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INTRODUCTION 
 

Oryza sativa L. is cultivated in more than one hundred countries in the world [1], and consumed by at least 2.7 billion people 

globally [2], for that, it is named as "Global Grain" in some references [3]. Adequate information about rice diversity is very 

necessary to fulfill the fast increasing demand [4], through the improvement of new varieties [5, 6, 7]. Assessing the divergence 

among any crop genotypes by using different methods of multivariate analysis is an important step to define the best parents for 

breeding programs [8, 9]. Principal Component Analysis, is an efficient method of multivariate analysis which used to define the 

degree of diversity depending on different traits, since it eliminates the unnecessary data about variation between genotypes [10]. 

Principle component analysis was used by [1] to study the genetic diversity for 33 rice genotypes using quantitative and quality 

traits, their results showed that five principle components explained 78% of the total variation, and they found that panicle length 

was gathered with grain yield per plant in the same principle component, and each of days to flowering, plant height, grains number 

per panicle were also represented in the first four principle components. Also, [11] applied principle component analysis for 

estimation the diversity between several rice genotypes, their results indicated that the coefficient of variation for both filled grains 

number per panicle and grain yield per plant was high. Our study aimed to detect the variation between the tested rice genotypes 

under saline soil, and assess the role of studied agronomic traits in the entire diversity. 

Abstract 
Twenty-five rice genotypes with two Egyptian rice varieties: Giza 178 and Sakha 105 were all cultivated in a Randomized 

Complete Block Design (RCBD) with two replications under saline soil at at El_Sirw Agriculture Research Station northern part 

of Delta, Egypt during the growing season 2012. This study aimed to evaluate the potential divergence among tested genotypes 

and to define the role of agronomic traits in the total variation by using principle component analysis. Results showed that high 

variability was noticed between the testes genotypes, and indicated that only four principle components PC1, PC2, PC3 and PC4 

were significant as they had an Eigenvalue greater than 1.0 (2.3967, 2.1444, 1.7225, 1.0618) respectively, explained together 73.3% 

of existed variation between genotypes. The first principle component PC1 explained the highest variation 24%, followed by other 

components PC2, PC3 and PC4 which explained (21.4, 17.2, 10.6) % of the total variation. Results also revealed that days to 

flowering and number of filled grains per panicle were associated with PC1, whereas three traits (tillers per plant, panicles number 

per plant and thousand grain weight) were gathered in PC2, and the PC3 consisted of (panicle length, panicle fertility and grain 

yield per plant), while the last component PC4 contained both traits flag leaf area and plant height. It was concluded that the 

divergence between rice genotypes in our study provide a wide genetic base for breeders to improve rice.    

 

Keywords: Principle Component analysis, Diversity, Exotic Genotypes, Rice, Agronomic traits. 
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METHODOLOGY 
Plant materials  

Twenty-five exotic genotypes of rice (promising breeding lines developed by various institutions such IRRI, CIAT, NARS in 

Africa and Africa rice) with two Egyptian rice varieties: Giza 178 (salt tolerant) and Sakha 105 (salt sensitive) were utilized in this 

experiment, and evaluated under saline soil at the northern part of Delta, whereas the soil is suffering from salt and water shortage 

as well as poor quality water was used in crop irrigation (Table 1). 

 

Table 1: List of 27 rice genotypes cultivated at EL-Sriw as saline soil. 

Code Genotype Parentage 

G1 Giza 178 Salt tolerant Egyptian variety  

G2 Sakha 105 Salt sensitive Egyptian variety  

G3 WAB2101-WAC1-TGR5-WAT B6 WAS122-IDSA-1-WAS-B / FKR 19 

G4 DKA-M2 - 

G5 FAROX 508-3-10-F43-1-1 
TOG6542/ TOX3056-28-1-1-

1//IRAT126///WITA1 

G6 IWA 2 - 

G7 JARIBU 220 - 

G8 TXD 88 - 

G9 WAB 1436-20N-3-B-FKR2-WAC1 - 

G10 WAB2060-3-FKR1-WAC2-TGR4-B WITA 4/ IR70423-170-2-3 

G11 WAB2060-FKR4- WAC1- TGR5-B WITA 4/ IR70423-170-2-3 

G12 WAB2061-2- FKR1- WAC2- TGR4-B WITA 9/ IR70423-170-2-3 

G13 WAB2081- WAC2-2- TGR2- WAT B3 WITA 12/ PNA 647F4-56 

G14 WAB2094- WAC2- TGR4-B WITA 4/ WAS 161-B-9-3 

G15 WAB2095- WAC1- TGR1-B WITA4/FKR 54 

G16 
WAB2098- WAC2-1- 

TGR2- WAT B2 

WAS122-IDSA-1-WAS-B/ 

WAS161-B-9-3 

G17 
WAB2098- WAC3- 1- 

TGR2- WAT B5 

WAS122-IDSA-1-WAS-B/ 

WAS161-B-9-3 

G18 L-22-26-WACB-TGR4-B KOGON1-91-1/ GIGANTE 

G19 SK-19-38-2 - 

G20 WAB2076- WAC1- TGR1- B WITA 4/ WAB 875-5A1-1 

G21 WAB2094- WAC2- TGR2- B WITA 4/ WAS 161-B-9-3 

G22 WAB2098- WAC3- 1-TGR1-4 
WAS122-IDSA-1-WAS-B/WAS161-B-9-

3 

G23 WAB2101- WAC3- 1-TGR1- WAT B6 WAS122-IDSA-1-WAS-B/FKR 19 

G24 WAB2101- WAC4- 1-TGR1- WAT B6 WAS122-IDSA-1-WAS-B/FKR 19 

G25 WAB2125- WAC B- 1-TGR3- WAT B8 FKR 16/ WAS 191-8-3 

G26 WAB2134- WAC B- TGR1-B FKR 19 / FKR 54 

G27 WAB2153- TGR3- WAT B5 NERICA-L 15/ NERICA-L 14 

Field experiment 

The experiment was conducted in 2012 season at El_Sirw Agriculture Research Station, Dammiatta province, Egypt. The seeds 

of rice genotypes were grown in the nursery and transplanted after 30 days from sowing, transplanted plot area was 7m2. The 

experiment was designed in a Randomized Complete Block Design (RCBD) with two replications. the average of the two 

replications was estimated for measured parameters. Each replicate consisted of 29 plots represented the tested genotypes, 

Transplanted plot area was 7m2, while harvested plot area was 5 m2 consisted of three rows, each row is 5 m long, distance between 

rows was 20 cm, and in each row 25 plants. All recommended cultural practices were applied in accordance with Agriculture 

ministry guide for rice fields.  

 

Studied Traits 

Agronomic raits were recorded from ten randomly selected plants in each plot: Days to flowering (day), flag leaf area (cm2), plant 

height (cm), tillers number per plant, panicles number per plant, panicle length (cm), number of filled grains per panicle, panicle 

fertility%, thousand grain weight (g), grain yield per plant (g).   

 

Statistical analysis 

Summary statistics were analyzed using Genstate.12 software. Multivariate analysis based on principle component method was 

tested by Minitap.12 software to define the contribution of studied traits in the total variation. 
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RESULTS 
Summary Statistics  

Analysis of the main statistics (Coefficient of variation, minimum value, maximum value, sum of values, Range and standard 

deviation) of studied traits revealed that the main three traits responsible of the largest coefficient of variation CV were grain yield 

per plant, number of filled grains per panicle and flag leaf area (32.04, 24.22, 23.54) respectively (Table 2). Results showed that 

days to flowering differed from 92 days to 128 days with a mean of 105 and a range of 36 days. The mean of flag leaf area was 

32.53, ranged from 17.77 cm2 to 45cm2 with a range of 27.23 cm2. The minimum plant height was 83 cm, while the maximum was 

119.3 cm with a mean of 100.28 cm and a range of 36.3 cm. Tillers per plant varied from 14.3 to 25.3 with a range of 11 and a 

mean of 18.97 tiller. In addition, panicles number per plant ranged from 11.7 panicles per plant to 21.7 panicles per plant with 

(16.03 and 10) panicles per plant for the mean and the range respectively. Also, panicle length varied from 15.64 cm to 27.3 cm 

with a range of 11.66 cm and a mean of 23.79 cm. Besides, the number of filled grains per panicle differed from 70.2 to 175 with 

a mean of 108.14, and a range of 104.8. Moreover, the mean of panicle fertility was 77.42% varied from 63.2% to 90.9% with a 

range of 27.7%. Additionally, thousand grain weight differed from 17g to 26 g with both the mean and the range of 22.19 and 9 

respectively. At last, grain yield per plant varied from 1.65 g to 5.6 g with a mean of 3.89g and a range of 3.95 g (Table 3). 

 

Table 2: Summary statistics of the studied traits. 

Trait Min Max Mean Sum Range C.V S.D 

DF 92 128 105 2835 36 10.21 10.72 

FLA 17.77 45 32.53 878.4 27.23 23.54 7.658 

PH 83 119.3 100.28 2708 36.3 10.08 10.10 

TP 14.3 25.3 18.97 512.2 11 12.81 2.431 

PNP 11.7 21.7 16.03 432.7 10 14.78 2.368 

PL 15.64 27.3 23.79 642.3 11.66 10.03 2.387 

FGNP 70.2 175 108.14 2920 104.8 24.22 26.19 

F 63.2 90.9 77.42 2090 27.7 9.928 7.686 

TGW 17 26 22.19 599.2 9 12.89 2.861 

GY 1.65 5.6 3.89 105.0 3.95 32.04 1.246 

 

Where Min minimum value, Max maximum value, C.V coefficient of variation, S.D standard of deviation, DF days to flowering, 

FLA flag leaf area, PH plant height, TP tillers number per plant, PNP number of panicles per plant, PL panicle length, FGNP 

number of filled grains per panicle, F panicle fertility, TGW 1000-grain weight, GYP: grain yield per plant. 

Principle Component Analysis  

Results revealed that out of ten principle components resulted from the studied traits, only four principle components PC1, PC2, 

PC3 and PC4 were significantly accepted to represent the variation as they recorded an Eigenvalue bigger than 1.0(2.3967, 2.1444, 

1.7225 and1.0618) respectively (Figure 1), whereas the rest of components were discarded since they reported an Eigenvalue lower 

than one. The four first principle components explained 73.3% of variation found between the tested genotypes based on the 

studied traits, in which PC1 contributed in 24% of variation, followed by the contribution of PC2 21.4%, then PC3 with 17.2% 

and finally PC4 with 10.6% of variation (Table 3).  

 

 
Figure 1: Scree plot of Eigenvalue based on studied traits. 
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Table 3: Eigenvalue, proportion and cumulative variation of components 

Principal 

components 
Eigenvalue 

Proportion of 

variation% 

Cumulative 

variation% 

PC1 2.3967 0.240 0.240 

PC2 2.1444 0.214 0.454 

PC3 1.7225 0.172 0.626 

PC4 1.0618 0.106 0.733 

PC5 0.9559 0.096 0.828 

PC6 0.7838 0.078 0.907 

PC7 0.3286 0.033 0.939 

PC8 0.2981 0.030 0.969 

PC9 0.1858 0.019 0.988 

PC10 0.1224 0.012 1.000 

 

Results listed in Table.4 and Table.5 indicated that both traits: days to flowering and number of filled grains per panicle were 

associated with the first principle component PC1 (0.351 and 0.509) respectively (Figure 2), and three traits: tillers number per 

panicles, panicles number per plant and thousand grain weight were correlated to the second principle component PC2 (-0.544, -

0.533 and 0.435) respectively (Figure 3). Three traits: panicle length, panicle fertility% and grain yield per plant were related to 

the third principle component PC3 (-0.546, 0.624 and0.448) respectively (Figure 4). Finally, the forth principle component was 

associated with both traits: flag leaf area and plant height (0.638 and -0.474) respectively (Figure 5). Loading plots of the studied 

traits according to PC1 and PC2 are presented in Figure.6. 

Table 4: Association Matrix between the studied traits and the principle components. 

Trait PC1 PC2 PC3 PC4 

DF 0.351 -0.207 -0.181 -0.077 

FLA 0.377 0.001 -0.071 0.638 

PH 0.196 -0.331 -0.205 -0.474 

TP -0.298 -0.544 -0.040 0.129 

PNP -0.181 -0.533 -0.077 0.442 

PL 0.385 0.092 -0.546 0.134 

FGNP 0.509 -0.086 0.144 -0.173 

F 0.180 -0.248 0.624 -0.089 

TGW -0.188 0.435 0.070 0.168 

GY 0.318 0.042 0.448 0.257 

Where DF days to flowering, FLA flag leaf area, PH plant height, TP tillers number per plant, PNP number of panicles per plant, 

PL panicle length, FGNP number of filled grains per panicle, F panicle fertility, TGW 1000-grain weight, GYP: grain yield per 

plant. 

 

 

 
Figure 2: Association of studied traits with the first principle component PC1. 

Where DF days to flowering, FLA flag leaf area, PH plant height, TP tillers number per plant, PNP number of panicles per plant, 

PL panicle length, FGNP number of filled grains per panicle, F panicle fertility, TGW 1000-grain weight, GYP: grain yield per 

plant. 
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Figure 3: Association of studied traits with the second principle component PC2. 

Where DF days to flowering, FLA flag leaf area, PH plant height, TP tillers number per plant, PNP number of panicles per plant, 

PL panicle length, FGNP number of filled grains per panicle, F panicle fertility, TGW 1000-grain weight, GYP: grain yield per 

plant. 

 

 
Figure 4: Association of studied traits with the third principle component PC3. 

Where DF days to flowering, FLA flag leaf area, PH plant height, TP tillers number per plant, PNP number of panicles per plant, 

PL panicle length, FGNP number of filled grains per panicle, F panicle fertility, TGW 1000-grain weight, GYP: grain yield per 

plant. 

 
Figure 5: Association of studied traits with the forth principle component PC4. 

Where DF days to flowering, FLA flag leaf area, PH plant height, TP tillers number per plant, PNP number of panicles per plant, 

PL panicle length, FGNP number of filled grains per panicle, F panicle fertility, TGW 1000-grain weight, GYP: grain yield per 

plant. 
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Table 5: Distribution of traits in the four principle components of variance 

PC1 PC2 PC3 PC4 

Days to flowering Tillers per plant Panicle length Flag leaf area 

Number of filled grains per 

panicle 

Panicles number per 

plant 
Panicle fertility Plant height 

 Thousand grain weight 
Grain yield per 

plant 
 

 

 

 

Figure 6: Loading plots of the studied traits according to PC1 and PC2 

Where DF days to flowering, FLA flag leaf area, PH plant height, TP tillers number per plant, PNP number of panicles per plant, 

PL panicle length, FGNP number of filled grains per panicle, F panicle fertility, TGW 1000-grain weight, GYP: grain yield per 

plant. 

 

DISCUSSION 

 
According to the coefficient of variation, Grain yield per plant was responsible of the biggest variance 32.04, and this could be as 

a reason of the complex nature of this trait since it is affected by many yield traits, the other traits (full grains number per plant, 

flag leaf area) were also responsible of variance (24.22 and 23.54) respectively, which agrees with the results of [11]. The greatest 

variation was detected in the first four principle components, so the studied traits are critical to create the needful variation to 

increase the efficiency of rice breeding programs since they were associated with the first four principle components, this agrees 

with the findings of [12] who affirmed that the located traits in the accepted components reflect variation in different rice 

genotypes. The loaded plots of studied traits according to both first and second principle components in figure.6 clarified their 

distribution and approved their variation. According to PCA analysis, both of days to flowering and full grains number per panicle 

were related positively to the first principle component, which means that days to flowering and full grains number per panicle 

were the main reason of the indicated diversity, this result is in agreement with the findings of [11, 13, 14, 15]. Panicle fertility 

was related positively to the same grain yield principle component PC3 indicating that the improvement for grain yield per plant 

is associated with the improvement of panicle fertility. It was clear that plant height was negatively correlated to PC4 and that 

panicles per plant was related to PC2 which agrees with [13,16]. 

 

 

CONCLUSION 
 

Our study confirmed the efficiency of factor analysis depending on principle component method to investigate the needful variation 

for breeders. Concerning different agronomic traits, high variability was discovered among studied rice genotypes which can be 

invested in breeding programs for improving rice yield.  
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