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Abstract 

This study was conducted at rice research station in Al-Mashkhab/Najaf, Iraq, to determine 

the best rice genotypes based on grain yield and selection index. Seven genotypes were 

planted using a three-replicates in randomized complete block design (RCBD) in 2021 and 

2022. Mean squares of genotypes were significant for all traits at 1% probability in both 

seasons. FA1 and Furat1 outperformed the other seven genotypes in tiller number and grain 

yield. Heritability broad sense (H2
BS) and predicted genetic improvement were high for most 

traits except plant height and panicle length, which were low. FA1 and AF2 genotypes had 

the greatest selection indices in both seasons. The genetic and phenotypic path coefficient 

analyses demonstrated a substantial direct influence of tillers on grain yield owing to the 

genetic and phenotypic link between grain production and its components. Furat genotype had 

the lowest grain yield and tiller coefficient of variation. m-2, although genotype (FA1) had 

somewhat higher coefficient of variation than Furat. Thus, rice breeding programmers should 

use tillers and grains as selection indicators. Future experiments might assess the 

effectiveness of these improved genotypes under diverse conditions.  
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Introduction 

Most of the world’s population relies on 

rice, which is produced at 502.98 million 

tonnes (14). After wheat and barley, Iraq 

produces 442.5 thousand tons of rice on 

96.2 thousand hectares at 275 kg per 

hectare (10). Despite favorable conditions 

for growing, rice has a major problem with 

grain output and quality. The genetic factor 

(varieties) and environmental factors 

(temperature, humidity, photoperiod, 

seasons and locations) affect rice grain 

production, components and quality (25). 

The high values of heritability and 

selection indicators of important traits, in 

addition to high direct effect of them by 

genetic path coefficient on grain yield, 

gives a great opportunity to adopt more 

efficient breeding programs and the 

possibility of rapid selection of superior 

genotypes. Any program to develop rice 

varieties to obtain high yield is the main 

goal to be achieved by plant breeders all 

over the world, as these programs may 

generate distinct germplasm that may 

promote the replication of high yielding 

genotypes (12). The average productivity 

per unit area can be increased by achieving 

an appropriate adaptation between the 

genotype and the environmental 

conditions, which are the outcome of the 

contribution of a number of traits or 

components. This is dependent on a 

number of physiological processes and the 

extent of interaction and overlap between 

them during the plant life cycle (29). 

Selecting the most efficient components 

may increase grain yield. However, these 

relationships will guide this. Thus, the best 

genotypes with desirable features may be 

identified for future breeding programs. 

Some researchers found a high positive 

correlation between grain yield and 

important yield components, such as the 

weight of 1000 grains, the length of the 

panicle (23), the number of tillers.m-2 and 

the number of grains.panicle-1 (2). These 

positive correlation values between the 

yield and its key components might help 

choose a selection index. Thus, effective 

crop breeding programs can produce 

current genotypes (19). Selection index is 

needed since genetic worth cannot be 

assessed directly. A linear function of 

comfortable phenotypic values can 

estimate this. If genetic value and 

frequency correlate, selection index will be 

most effective. Plant breeders save time 

and effort by selecting multiple traits at 

once to improve grain yield (8). Thus, 

correlation coefficient and path coefficient 

analysis between grain yield and its 

components are advised to analyze 

variances and uncover correlations 

between features. Breeding approaches 

succeed by breaking the negative 

correlation between grain yield 

components. Plant breeders employ path 

coefficient analysis to find features that can 

be selection indices for crop grain 

production (22) and (16). Additionally, the 

genotypes that are superior and stable in a 

variety of environments could be 

successfully utilized as essential 

components in the breeding plans of the 

future. The selection index and path 

coefficient analysis of rice genotypes 

across two agricultural seasons will 

determine the direct and indirect impacts of 

yield component traits on grain yield.  

Materials and Methods 

Breeding materials and procedure  

Five pure rice lines (FA1, FA2, AF1, AF2 

and AF3) were chosen for 6 years of self-

pollination after crossing two varieties 

(Furat and Anber33), planted the five lines 

and parents on June 25 for the 2021 and 

2022 seasons (Al-Mishkhab rice research 

station in Najaf, Iraq). The seedlings were 

germinated in tries in a greenhouse for one 

week, then transferred to the field to 

acclimatize for 20 days, then placed one 

seedling in each hole in eight lines for each 
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genotype and replicate with a unit 

experiment area of 2×3 m2 and a distance 

of 25 cm between holes and lines. 

Irrigation began immediately after 

planting. At planting, 400 kg.ha-1 of NPK 

(18-18-0) fertilizer was added to the soil 

and 300 kg.ha-1 of urea (46%N) was added 

in two equal batches after one week of 

seedlings in the field and 30 days after the 

first batch (25). Field measurements were 

obtained at plant maturity for ten plants 

randomly selected from the middle lines of 

the following traits: days to heading (day), 

plant height (cm), panicle length (cm), No. 

tillers.m-2, No. grain.panicle-1, infertility %, 

1000 grain weight (g) and grain yield 

kg.ha-1 .  

Statistical Analysis  

The data of traits taken for the seven 

genotypes used in the current study were 

analyzed statistically according to the 

randomized complete block design 

(RCBD) with three replicates. Means of 

genotypes were compared with Duncan’s 

multiple range test at a probability level of 

5% (20).  

Genetic analysis  

Singh and Chaudhary (27) and (13) 

methods used to find genetic parameters 

such as phenotypic, genetic and 

environmental variances, heritability broad 

sense (%), expected genetic advance (%), 

selection indices and path coefficient 

analysis. Selection index (In) between 

genotypes traits was estimated by equation: 

In = b1x1 + b2x2 + … + bnxn, where, bi 

was calculated by matrices as the equation: 

bi = P-1 g, where, P-1 represents the matrix 

inverse of phenotypic variances, g 

represents the genetic variances for other 

traits with the grain yield. Path coefficient 

model included four independent traits 

(Panicle length, No. tillers.m-2, No. grain. 

Panicle-1 and 1000 grain weight (g) were 

examined against the dependent trait (grain 

yield- named by Y) by the following 

equation: P = R-1 r, where, P is the path 

coefficient value for the cause (Xn) to the 

effector (Y), while, R-1 is the inverse of the 

matrix of correlation genetic or phenotypic 

among all possible traits pairs were 

measured, while r represents the 

correlation of genetic or phenotypic 

between the grain yield and other traits. 

The direct and indirect impact were 

adopted according to following: neglect; 

value less than 0.1, low (0.1 to 0.19), 

medium (0.2 to 0.29), high (0.3 to 0.9) and 

very high is greater than 1.0 according to 

Al-Zubaidy and Al-Juboury (7). The 

coefficient of variability (CV%) for each 

genotype via their different environments 

was used as a stability parameter. 

According to this parameter, the genotype 

is more stable at a lower value of the 

coefficient of variance. The method 

suggested by Lin et al. (24) as follows: 

CV%= (S/ў) × 100, ( as; S represents the 

standard deviation of variance (S2) and ў 

represents the grand mean. Whereas, 

variance value found by the equation:  

S2= [∑yij2 – (∑yij)2/s]/(s-1), where yij 

represents the environment mean and s 

represents the number of environments. 

Results and Discussion 

Table (1) provided pooled variance 

analysis for seven genotypes across two 

seasons. Environment showed strong 

meaningful variations at 1% for all traits 

except 1000 grain weight. At 1000 grain 

weight, genotypes × environments showed 

strong significant differences at 1% for all 

studied traits. All traits exhibited 1% 

genetic differences. This suggests that 

genotype performance is unpredictable 

across seasons and that genotypes with 

high yield. components traits impact grain 

production. Musa et al. (25) found that the 

two varieties employed in this 

investigation had varying yield and 

component attributes in different seasons 

and places. Zaid et al. (30) indicated that 
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G×E interactions affect rice yield components traits impact grain production.

Table 1. Variance analysis results of selected seven rice genotypes traits 

over two seasons (2021 and 2022) 

S.O.V d.f 

Mean square 

Days to 

heading 

(day) 

Plant 

height 

(cm) 

Panicle 

length 

(cm) 

No. tillers. 

m-2 

No. grain. 

panicle-1 

Infertility 

% 

1000 

grain 

weight 

(g) 

Grain 

yield 

kg.ha-1 

Envi. 1 6.09** 106.24** 10.20** 39744.38** 676.81** 8.78** 0.004 4.61** 

Geno. 6 507.41** 1589.05** 14.77** 39067.3** 1823.66** 150.85** 28.74** 10.65** 

G × E 6 20.43** 111.08** 3.93** 3609.05** 218.05** 20.72** 0.22 0.87** 

Error 28 1.26 1.99 0.09 87.14 0.79 0.37 0.26 0.01 
** is significant probability level at the 1%, Envi. is environments and Geno. is genotypes. 

Table (2) shows the averages of eight traits 

for the seven chosen rice genotypes in 

2021 and 2022. FA1 had the maximum 

grain yield (7,735 kg.ha-1) in this study. 

The genotype with the most tillers has 

good traits.m-2 (573.33 tillers), the longest 

panicle (25.70 cm) and the lowest 

infertility (17.53%). Grain yield and tillers 

were second for Furat genotype. Its 

infertility percentage (15.77%) was lowest. 

AF1 had the lowest grain yield (3,801 

kg.ha-1) and maximum infertility (29.43%). 

The second season (2022) genotype 

performance was similar to the first (2021), 

but the values were low, especially in the 

FA1 genotype’s grain yield, which 

decreased by 20%, abundances by 18%, 

and tillers by 20%.m-2. FA1 20% and 13% 

savings. AF1 had a 21% grain output and 

9% higher infertility than 2021’s first 

season. The genotype with the most tillers 

has good traits. m-2 (573.33 tillers), the 

longest panicle (25.70 cm) and the lowest 

infertility (17.53%). Furat had the second-

highest grain yield (7,254 kg.ha-1) and 

second lowest infertility percentage 

(15.77%). AF1 had the lowest grain output 

(3,801 kg.ha-1) and greatest infertility 

percentage (29.43%). The genotypes 

performed similarly in the second season 

(2022), notably FA1 and Furat, which had 

the highest averages in both seasons, but 

the values were lower than in the first 

season (2021).

Table 2. Means of traits of selected seven rice genotypes in two seasons 

(2021 and 2022) and the averages of seasons. 

Genotypes 

Traits mean 2021 

Days to 

heading 

(day) 

Plant 

height 

(cm) 

Panicle 

length 

(cm) 

No. 

tillers. m-

2 

No. grain. 

panicle-1 

Infertility 

% 

1000 grain 

weight (g) 

Grain 

yield 

kg.ha-1 

Furat 94.67c 79.67g 21.70d 520.33b 100.07d 15.77f 23.67b 7.254b 

Anber33 106.33b 134.67a 24.93b 309.67f 131.83b 18.83cd 19.67e 4.529e 

FA1 87.33d 95.67f 25.70a 573.33a 126.67c 17.53e 23.83b 7.736a 

FA2 107.67b 118.00c 21.80d 361.33d 100.43d 19.63bc 20.67d 3.901f 

AF1 111.67a 127.33b 23.87c 482.33c 93.40e 29.43a 19.67e 3.801f 

AF2 106.00b 99.00e 24.57b 493.00c 137.23a 20.73b 25.77a 5.884c 

AF3 106.33b 110.20d 25.60a 346.67e 136.70a 17.87de 21.67c 4.886d 

http://creativecommons.org/licenses/by/4.0/


Kufa Journal for Agricultural Sciences-2025: 17(4):  27- 40                        Abbas and Kadhim 

___________________________________________________________________________ 

 

 

KJAS  is licensed under a Creative Commons Attribution 4.0 International License.  

 

 

Mean 102.86 109.22 24.02 440.95 118.01 19.51 22.13 5.427 

 Traits mean 2022 

Genotypes 

Days to 

heading 

(day) 

Plant 

height 

(cm) 

Panicle 

length 

(cm) 

No. 

tillers. m-

2 

No. grain. 

panicle-1 

Infertility 

% 

1000 grain 

weight (g) 

Grain 

yield 

kg.ha-1 

Furat 91.67d 84.20g 20.07f 453.33a 89.23e 15.20f 23.90b 5.963b 

Anber33 103.67c 124.83a 24.70b 326.67d 115.37c 22.70c 20.40c 4.864d 

FA1 85.33e 95.53f 21.57e 463.00a 104.30d 15.93ef 23.77b 6.232a 

FA2 108.33b 118.67b 22.80d 319.33d 114.40c 19.60d 20.77c 4.316e 

AF1 110.00b 107.50d 22.83d 415.67b 88.43e 32.30a 19.83d 2.993g 

AF2 113.00a 99.33e 23.77c 363.67c 136.27a 16.33e 25.23a 5.200c 

AF3 102.67c 112.20c 25.53a 314.33d 122.97b 24.03b 21.60c 3.785f 

Mean 102.09 106.04 23.04 379.43 110.14 20.87 22.21429 4.765 

The values followed by the same letter for each trait are not significantly different from each other (Duncan test, 

0.05).  

Table (3) displays genetic parameters for 

seven rice genotypes. Genetic variation 

and phenotypic variance were higher than 

environmental variation of grain yield 

traits and their components. Heritability in 

the broad sense (H2
BS) was high for all 

parameters except plant height (71%). Due 

to high heritability, grain yield (72%) and 

infertility (65%) had the highest expected 

genetic progression as a percentage of the 

average, while panicle length (16%) had 

the lowest. The genetic variation 

coefficients were high compared to the 

phenotypic and environmental variation 

coefficients and similar to the expected 

genetic improvement, with high values for 

grain yield (39.16%) and infertility 

(38.13%) and the lowest value for panicle 

length (11.14%). The better traits CVG% 

and CVP% values converge, indicating 

that they are less impacted by the 

environment. Some researchers found high 

values for grain yield and its components 

in the heritability% for traits: plant height, 

number of tillers, filled grain and 1000-

grain weight (17) in 36 rice lines, the 

expected genetic improvement (15) for the 

most traits in 20 rice genotypes, and the 

coefficient of genetic variation by Abebe et 

al. (2) in 36 rice genotypes for plant height 

and grain yield traits. 

Table 3. Variances and some genetic parameters in seven rice genotypes 

traits over two seasons (2021 and 2022). 

Parameter

s 

Traits 

Days to 

heading 

(day) 

Plant 

height 

(cm) 

Panicle 

length 

(cm) 

No. 

tillers.m-2 

No. 

grain. 

panicle-1 

Infertil

ity % 

1000 

grain 

weight 

(g) 

Grain 

yield 

kg.ha-1 

σ2
P 

179.14 

±43.45 

584.89 

±141.86 

6.873 

±1.67 

14812.43  

±3592.54 

716.78 

±173.84 

60.58 

±14.69 

9.65 

±2.34 

3.98  

±0.97 

σ2
G 

168.72 

±84.53 

529.02 

±264.71 

4.89 

±2.46 

12993.39  

±6507.97 

607.62±

303.79 

50.16 

±25.13 

9.49 

±4.789 

3.55 

±1.77 

σ2
E 1.26 1.99± 0.09 87.14  0.79 0.37 0.26  0.006 
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±0.34 0.53 ±0.02 ±23.29 ±0.21 ±0.09 ±0.07 ±0.002 

GA 25.97 45.06 3.85 219.93 46.75 13.28 6.29 3.66 

GA % 0.25 0.42 0.16 0.54 0.41 0.65 0.28 0.72 

C.V.P.% 12.68 21.37 9.40 27.79 21.59 34.69 13.88 36.96 

C.V.G.% 13.06 22.47 11.14 29.67 23.45 38.13 13.99 39.16 

C.V.E. % 0.06 0.09 0.02 1.06 0.04 0.09 0.06 0.01 

H2
BS 0.94 0.904 0.71 0.88 0.85 0.83 0.98 0.89 

Grand 

mean 
102.48 107.63 23.53 410.19 114.08 20.19 22.17 5.096 

Where: σ2
P , σ2

G and σ2
E represent phenotypic, genetic and environmental variances , GA and GA% represent 

genetic advance and genetic advance of mean and P.C.V, G.C.V and E.C.V % represent coefficient variances of 

phenotypic, genotypic and environmental respectively, H2
BS represent heritability broad sense.

Table (4) displays the genetic correlation 

coefficients between grain yield and its 

measured components and between 

attributes during the 2021 and 2022 

research seasons. Grain yield was 

positively and significantly genetically and 

phenotypically correlated with tiller 

number.m-2 and 0.507. The panicle grains 

for the two seasons and genetic and 

phenotypic correlations were 0.779 and 

0.762 and 0.753 and 0.741, respectively. 

The length of the panicle was genetically 

and phenotypically unrelated to grain 

yield, however a positive correlation 

(0.116 and 0.118) in the 2021 season and a 

negative correlation (-0.060 and -0.155) in 

the 2022 season were found. The genetic-

phenotypic correlations of 1000 grains 

were modest and positive over the two 

growth seasons (0.118 and 0.218) and 

(0.019 and 0.018). It cannot be 

disregarded. Even though my characteristic 

(number of days heading to days to 

heading and infertility) had negative and 

extremely significant correlation 

coefficients with grain yield, the route 

coefficient analysis did not evaluate it. 

Saleh et al. (26) found a high and 

substantial link between grain yield, 

number of grains per panicle and 1000 

grain weight in 22 rice genotypes over two 

seasons. Days to heading was negatively 

correlated. Unlike other variables, panicle 

length had a high genetic correlation with 

panicle grains and a negative genetic 

correlation with tillers.m-2 non-significant 

in 2021 and high significant in 2022 and 

the panicle length with 1000 grains weight 

was connected with a positive and non-

significant genetic correlation in 2021 and 

a moral negative in 2022. It was linked to 

tillers in both seasons.m-2 adversely 

genetically with grain number.panicle-1 and 

definitely 1000 grains. Al-Wardi et al. (6) 

and Hossain et al. (18) found a high 

genetic correlation values in their study 

among grain yield and some yield 

components such as panicle length and 

numbers of grains in panicles and number 

of tiller.m-2.

Table 4. Genetic and phenotypic correlations between grain yield and some 

components in two seasons (2021 and 2022). 

Traits 
Seaso

ns 

Panicle 

length 

(cm)  

No. 

tillers.m-

2 

No. grain. 

panicle-1 

1000 

grain 

weight 

(g) 

Days to 

heading 

(day) 

Plant 

height 

(cm) 

Infertilit

y % 

Grain 

yield 

kg.ha-1 

Panicle 2021 1 -0.189 0.789** 0.084 -0.099 0.221 -0.099 0.116 
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length 

(cm) 
2022 1 -0.845** 0.691** -0.379 0.576** 0.765** 0.441* -0.060 

No. tillers. 

m-2 

2021 -0.178 1 -0.288 0.646** -0.726** -0.804** -0.239 0.732** 

2022 -0.825** 1 -0.687** 0.434* -0.662** -0.836** -0.247 0.507* 

No. grain. 

panicle-1 

2021 0.774** -0.287 1 0.373 -0.114 -0.004 -0.426 0.779** 

2022 0.683** -0.676** 1 0.293 0.447* 0.369 -0.273 0.762** 

1000 

grain 

weight (g) 

2021 0.078 0.623** 0.367 1 -0.553** -0.843** -0.481* 0.219 

2022 -0.387 0.424 0.279 1 -0.337 -0.770** -0.823** 0.019 

Days to 

heading 

(day) 

2021 -0.106 -0.719** -0.109 -0.545** 1 0.724 0.789 -0.938** 

2022 0.571** -0.646** 0.439* -0.322 1 0.537 0.486 -0.706** 

Plant 

height 

(cm) 

2021 0.222 -0.798** -0.005 -0.826** 0.716** 1 0.586 -0.859** 

2022 0.749** -0.818** 0.365 -0.742** 0.525* 1 0.509 -0.583** 

Infertility 

% 

2021 -0.096 -0.230 -0.424 -0.462* 0.769** 0.580** 1 -0.722** 

2022 0.433* -0.238 -0.273 -0.792** 0.485* 0.503* 1 -0.911** 

Grain 

yield 

kg.ha-1 

2021 0.118 0.732** 0.753** 0.218 -0.927** -0.855** -0.717** 1 

2022 -0.155** 0.503* 0.741** 0.018 -0.699** -0.578** -0.907** 1 

(**) and (*) are significant at probability levels 1% and 5%, respectively, Normal numbers are genetic 

correlation and Bold numbers are phenotypic correlation. 

Path coefficient analysis was used to 

segment genetic and phenotypic 

correlation coefficients to better 

understand the relationship between grain 

yield and some key yield components, 

especially those that correlated well with 

the yield trait. Path coefficient analysis 

divides the genetic and phenotypic 

correlation coefficient into a direct and 

indirect influence between grain yield (the 

dependent variable) and the traits of the 

yield components (four attributes). Table 

(5) displays the genetic and phenotypic 

path coefficient analyses of grain yield and 

its components, including tillers.m-2 had 

the strongest direct influence on genetic 

path and phenotypic coefficients on grain 

yield in the 2021 and 2022 seasons (0.997 

and 0.954, respectively). The genetic route 

coefficient was low (0.189) and the 

phenotypic path coefficient medium 

(0.297). Indirect impacts of tiller 

number.m-2, they were negative through 

the rest of the yield components in the 

grain yield, except for the indirect effect 

via the panicle length, which was highly 

positive in the season 2022 (0.546 and 

0.542) and not significant in the season 

2021 (0.064 and 0.049) to analysis the 

genetic and phenotypic path parameters, 

respectively. Grain count. panicle-1 had the 

highest direct effects on grain yield for the 

genetic path coefficient (0.831 and 0.513) 

and phenotypes (0.742 and 0.615) for 2021 

and 2022, while its indirect effects were 

negative and not significant for the rest of 

the yield components. Some researchers 

found high direct effects of the length of 
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panicles and low values of 1000 grain 

weight on the grain yield (6) and (21). The 

number of grains per plant had a high 

direct effects, with low direct effects of the 

number of tillers per square meter on grain 

yield in study of the genetic path analysis 

of 22 of (3). Whereas, According to Streck 

et al. (28), the length of the panicle may be 

used in indirect selection for grain yield.

Table 5. Genetic and phenotypic path analysis of grain yield and its 

components in two seasons (2021 and 2022). 

Effect type Symbol 
Genetic effect value Phenotypic effect value 

2021 2022 2021 2022 

Panicle length effect on grain yield 

- Direct effect p1y -0.337 -0.646 -0.279 -0.657 

- Indirect effect      

- By No. tillers. m-2 r12p2y -0.189 -0.160 -0.170 -0.245 

- By No. grains. panicle-1 r13p3y 0.656 0.354 0.575 0.420 

- By 1000 grain weight r14p4y -0.013 -0.108 -0.007 -0.073 

Sum of total effect of panicle length 

on grain yield 
r1y 0.116 -0.560 0.118 -0.555 

No. tillers.m-2 effect on grain yield 

- Direct effect p2y 0.997 0.189 0.954 0.297 

- Indirect effect      

- Panicle length r12p1y 0.064 0.546 0.049 0.542 

- By No. grains. panicle-1 r23p3y -0.239 -0.352 -0.214 -0.416 

- By 1000 grain weight r24p4y -0.099 0.123 -0.058 0.080 

Sum of total effect of No. tillers.m-2 

on grain yield 
r2y 0.732 0.507 0.732 0.503 

No. grains. Panicle-1 effect on grain yield 

- Direct effect p3y 0.831 0.513 0.742 0.615 

- Indirect effect      

- Panicle length r13p1y -0.266 -0.447 -0.216 -0.449 

- By No. tillers. m-2 r23p2y -0.290 -0.130 -0.275 -0.201 

- By 1000 grain weight r34p4y -0.057 0.083 -0.034 0.053 

Sum of total effect of No. grains. 

panicle-1 on grain yield 
r3y 0.219 0.019 0.218 0.018 

1000 grain weight effect on grain yield 

- Direct effect p4y -0.153 0.284 -0.092 0.189 

- Indirect effect      

- Panicle length r14p1y -0.028 0.245 -0.022 0.254 

- By No. tillers. m-2 r24p2y 0.649 0.082 0.595 0.126 

- By No. grains. panicle-1 r34p3y 0.309 0.150 0.273 0.171 

Sum of total effect of 1000 grain 

weight on grain yield 
r4y 0.779 0.762 0.753 0.741 

Sum of residual effects  0.489 0.562 0.492 0.579 
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Table (7) presents selection indices for 

seven rice genotypes in two growing 

seasons (2021 and 2022). The genotypes 

FA1 and AF2 had the greatest selection 

index values in both seasons. In 2021, the 

genotype (FA1) had the greatest selection 

index, 136.961, but in 2022, it was second 

with 116.892. This genotype had the 

highest mean grain yield (6.984), lowest 

infertility (15.40%) and most tillers 

(518.17). The genetic genotype (AF2) 

ranked second in 2021 (134.116) and first 

in 2022 with the greatest selection index 

(118.590), outperforming all other 

genotypes. This genotype produced the 

number of grains (136.75) and grain yield 

(5.542 kg.ha-1). Furat and AF1 had 

selection index ranks 4 and 6 over the two 

growth seasons. The genotype (FA2) had 

the lowest grain yield (4.109 kg. ha-1) due 

to the lowest selection index (7) and 

selection index (109.727 and 109.135) for 

2021 and 2022, respectively. The number 

of tillers increased the selection index in 42 

and 56 rice lines, respectively, according to 

Anshori et al. (8); (9) and Alsabah et al. (4) 

chose 28 black rice lines from 54 based on 

a favorable selection index for additional 

yield testing. Also, Al-Wardi et al. (5) 

selected 13 genotypes by screening 22 rice 

genotypes.  

Table 7. Selection indices of seven rice genotypes over two seasons (2021 and 2022). 

Genotypes 

Season 2021 Season 2022 

Selection 

index 

Trade-off  

sequence 

Selection 

index 

Trade-off  

sequence 

Furat 115.139 6 111.342 4 

Anber33 125.479 3 113.276 3 

FA1 136.961 1 116.892 2 

FA2 109.727 7 109.135 7 

AF1 121.417 4 110.252 6 

AF2 134.116 2 118.590 1 

AF3 117.572 5 110.400 5 

 

Table (8) displays the coefficient of 

variation and averages of seven selected 

rice genotypes during two seasons (2021 

and 2022). The genotype’s lower 

coefficient of variation indicates stability 

across nvironments. Furat has the lowest 

coefficient of variation for two major 

traits: grain yield (7.089%) and tillers.m-2 

(7.187%). Furat’s qualities are more 

constant. The Furat cultivar had the 

second-highest average grain yield (6.608 

kg.ha-1) and number of tillers (486.83) 

after the genotype (FA1), which had the 

greatest averages.m-2 (518.17) and its 

coefficient of variation (10.107 and 

11.243) for the two variables was slightly 

higher than the genotype (Furat). The 

genotype (FA2) had modest coefficients of 

variation for the number of days to heading 

(0.467), infertility (0.629%), and 1000- 

grain weight (0.149). Thus, its grain 

production (4.109 kg.ha-1) is among the 

most stable genotypes. Grain yield 

genotypes are fewer. AF1 has the lowest 

grain yield (3.397 kg. ha-1) and greatest 

infertility rate (30.87%). Accordingly, the 

genotype with the highest grain yield need 

not be stable or vice versa. Abbas (1) and 

Debsharma et al. (11) indicated that the 

stability of the genotypes in four and seven 

environments was highly variable and 

could identified stable genotypes adapted 

across the environments for grain yield.
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Table 8. The coefficient of variance (CV%) parameter and means of selected seven rice 

genotype traits over two seasons (2021 and 2022). 
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Furat 
CV% 0.959 3.048 1.366 7.187 6.692 6.402 0.376 7.089 

Mean 93.17d 81.93f 20.88f 486.83b 94.65f 16.48e 23.78b 6.608b 

Anber3

3 

CV% 0.719 4.783 3.056 10.086 4.911 3.709 0.202 15.224 

Mean 105.00c 129.75a 24.82b 318.17f 123.60c 20.77b 20.30de 4.697d 

FA1 
CV% 1.011 0.482 6.039 11.243 8.190 5.563 0.106 10.107 

Mean 86.33e 95.60e 23.63d 518.17a 107.67d 15.40f 23.80b 6.984a 

FA2 
CV% 0.467 0.870 3.148 10.562 6.971 0.629 0.149 9.021 

Mean 108.00b 118.33b 22.30e 340.33e 107.42d 19.62c 20.72d 4.109f 

AF1 
CV% 1.147 3.277 4.296 9.325 6.967 2.993 0.198 9.897 

Mean 110.83a 117.42b 23.35d 449.00c 98.82e 30.87a 19.75e 3.397g 

AF2 
CV% 1.491 0.734 2.598 14.726 1.441 7.652 0.279 8.5891 

Mean 109.50a 99.17d 24.17c 428.33d 136.75a 18.53d 25.50a 5.542c 

AF3 
CV% 1.131 1.604 0.709 9.542 5.768 8.294 0.271 13.925 

Mean 104.50c 111.20c 25.57a 330.50e 130.33b 20.85b 21.63c 4.336e 

Grand mean 102.48 107.63 23.53 410.19 114.08 20.19 22.17 5.096 

The value followed by the different letters for each trait are significantly different from each other (Duncan test, 

0.05

Conclusion 

The substantial genetic variation, 

heritability, and predicted genetic progress 

may help pick the best genotypes with 

desirable values and quick trait 

development in early generations. The 

genotype (Furat), one of Iraq’s most 

cultivated, productive, and stable varieties 

had the highest selection index and grain 

yield, tillers and grains. The genetic and 

phenotypic path coefficient analysis 

showed high selection indicators for the 

number of tillers and grains due to their 

high positive correlations with grain yield. 

Thus, the quantity of tillers and grains are 

good selection indicators for future rice 

crop breeding programs. The genotype 

(Furat) has the lowest coefficient of 

variation for critical variables including 

tillers and grain yield, making it the most 

stable combination. Although, the 

genotype (FA1) had higher average traits 

for the number of tillers and grain yield, its 

coefficients of variation were higher than 

those of the genotype (Furat), so the stable 

genotype may not be superior in grain 

yield or its components. 
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