KF170544 256QRS 95JKLMN 22B 20.8NOP 5.72HIJ 

KF170410 357CDEF 114B 12HIJK 20.5OP 7.05CDE 

KF170406 332EFGHI 110BCDE 18CD 21.6IJKLM 6.21G 

KF170489 275NOPQ 101GHIJK 18CDE 23.6DEF 6.29G 

KF170365 360CDE 116B 11JKLM 21.8GHIJK 7.21BCDE 

KF170511 344DEFGH 105DEFG 11JKLM 22.3GHIJK 7.07CDE 

KF170496 272NOPQ 94KLMN 14FGHI 21.5JKLMN 5.56IJKL 

KF170530 315HIJK 117B 15EFGH 25.2AB 7.45BC 

KF170482 300IJKLM 114BC 14FGHI 23.1EFG 6.85DE 

KF170500 345DEFG 116B 15EFGH 22.4GHIJ 7.30BCD 

KF170488 228RS 99HIJK 17DEF 21.7IJKLM 5.18L 

KF170405 310IJKL 103EFGH 16DEFG 20.3PQ 6.04GH 

KF170516 316HIJK 102GHIJ 12HIJK 21.3LMNO 6.26G 

KF170543 360CDE 115B 9LMN 22.5GHI 7.40BC 

KF170217 354DEFG 113BCD 8NO 24.3BCD 7.16BCDE 

KF170501 370BCD 117B 9LMN 23.8DE 7.19BCDE 

KF170484 291KLMN 94KLMN 17DEF 24.1CD 5.67HIJ 

KF170505 320FGHIJ 89MN 14FGHI 22.3GHIJK 5.32JKL 

KF170542 335EFGHI 113BCD 10LMN 22.1GHIJK 7.58B 

KF170485 400AB 95JKLMN 14FGHI 20.9MNOP 6.27G 

KF170498 292KLMN 89MN 12HIJK 24.8BC 5.99GHI 

KF170407 395ABC 117B 11JKLM 20.9MNOP 7.03CDE 
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Continued 

KF170509 421A 131A 9LMN 22.9FGH 8.26A 

KF170390 290KLMN 93MN 26A 21.4LMNO 5.26KL 

KF170532 271PQR 101HIJK 14FGHI 21.6IJKLM 5.12L 

KF170502 276NOPQ 98HIJKL 14FGHI 21.5JLKMN 5.16L 

KF170504 255QRS 95JKLMN 16DEFG 21.5JKLMN 5.4JKL 

KF170503 280LMNO 106CDEF 16DEFG 21.5JKLMN 5.14L 

KF170508 249QRS 96IJKL 17DEF 24.2CD 5.42JKL 

KF170510 251QRS 111BCDE 8NO 21.0MNOP 7.25BCD 

SAHEL177 241RS 96IJKL 15EFGH 24.2BCD 6.29FG 

ARICA3 356DEF 113BCD 13HIJ 22.3GHIJK 6.31FG 

Mean 317 ± 4.1 106.6 ± 0.9 14.4 ± 0.3 22.5 ± 0.2 6.5 ± 0.1 

CV% 10.6 6.4 11.3 3.6 6.3 

Means followed by the same letter(s) within a column are not significantly different at 0.05 probability level according to LSD 
Test; Number of panicles/m2 (NPM); No. filled grains/panicle (NFGP); No. unfilled grains/panicle (NUFGP); 1000-grain weight 
(TGW); Grain yield (GY th). 
 

74.5 to 103.0 cm with the local check (Arica3) as the tallest and genotype 
KF170489 as the shortest. According to IRRI irrigated rice plant height is classi-
fied as semi-dwarf (less than 110 cm), intermediate (110 - 130 cm) and tall 
(more than 130 cm). Based on this classification, in the present study 90.4% of 
the tested genotypes group is under the semi-dwarf class. This indicated that the 
tested genotypes had inherent variability in stature to develop lodging resistant 
varieties (semi-dwarf) that will have higher response to nitrogen application. 
Also reported variation in plant height by [19] [20] and [21]. The maximum pa-
nicle length value is 25.5 cm and the minimum is 19.4 cm for Arica3 and KF170495 
respectively. Based on the IRRI irrigated rice classified argument, the present 
finding showed that there is enough medium variability for panicle length among 
the genotypes for improving panicle architecture and grain yield due to high as-
sociation of this trait that determines the number of grains it can hold (Table 
3(a)). The range for number of filled grain/panicle was 89 to 134 for genotypes 
KF170505, KF170498 and KF170506 respectively. The range of percentage of 
unfilled grain/panicle was 8 to 26 for genotypes KF170217, KF170510 and 
KF170390 respectively (Table 3(b)). Adequate number of fertile grains/ panicle 
and heavy grains are important traits, which should be considered in selection 
for high yield genotypes [4] and [19]. Relatively range performance revealed 
among the studied traits, grain yield (5.12 - 8.35 t/ha). The genotypes were sig-
nificantly varied for grain yield and about 76.2% of the genotypes had higher 
grain yield. Among the genotypes, KF170506, KF170509, KF170542, KF170530, 
KF170543, KF170500 and KF170510 were the top yielders with grain yield of 
8.35, 8.26, 7.58, 7.45, 7.40, 7.30 and 7.25 t/ha, respectively. Thus, the existence 
corresponding of enough variability among genotypes was highly significant. 
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Hence, it offers a better scope for further selection of promising DH genotypes 
in rice breeding program particularly selection based on yield is reliable. 

3.3. Interrelationship 

Yield is a complex product being influenced by several independent quantitative 
characters. Breeders always look for variation among traits to select desirable 
types. Some of these characters are highly associated among themselves and with 
grain yield. 

The analysis of the relationships among these characters and their associations 
with grain yield is essential to establish selection criteria. When more characters 
are involved in correlation study it becomes difficult to ascertain the characters 
which really contribute toward yield. The relationships existing between 10 quan-
titative traits represented as simple correlation coefficients are presented in Ta-
ble 4. Correlation of yield and other traits is important in indirect selection for 
high yield improvement in crop genotypes [22]. There was a highly significant 
and positive correlation of grain yield with number of filled grain per panicle 
(0.65), number of tillers per plant (0.64.), number of panicle/m2 (0.54), panicle 
length (0.28), 1000 grain weight (0.23) (Table 4). Conversely, grain yield exhi-
bited negative significant correlation with number of unfilled grain per panicle 
(−52) and days to 50% (−0.16). The significant and positive correlation with 
grain yield are a strongly indication that these traits are major factors in im-
proving grain yield; also suggests that selection directed towards these characters 
will be effective in ensuring high grain yield in doubled haploid rice. These re-
sults collaborate with the finding of [23] who observed a positive and significant 
correlation between grain yield and number of filled gain per panicle. Also, these 
results were in agreement with that reported of [24] and [25]. The negative cor-
relation obtained between number of unfilled grain per panicle and days to 50% 
heading indicate that grain yield can be improved by selecting early maturing 
genotypes. 

 
Table 4. Simple linear correlation coefficients between 10 pairs of traits in DH rice using (combined over two seasons 2019-2020). 

Traits DF DM PLH PL NT NPM NFGP NUFG TGW 

DM 0.60**         

PLH 0.27** 0.15*        

PL −0.029 0.05 0.23*** 
 

     

NT −0.007* 0.09* 0.14* 0.32***      

NPM −0.04* −0.04* 0.23** 0.34** 0.51** 
 

   

NFGP −0.06* 0.14* 0.12* 0.36** 0.58** 0.45**    

NUFG 0.19** 0.14* −0.10* −0.20** −0.53** −0.42** −0.43**   

TGW −0.26*** −0.09* −0.01 0.11* 0.11* 0.08* −0.15* 0.06* 
 

GYT −0.16* −0.04 0.03 0.28*** 0.64*** 0.54*** 0.65** −0.52** 0.23** 

*, ** and *** significant at 0.05, 0.01 and 0.001 probability respectively. See footnotes of Table 1 for traits explanations. 
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Figure 1. Cluster dendrogram representing distribution of 37rice DH genotypes based on grain 
yield components trait. 

3.4. Cluster Analysis 

Among 37 elite rice genotypes, cluster analysis resulted in four clusters (Figure 
1). Distribution pattern indicated that maximum genotypes (13) were aggre-
gated in cluster B, while minimum (5) were grouped into cluster A.  

Cluster-wise mean values of ten different traits were computed to assess supe-
riority of cluster, which could be considered in the improvement of various cha-
racters [26] [27]. Mean performance of different clusters for the characters ma-
nifested that genotypes with maximum paddy yield were accumulated in cluster 
A, whereas genotypes with minimum were in grouped cluster D. 

4. Conclusion 

In conclusion, the present study identified the presence of adequate genetic va-
riability among 37 tested genotypes. Hence, the information generated from this 
study, rice breeder can be exploited for future rice breeding program. The study 
was also carried out for one sit and two seasons. Therefore, it is advisable to se-
lect and release the highest yielding genotypes (KF170506, KF170509, KF170542, 
KF170530, KF170543, KF170500 and KF170510) need to check the adaptability 
and stability with tested at major rice-growing areas to make sound recommen-
dations for release. Moreover, it is recommended that future rice research ex-
plore molecular means to further confirm the outcome of DH lines study find-
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ings, in order to do an efficient selection process for quantitative and qualitative 
traits. 
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