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Table 1. The lines and hybrids investigated in this experiment

G5 esled S5l o0 b g slice oyled G555 el o b g slide
Genotype Genotype  Origin and pedigree S Genotype Origin and pedigree
number name name
Genotype
number
1 K1 GABIT, 13 K13 GABIT,
Pajoohesh/IR58110 Pajoohesh/IR60819
2 K2 GABIT, 14 K14 GABIT,
Pajoohesh/IR58110 Pajoohesh/IR60819
3 K3 GABIT, 15 K15 GABIT,
Pajoohesh/IR58110 Pajoohesh/IR60819
4 K4 GABIT, 16 K16 GABIT,
Pajoohesh/IR58110 Pajoohesh/IR60819
5 K5 GABIT, 17 NedaA/K3
Pajoohesh/IR58110
6 K6 GABIT, 18 NedaA/KS
Pajoohesh/IR58110
7 K7 GABIT, 19 Neda/K6
Pajoohesh/IR58110
8 K8 GABIT, 20 NedaA/K7
Pajoohesh/IR58110
9 K9 GABIT, 21 NedaA/K12
Pajoohesh/IR60819
10 K10 GABIT, 22 NedaA/K15
Pajoohesh/IR60819
11 K11 GABIT, 23 NedaA/K16
Pajoohesh/IR60819
12 K12 GABIT,
Pajoohesh/IR60819

O‘Jﬁ‘ ‘L§)L“" g[)l:.wﬁ.b ng)j\.'é s ) 9 d{._:;j a&»}}; ‘GABIT

GABIT: Genetics and Agricultural Biotechnology Institute of Tabarestan, Sari, Iran
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Table 2. Analysis of variance for the agronomic traits in the studied lines

e a3 Crrwv.fv@mb_ aoy sldas ab g J b &l sl FEEHEEIREY als Jsb PHERN alsVeer O3 A?er.r&.ﬂrb
Sources of &sl3T Height (cm) Sk (e 3L Number of Number of Gro ko) o ko) G %9) Grain yield (g)
vartation Degree Number of Panicle grans filled grains Grain Grain 1000-grain
of fertile tiller  (cm) length length diameter( weight (g)
freedom (mm) mm)
IS 2 13.27 4.19 0.197 3.77 236.33 0.008 0.023 0.318 72.58
Replication
Sles 15 1146.97** 67.68 1 27.83** 4193.06** 3628.84** 1.008** 0.1%** 49.28%** 980.04**
Treatments
olzsl 30 16.16 2.12 1.56 539.15 315.22 0.104 0.018 0.217 13.87
Error
Sl ok 2.92 5.24 4.74 13.62 13.06 3.09 5.05 1.83 5.21
AL(\&VV
Coefficient
of variation
(%)

**Significant at the 1% level

KWSTS ﬂr!puu_urm.&yfm

T
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Table 3. Mean comparison for the agronomic traits in the studied lines

Loy gl PRERE, Jsb Glsslas sl wlsdsb (e ) 4l s O3 5 S
Lines (e Sl BT 4ips Number  Number (e L) Grain PHER TR <l
. i of of filled . diameter(mm) = =
Height  Number =5L) . . Grain ) )
(cm) of < grains grains leneth f f
; (oo g 1000-  Grain
fertile (mm) ; ;
. . grain yield
tiller Panicle oht
length weig ©
(cm) (&)
K1 139.67«
24h 30.33? 167 108.67% 11.22 2.67bd 27.92¢ 568
K2 129.33¢
23330 24.17¢f 164%¢ 133.339f  1(.72bed 2.732bed 29.11°  64.67°
K3 159.33%
32.67°  25.43%  177.33b% 1464 10.933b¢ 2.72bed 29.51° 85¢
K4 156.33°
372 30.43° 206 170.33b¢ 10.873¢ 2.772bed 28.81° 107.33%
K5 137.674 .
31.67  29.8® 2412 154.33%4  10.43bedef 2.3¢ 26.73¢ 91b°
K6  116.67¢
30cd 27.7% 151.33¢  122.33%fe  10.07¢fe 2.87% 27.60°  77.674
K7 1130 . .
330 28.33%c  166.33%  117.33°f8  [(.33cdefe 2,670 23.62¢  71.33%
K8 112k .
27.33¢f 22537  102.33¢ 90.67¢ 10.43bcdef 2.83abe 27.95¢ 53.33&h
K9 119¢h ) i ) .
25.67%"  24.53¢f 135¢d 113.67°t  10.03°f 2.6% 22.28M 46!
K10 122f2 ) ) .
20.67 23.07f 165% 144.33%4  10.10%fe 2.57¢ 25.78¢ 48Mi
K11 146¢
31.33b  26.87 143cd 128.67%f  10.872° 2.832be 31.232 87°
K12 127.33¢f ) .
19.67°  23.87°f  228.33*  199.67%® 9.83fe 2.3¢ 21.641 64°
K13 140%4 )
29.67%%  20.27¢  143.33«¢  109.33% 9.8¢ 2.932 22.080  69.33¢f
K14  185.33% )
25¢h 28.17%¢  147.67° 94¢ 9.93h 2.53de 15.11 72d°
K15 145¢4
26" 28.37%¢  166.33%  109.67%  10.53bcde 2.53d 24.68"  55.33¢
K16 1444
28def  2833abc 224670 209.33% 11.03% 2.675d 22918 96.67°

Y
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Table 4. Mean and percentage of deviation from total mean (in parenthesis) for different restorer characteristics in the clusters derived from cluster analysis

ab g 555l rwu.rtvmrwu_ IESOERE Jsb PHERRINPS g &ls sl als Jsb (e o) ails s Yorr O A?Wv ls 5 Shes
Cluster Genotype (e 5ok ab g Number ~ Number — (z L) Grain G 5) als Grain yield (g)
name Height Number L of grains  of m.:oa Grain diameter(mm) 1000-
(cm) of fertile (; grans length grain
tiller s (mm) weight
Panicle )
length
(cm)
1 K1, K15, 133.45 26.91 25.85 150.12 117.73 10.36 2.71 25.21 63.70
K11, K13, (-2.62) (-3.24) (-2.05) (-11.97) (-13.38) (-0.77) (+1.88) (-0.79) (-12.31)
K6, K7,
K2, K10,
K14, K8,
K9
2 K5, K4, 144.93 29.80 27.57 215.47 175.87 10.62 2.55 25.92 88.8
K3, K16, (+5.67) (+7.16) (+4.47) (+26.35) (+29.39) (+0.18) (-4.14) (+1.77) (+24.13)
K12
oS 137.04 27.81 26.39 170.54 135.92 10.44 2.66 25.44 71.54

Total mean
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Table 5. Fertility status of pollen and panicle in crosses of NedaA with 7 fertility restoring lines

o)l Y (4ey3) 03 & ails 5550k b 69k ey
Number Crosses Pollen viability (%) Fertility percentage of panicle
1 NedaA/K3 42 35
2 NedaA/KS5 50 26
3 NedaA/K6 51 26
4 NedaA/K7 85 88
5 NedaA/K12 95 80
6 NedaA/K15 61 27
7 NedaA/K16 83 83
adlllan ol 53 (oo ys A Sl Gt i 503 8 4ils (6)5)b) Lidm dlF | ol b jun 8155 Camd s Jaws 20 —F J gl
Table 6. Average agronomic performance of promising F, hybrids (pollen and panicle fertility exceeding 80%) in the study
YT AT VoY WELC_ 030k 4y Sl ad g Jgb &l sl &l sl als Job (e o) 4l s SlsVrer Oy 4ls > Slhes u«bloﬂltgun» ugb)v(,{k.u\n»
gy (e 5l Number of e W) Number of ~ Number of e sbeo) Grain A?Wv (OeSs/ 5) Sy el el Lo gze il
Hybrids/ Height fertile tiller Panicle grains filled grains Grain diameter(mm) 1000- Grain (4o3) (os)
Inbred Lines (cm) length length mwﬂ_ﬁ: yield (t/ha) BP Yield MP Vield
(cm) (mm) weight (g) Heterosis Heterosis
(%) (%)
NedaA/K7 126.33° 51.33* 32.33* 179* 157° 11.10* 2.83* 26.08° 12.42* 93.47 115.69
NedaA/K12 138.33* 41° 27.43° 207.33* 165.33° 10.93* 277 28.44° 11.46* 98.95 111.10
NedaA/K16 129° 35.33¢ 29.43° 166.67° 138.33° 11.67° 277 29.05* 8.46° -2.76 26.12
Eyey R_bnh¢
Inbred Lines
Neda 1004 20° 26° 124¢ 87¢ 9.95° 1.98° 30* 5.01¢
K7 113¢ 33¢ 28.33° 166.33° 117.33° 10.33° 2.67° 23.62¢ 6.42¢
K12 127.33° 19.67¢ 23.87¢ 228.33* 199.67* 9.83° 2.3° 21.64¢ 5.76d°
K16 144* 28¢ 28.33° 224.67° 209.33* 11.03* 2.67" 22.91¢ 8.70¢

BP: Best parent heterosis, MP: Mid-parent heterosis
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Figure 1. Classification of the studied genotypes according to the agronomic traits using

the Ward method
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Introduction

Rice is the staple foodconsumed by almost half of the population in Asia and
the world.Rice is a self-fertile plant with various varieties. Due to the decrease in
the area where rice is cultivated, there is a great need toincrease yield performance
in rice per unit area. Heterosis is a phenomenon that reveals advantages over its
parents in F, hybrids resulting from the crossbreeding of various parents(Saleem,
2008).The two main methods for producing hybrid rice are the three-line system
and the two-line system. Thesetwo methods are different due to the use of two
different types of male sterile lines. In the production of F hybrids, CMS lines are
crossed with fertility restorer lines. The objectives of this study were to evaluate
the new fertility restorer lines in terms of important crop characteristics and
determine the fertility percentage of pollen grains and evaluate the heterosis rate
of the resulting hybrids.

Materials and Methods

The research materials used in this study included 16 new restorer lines as
Email address of the corresponding author: gh.kiani@sanru.ac.ir
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paternal parents and NedaA cytoplasmic male sterility lines as maternal parent
as well as its fertility maintainer lines NedaB. In the first year, theagronomic
characteristics including plant height (cm), number of fertile tiller, panicle length
(cm), number of grains, number of filled grains, grain length (millimeters), grain
diameter (millimeters), weight of one thousand grains (grams) and grain yield
(grams) were recorded and at the flowering stage, all fertility restorer lines were
crossed with NedaA CMS line. Among the available hybrids, 7 F genotypes were
cultivated with their parents in the second year. After flowering, iodine-potassium
iodide (I2/KI) solution was used to perform fertility assessment of pollen grains
in F, hybrids(Gao et al, 2011). At the maturity Stage, seed setting performance
of F genotypes was recorded. Analysis of variance and mean comparisons were
carried out using Duncan test using SPSS software.Grouping of genotypes was
done using cluster analysis through Ward method.

Results and Discussion

Mean comparison of genotypes showed that K14, K3, K4 and K11 lines had
the highest average height, respectively, which was a positive feature for paternal
parents (pollinators) as restorer genotypes.In terms of number of fertile tiller, K4,
K7 and K1 restorers accounted for the largest number of fertile tillers, respectively,
and K4 genotype was superior to other genotypes in terms of panicle length.
Researchers identified the fertile tillers, panicle length, and number of filled
grains as the most contributing traits to yield.Lines K16, K12 and K4 had the
highest average grain length per panicle.This feature is one of the important traits
of marketing in Iran. Lines K12, K4, K3 and K2 had the highest weight of one
thousand grains, respectively. Cluster analysis classified the genotypes into two
main categories (Figure 1).Thegenotypes in samegroupwere more genetically
related than the genotypes in other branches, hence,cluster analysis can be used
as a tool to select parental lines in hybridization programs (Kiani &Nematzadeh,
2013). The first group included 11 genotypes (68.75%) that were below average
in terms of all traits except grain diameter. 5 genotypes (31.25%) were placed in
the second cluster.The K12 and K16 genotypes were included in this group as two

successful parents in cross with the NedaA male sterile genome.
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The fertility rate of hybrid pollen grains ranged from 41.71 to 95.35 percent.
NedaA/K7, NedaA/K12 and NedaA/K 16 hybrids had more than 80% fertility rate,
which indicated the suitability of K7, K12 and K16 restorer lines for crossing with
Neda A.

All the promising hybrids outperformed their paternal parents in terms of grain
length. The highest 1000 grain weight was observed in NedaA/K16 hybrid and the
highest yield was observed in NedaA/K7. Heterobeltiosis of the NedaA/K7 and
NedaA/K12 genotypes were 93.47% and 98.95%, respectively and the NedaA/
K16 genotype showed 26.22% of heterosis.

Conclusion

Three genotypes (K7, K12 and K16) were found to bedesirable fertility restorer
lines for NedaA due to their beneficial characteristics as well asrepresentingmore
than 80 percent fertility percentage of pollen grains and seed setting in their
panicles. These lines could be used as new sources of fertility restoration for WA
cytoplasmic sterility system and promote hybrid seed technology in Iran.

Keywords: Agronomic traits,Hybrid rice, Panicle fertility, Restorer line
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