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Abstract

Field experiment was carried out at the experimental field of the Department of Plant Science and Biotechnology beside
the screen house, to study yield evaluation in rice genotypes. The plot was laid out in a randomized complete block
design (RCBD) and the treatments replicated three times. Seven rice genotypes sourced from the department crop
improvement unit were sowed in a plot size of 5x1m. The study was conducted in 2016/2017 planting seasons. Data
were collected on yield component traits i.e. number of tillers, plant height, number of days to panicle initiation, number
of days to maturity, panicle length, panicle weight, number of spikelet per panicle, number of grain per panicle, 1000
grain weight, grain yield per hill and flag leaf length. The result of factor analysis indicated that the first factor was
positively loaded for yield component trait however; the first six principal components jointly accounted for 98.99% of
the total variation among the genotype studied. High levels of variability expressed among the varieties suggested that
further improvement in the varieties is possible.
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1. Introduction

Rice, Oryza species is a grass belonging to the family of Poaceae. As an annual plant the height ranges between 36 - 150
cm. It is the most consumed cereal grain after wheat globally (FAO, 2004) and are cultivated in most countries of the
world. It has about 20 different species, of which the cultivated varieties are Oryza sativa belonging to Asia and Oryza
glaberrima Africa (Vaughan and Morishima, 2003). The major resource of plant breeders is the genetic variability in
gene pool accessible to the crop of interest without which improvement may not be possible (Thottappily et al., 1996).
The success of crop improvement programs is highly dependent on the efficient manipulation of the germplasm that
results in sufficient genetic variability. Morphological markers have played a major role in crop improvement since the
beginning of modern breeding programs (Mignouna et al., 1996). When more sophisticated attributes are required,
isozyme, restriction fragment length polymorphism (RFRP) and other molecular level analysis are used (Ng and
Padulosi, 1992; Flavel, 1991). Information from the use of these morphological makers is used by breeders and
taxonomists to study genetic diversity with the aim of identifying variations and correlations among living organisms
(Ng and Padulosi, 1992). The evaluation of germplasm frequently includes recording traits of agronomic interests, such
as resistance to pests and diseases and tolerance to physiological stresses that are influenced by environment. These
data are most sought after by plant breeders according to (Ng and Padulosi (1992); Peters and Williams, 1984).
Continuous evaluation of germplasm contributed to variation in the rice populations. Therefore this study is conducted
to identify traits that contribute to variability and for their possible exploitation in breeding programs.
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2. Material and methods

The location of the experiment was Akungba Akoko, longitude 50 501E and latitude 9° 051 N, at the experimental fields
of the Department of Plant Science and Biotechnology, to assess genetic variations that exist among 7 improved rice
varieties. The experiment was conducted during the rainy seasons of 2017 in an upland agro-ecology. The improved
varieties were obtained from the Crop improvement section, of the Department of Plant Science and Biotechnology,
Adekunle Ajasin University, Akungba Akoko. The plot was laid out in a randomized complete block design (RCBD) and
replicated 3 times. Each entry was planted in a plot size of 5 x 1 m and the spacing adopted was 0.2 m x 0.2 m. Cultural
operations were carried out such as weeding, and NPK 15:15:15 fertilizer was applied. Data were collected on yield
component traits i.e. number of tillers per hill, plant height, number of days to panicle initiation, number of days to
maturity, panicle length, panicle weight, number of spikelets per panicle, number of grains per panicle, 1000 grain
weight, grain yield per hill, flag leaf length. The data was analyzed using Genstat version 2004.

3. Results

The analysis of variance (ANOVA) for all the traits is shown in Table 1. Significant effects of genotypes were observed
for all the studied traits. Number of tillers per hill, plant height, number of days to maturity, number of days to flowering,
panicle length, panicle weight, number of spikelets per panicle, number of grains per panicle, 1000 gain weight, yield
per hill and flag leaf length were significantly different at p< 0.05.

Table 1 Mean squares for the yield component traits.

Source of variation Treatment Error C.v
Degree of freedom 6 14

NOT 14.73* 2.22 28.74
PH 295.63** 15.42 11.81
1000GW 217.95%* 0.17 0.95
FL 367.44* 220.73 39.78
PL 769.33** 30.96 24.29
PW 2.51* 0.63 24.3
NSPP 15.03* 2.43 16.99
NGPP 6068.10** 830.8 22.08
DTM 1173.62* 0.17 0.95
YPH 280.52** 5.74 16.4
DTF 367.44%* 2.86 2.1

NOTE: NOT: number of tillers/hill; PH: plant height (cm); DTM: number of days to maturity; DTF: number of days to flowering; PL: panicle length
(cm); PW: panicle weight (g); NSPP: number of spikelet’s per panicle; NGPP: number of grains per panicle;1000GW: 1000 grains weight (g); YPH:
grain yield per hill (g); FL: flag leaf (cm); *: significant at p< 0.05; **: significant at p< 0.01.

The mean performance of rice genotype in eleven quantitative traits was presented in Table 2. Nerica8 (2.53) has the
lowest number of tiller whereas Lady’s finger (8.73) has the most numerous number of tillers. NERICA8 was the tallest
(51.99cm) whereas IWA10(24.82) the shortest. In yield per hill, LADY’S FINGER has the highest yield whereas IRO 6A
has the shortest yield. LADY FINGER (97.00 days) has the longest life span in days to flowering while NERICA8 has the
shortest life span (59.67) to flowering. For panicle length, NERICA8 (27.35cm) has the highest panicle length whereas
IRO6A (6.64cm) has the shortest panicle length. For panicle weight IRO7A and NERICAS8 are significantly different.
IRO7A (4.47) has the highest panicle weight whereas IRO6A (1.95) has the shortest panicle weight. NERICA8 (11.60)
has the highest number of spikelet per panicle whereas IRO6A (6.13) has the lowest number of spikelet per panicle. In
number of grain per panicle, LADY’s FINGER (194.60) has the highest number whereas NERICA8 (156.67) has the
lowest number mean value. In one thousand gain weight, IRO6A (61.27) has the highest of mean whereas IRO7A (15.67)
has the lowest mean number. In days to maturity, LADY’S FINGER has the longest life span of (128days) whereas
NERICA 8 has the shortest life span (81.67 days). In flag leaf length, LADY’S FINGER (49.01) has the highest length while
IWA 8 has the shortest length.
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Table 2 Mean performance of rice genotypes on eleven quantitative traits.

a

¥ARIET IRO 6A IWA 8 IWA 10 N8 IRO 6N LF IRO 7A

NOT 43.'02;75113 5.73+0.67bc 7+0.48ab 2.53+0.35a 4.93+1.29abc 8.73%0.44cd 7.20£1.334
32.41£2.77

PH b 31.61+3.35ab | 24.82+3.072 51.99+2.28d 40.45+0.54¢ 26.02+0.882b 25.41+1.21ab

YPH 5.76+2.842 9.61£0.53abc 11.16+2.13bc 6.82+0.02ab 12.14+0.24¢ 28.45+0.334 28.30+0.334
78.33£1.33

DTF b 85.33+1.45¢ 81.00+0.58b 59.67+0.33a 80.00+£0.00b 97.00£1.164 81.00£1.00b

PL 6.64+3.592 18.92+1.16P 17.83+1.06b 27.35%£6.616¢ 17.63+0.63b 23.34+0.89b 18.64+3.46b

PW 1.95+0.48a 2.76£0.552 3.31£0.272b 2.92+0.45a 2.94+0.68a 4.43+0.37b 4.47%0.22b

NSPP 6.13+0.7742 6.80£0.31a 8.87+1.04abc 11.60+1.71¢ 8.37x0.32ab 11.40+0.61¢ 11.06+0.82¢
61.73+4.10 | 86.93+13.13a | 119.20+£24.58b | 156.67+13.22¢ | 143.77+£11.29¢ | 194.60+24.12 | 150.80£16.16¢

NGPP a b c d d d d

éOWOO 21.27+0.15f | 21.90+0.06P 25.70+0.38f 25.17+0.27¢ 18.73£0.152 26.87+0.88¢ 15.67+0.334
99.33+1.33

DTM b 108.33+£2.08< | 103.33+£0.88b 81.67x0.672 100.00+0.00P 123.33+£2.034 | 101.33+1.33b

FL 32.27+4.54 26.11+0.132 45.65+20.754 32.01£1.46 33.2£4.274a 49.01+1.382 43.15+6.452

Note: Mean values with the same alphabet along the same column are not significantly different from each other.

NOT: number of tillers/hill; PH: plant height (cm); DTM: number of days to maturity; DTF: number of days to flowering; PL: panicle length (cm);
PW: panicle weight (g); NSPP: number of spikelets per panicle; NGPP: number of grains per panicle; 1000GW: 1000 grains weight (g); YPH: grain
yield per hill (g); FL: flag leaf (cm); significant at p< 0.05.

Table 3 Estimate of genetic parameters for all the measured traits.

TRAITS Vg Vp GCV PCV Hz (%) GA GAM
No of tillers 4.17 6.40 39.41 48 55.16 2.87 55.33
Plant height (cm) 93.47 108.9 29.03 31.33 85.83 13.27 39.32
Yield per hill 91.53 97.27 65.44 67.52 94.03 19.37 132.51
No of days to flowering | 121.53 124.39 13.72 13.83 97.77 22.52 28.03
Panicle length (cm) 246.12 277.08 68.44 72.66 88.83 30.18 131.75
Panicle weight (g) 0.63 1.26 24.39 34.57 50.00 1.16 35.66
No of spikelet/panicle | 4.2 6.63 22.33 28.05 63.35 3.34 36.34
No of grains /panicle 1745.77 2576.53 38.84 38.84 67.76 71.17 54.52
1000 grains weight (g) | 391.15 391.32 46.13 46.13 99.96 40.34 94.07
No of days to maturity | 151.55 157.12 12.01 12.23 96.45 24.74 24.14
Flag leaf length (cm) 0.93 219.8 2.58 39.63 0.42 0.12 0.32

Note: Genotypic (vg) and phenotypic variance (Vp), genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV), broad
sense heritability (h2), genetic advance (GA) and genetic advance as per cent of mean (GAM)

Estimates of genetic parameters for the yield component traits were presented in Table 3. High genotypic and
phenotypic variance were obtained for number of grain (1745.77 and 2576.53), 1000 grain weight (391.15 and 391.32),
panicle length (246.12 and 277.08), number of days to maturity (121.53 and 157.12), number of days to flowering
(121.53 and 124.39), plant height (93.47 and 108.90) and yield per hill (91.53 and 97.27). Low estimates of genetic and
phenotypic variance were obtained for number of tillers (4.17 and 6.40), panicle weight (0.63 and 1.26), and number of
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spikelets per panicle (4.20 and 6.63). In general, the phenotypic variance was higher than genotypic variance for all the
traits.

Genotypic coefficient of variation (GCV) ranged from (2.58%) for flag leaf length to (68.44%) panicle length whereas
phenotypic coefficients of variation (PCV) ranged from 12.23% for number of days to maturity of 77.66% in panicle
length. GCV was low for flag leaf length (2.58), whereas number of days to maturity (12.01) and number of days to
flowering (13.72) had moderate GCV, also number of tillers (39.41%), plant height (29.03%), panicle length (68.44%),
panicle weight (24.39), number of spikelet per panicle (22.33%), number of grains per panicle (38.84%), 1000 grain
weight (46.13%), yield per hill (65.44%) had high GCV. PCV was moderate for number of days to maturity and number
of days to flowering, whereas number of tillers, plant height, panicle length, panicle weight, number of spikelets per
panicle, number of grains per panicle, one thousand grain weight, yield per hill and flag leaf had high PCV.

Heritability estimates the relative contributions of differences in heritable and non-heritable factors to the total
phenotypic variance in a population. It is an important concept in quantitative genetics, particularly in selective
breeding. Heritability in broad sense (h2) varied from 0.42% to 99.96% for flag leaf length and1000 grain weight
respectively. All the traits studied had high heritability (greater than60%) exceptfor panicle weight, flag leaf length and
number of tillers. The high value of genetic advance (GA) was recorded in number of grains per panicle (71.17) and low
(0.12) for flag leaf length. Genetic advance as per cent mean (GAM) range from 0.32% for flag leaflength and132.51%for
yield per hill.

Table 4 Simple correlation coefficient among quantitative traits in rice.

CHARATERS PH DTM DTF PL PW NSPP NGPP 1000GW YPH FL

No of tillers -0.42 | 0.674™ | 0.685" | -0.20 0.486" | 0.31 0.38 0.19 0.818™ | 0.20
Plant height -0.717* | -0.750™ | 0.664™ | -0.348 | 0.094 0.020 -0.672* -0.498" | -0.246
Days to maturity 0.987* | -0.536" | 0.354 | -0.065 0.183 0.362 0.573" | 0.299
Days to flowering -0.637* | 0.339 | -0.106 0.125 0.366 0.580" | 0.282
Panicle length 0.090 0.553" | 0.447* | -0.420 -0.101 | -0.122
Panicle weight 0.541" | 0.675™ | 0.241 0.771" | 0.195
No of spikelet’s/panicle 0.699" | 0.064 0.561" | 0.045
No of grains/ panicle -0.024 0.616™ | 0.089
1000 grain weight 0.087 0.088
Yield per hill 0.284
Flag leaf -

NOTE: NOT: number of tillers; PH: plant height (cm); DTM: number of days to maturity; DTF: number of days to flowering; PL: panicle length (cm);
PW: panicle weight (g); NSPP: number of spikelets per panicle; NGPP: number of grain per panicle: 1000 GW: one thousand grain weight; YPH: yield
per hill (g); FL: flag leaf length (cm); ns: no significant; *: significant at 5% level probability; **: significant at 1% level probability.

Results of simple correlation analysis among eleven quantitative traits were presented in Table 4. Number of tiller had
highly significant positive correlation with number of days to maturity (0.674), number of days to flowering (0.625) and
yield per hill (0.818). Plant height had highly significant negative correlation with days to maturity (-0.717), days to
flowering (-0.750) and one thousand grain weight (-0.672). There was highly significant positive correlation with yield
per hill (0.498) and panicle length (0.664). Number of days to maturity had positive and highly significant correlation
with number of days to flowering (0.977) and yield per hill (0.573). It only showed highly significant negative
correlation with panicle length (-0.536). Number of days to flowering had negative and highly significant correlation
with panicle length (-0.637), but was positive and correlate significantly with yield per hill (0.580). Panicle length had
positive and highly significant correlation with number of spikelets per panicle (0.553) and number of grains per panicle
(0.447). Panicle weight had highly significant positive correlation with number of spikelets per panicle (0.541), number
of grains per panicle (0.675) and yield per hill (0.771). Number of spikelets per panicle had positive and highly
significant correlation with number of grains per panicle (0.699) and yield per hill (0.501). Number of grain per panicle
had positive and highly significant correlation with yield per hill (0.616) only.
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Table 5 Eigen value, percentage of variance accounted for and cumulative percentage of factor analysis for six factor in
rice.

Factor of 7 | Eigenvalue | proportion of variance | Cumulative of variance
traits accounted for % accounted for %

1 6.68 95.36 95.36

2 0.22 3.18 98.54

3 0.06 0.86 99.43

4 0.03 0.47 99.9

5 0.005 0.07 99.97

6 0.002 0.003 100

Table 5 showed Eigen value, percentage of variance accounted for and cumulative percentage of factor analysis of six
factors in rice. Six factors were identified, of which only four were considered important. These four factors accounted
for 99.9% of total variance. The first factor with Eigen value of 6.68 accounted for 95.36% of the variance, second factor
with Eigen value of 0.22 explained 3.18% of the variance whereas the third and fourth factors with 0.03 and 0.005 Eigen
value explained 0.89% and 0.47% of the variance respectively.

Table 6 Factor scores and communality of eleven traits of rice factor analysis.

Factor
Traits 1 2 3 4
NOT 0.00 -0.04 0.22 0.22
PH 0.77 -0.55 -1.92 -0.23
DTM 0.29 -2.17 -0.23 1.20
DTF 0.12 -1.72 0.09 1.15
PL 1.23 0.15 -1.82 -0.89
PW 0.04 -0.02 0.07 0.02
NOS 0.19 -0.07 -0.05 -0.13
NOG 2.93 0.29 1.28 0.08
GW -0.27 -1.60 0.80 -2.62
YPH 0.08 0.08 1.18 0.29
FLL 0.29 -0.60 0.49 -0.61

NOTE: NOT: number of tillers; PH: plant height (cm); DTM: number of days to maturity; DTF: number of days to flowering; PL: panicle length (cm);
PW: panicle weight (g); NSPP: number of spikelets per panicle; NGPP: number of grains per panicle; 1000GW: one thousand grain weight (g); YPH:
yield per hill (g); FL: flag leaf (cm).

Factor scores on eleven traits of rice were presented in table 6. The first factor was positively loaded with plant height
(0.77), panicle length (1.23) and number of grain per panicle (2.93). The second factor was negatively loaded with plant
height (-0.55), number of days to maturity (-2.17), number of days to flowering (-1.72), one thousand grain weight (-
1.60), and flag leaf length (-0.60). the third factor was positivity loaded with one thousand grain weight (0.80), yield per
hill (1.18) and flag leaf length (0.49) while it was negatively loaded with plant height (-1.92) and (-1.82) per panicle
length. Factor four was loaded with number of days to maturity (1.20) and number of days to flowering (1.15) while it
was negatively loaded with panicle length (-0.89), one thousand grain weight (-2.62) and flag leaf length (-0.61).
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Table 7 Eigen vectors for agronomic traits of the first six principal components.

PC1 PC2 PC3 PC4 PC5 PC6
NOT 0.37 0.00 0.36 -0.22 0.19 0.27
PH -0.31 0.31 0.18 0.21 -0.22 0.59
DTM 0.33 -0.23 0.28 0.48 0.25 0.03
DTF 0.33 -0.26 0.28 0.32 0.02 0.02
PL -0.14 0.49 0.02 0.26 0.68 -0.20
PW 0.36 0.25 0.01 -0.33 0.03 -0.37
NOS 0.18 0.49 -0.13 -0.02 0.12 0.05
NOG 0.23 0.43 0.12 0.30 -0.41 0.09
GW 0.23 -0.17 -0.69 0.08 0.29 0.49
YPH 0.38 0.13 0.07 -0.43 -0.05 0.32
FL 0.34 0.11 -0.41 0.34 -0.36 -0.25
Eigen value 5.93 3.29 1.18 0.32 0.16 0.12
% variance 53.94 29.90 10.72 2.88 1.46 1.09
Commutative variance 53.49 83.84 93.56 96.44 97.99 98.99

NOTE: NOT: number of tillers; PH: plant height (cm); DTM: number of days to maturity; DTF: number of days to flowering; PL: panicle length (cm);
PW: panicle weight (g); NSPP: number of spikelet per panicle; NGPP: number of grains per panicle; 1000GW: one thousand grains weight (g); YPH:
yield per hill (g); FL: flag leaf (cm).

Table 7 showed result of Eigen vectors for agronomic traits on the first six principal component axes. Two out of the six
principal components had Eigen value greater than 2.0. The six principal components jointly accounted for 98.99% of
the total variation in the studied genotypes. Traits that contributed to the total variation and positively loaded includes
yield per hill (0.36), flag leaf (0.34), number of days to maturity (0.33), number of days to flowering (0.33), number of
grains per panicle (0.23), one thousand grains weight (0.23). Whereas plant height had (-0.31) was negatively loaded.
PC 2 accounted for 29.90% of the total variation and was loaded with Panicle length (0.49) and number of spikelets per
panicle (0.49), and negatively loaded with number of days to flowering (-0.26) and number of days to maturity (-
0.23).The third PC accounted for 10.72% of the total variation and positively loaded with number of tillers (0.36) but
negatively loaded with grain weight (-0.69) and flag leaf length (-0.41). At the second principal components the
commutative percentage variance had reached 83.54% of the total variation with an Eigen value of 3.29.

4. Discussion

The study of genetic variance and other genetic parameters had help in no small measure in formulating a suitable
breeding program for improvement of the crop especially in rice. It is a prerequisite for successful crop improvement
programs. A genetic diversity study is an important component in characterization of breeding materials which is very
key in crop improvement. More variability observed in the base population is a veritable effort in the choice of parent
for hybridization in the improvement of crops.

Based on above understanding, variance analysis revealed high significant differences among the genotypes for all the
traits indicating huge genetic variability that existed among the genotypes, this appears that further improvement
through selection for these traits may be effective, this results are in agreement with those found by Ogunbayo et al.,
(2014). The sufficient amount of variability observed for all the traits studied indicate that the expression of these traits
was influenced by environment. Similar results were reported by Dutta et al., (2013), Singh et al.,, (2014) and Tuhina-
Khatun et al,, (2015) in rice. It is interesting to note that some traits showed low differences in panicle length, panicle
weight, number of grains per panicle and flag leaf length indicating that influence of the environment on them were
minimal. It also suggests that selection based on these traits would not be effective for future breeding program. These
were corroborated by Prajapati et al., (2011) and Singh et al,, (2014). However, other traits like panicle length, panicle
weight, number of spikelet per panicle and flag leaf length which showed higher difference both in PCV and GCV
indicated that selection for those traits for further breeding program is sure.
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The most important function of the heritability in the genetic study of quantitative traits is its predictive role in the
selection process and as a guide to breeding value (Falconer and Mackay, 1996; Al-Tabbal et al., 2012). Heritability in
broad sense and genetic advance are important selection parameters. Genetic advance is more useful as a selection tool
when considered jointly with heritability. The present study revealed high heritability accompanied with high genetic
advance as percent of the mean for number of tillers, plant height, panicle length, number of spikelets per panicle,
number of grains per panicle, one thousand grains weight and yield per hill; hence, high heritability and moderate
genetic advance as percent of the mean for number of days to maturity and number of days to flowering suggest high
genetic variability and transmissibility of hereditary factors. Similar findings has been reported by Wolie et al., (2013),
Ogunbayo et al., (2014) in rice and wheat by Reza et al., (2015).Correlation analysis measures the extent of association
between two traits or the extent to which they vary together; it is an important tool that can be used to determine the
direction of selection in a breeding program. Based on the above understanding significant and positive correlation
between two traits suggests that the traits can be improved simultaneously in a selection program, the present study
showed that number of tillers exhibits a highly significant positive correlation between number of days to maturity,
number of days to flowering and yield per hill indicating that simultaneous selection for these traits would result in the
improvement of yield. Similar findings were earlier reported by Gulzar and Subhasl (2012), Azarpour (2013) and
Moosavi et al., (2015). Plant height exhibited a negative and highly significant correlation with number of days to
maturity, number of days to flowering and one thousand grains weight. The result is in agreement with the reports of
Golam et al. (2011) and Nor et al,, (2013). However, this is in contrast with the previous study of Khan et al., (2014) and
Moosavi et al., (2015) that reported negative correlation between plant height and yield per hill.

Factor analysis and principal component analysis identified some similar traits as the most important for grouping the
variation that existed among the studied rice genotypes and these includes, plant height, number of grains per panicle,
one thousand grains weight, flag leaf length, number of days to flowering, panicle length, number of days to maturity
and yield per hill. The similarity between the two techniques had been reported earlier in okra by Ariyo (1993), rice by
Nassir and Ariyo (2007). Meanwhile, the two techniques produced similar result, but their underlying principles are
different from each other. Principal component analysis does not rely on any statistical model and assumptions but
factor analysis does. It is also important to note that factor analyses suffer from some disadvantages such as absence of
error term and the dependence upon scale used to measure the variables (Bartual et al., 1985). A combination of the
identified traits will give a good description of the variability and hence discriminate among the genotypes.

5. Conclusion

Principal component analysis was utilized to examine the variation and to estimate the relative contribution of various
traits for total variability. The PCI showed 53.94%, while, PC2 and PC3 exhibited 29.90% and 10.72% variability. It can
be concluded that principal component analysis highlights the characters with maximum variability. The varieties that
are higher yielding and stable are selected for farmers in the location for enhance productivity. In the experiment carried
out, NERICA 8 can be recommended to farmers because it has a greater yield, has faster date of maturity and more grain
per panicle than the other genotype.
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