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Abstract 

The role of metric traits in determining final yield has long been appreciated in 

crop improvement. Yield improvement through selection has been reported by 

many workers. This determines the interrelationship among yield and various 

characters that will give maximum advantage in yield when used in selection 

programme. Yield component breeding would be most effective if the 

components involved were highly heritable and positively correlated. In rice 

genotypes, the dependence of grain yield on other traits has been positively 

correlated, hence correlation studies between yield and yield related attributes 

of 90 F1 hybrid rice and their parent genotypes to select the best yield trait 

contributing to yield in crosses for improvement in agricultural system was 

studied. The experiment was conducted at the research farm of National Cereal 

Research Institute Umuahia. Ten parent genotypes (FARO 46, FARO 48, WAB 

515-151-4-443915-B342-1, WAB 56-57, WAB 450-B-P-135-HB, FARO 39, FARO 

38, WAB 706-59-K2-KB, WAB 788-56-1-2-HB, and WAB 570-35-53) and 90 F1 

hybrids were used. The experiment incorporated a Randomized Complete Block 

Design with three replicates. The seeds were planted at the rate of 1 seed per 

hole at depth of 5cm. The hybrid plants were planted in three rows at a distance 

of 20 x 20cm. NPK 15:15:15 and urea were applied at the rate of 30kg/ha each 

immediately after planting and 4 weeks after respectively. Data collected were 

subjected to analysis of variance at probability levels of 0.01 and 0.05. 

Significant means were separated using LSD, correlation and regression was 

performed in order to identify the attribute that contributed most to yield. 

Results revealed very high significant difference amongst the rice F1 genotypes 

and their parents in all the yield traits assessed. Correlation co-efficient between 

different attributes showed that rice yield was positively and significantly 

correlated with plant height (r=0.56 p<0.001), shoot weight (r=0.41 p<0.001), 

panicle weight (r=0.53 p<0.001), root weight (r=0.41 p<0.001), panicle weight 

(r=0.54 p<0.001, grain number/plant (r=0.6 p<0.0001). significant relationship 

between yield attributes was also obtained. Weight of panicles correlated 
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positively with plant weight (r=0.36 p<0.0001), but negatively with plant height, 

days to booting (r=-0.6460 p<0.001), days to 50% heading (r=-0.6423, 

p<0.0001) and number of unproductive tillers (r=-0.20, p<0.001). Simple 

regression co-efficient between yield and other attributes were very highly 

significant and positive in grain number, yield index and yield/plot had high co-

efficient of determination (R2=100%) as well as yield/plot (13%) indicating 

major contribution of these attributes to yield. In this study, the parental 

genotypes and F1 hybrids exhibited significant variability for most traits 

assessed showing high heterozygosity. Some rice attributes are of paramount 

importance to achieve maximum potential yield as high yield is the most 

important trait farmers look for in agricultural production. 

Key words: F1 Hybrid rice, character correlation, yield, yield related traits. 

INTRODUCTION 

Rice is one of the most important staple food for about half the human race (Hawkswort, 1985), 

increasing its productivity is of high importance in breeding programmes. Yield components 

have been used to concentrate on those plant characters that are closely associated with yield 

rather than yield itself. This is because yield is the final product which results from the 

interaction of several developmental and biochemical processes and therefore has large 

environmental components that occur from germination to harvest (Eka, 1989).  

Yield components differ from crop to crop and vary quantitatively. Hence, they are referred to 

as metric characters. The role of metric traits in determining final yield has long been 

appreciated in crop improvement (Eka, 1989). It is therefore necessary in the yield 

improvement to consider yield attributes which contribute to yield. Yield improvement through 

selection has been reported by many workers. This determines the interrelationship among 

yield and various characters that will give maximum advantage in yield when used in selection 

programme. (Johnson 1998). Using appropriate selection index, it is possible to identify 

genetically superior varieties.  

Yield component breeding would be most effective if the components involved were highly 

heritable and positively correlated (Sidwel et al., 1976).  Yield in rice plant has  been observed 

to be influenced by some yield related traits such as number of panicles per plant, panicle 

length, number of filled grains per panicle, percent unfilled grains, 1000- grain weight, days to 

50% flowering and plant height.  Mohmood et al. (2004) determined that plant height, 

productive tillers, number of grains per plant, panicle length, primary branch, number of grains 

per panicle and time to maturity were significant traits influencing rice yield.  

In rice genotypes, the dependence of grain yield on other traits has been reported by many 

workers positively correlated with rice characters. Bhattanrya (1978) identified that plant 

height was highly heritable along with spikelets sterility and grain yield. Ojo et al. (2006) 

observed that grain yield per plant correlated positively with grain yield in maize. The result is 

at variance with the reports of Singh et al., (1987), Shyananaya (2000) and Mamivanna (1998), 

reported positive and significant association between 1000 seed weight and grain yield in 

maize.  

Ashura (1998) obtained highest correlation co-efficient between grain yield with the number of 

panicle per plant, indicating the importance of the component in rice yield. Reduced plant 

height, moderate panicles, increased kennel number per panicle, increased 1000 kernel weight, 

and higher yield are the most important rice characters to be improved in breeding programs 

(Wayne and Dilday, 2003; Peterson et al., 2005). 

MATERIALS AND METHODS 

The experiment was carried out in Nation Cereal Research Institute, Amakamma Umuahia to 

select F1 rice genotype on the basis of their performance when compared with their parents. 90 

F1 hybrid and ten parent genotypes were included. The parent genotypes were FARO 46, FARO 

48, WAB 515-151-4-443915-B342-1, WAB 56-57, WAB 450-B-P-135-HB, FARO 39, FARO 38, 

WAB 706-59-K2-KB, WAB 788-56-1-2-HB, and WAB 570-35-53. The experiment was laid out in 
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Randomized Complete Block Design (RCBD) with three replicates. Land preparation for the 

planting of seeds involved slashing of the bush, ploughing and harrowing. The seeds were 

planted at the rate of 1 seed per hole at a depth of 5cm. The hybrid plants were planted in three 

rows at a distance of 20 x 20cm. 

Application of pre-emergence herbicide (Round up) was carried out. Weeding was carried out 

manually at 4 weeks after planting (WAP) and at the booting stage. There was basal application 

of NPK 15:15:15 fertilizer which was broadcast immediately after planting at the rate of 

30:30:30 kg/ha. After the first weeding, the balance of it was applied in form of urea fertilizer at 

the rate of 30kg/ha as top dressing.  

Data were collected for 15 quantitative characters at appropriate growth stage of rice plant 

following the description for rice (IRRI, 1980). Data were collected on the following attributes –

weight of plant, total number of tillers, number of productive tillers, plant height at maturity, 

days to booting, days to 50% heading, number of grains per plant, grain yield (t/ha), number of 

panicles per plant, number of productive panicles per plant, 1000-seed weight, yield/per 

hectare, weight of roots, weight of shoot, yield index, yield per plant.  

Data collected were subjected to analysis of variance (ANOVA) at probability level of (p<0.01) 

and (p<0.05), Statistical package for social sciences (SPSS) was used for statistical analysis. 

Significant means were separated using Least Significant Difference (LSD) while correlation, 

regression, and Forward Selection Multiple Regression Analysis were also performed in order to 

identify the attributes that contributed most to yield as well as interrelationship between 

attributes studied.  

RESULTS 

Variance Component Analyses 

In order to compare the performances of the F1 and their parents and determine the effect of 

interaction of the genotypes, analysis of variance was carried out. The result revealed very high 

significant differences amongst the rice genotypes and between their parents in all the yield 

traits assessed. Mean square of genotypes for all traits were highly significant (p<0.001). 

Hybrids of cross FARO 48 X WAB 706-59-K2-KB used the longest number of days of 85.3 to boot 

while cross WAB 706-59-K2-KB X WAB 56-57 used the shortest days of 48.7. Hybrid of cross 

WAB 450-B-133-HBX WAB 706-59-K2 used 51.3 days to reach 50% heading. The longest 

number of days was 93.7 in Cross FARO 48 X WAB 706-K2-KB, although the parent WAB 450-B-

P-133-HB took 87.3 days to reach 50% heading.  

On the total number of tillers per plant, the F1 hybrid of cross WAB 450-B-P-133-HB X WAB 

515-151-4-43915-B-342-1 produced the highest number of tillers (9). The mean grain yield 

showed high significant differences between the F1 hybrids and their parents. The F1 hybrid of 

FARO 46 X WAB 706-59-K2-KB produced the highest rice yield of FARO 48 X NERICA 16 (7.84 

t/ha) while the parent genotype NERICA  produced the highest (6.09t/ha).  

Inter-relationship between attributes of rice hybrid studied in Amakamma.  

The correlation co-efficient between different attributes are shown (Table 2) Rice yield was 

positively and significantly correlated with weight of plant (r=0.5586, p<0.001), weight of shoot 

r=0.4114, p<0.001), weight of panicles (r=0.5379, p<0.001), number of grains/per plant 

(r=0.6031 p<0.0001), 1000-seed weight (r=0.6012, p<0.0001), yield per plant( r=0.3618 

p<0.0001), but showed negative significant correlation with plant height (r=-0.4628 p<0.001), 

days to booting (r=-0.2848 p< 0.01) and days to 50% heading (r=-0.2727 p<0.01).  

Also, there was significant relationship between attributes contributing to yield. Weight of 

panicles correlated positively with weight of plants (r=0.3603, p< 0.0001), weight of shoots 

(r=0.34.7 p<0.0001), and weight of roots (r=0.4064 p<0.001), but correlated negatively with 

days to booting (r=-0.1344 p<0.01), and 50% heading (r=0.2302 p<0.001). Number of grains 

per plant correlated positively and significantly with plant height (r=0.6815 p<0.0001, and 

weight of panicles r=0.5082 p<0.001), but negatively and significantly correlated with days to 

booting (r=-0.6460 p<0.001), days to 50% heading (r=-0.6423 p<0.0001), and number of 

unproductive tillers (r=-0.2090 p<0.001).   
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Table 1: Mean squares analysis of yield and other yield related characters in hybrid rice line 
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**,***, significant at 1% and < 1% levels of probability. Df=Degree of freedom, BS= Booting 

stage, 50%H=Days to 50% Heading, TNT= Total Number of tillers, NPT= Number of productive 

tillers, NUT= Number of Unproductive tillers, HT=  Height, WOP= Weight of plants, WOS=Weight 

of shoot, WOR= weight of root, WOPA= weight of panicle, NOG= Number of grains, 

1000SW=1000-seeds weight, Y/PLNT= Yield per plant, Y(t/ha)= Yield in t/ha, YI= Yield Index. 

 

Table 2: Simple correlation matrix between rice attributes studied. 

1= booting stage, 2=Days to 50% Heading, 3=Total Number of Tillers, 4=Number of Productive 

tillers, 5=Number of Unproductive tillers, 6=Plant height, 7=weight of Plant, 8=weight of shoot, 

9=weight of root, 10=weight of panicle, 11=Number of grains, 12=1000-seeds weight, 13=yield 

per plant, 14=yield t/ha, 15=Yield Index. 

 
Simple regression correlation co-efficient between yield and other attributes are shown in 

(Table 3), while the equation for the regression line equation is (Table 4). The regression 

coefficient of yield on weight of plants, weight of shoots, weight of panicles, number of grains 

per plant, 1000-seed weight, yield per plant and yield index were highly significant and positive. 

However, regression co-efficient between yield and days to 50% heading were negative but 

significant (p<0.001), while number of unproductive tillers were non-significant (p>0.005).  

Yield per plot had high co-efficient of determination (R2=100%) and yield per plant (R2=13%) 
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(Table 4) indicating major contribution of these attributes to yield is Regression Line Equation 

for the regressions between yield and other yield attributes of hybrid rice genotypes in (Table 

5) showed that yield =3.95589 + 0.01425x + .......... N. 

  

Table 3: Simple Regression Co-efficient Between Grain Yield And Other Rice Attributes. 

 

Attributes Coefficient Of 

Regression  

Booting Stage 0.01425** 

50% Heading 0.02645** 

Tnt -0.11465*** 

Npt -0.13221NS 

Nupt -0.08598NS 

Ht 0.02725** 

Wt. Of Plant 0.00494** 

Wt. Of Shoot 0.00093** 

Wt. Of Root 0.01431NS 

Wt. Of Panicle 0.00438** 

No. Of  Grains -0.000053** 

Wt. Of 1000 

Seeds 

0.000336** 

Yield/Plant 0.00807*** 

Yield/Plot 0.81995*** 

Yield Index O.92224*** 

Table 4: Co-efficient of determination (R2), Adjusted R2 and Standard Error of estimates. 

Attributes R2 Adjusted r2 Standard  error of 

estimates 

Booting Stage 0.0072 0.0039 0.00970 

50% Heading 0.0298 0.0266 0.00874 

Tnt 0.0106 0.0073 0.06403 

Npt 0.0089 0.0056 0.08091 

Nupt 0.0022 -0.0011 0.10592 

Ht 0.0265 0.0232 0.00957 

Wt. Of Plant 0.0034 0.0001 0.00487 

Wt. Of Shoot 0.0001 -0.0032 0.00472 

Wt. Of Root 0.0087 0.0054 0.00883 

Wt. Of Panicle 0.0014 -0.0019 0.00669 

No. Of  Grains 0.0000 -0.0033 0.00097397 

Wt. Of 1000 

Seed 

0.0000 -0.0034 0.01679 

Yield/Plant 0.1309 0.1280 0.00120 

Yield/Plot 0.91 1.0000 0.00014502 

Yield Index 0.1142 0.1112 0.14880 
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Table 5 – Regression Line Equations, for the regression between yield and other yield 

attributes of hybrid rice genotypes.  

Attributes Regression Line Equation 

Booting Stage 3.95589+0.01425X 

50% Heading 2.89903+0.02645X 

Tnt 5.54043 - 0.11465X 

Npt 5.49439 - 0.13221X 

Nupt 4.93173 - 0.08598X 

Ht 2.33229+0.02725X 

Wt. Of Plant 4.05983+0.00494X 

Wt. Of Shoot 4.70228 + 0.00093X 

Wt. Of Root 4.58466+0.01431X 

Wt. Of Panicle 4.44726+0.00438X 

No. Of  Grains 4.85905 - 0.000053X 

Wt. Of 1000 Seeds 4.81596+0.000336X 

Yield/Plnt 3.36054+0.00807X 

Yield/Plot 0.00141+0.81995X 

Yield Index 3.59493+O.92224X 

 

Regression Line equations for the regressions between yield and other yield attributes of 

hybrid rice genotypes in (Table 5) showed that yield = 3.95589 + 0.001425x +.................n 

 

Forward selection multiple regression analysis between yield and other attributes is shown in 

(Table 6). The model established two attributes, yield per plant and plant height as the most 

important traits contributing to rice yield because they were the only traits that entered the 

model and came out significant (p<0.05). 

 

Table 6: Forward Selection Multiple Regression Analysis between Total Grain Yield and 

Other Traits. 

 Variable 

entered 

Number of 

variable  

Partial R2 Model R2 F value  Pr>F 

Yield per 

plant  

1 0.1309 0.1309 44.89 <0.00 

Plant Height  2 0.0344 0.1653 12.22 0.005 

 

DISCUSSION  

Variability Studies  

In this study the parental genotypes and hybrids exhibited significant variability (p<0.001) for 

most traits assessed showing high heterozygosity. Various authors Padulosi (1993), Kumar et 

al., 1999 obtained high variability in rice genotype and this high heterozygosity could be as a 

result of the variability found in F1 rice genotypes. The observed variation amongst F1 

genotypes would be readily captured in varieties released in the germplasm.   

The observed variability could be as a result of the high heterozygosity found in F1 rice 

genotypes. The present study showed clear variation in the attributes studied in both parents 

and F1 progenies and substantial differences have been reported amongst rice genotypes and 

these characters are important contributors to variation in grain yield. Highly significant 

treatment effect for all the characters as obtained indicated that the genotypes evaluated 

differed significantly in these characters. (Padulosi., 1993; Kumar et al., 1999).  

The observed variability was obtained in days to booting, 50% heading, total number of tillers, 

number of productive tillers, number of unproductive tillers, plant height, weight of plant, 

weight of shoot, weight of root, weight of panicle per plant, number of grains, 1000- grain 

weight, yield per plant, yield per plot, yield (t/ha), and yield index. The identified variation 

among genotypes would be readily captured in varieties released from the germplasm. 
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Correlation Studies 

The dependence of grain yield on other traits has been reported for many crops as observed in 

this work. This corroborates with the work of Dashora (Dashora et al., 1977). Some rice 

attributes are of paramount importance to achieve maximum potential yield as obtained in this 

work. Weight of panicle, number of grains per plant, yield per plant correlated positively and 

significantly with rice yield. Similar results had been obtained by (Dashora et al., 1997; Ashura, 

1998). The progenies exhibited significant correlation (p<0.001) in all the traits assessed. These 

traits include number of productive tillers, number of unproductive tillers, plant  height, weight 

of plant, weight of shoot, weight of root, weight of panicle / plant, 1000 – seed weight, yield per 

plant, yield (t/ha) and yield index. The implication is that improving these traits may mean high 

yield t/ha in rice genotypes under study.  This observation corroborates with the findings of 

Singh, (1987), who also obtained positive and significant association between yield and yield 

characters.  

Furthermore, positive and significant relationship was obtained amongst the yield attributes, 

weight of shoot (r= 0.347 p<0.001) correlated significantly with the weight of root (r=0.4064 

p<0.001), but correlated negatively with days to booting (r=-0.1344 p<0.01) and 50% heading 

(r=-0.2302 p<0.001). The negative correlation between weight of panicle and days to booting 

suggest that the breeder should make selective compromises if simultaneous selection for these 

traits is performed in order to increase yield (Ashura, 1998). However, plant height correlated 

negatively (r=-0.4627 p<0.001) with grain weight, althoigh this result was at variance with 

work of Ojo et al. (2006) who obtained a positive correlation co-efficient of plant height with 

grain weight. High and significant co-efficient of regression (p<0.0001) on weight of plant, 

weight of shoot, weight of panicle, number of grains per plant, 1000 seed weight, yield per plant 

and yield index were obtained in this study. Regression co-efficient between yield and days to 

50% heading were negative and significant (p<0.001), yield per plot had the highest 

contribution of (100%) and yield per plant (R2=13%) while 1000 seed weight contributed 

nothing to yield (R2=0.0000) indicating major contribution of these attributes to yield and 

therefore should be improved. 

Furthermore rice yield was highly and significantly reduced as a result of plant height (r=-

0.4628 p<0.001), 50% heading (r=-0.2727 p<0.01). This finding is similar with the work of 

Moncada et al. (2001) who obtained negative correlation of yield on days to 50% heading. The 

breeder must however pay attention to these attributes that show negative correlation that 

exists between grain yield and those attributes. Thus, in order to increase yield, it is important 

to reduce plant height, days to 50% heading, days to  booting, as the longer the plants stay in the 

field, the less productive they are as observed in the study.  

The result of Forward Selection Multiple Regression Analysis between total rice yield and other 

traits showed that two traits went into the model and left the model significant (p<0.05) after 

regression with the dependent traits (yield), starting from the most important traits and 

followed by progressive addition retained by the model as important yield components. The 

results showed that plant height and yield per plant were most important traits contributing to 

yield. Afuepe et al. (2005) also used Forward Selection Multiple Regression Analysis to identify 

the most important traits contributing to yield of cassava. 

CONCLUSION  

The real worth of inbreed underlies its breeding value i.e. ability to produce hybrids progenies 

with a high mean performance. Genetic co-efficient of variation contributed to a greater 

proportion of variation that existed amongst the rice genotypes. Forward regression analysis 

however revealed that 50% heading contributed significantly and negatively to rice yield. 

Therefore, the breeder must however pay attention to the negative correlation that existed 

amongst the characters during selection. The study showed genetic variability amongst the F1 

genotypes and this is important in  selection of parents for hybridization since crop 

improvement depends on magnitude of genetic variability in base population Therefore, an 

understanding of the gene action associated with the expression of yield related traits will 

facilitate the exploitation of the component approach in the improvement of rice.                    
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