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Extended Abstract

Introduction and Objective: During the recent years, rice has again received a lot of attention
from farmers in the north of the country by improving the self-reliance coefficient of the product
and productivity. On the other hand, temperature drop at the time of flowering and grain filling,
despite the quality improvement, leads to a sharp decrease in the yield of the rice in double
cropping stage. Therefore, identification of suitable cultivars in terms of precociousness and
tolerance to cold, which will result in acceptable grain yield, is one of the priorities of rice
cultivation.

Materials and Methods: In this research, evaluation of cold tolerance for 24 rice genotypes
including five EMS mutant lines, two gamma ray mutant varieties from the Tarom-mahalli
cultivar, five foreign lines, three improved cultivars and nine landrace cultivars in the research
farm of the Sari Agricultural Sciences and Natural Resources University was carried out in the
form of a randomized complete block design in three replications under replanting conditions. At
the end of the growing season, various traits such as the number of days to full heading stage, the
number of days to maturity, the height of the plant, the number of panicles per plant, the length
of the panicle, the number of seeds per panicle, the number of unfilled grains per panicle, the
number of fertile grains per panicle, length of grain, 1000-grain weight, panicle harvest index,
panicle fertility percentage, grain density and paddy yield were measured. Cluster analysis and
principal component analysis were used to categorize genotypes.

Result: Out of 24 rice genotypes cultivated under cold conditions at the end of the season, only
14 genotypes reached the heading stage. The results of analysis of variance showed that there is
a significant difference between the genotypes in all studied traits. The mean comparison results
showed that Zarak and Kohsar cultivars and L181, L183, L184 and L185 mutants were among
the low-duration genotypes. The highest and lowest number of grains in the panicle was related
to D100 and Binam genotypes with 147.47 and 50.67, respectively. The mean comparison results
showed that the highest grain yield of L183 genotype was 339 g.m?, which was 79% higher than
the Binam (control cultivar). The dendrogram obtained from the cluster analysis showed that all
the studied genotypes were segregated into four separate groups that the second and fourth group
had the highest amount of yield. The results of principal components analysis showed that the
number of four components had an eigenvalue higher than one and they accounted for 86.36% of
the total variance. In the first component, the number of days to full heading stage (0.73), the
number of days to maturity (0.71), plant height (0.74), panicle length (0.79), the number of grains
per panicle (0.70), 1000-grain weight (-0.68), panicle harvest index (-0.73), and panicle fertility
(-0.76) had the highest factor loading.

Conclusion: By evaluating the agronomical characteristics and grain yield, the mutant line (L183)
was selected and introduced as the best line both in terms of maturity period and agronomical
characteristics.
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Table 3. Results of mean comparison between rice genotypes based on different studied traits
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(RI> Days to Plant height Ngrrlrl}sle;r i(r)lf Panicle length Number of seed Unfilled seed Genotype
‘Pa}%shto (1100 maturity (cm) P plant (cm) in panicle in panicle
o of heading
96.33+0.33*  129.00+0.58>  132.00 £ 1.15° 8.67 +0.67° 26.10 + 0.27* 107.11 + 4.18° 28.78 + 3.09° Sardbinam
76.33+0.88°  108.33 £0.33¢ 104.33 +0.88¢ 9.67 £ 1.33% 21.16 +£0.57>¢ 90.78 +5.31¢¢ 1522 +£2.31¢f Kohsar
88.00 £ 0.00°  118.33+0.33¢  119.00 + 0.58" 1500+ 1.00°  22.91 + 1.19%¢ 80.44 + 4.33% 19.33 + 2,220 Jahesh
86.00£0.58°  115.33+0.33¢ 118.00+3.61°  12.00£0.00>¢ 2037 +3.18°¢ 67.67 + 5.80° 11.44 +0.91%¢ Partov
86.00 +0.58°  118.33 +0.33¢ 92.00 + 1.15° 11.00 +0.00%°  22.06 + 0.42>4  80.56 + 1.42% 14.33 + 1.73¢f Ghaem
86.00£0.00°  119.67 +0.33° 94.67 + 0.88°F 6.67 +0.33 17.27+0.39°  147.44 +12.28° 8.11+1.821% D 100
71.00 +0.58"  107.00 +0.58" 98.00 + 0.58° 9.33 +0.88% 23.97+0.38%  101.67+3.79*  24.11 £4.15% Zarak
96.67 +0.33*  131.33+0.33° 136.33+0.88°  11.67+0.67>°  24.66+0.73% 94.11 + 6.40% 37.67+7.82°  Nemarioran
77.00 +£0.58°  109.33 +0.33% 73.33 + 1.20¢ 6.67+0.67" 20.10 + 0.56% 79.22 + 1.44% 18.56 + 2.30b° CAU 1
79.00+0.00  108.33+0.332 10533240  13.00+1.00°°  22.93+0.86"¢ 80.78 + 1.85% 9.22+0.29°¢ L8l
79.00+0.00¢  109.33+0.33%  105.00+ 1.15¢  14.00£0.00®  21.21+£0.38*¢  62.44 +0.78% 6.89 + 1.64% L183
79.00 + 0.00¢ 109.67 £0.33"  114.67 = 1.86* 10.00 £ 1.00%  22.06 + 0.08>4 72.22 £ 1.06¢ 1122 £1.61%¢ L184
79.00+£0.00¢  109.33+0.33%  113.00+£0.58°  12.00+ 1.53*¢  21.87+0.77%¢  64.78 +2.88°¢ 7.11+1.18% L185
86.00+0.58°  116.33+0.33¢ 11133+ 1.76°  10.67+0.33°°  20.28 +0.29°° 50.67 + 1.762 3.78 +0.80¢ Binam
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The means in each column that have common letters do not have a statistically significant difference at the level of 5 % according to LSD test.
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Table 4. Results of mean comparison between rice genotypes based on different studied traits
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78.33 £ 6.67° 9.84 £0.02° 21.38 +£0.24¢ 82.73 £2.42%¢ 72.89 +3.834 4.10+0.16° 233.01 £ 34.35%¢ Sardbinam
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61.11 +£3.614f 9.80 +0.05¢ 24.45+0.18% 83.29 + 1.94% 76.01 +2.35¢ 3.55+0.38% 284.27 £ 35.76*¢ Jahesh
56.22 + 6.38°F 9.93 £0.02° 25.87 £ 0.49%4 86.19 £ 1.41%° 82.69 £2.49>4 3,53 +(.73>¢ 223.20 + 31.62% Partov
66.22 £ 0.59°¢ 10.82 + 0.04* 21.89 +£0.41¢ 84.81 £ 1.99*¢ 82.27 + 1.85% 3.65 £ 0.04 201.97 +£7.70¢ Ghaem
139.33 £ 12.02° 6.80 = 0.08¢ 26.32 £0.67* 95.11£0.37* 94.47+£1.13* 8.53 £0.66% 329.17 + 37.49% D 100
77.56 + 3.35% 8.44 + 0.06" 26.61 £ 0.50° 95.38 £3.332 76.42 +3.71¢ 4.25+0.20° 283.31 +£29.86*¢ Zarak
56.44 £ 5.15¢ 9.00 £ 0.24° 24.06 + 0.95¢ 75.27 + 4.88% 60.49 £ 6.34¢ 3.81£0.17% 184.11 £ 8.10° Nemarioran
60.67 £ 1.02¢F 10.38 £ 0.05°  30.55+1.11* 91.73 £ 0.30° 76.66+2.47%  3.95+0.17" 181.44 +9.85¢ CAU 1
71.56 £ 1.82%¢ 10.01 £ 0.09¢ 26.96 £ 0.77° 72.63 £ 8.82¢ 88.57£0.41*°  3.53+0.06>¢ 278.51 £ 65.33%¢ L181
55.56 +2.35¢F 9.89 +£0.02° 26.65 £ 0.40° 91.91 +0.79% 88.91 +£2.72%¢ 2.95 + 0.04<¢ 339.89 +25.57* L183
61.00 = 1.26%F 9.44+0.11¢ 26.76 £ 0.51° 87.35 £ 4.06® 84.50 £2.12%¢  3.27+0.04>¢ 248.85 £29.70*¢ L184
57.67 +3.02¢ 9.33£0.19¢ 27.31+0.25° 91.79 + 1.93 89.00 + 1.88° 2.96 + 0.06% 268.21 +43.60*° L185
46.89 +2.50" 9.33+0.19¢ 26.72 £0.31° 90.74 £ 0.85% 92.43 £ 1.84% 2.50 +0.07¢ 189.23 + 17.84¢ Binam

Loy g g ) (6l ime B3I (cl)l> (LSD) Jbsixe coglis J8las 90T olul p (gylol as 5l citann S jnite g (s &5 gt 2 )3 D92 90 (sl pSilio

LBl

The means in each column that have common letters do not have a statistically significant difference at the level of 5 % according to

LSD test.
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Figure 2. Dendrogram obtained from cluster analysis based on all studied traits in different rice genotypes
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Table 5. The results of analysis of variance related to groups obtained from cluster analysis based on all studied traits

. L3 b)) b b))
CV (%) (o) o o)y Hlesd b)lg
CB)op) Sl e MS of Erorr MS of Treatment Slao Ol o)los
df ool 4>y TraitS Traits No.
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554 21.25 166.90°" pddgd Loy Ve b o) ol xi
Days to 100 % of heading
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Plant height
21.12 5.14 9.24m Ly 3 adyp- s X4
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Number of seed in panicle
" Asgs D S il olas
14.71 41.32 254.90 > 2=
Unfilled seed in panicle ¥
13.95 92.25 1852.09° dg 52 )9k b s xs
Number of fertile seed in panicle
7.60 0.53 3.02° «b Jsb X
Grain length
8.94 5.44 9.09" b i o9 X10
1000 Grain weight
7.43 42.00 68.19° bt Cudlyyy jas L xi1
Harvest index of panicle
7.69 39.79 218.28" adg> o)l X1
Panicle fertility
14.11 031 7.78" b o515 X13
Grain density
1138 842,91 10317.83" S 2,Sles Xis
Grain yield (g.m™)

Moy S g oy Jlein] o 50 I gxe )b bze puE Sy s g 8 NS
NS, * and ** are non-significant, significant at the 5 and 1 percent probability levels, respectively
C”)" blfs ) AAJUQ.A .))}4 Slow 44.15 L Joy),o ).MM% d.x)>u )l Juob dl.hba)f O uAiJL.A MLD.A C.»L.: -5 Ja_\>
Table 6. The results of the mean comparison between the groups obtained from the cluster analysis related to all the
studied traits in the rice plant

Group 04,5 Slao Slas o)yledd
Fourth p,)le> Third pgw Second g3 First Jol Traits Traits No.
86.00° 83.75° 78.76" 96.50° 2B Lo Ve b g, s X
Days to 100 % of heading
119.66 114.83% 110.04¢ 130.16° Sy U jgy 2l X2
Days to maturity
94.66° 98.66" 108.47% 134.16° (o sBl) ol el -
Plant height (cm)
6.66" 10.08° 11.85° 10.16* G 3 adg ol X4
Number of panicle in plant
17.26¢ 20700 22,300 2537 (o sBlu) 4dg> Jsbo xs
Panicle length (cm)
147.44° 69.52¢ 79.01% 100.61° adgs y &l ol X6
Number of seed in panicle
8.11° 12.02° 13.30° 33.220 abgd > Sy &b dlass
Unfilled seed in panicle X7
139.33 57.50 65.71° 67.38 abgs 53 59,k 4ol X8
Number of fertile seed in panicle
6.80° 10.110 9.718 9.4 (soidse) 41> Jsbo X0
Grain length (gr)
2631° 26.25° 26.88° 2.72° (p5) &b sl g x10
1000 Grain weight (gr)
95.18 88.36% 87.75% 78.99° (J03) g bl yadLi -
Harvest index of panicle (%)
94.46" 83.51° 83.75 66.69° (129) ads> (59l Xi2
Panicle fertility (%)
8.53° 3.40° 3.540 3.95 b o815 xi3
Grain density
329.17° 198.96° 290.00° 208.56" (e o 2 p5) Sk >,Slos Xia
_ _ Grain yield (g.m™)
o> gy e 53 (g dme BRI gly)> (LSD) Jlo e glss J8lus 9031 (wlusl y3 (gylol Jas 3l cdiiads Syt gy (ghyls 457 gt o 0 3500 sla 1 Ske

The means in each column that have common letters do not have a statistically significant difference at the level of 5 % according to LSD test.

45 b b adles > (Hosseini et al., 2020 Uil cas bl gy SO ol sladdlge 4 4550
e (gl addge Hlon dlaay aS b L Lol sladdlge Hosseini et al., 2019;) 25 o Coue odld
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Table 7. Results of principal components analysis based on all studied traits in different rice genotypes

Component 44 ge Slao Slas o)lesd
Fourth p,le> Third pguw Second pgd First sl Traits Traits No.
-0.39 0.25 0.44 0.73 BB Lo Ve b g, Sl xi
Days to 100 % of heading
031 0.11 0.58 0.71 P X
Days to maturity
0.11 0.43 0.09 0.74 (o sBls) oL gl %
Plant height (cm)
025 0.60 -0.54 037 g2 > g Sl X4
Number of panicle in plant
0.46 -0.12 -0.05 0.79 (o Blu) 409> Jobo X
Panicle length (cm)
0.22 -0.07 0.94 20.15 adgs yd alb ol X6
Number of seed in panicle
0.31 0.47 0.39 0.70 abgd > Sy &> 2l X7
Unfilled seed in panicle
0.10 0.12 0.84 0.47 abg> 53 5,2 b Aa
Number of fertile seed in panicle X
0.03 -0.23 -0.68 027 (e ko) 1> Jsbo X0
Grain length (gr)
0.09 -0.34 -0.34 -0.68 () b5 )3 5 X10
1000 Grain weight (gr)
0.05 0.17 0.04 0.73 (10,2) abgs Cublyyy yadld X1
Harvest index of panicle (%)
025 0.50 -0.18 -0.76 (123) ads> (59l
Panicle fertility (%) X2
0.01 0.02 0.88 -0.43 b o515 X13
Grain density
0.64 0.47 0.14 -0.53 (e o p5) Sk ,Skae X4
Grain yield (g.m™)
.19 158 704 527 Eigenvalues o3y ida
8.49 T1.30 7886 37.69 ) ) R
Relative Variance (%) (aod) (g (bl
86.36 77.86 66.55 37.69

Cumulative variance (/) ze35 ul)ls
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Figure 3. Biplot related to the first and second components obtained from principal component analysis (A: based on
traits and B: based on genotypes) based on all studied traits in different rice genotypes
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