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Table 1. Phenotypic and genotypic coefficient of variation and heritability in the studied rice lines

Statistical parameters

Trait T

PV GV PCV GCV hi h

DF 37.00 32.38 5.80 543 87.51 43.76
PH 163.10 150.90 10.23 9.84 92.52 46.26
NPP 4.59 3.78 15.62 14.73 82.35 41.18
PL 3.05 221 5.92 5.04 74.46 37.23
PEL 16.68 15.49 74.72 71.98 92.86 46.43
FLL 20.58 15.24 13.22 11.35 74.05 37.03
FLW 0.0103 0.0101 9.26 9.26 98.06 49.03
NFGP 145.39 94.18 13.11 10.54 64.78 32.39
NUGP 101.77 95.36 31.32 30.30 93.70 46.85
PF 89.74 44.89 12.7 9.03 89.74 44.87
GL 0.97 0.99 10.04 9.94 97.98 48.99
GW 0.07 0.068 9.09 9.09 95.77 47.89
GS 0.32 0.34 16.71 16.21 94.12 47.06
TGW 3.28 2.68 6.30 571 81.17 40.59
GY 203428 184501.56 13.38 12.74 90.70 45.35

T DF, days to flowering; PH, plant height (cm); NPP, number of panicle per plant; PL, panicle length (cm); PEL,
panicle extension length (cm); FLL, flag leaf length (cm); FLW, flag leaf width (cm); NFGP, number of filled grains
per panicle; NUGP: number of unfilled grains per panicle, PF, panicle fertility (%); GL, grain length (mm); GW, grain
width (mm); GS, grain shape; TGW, 1000-grain weight (g); GY, grain yield (kg/ha).

i PV, phenotypic variance; GV, genotypic variance; PCV, phenotypic coefficient of variation; GCV, genotypic
coefficient of variation; hZ, narrow-sense heritability.

Table 2. Correlation coefficients of the studied traits in rice promising lines
Trait DF PH NPP PL PEL FLL FLW NFGP NUGP PF GL GW

DF 1
PH -0.47" 1
NPP 048" -0.73" 1
PL -0.41%  0.62" -0.49™ 1
PEL -0.24 025 -0.18 024 1
FLL -0.04 024 -0.05 048" 0.38" 1
FLW 0.05 027 -0.19 0.19 0.11  0.26 1
NFGP 048" -0.58" 0.53" -043" -005 -0.15 -0.05 1
NUGP  0.07 0.13 -0.03 0.09 -013 0.08 047" -0.13 1
PF 0.09 -029° 020 -020 0.09 -0.13 -043" 045" -0.93" 1
GL 0.15 -041" 033" -002 -005 -005 -029° 0.19 -0.19 023 1
GW 0.01 029" -0.16 0.12 0.17 025" -001 -0.14 0.01 -005 -0417 1
GS 0.18 -033" 029" -0.13 -0.14 -023 -0.14 025" -0.01 0.09 064" 0.64"
TGW  0.65" -055" 052" -047" -0.08 -0.13 -0.13 0.81" -0.16 040" 0.17 -0.05
GY 0.52" -0.63" 0.67° -051" -0.11 -010 -0.12 0.78" -026" 049" 024 -0.04
MP -0.09 0.16 -0.13 020 033" 023 0.04 0.01 002 -0.02 -0.11  0.08
HR 033" -0.23 025" -021 004 -011 -0.03 0.20 0.10 -0.04 0.16 -0.14
BR -0.41% 033" -034" 0.32°  0.09 0.21 005 -022 -0.11 004 -022 0.18
AC 0.07 -027° 0.6 -0.12 -0.11 001 -0.07 0.01 0.14 -0.11 0.14 -040"
GT 0.06 -025" 0.13 0.06 0.01 0.06 -0.01 010 -005 009 032" -0.20
L 0.09 -037" 028" -0.05 006 -006 -029° 022 -025° 030" 086" -041"
\ -0.12 038" -028" 0.16 026" 025 -002 -022 001 -0.09 -0.53" 0.85"
CRL -0.03 -0.06 008 028 030" 021 -0.11 003 -015 016 044" 0.11
EP -0.14 034  -0.19 028 0347 034" 024 021 -0.14 0.02 -005 -0.39"

Y.
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Table 2. Continued aalol =Y Jga
Trait GS TGW  GY MP HR BR AC GT L \\ CRL EP
GS 1
TGW  0.29° 1
GY 021 079" 1
MP -0.22  -0.19 -0.08 1
HR 021 019 013 0447 1
BR -0.32"% -0.29" -0.18 -0.08 -0.93%* 1
AC 0.21 0.04 002 -0.15 0.07 -0.14 1
GT 025 016 005 -028" -0.01 -0.10 0.24 1
KL 0.65° 020 028 -006 011 -014 022 0.8 1
Kw  -071" -015 -015 021 -016 026 -028" -0.30" -0.40™ 1
CRL 015 005 016 002 -028° 032" -008 -001 0617 008 1
EP -0.577 054" -018 -003 012 -0397 048" -032" -023 -038" 043" 1

0

and ™ : Not-significant and significant at 5% and 1% probability levels, respectively.

T DF, days to flowering; PH, plant height (cm); NPP, number of panicle per plant; PL, panicle length (cm); PEL,
panicle extension length (cm); FLL, flag leaf length (cm); FLW, flag leaf width (cm); NFGP, number of filled grains
per panicle; NUGP: number of unfilled grains per panicle, PF, panicle fertility (%); GL, grain length (mm); GW, grain
width (mm); GS, grain shape; TGW, 1000-grain weight (g); GY, grain yield (kg/ha); MP, milling percentage; HR,
head rice (%); BR, broken rice (%); AC, amylose content; GT, gelatinization temperature; KL, kernel length (mm);
KW, kernel width (mm); CRL, cooked rice length (mm); EP, elongation percentage.
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Table 3.Results of path analysis of grain yield in the studied rice lines in this study

Correlation with

Causal variable' TGW NPP PF EP NFGP erain yield
TGW 0.397 0.176 0.07 -0.025 0.174 0.79"
NPP 0.205 0.342 0.036 -0.027 0.113 0.669™
PF 0.157 0.068 0.179 -0.007 0.096 0.493"
EP -0.06 -0.064 -0.009 0.146 -0.03 -0.026
NFGP 0.321 0.180 0.08 -0.02 0.215 0.776™
R>= 0.794.

**: Significant at 1% probability level.

¥: The traits abbreviation are presented in Table 2. The underlined numbers are the direct effects (path coefficients) of

the studied traits on grain yield.

o S5 Slae n e S gl ole plolid cu baJale 4y 43525 -F Jouxr
Table 4. Factor analysis to identify indepenent factors affecting the studied traits Factor coefficients

Trait" Communality I 2 3 n
DF 0.623 0.728 0.014 0.250 -0.173
PH 0.716 -0.766 0.348 -0.067 -0.062
NPP 0.656 0.770 -0.198 0.099 -0.060
PL 0.596 -0.656 0.131 -0.115 -0.090
PEL 0.535 -0.245 0.378 0.209 0.223
NFGP 0.702 0.808 -0.071 0.055 0.199
NUGP 0.939 -0.052 0.023 0.068 -0.961
PF 0.972 0.307 -0.046 -0.059 0.929
GL 0.819 0.174 -0.634 0.109 0.103
GW 0.761 -0.004 0.870 -0.017 -0.024
TGW 0.763 0.851 -0.017 0.105 0.161
GY 0.852 0.883 -0.009 -0.030 0.239
HR 0.933 0.165 -0.094 0.945 -0.053
BR 0.940 -0.256 0.207 -0.904 0.083
KL 0.888 0.173 -0.574 0.067 0.181
KW 0.783 -0.141 0.873 -0.023 0.014
CRL 0916 0.067 0.065 -0.308 0.023
GS 0.771 0.185 -0.798 0.151 -0.027
EP 0.751 -0.078 0.715 -0.395 -0.076
Eigen values - 5.229 4.342 2.719 2.625
Variance (%) - 27.52 22.85 14.31 13.82
Cumulative variance (%) - 27.52 50.37 64.68 78.50

¥: The traits abbreviations are presented in Table 2.
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Figure 1. Dendrogram of cluster analysis of rice lines based on Ward’s minimum variance method
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Table 5. Mean and deviation from total mean of the studied traits for three groups from the cluster analysis

Mean =+ standard error

Trait Cluster 1 Cluster 3 Cluster 3 Total mean
DF 109.05+5.60 104.75+5.18 101.04+6.34 104.75+6.10
PH 110.53+8.57 127.41£12.25 131.93+£6.96 124.78+12.96

NPP 15.59+1.74 13.58+1.47 12.47+1.55 13.76+1.87
PL 28.27+1.36 29.60+1.73 30.61+1.38 29.55+1.74
PEL 5.62+3.12 5.22+4.53 5.88+£3.96 5.46+4.08
FLL 34.20+3.58 34.25+5.18 34.73+3.79 34.35+4.51

FLW 1.06+0.06 1.09+0.12 1.08+0.06 1.08+0.09

NFGP 107.73+8.73 90.23+7.96 81.44+7.79 91.99+12.11
NUGP 29.94+7.13 31.25+10.06 36.57+11.71 32.21+10.09
PF 78.34+3.78 74.52+6.65 69.43+7.92 74.16+7.07

GL 10.38+1.38 9.68+0.90 9.82+0.63 9.87+0.99
GW 2.82+0.25 2.89+0.27 2.83+0.27 2.86+0.27

TGW 30.84+1.70 28.59+1.12 27.07+1.29 28.72+1.82
GY 3966.62+115.40 3390.98+211.43 2767.66+226.93 3370.81+451.72
MP 65.48+2.97 63.86+3.20 65.60+4.33 64.62+3.49
HR 42.33+8.74 37.95+10.83 38.31+6.15 38.9949.52
BR 23.14+8.05 25.94+9.99 27.35+4.66 25.66+8.61
AC 24.79+3.43 25.10£2.08 25.40+1.94 25.10£2.38
GT 5.35+1.11 5.47+1.05 5.53+1.27 5.46+1.10
LK 6.89+0.72 6.60+0.56 6.54+0.48 6.65+0.59
WK 2.08+0.24 2.20+0.22 2.17+0.21 2.16+0.22

CRL 11.75+0.95 11.68+1.00 11.48+0.94 11.65+0.97
GS 3.26+0.62 3.04+0.47 2.95+0.50 3.07+0.52
EP 1.73+0.12 1.77+0.15 1.73+0.12 1.75+0.14

¥: The traits abbreviation are presented in Table 2.
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Abstract

Investigating the relationship between the studied traits has an important role in plant breeding and
can identify and introduce appropriate selection indices for population breeding. In this study, the
relationships between yield related traits and grain quality of 62 rice promising lines were evaluated.
The experiment was conducted in a randomized complete block design with three replications at Rice
Research Institute of Iran, Rashr, Iran, in 2020. Estimating the phenotypic correlation coefficients
between traits showed that there was a positive and significant correlation between grain yield and
1000-grain weight, number of filled grains per panicle, number of panicles per plant and day to 50%
flowering, and negative and significant correlation with plant height and panicle length. Narrow-sense
heritability of the measured traits ranged from about 32% for number of filled grains per panicle to
49% for flag leaf width and grain length. Path analysis between grain yield and the other studied traits
showed that 1000-grain weight, number of panicles per plant and number of filled grains per panicle
had a positive and direct effect on grain yield. Factor analysis showed that four main and independent
factors that explained 78.50% of the total variance were the latent factors affecting the studied traits.
These factors were named as grain yield and plant type, grain appearance characteristics, milling
efficiency and fertility rate factors, respectively. Cluster analysis using the Ward’s minimum variance
method grouped the studied lines into three separate clusters and the first cluster with 13 lines had the
higher grain yield, number of panicles per plant, number of filled grains per panicle and fertility
percentage than the other clusters. This cluster had also moderate amylose content and higher values
for grain length and cooked rice length related to other clusters. Therefore, it seems that the lines of
this group can be introduced as new high yield and qualitative cultivars after evaluation in multi-
regional experiments.
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