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Table 1. List of the investigated genotypes and the resultant crosses along with the main characteristics of the parental genotype

W Gaad 55 s Do a1 ol por 4 ol Sla W 5 anlllan 550 leed 55 od N Joil

NS b Y slice boos¥ ol B e st ot ol B el
. .. . Line . Hybrid
Characteristics Country of origin Line names Hybrid name
numbers number
Medium maturity, short grain IRRI R9 27 NedaA/R9 1
Late maturity, short grain IRRI IR 68078-15-2-1-2-2R 28 NedaA /IR68078-15-2-1-2-2R 2
Medium maturity, short grain IRRI IR 65912-90-1-6-3-2-3R 29 NedaA /IR 65912-90-1-6-3-2-3R 3
Medium maturity, short grain IRRI IR 64724-67-2-1-2-2R 30 NedaA/IR64724-67-2-1-2-2R 4
Medium maturity, long grain IRRI DRI10 31 NedaA/DR10 5
Medium maturity, long grain IRRI DRI11 32 NedaA/DR11 6
Late maturity, short grain Philippines IR36 33 NedaA/IR36 7
Medium maturity, short grain South Korea MILY ANG46 34 NedaA/MILY ANG46 8
Medium maturity, short grain South Korea SUWEON287 35 NedaA/SUWEON287 9
Medium maturity, short grain South Korea IRi347 36 NedaA/IRi347 10
Medium maturity, short grain Bhutan MILYANG 54 37 NedaA/MILYANG 54 11
Medium maturity, short grain Korea SUWEON 294 38 NedaA/SUWEON 294 12
Medium maturity, short grain Philippines IR 56 39 NedaA/IR 56 13
Late maturity, short grain IRRI IR 4842-2-3-2-1R 40 NedaA/C 4842-2-3-2-1R 14
Late maturity, short grain IRRI IR 72998-93-3-3-2R 41 NedaA/IR 72998-93-3-3-2R 15
Late maturity, long grain IRRI IR 73718-272-3-2-2R 42 NedaA/IR 73718-272-3-2-2R 16
Late maturity, short grain IRRI IR 74642-19 5-1-3-2 43 NedaA/IR 74642-19 5-1-3-2 17
Late maturity, long grain IRRI IR 90926-29-7-1 44 NedaA/IR 90926-29-7-1 13
Late maturity, short grain IRRI Minghui 63 45 NedaA/Minghui 63 19
Late maturity, short grain IRRI NSIC RC 352 46 NedaA/NSIC RC 352 20
Late maturity, long grain IRRI NSIC RC 392 47 NedaA/NSIC RC 392 21
Late maturity, short grain IRRI NSIC RC 400 48 NedaA/NSIC RC 400 22
Late maturity, short grain IRRI NSIC RC 434 49 NedaA/NSIC RC 434 23
Late maturity, short grain IRRI NSIC RC 436 50 NedaA/NSIC RC 436 24
Medium maturity, short grain IRRI IR 85593-23-2-1-3-1-2-1- 51 IR85593-23-2-1-3-1-2-1-1- 25
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Late maturity, short grain IRRI IR 86403-22-3-1-1-1-1-1- 52 IR86403-22-3-1-1-1-1-1- 26
Late maturity, long grain Iran NedaB 53
Late maturity, long grain Iran Shiroudi 54
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*Seeds received from International Rice Research Inistitute in Philippines were as the paternal parents, which after sowing, had a medium to late

growth period.
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Table 2. Analysis of variance of the studied traits for rice hybrids, parental lines and control

Sl o SLe
Mean of squares

o)
e
.. . wlS sluws
- se 4 | 7 . <
REalPR P Jsb . 5l 4l la Ve 0l ; e
Aoy Bt CBTPREE gl | ) 3 : aladsb  ab S 4> gode it 0L S
dmiy Sl b g o & ~ X
SOV Fy S i : T Number ULy (e O gug o ,
df (el Tiller  (msl) of  Numberof : , 1000- . s
Day to Day to Height number g ikelet  fertil in Grain  Grain cain Pollen Panicle Grain vield
50% maturaity 18 Panicle  Spieeiel - derile gramn o oh width gra sterility fertility am yie
° length per per panicle weight
flowering panicle
Genotype 53 175.19%%  229.45%*  452.99%%  2522%%  16.24%*  4264.54**  5940.37**  1.76*%*  0.342*%*  30.28%*  1265.78*%*  1466.78**  9655489.2%*
YP!
Rep 2 0.454 0.421 68.51%* 9.30%** 0.629 289.31 49.74 0.212 0.01 3.59% 23.63 9.88 350172.04**
E 106 0.312 0.659 7.70 1.91 1.20 384.13 167.98 0.115 0.01 0.933 36.65 44.36 51186.98
CV(%) - 0.49 0.59 245 9.10 4.12 12.37 12.28 3.52 5.41 4.17 19.78 10.10 4.78

and ** significant at the 5 and 1% probability levels, respectively
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Table 3. Means comparison of the traits related to rice hybrids, parental lines and control

G s, shin o =l sl . . o 6l 3 Shes
oyleds S 63y a ”ELC_ B Wb Jgb G 3 5 9,b «ls sl als Jsb als Lo e daee 0 als o ol R ?Wu.rwv
¥ S St (o gsle) o (2 Number e o) (ol 5 1 es g e (eSa
Cross/ i Dav to Height Tiller Panicle of Number of Grain Grain 1000- orai Poll Panicle o
line Umvw to ma zwm: " P %v number  Jength spikelet’s  fertile grain length width . W:WEE . .Mu.ﬂ asc\v fertility Grain
number a MO\AW Y (cm) per per panicle (mm) (mm) weight (gr)  sterility (% (%) :w:ar_a._v
owering panicle &
1 112,007 139.00¢7  115.00" 16.00¢ 24337 142.00* 110.00¢7 1023*7  1.84"* 23.33% 10.00™* 77.53*%  5845.86°"
2 123.00°  140.00"™  119.66™  19.00°  29.00°"  163.00" 143.00¢" 9.49° 1.82" 25.66"° 31.007 87.73*"  7112.00
3 114,00 139.005" 12500  21.33% 28.66"  181.00°" 160.00™ 1026 1.82" 25.70"° 18.00" 88.39* 8708.26
4 112.00"  137.00*  125.66"" 1333 29.33"°  160.66 101.33" 1036 1.70°" 27.06*° 7.66%" 63.16 473440
5 113.00™  140.00™  105.66™  14.33° 23.00° 12333 61.33" 9.03" 1.90™ 27.63% 19.66" 49.65""  3844.80°¢
6 113.66"  140.00""  121.00%%  1533%  2633%°  130.66°* 83.66™ 10.19%¢ 170" 26.00"° 10.33" 63.425°  4748.80""
7 113.00™  138.00%7 112,00  1533%  28.50"*  140.00* 120.00*" 9.34° 135" 23.63%" 20.66* 8571 634026
8 114.00"  137.00™  126.00¢  13.33h-*  27.00°"  102.66" 65.00%™ 8.87" 1.72¢™ 21.60" 16.00™" 63.29™  3381.86""
9 113.66™  137.00"  120.66™  13.00"  23.66™  100.66" 57.66™ 9.40% 1.81" 23.80°" 19.66" 57.03%¢  5851.73°"
10 112.00"  136.00"  123.00 9.00" 26.66"° 12633 11.66” 9.085" 1.26% 21.63" 82.33° 9.23" 342.40°
11 123.00°  136.00"  115.66™  18.00"" 25337  165.00" 145.00¢ 9.27°° 1.64%" 24.96"° 18.66" 87.87"  7253.33
12 106.00" 13500  116.00™  13.66° 28.00  182.00°% 123.66 9.2 1.74%™ 23.66" 27.66j-r 67.88%"  5205.33%*
13 113.00™ 13500  114.66™ 1566 25.83°°  145.00** 130.00°* 9.61°™  1.77% 24.53 18.00" 89.65'  6628.80™
14 120.00¢  142.00*"  124.66" 13.00™  28.16 176.33°" 76.66" 1026"  1.50° 2533 53.00°" 43.18”° 313440
15 120.67°¢  143.00°  125.00°  13.00™  29.16"°  117.33%* 75.00°™ 9.67° 1.79 22.80" 53.43"¢ 64.025°  3924.80%
16 120.67°¢  142.00""  125.00°  13.33"%  28.33*"  153.66" 55.33 10.31%°  1.48' 27.63* 24.33% 35.97%"  2796.26™
17 120.67"¢ 14433 130.66*°  13.00™  28.00% 12533 65.00%™ 9.71>* 1.59™ 25.76"° 65.00"¢ 51.45™  4018.66™"
18 12067 138.0057  129.00"  15.009  27.83"  168.00" 60.00™ 9.99 1.69" 23.064 59.33>F 35.87%" 2330.13'
19 120.67°¢  137.00™  138.00° 13.33"%  27.50""  140.00** 72.00% 10.08""  1.60" 17.90" 49.00" 51.95%9  3293.33"
20 119.00%  138.00%7  135.00% 12.66" 3150 155.66%* 39.66™ 10257 1.40™ 23.73%" 82.33 25.13% 1509.33"
21 123.00°  138.00°7  131.33*°  13.33"  30.66™  124.66™" 26.66™ 10.63*°  1.78" 17.9" 70.00° 18.52"  2456.53"
22 12000 137.00™* 12100  14.009  29.33*°  152.00** 43.66" 9.96™ 1.79" 20.23 35.66%™ 29.03™  1426.00°
23 115.008"  138.0027  126.00°¢  13.00™* 31.00°  155.66™* 21.33¥ 10.52*¢ 114 16.33 74.33% 13.38" 650.66™
24 120.00¢  138.0057  130.66*¢  13.665%  2636%° 15033 11133 10.55"¢  1.62"" 23.96°¢ 27.33" 7433 5112.00™
25 118.00°  137.00™  130.33*° 15339 28.16"  186.66"" 127.33% 9.92" 1.75! 25.26" 27.66"" 69.29"  5711.46"
26 109.00"  138.00¢7  121.33"%  15.66°  26.66™  114.66" 64.33% 1022 1.96 23.53%" 44.66° 56.02%¢  4947.20"



27 101.33 128.66°9  104.33°° 15.33% 24.00%"  163.33% 143.33¢ 9.24°P 1.63M" 19.96"™ 12.33 87.73+F 4805.83"
28 115.338  137.33"  109.66°P 25.00° 26.50%° 194.66>" 76.33™" 9.60°™ 1.67™ 20.63™" 60.33%" 39.207 2928.00"
29 103.33®  127.33% 103.66°" 18.33%" 25.83°°  134.66°¢ 114.33%P 8.96"? 1.71F™ 21.46™™ 15.66™" 84.78*1 64.29.33F
30 100.66° 127.66 117.33¢" 15.66% 28.66"¢  181.00°" 155.00>" 8.60% 1.54+° 14.339 13.66™ 85.99%¢  5795.43%
31 101.66™  130.66™” 96.66™ 13.33* 24.66™  152.00%* 122.00°™ 10.02% 2.06>° 25.26>¢ 20.00" 80.27+ 5992.534f
32 101.009  120.00°9 100.66™* 12.33% 24331 157.33%k 125.33¢ 10.19*¢ 1.98>¢ 25.43%¢ 19.00" 80.51% 6287.26%"
33 11533%  131.33™°  95.00°" 14.00 2333 173.66%" 124.33¢ 8.83P 1.58° 21.40t™ 28.40°P 71.59%"  5863.50%h
34 105.66" 127.33% 101.33>* 12.33% 23.66™  146.33% 149.66"¢ 8.38™d 1.90 24.60" 8.16% 91.83%*¢ 6466.66°"
35 98.33" 127.33% 101.33>* 14.00" 23.00® 311.66a 134.33¢ 8.31°¢ 1.83%* 21.40"™ 26.93H 73.00°™  5971.10%¢
36 98.66" 124.66" 98.334 14.00 22.00° 157.33% 221.00° 7.759 1.92% 24.46°" 5.02% 94.97* 6491.73%¢
37 105.33" 127.00% 103.00°" 12.00% 26.00%°  133.33% 96.66™ 8.36™ 2.79* 24.26%" 26.18" 73.81%™ 3763.2%9
38 109.33" 128.00M  107.33™9 14.66% 26.00%°  182.00°¢ 116.66*° 8.09™ 1.71¢™ 19.50%° 34.565™ 65.44%° 4383.00"
39 110.33™  128.66°9  101.00™* 13.665* 23.00% 157.66%* 130.00°* 9.81° 1.78% 23.46% 17.54" 82.45% 6327.46%"
40 116.00¢ 153.33% 103.66°" 20.33*° 25.1487 24933 165.00% 9.78% 2.68" 19.36"° 34.008™ 66.18°"  4780.80%™
41 111.334 149.00° 98.33% 16.33% 26.804" 188.00>" 140.00¢ 9.12% 2.68" 24.26%" 25.50¥" 74.47*! 6294.93%"
42 12133 140.33°¢  110.00™ 19.33%4 2933 177.33h 105.33m4 10.06*" 2.55° 22.93% 40.68™ 593217 3253.86""
_ 43 120.00¢  150.66™ 105.00°" 14.66% 26.50%° 105.66™ 41.33"Y 9.83% 2.00>" 14.76" 62.00%° 38.3 1203.73"
2 44 120.00¢¢  150.33¢ 98.33%" 13.33"* 21.66°  143.66™* 117.33%° 1020 2.09™ 27.66% 17.07" 83.20%  4882.66"
) 45 12033 135.00%  107.33™¢ 15.33% 27.00°"  174.33% 156.33"¢ 9.88" 2.70° 29.33° 9.56M 90.43*4  6161.16%"
% 46 119.00°  159.00°  123.66“ 18.66""  27.66"*  203.00" 77.00™ 9.96" 1.88>¢ 18.30™° 62.38* 37.62"  3987.20"7
) 47 119.00% 150.00° 104.00°" 18.33%¢ 26.33%°  138.33%* 87.33%¢ 10.23*¢ 1.86% 22.83% 36.85%* 63.15™° 3892.26>4
3 48 118.00¢" 157.67° 104.66°" 17.66" 27.06°" 168.33% 112.00"? 9.36%° 1.99>f 18.03™ 66.67°" 3453.33P"
S 49 116.33% 150.00° 101.33>* 18.33%¢ 28.53*8  137.33% 10433 9.78% 1.715™ 23.46% 76.53% 5051.73"
m 50 11533 132.00™  97.33™ 22.00% 2450 241.33% 192.00%° 9.89" 1.78" 20.73¢" 79.647  6312.53%"
W, 51 90.66' 122.33° 90.00" 166" 26.00%°  93.00" 79.33™ 8.49™1 2,06 22.30" 85.77""  4938.13"
o 52 122.33% 154.66 94.66" 14.66% 23.76™  203.00"¢ 164.33% 8.54™ 2.10° 23.43% 80.65% 4879.46"
S 53 112.00" 134.00™  116.33"™ 14.00" 23.83+ 152.66%* 125.33¢ 10.83% 1.78 22.73%% 82.05%1 6105.43%"
3 54 104.33™ 131% 120.33% 14.66% 26.58%° 15633 147.00c-h 11.31° 1.81%! 26.03"4 94,08 6110.16%"
H HSD 1.89 278 9.42 47 3.72 66.5 43.98 1.15 0.34 3.28 20.14 22.60 767.71

Means with the same letter in each column are not significantly different at 5% by Tukey test
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Figure 1. The dendrogram of the clustering of rice hybrids, parental lines and control
according to Ward's method and Euclidean distance
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Table 4. Heterosis as compared to the average of the parents, superior parent and control for yield

Sl s s e

Y (SN e jled (1) o i35 72 ) (1) dals & S a9 0
Cross / line Relative Heterosis relative to Heterosis compared to the
number heterosis (%) the superior parent control (%)
(o)

1 7.15 -4.25 -4.33

2 57.46 16.45 16.40

3 38.95 3545 42.52

4 -20.44 -22.46 -22.52

5 -36.44 -37.03 -37.08

6 -23.36 -24.47 -22.28

7 5.95 3.85 3.77

8 -46.20 -47.70 -44.65

9 -3.09 -4.16 -4.23

10 -94.56 -94.73 -94.40
11 47.00 18.80 18.71
12 -0.75 -14.74 -14.81
13 6.63 4.76 8.49

14 -42.42 -48.66 -48.70
15 -36.70 -37.65 -35.77
16 -40.25 -54.20 -54.24
17 9.96 -34.18 -34.23
18 -57.59 -61.84 -61.87
19 -46.30 -46.55 -46.10
20 -70.09 -75.28 -75.30
21 -50.86 -59.77 -59.80
22 -70.16 -76.64 -76.66
23 -38.34 -89.34 -89.35
24 -17.67 -19.02 -16.34
25 3.44 -6.45 -6.53
26 -9.93 -18.97 -19.03

Ao A VLl s (g)5)b s Lol Ol gl s B g
Table 5. Selected hybrids with the panicle fertility above 80%

(ORET ST 2305 A s Sas

Ao ol (1) 03,5 5304 )
. o Panicle G
Hybrid Pollen fertility o o
fertility Grain yield (kg.ha™)

NedaA TR68078-15-2-1-2-2- R 69.00 87.73 7112.0
NedaA /IR 65912-90-1-6-3-2-3R 82.00 88.39 8708.3
NedaA/IR 36 79.34 85.72 6340.3
NedaAMILYANG 54 81.34 87.88 7253.3
NedaA/IR 56 82.00 89.66 6628.8
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Extended Abstract

GHolizadeh GHara, A., Kiani, GH., Nematzadeh, GH., Najafi Zarini, H., Evaluation of fertility
restoring and heterosis rate in some of the rice genotypes
Applied Research in Field Crops Vol 34, No. 1, 2021 16-17: 93-107(in Persian)

Introduction:

Using hybrid rice technology increase in grain yield can be an effective step in
food security (Shabestari & Mojtahedi, 2008), so it is important to examine the
different characteristics and indicators of parents and the resulting hybrids.

Materials and Methods:

This experiment was conducted in two years 2018-2019 in the Genetics and
Agricultural Biotechnology Institute of Tabarestan. Plant materials included 26
restorer lines sent by the IRRI as the male parent, and the CMS lines of Neda A as
the female parent with Shirodi and neda (control varietirs). Traits such as number
of days to 50% flowering, number of days to maturity, plant height (cm), number
of fertile tillers, length of spikelet (cm), number of floret in spikelet, number of
spikelet per panicle, pollen grain sterility percentage, spikelet fertility percentage,
grain length (mm), grain width (mm), weight of 1000-grains (gr), and grain yield
(gram per square meter) were measured. Finally, crosses with the desired pollen
grain fertility, spikelet fertility, and good yield were selected and introduced.
Analysis of data was performed using SAS9.1 software. Cluster analysis of data
was done using Ward method (using past software) and its cutting was performed
based on the formula (Darvish Kajouri, 2009).

Email address of the corresponding author: gh.kiani@sanru.ac.ir
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Results and Discussion:

Among the parental lines of fertility restorer, IR68078-15-2-2-2-2-2 R and
R4842-2-3-2-1R lines had the highest number of tillers and the highest percentage
of spikelet fertility were observed in the line MILYANG 46. The IR1347 line had a
higher yield than all restorer lines due to its high number of fertile spikelet and low
percentage of pollen grains fertility. Cluster analysis of the genotypes showed that
the genotypes were placed in five separate cluster. The heterosis results observed
among the hybrids, compared to the mean of the parents, the superior parent, and
the control variety showed that for the yield trait, heterosis of the parent mean from
-94.54 to 57.46%, the heterosis of superior parent from -94.73 to 35.45%, and the
heterosis to the control variable from -2.94 to 42.52% were variant, respectively.

Conclusions:

Acording to the research, hybrids with optimal yield with high percentage of
pollen and spikelet fertility includes crosses of NedaA with IR68078-15-2-1-2-
2-R, IR 65912-90-1-6-3-2-2R, IR36, MILYANG 54, and IR 56 hybrids which have
a yield of 7112, 8708.3, 6340.3, 7253.3, and 6828.8 kg.m?, also, with standard
hetrosis 16.40, 42.52, 3.77, 18.74 and 8.49 respectively. Among the superior
hybrids, NedaA/ MILIANG 54 hybrid has the highest Milling and suitable amylose
content, and NedaA/IR68078-15-2-1-2-2- R hybrid has a favorable aroma. These
hybrids also had good heterosis and were recognized as the best hybrids in terms of
crop traits for improving yield due to the fact that the studied lines are imported, by
studies and adapting them and using them in crosses, the results can be promising
to produce new hybrid rice (Baloch Zehi et al., 2016).

Keywords: rice, genotype, restorer, hybrid and sterile line.
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