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Abstract: Grain yield and most of the traits that have economic importance in plants, herited as quantity and
using direct selection method have not large progress. So, one of the most effective method's indirect selections
as improve grain yield with a trait effective on it, is using of selection index. In this research, 42 Iranian local
and improved rice varieties were evaluated in randomized complete block design with three replications under
two separate conditions, normal irrigation and drought stress during 2014 and 12 traits were measured.
Estimating 10 different selection indices based on optimum and base indices in both conditions indicated that
selecting for grain yield per plant, 1000-grain weight, number of filled grain per panicle, canopy temperature and
number of panicles per plant in non-stress condition and grain yield per plant, 1000-grain weight and number of
total spikelet per panicle in stress condition by using their path direct coefficients as economic weights would be
a suitable selection criterion for improving of population. Results distinguished that selected varieties based on
optimum and base indices in both conditions are almost similar. Thus, optimum and base indices in non-stress
condition are proposed as a criterion for selecting high-yield vrieties to use in stress conditions.

Keywords: Grain yield, Path analysis, Rice (Oryza sativa L.), Selection indices, Stress condition

Seleksiyon Endekslerini Kullamlarak Kuraklik Stresi ve Stres Olmayan Kosullar1 Altinda En
Iyi Celtik Cesitlerinin Secimi

Ozet: Tane verimi ve bitkilerde kantitatif kalitimli ve dogrudan segme ydntemini kullanilan ekonomik énemi
olan &zelliklerin gogunun bilyiik bir gelisme gdstermedigi saptanmustir. Dolayisiyla, etkili bir 6zellige sahip tane
verimi artirmak i¢in en etkin yontemlerden dolayli se¢imlerinden biri, seleksiyon endeksini kullanilmaktadir. Bu
aragtirmada 42 adet Iran yerel ve gelismis piring cesidi, 2014 yili boyunca normal sulama ve kuraklik stresi
olmak tizere iki ayri kosulda ii¢ tekerrirll olarak tesadiifi tam blok deneme deseninde incelenmis ve 12 dzellik
degerlendirilmistir. Her iki kosulda optimum ve baz indekslerine dayanan 10 farkli se¢cim indeksinin tahmin
edilmesi, ekonomik agirlik olarak dogrudan path katsayilarinin kullanilmasiyla bitki basina tane verimi, 1000
tane agirligi, bagakta dolu tane sayisi, kanopi sicakligi ve stres olmayan kosullar altinda bitki basina basak sayist,
bitki bagina tane verimi ve stres kosullarinda 1000 tane agirligi ve her bir basakta basak¢ik sayisinin
populasyonun iyilestirilmesi i¢in uygun bir se¢im kriteri olacagini isaret etmektedir. Sonuglar, her iki kosulda da
optimum ve baz indekslerine dayali segilen ¢esitlerin neredeyse benzer oldugunu gostermistir. Boylece, stres
olmayan kosullarindaki optimum ve baz indeksleri, stres kosullarinda yiiksek verimli ¢esitlerin secimi igin bir
kriter olarak 6nerilmektedir.

Anahtar kelimeler: Tahil verimi, Path analizi, Pirin¢ (Oryza sativa L.), Seleksiyon endeksleri, Stres kosulu

Indroduction

Rice (Oryza sativa L.) is the most important food crop, as over half of the world, population consumes rice as
their principal source of nourishment (Ramakrishnan et al. 2006). Also, yield of the crop’s is a very complex
trait, and direct selection is not much effective on it. Therefore, the most desirable approach to improve traits
such as grain yield is simultaneous selection based on related traits (Bos and Caligari 2008).

Since the economic value of a plant depends on its different trait values, plant breeders should consider

simultaneous selection for two or more traits to maximize the economic value of a plant. The use of a selection
index was originally proposed by H. F. Smith (1936) argued that since genotypic worth could not be directly
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evaluated, it might be best estimated by a linear function of observable phenotypic values. The maximum
response to index selection will be achieved if the correlation between genetic worth and the index is maximized
(Baker 1986). Plant breeders have had more success using the index selection for increasing expected responses
than by using direct selection of different traits in different plants (Xie et al. 1997; Jannink et al. 2000; Monirifar
2010; Eshghi et al. 2011). Moreover, it has been used for increasing expected genetic advance in recurrent
selection programs (Smith et al. 1981; Weyhrich et al. 1998).

Gravois and McNew (1993) showed that selecting for increased yield via selection for either panicle weight or
panicle number alone was ineffective in the field. In contrast, they indicated that selection for both increased
panicle weight and panicle number to increase yield was estimated to be 91% as effective as selecting for yield
directly. In another research, Rabiei et al. (2004) studied selection indices for the rice grain shape. They indicated
that the selection index based on the path analysis results was an effective selection criterion. Furthermore,
Sabouri et al. (2008) compared selection indices for rice yield improvement and showed that selection for grain
weight, number of panicles per plant and panicle length by using their phenotypic and/or genotypic direct effects
(path coefficient) as economic weights were served as an effective selection criterion for using either the
optimum or base index. Furthermore, Fazlalipour et al. (2008) showed that selection for biomass (BM), harvest
index (HI) and number of grains per panicle (GP) using genotypic path coefficients and their heritability as
economic values based on optimum and base indices was a suitable selection criterion for improving population
in rice.

The objectives of this study were to obtain a suitable selection index based on relationships among important
agronomic traits in two irrigation conditions and using a suitable selection index to select the high-yielding
varieties in rice.

Materials and Methods

A total of 42 Iranian local and improved rice varieties including Ahlami-Tarom, Binam, Hassan-Saraee, Hassani,
Domzard, Gharib, Ghasroddashti, Nemat, Bijar, Khazar, Sepidrood, Sang.e.Tarom, Shiroodi, Anbarboo, Mehr,
Neda, Hashemi, Abjibooji, Amol, Bahar, Toka-51, Champa-Boodar, Hassnjoo, Dorfak, Dasht, Dom.Sefid,
Sahel, Salari, Sangjoo, Shafagh, Saleh, Sadri, Tarom-Amiri, Tarom-Molaee, Tarom-Mahalli, Ali Kazemi,
Kadus, Gohar, Gil-1, Gil-3, Dom Siah and Mohammadi were used to evaluate best selection indices in the rice
under sever drought stress conditions. The experiment was carried out under two different conditions (normal
irrigation and drought stress) based on the randomized complete block design with three replications in the
Lahijan, Iran, during 2014. Under the stress condition, irrigation of research field was completely stopped in 30
days after transplanting to the end of the growth period. Soil moisture was measured by Gypsum blocks that
placed in the field. The soil moisture was observed every two days to ensure that drought stress had been doing
well. Mean resistance of the Gypsum blocks was measured at three stages of plant growth (mid-tillering,
flowering and maturity) and based on the calibration diagram of Gypsum block was calculated volumetric soil
moisture. Meteorological data (climate data) and soil characteristics are shown at Tables 1 and 2.

Table 1. Some physical and chemical properties of farm soil

Measurement characteristics

gggzﬁle Electrical Organic  Total Absorbable Absorbable  pH of

(cm) conductivity  carbon nitrogen  phosphorus potassium Saturated Soil texture
(ds.m™) (%) (%) (ppm) (ppm) soil

0-30 2.37 2.65 0.25 15.83 195.2 6.7 Clay Silty

Table 2. Meteorological information of the six crop season of 2014 year
Temperature (°c)

Month Mean temperature (°c) Rainfall per month (mm)

Min Max
April 14 -0.2 25.4 12
May 22.2 12.4 325 10.9
June 24.8 15.6 344 3.2
July 26.4 19.8 345 10.2
August 27.6 19.6 375 15.6
September 23.9 16.8 35.4 54.3

In both conditions, each variety was planted ina 2 m x 2 m plot. In each plot had three rows. Single plants were
transplanted at 30 days after sowing with distance of 25 cm between plants and 30 cm between rows. The studied
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traits were days to flowering (DF, days from sowing to 50% flowering), days to maturity (DM, days from sowing
to 85% maturity), plant height (PH, cm), panicle length (PL, cm), number of panicle per plant (NPP), number of
total spikelet per panicle (NTSP), number of filled grain per panicle (NFGP), number of empty spikelet per
panicle (NESP), canopy temperature (CT, °C), spikelet fertility (SF, percent), 1000-grain weight (GW, gr), grain
yield (GY, g/plant). All studied traits were measured on 10 plants per plot. The studied traits were recorded based
on the standard evaluation system for rice ((InternationalRiceResearchlinstitute 2002).

Stepwise regression analysis and sequential path analysis was done using statistical software of SPSS ver. 19.0
(SPSS 2010), to describe the relationships among the traits and to determine the traits which effective on the
yield. The direct and indirect effect of each trait on the yield based on genotypic correlations were revealed by
path analysis and was done by the Amos Software ver. 19.0 (Arbuckle 2010).

Phenotypic and genotypic variance matrix and genotypic correlation coefficients were calculated by the

suggested equation by Acquaah (2007) based on the expected value of mean squares (MS) and mean products

(MP) of treatment and experimental error of RCB design Also, broad-sense heritability for each trait was
2.

calculated as %, where ogi and of,i are the genotypic and phenotypic variances of the ith trait, respectively that
pi

suggested by Acquaah (2007).

In this study to evaluate the selection strategies for maximizing rice yield, different selection indices were
calculated based on optimum and base indices and different economic values (Table 3), as described by H. F.
Smith (1936); Hazel (1943); Brim et al. (1959); Baker (1986)4, 9, 19, 20) used to present a suitable selection
index. Furthermore, several different scales were used to evaluation indices.

= A: -
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Where of, 6§, o, k, o, yp, R, RA, h(A), rgay and o4 are variance of index, variance of breeding worth,
covariance between index and breeding worth, the standardized selection differential (which in the present study
with use of 10% selection intensity it was equal to 1.76), the standard deviation of breeding value, the correlation
coefficients between the breeding values and index, the response to selection for yield based on selection index,
response to selection caused via selection of itself and the square root of the heritability of trait A, the correlation
between the genotypic values for trait A and index values and the genotypic standard deviation for trait A. The
SAS software ver. 9.2 (SASInstitute 2010) was used for phenotypic and genotypic variance-covariance matrix
and selection index analysis.
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Table 3. Economic weight and trait combinations to Construction of the selection indices in normal and stress

conditions
Traitt Relative economic weights for 10 selection indices
1 2 3 4 5 6 7 8 9 10
DF 1 1 097 097 -021 -021 O 0 0.5 0.5
DM 1 1 09 09 -020 -020 O 0 0 0
IS NPP 1 1 099 099 0.53 0.53 064 064 1 1
= CT 1 1 093 093 0.19 0.19 0.06 006 1 1
§ NFGP 1 1 099 099 051 0.51 062 062 1 1
= SF 1 1 09 096 0.37 0.37 0 0 0.5 0.5
£ GW 1 1 098 098 021 021 054 054 1 1
S Gy 1 0 0 084 0 1 0 1 0 1
NTSP 1 1 099 099 0.36 0.36 0 0 0.5 0.5
NESP 1 1 097 097 -011 -011 O 0 0 0
PH 1 1 099 099 0.04 0.04 0 0 0 0
PL 1 1 099 099 -004 -004 O 0 0 0
DF 1 1 098 098 0.02 0.02 0 0 0 0
DM 1 1 094 094 0.00 0.00 0 0 0 0
NPP 1 1 099 099 0.49 0.49 050 050 1 1
- CT 1 1 09 096 0.11 0.11 0 0 0.5 0.5
;8 NFGP 1 1 098 0.98 0.35 0.35 0 0 0.5 0.5
g SF 1 1 098 098 -017 -017 O 0 0 0
> GW 1 1 098 098 0.11 0.11 034 034 1 1
é GY 1 0 O 086 O 1 0 1 0 1
? NTSP 1 1 099 099 048 0.48 050 050 1 1
NESP 1 1 098 098 0.36 0.36 0 0 0 0
PH 1 1 099 099 0.05 0.05 0 0 0 0

PL 1 1 099 099 0.03 0.03 0 0 0 0
2 Trait abbreviations are: DF, 50% flowering; DM, 85% maturity; NPP, number of panicle per plant; CT, canopy temperature; NFGP, number
of filled grain per panicle; SF, spikelet fertility; GW, 1000-grain weight; GY, grain yield; NTSP, number of total spikelet per panicle; NESP,
number of empty spikelet per panicle; PH, plant height; PL, panicle length.

Results and Discussion

Combined analysis of variance (Table 4) indicated significant genotypes and genotype x environment interaction
variance (P < 0.01) and showed the influence of changes in environments on the grain yield of the evaluated
genotypes. Mean comparison of genotypes showed that in both conditions, the highest values for most traits had
been belonging to AliKazemi, Dorfak, Kadus, Sangjoo, Tarom-Mahalli varieties in non-stress condition.
However, AliKazemi, Dorfak, Kadus, Sangjoo, Tarom-Mahalli varieties had the highest values for most traits in
stress condition. Positive and highly significant correlations of grain yield were found with NPP (0.54 and 0.50),
NFGP (0.52 and 0.35) and NTSP (0.38 and 0.49) in both conditions, respectively. Grain yield was negatively
and significantly correlated with days to maturity (-0.20) and days to flowering (-0.22) in non-stress condition
while there was no significant correlation between these traits in stress condition. The results also showed the
highest positive correlation between NFGP and NTSP (0.80) and DM and DF (0.73) in non-stress condition. In
contrast, the highest positive correlation was observed between NTSP and NESP (0.82) and NTSP and NFGP
(0.65) in stress conditions (data not shown).

The stepwise regression analysis for GY in both conditions indicated that NPP, NFGP, GW and CT in non-stress
condition and NPP, NTSP and GW in stress condition as first-order variables were added to model and accounted
for 88 and 51% of GY variation, respectively (data not shown). Path coefficient analysis showed the direct effects
of NPP, NFGP, GW and CT on GY were 0.64, 0.62, 0.54 and 0.06 in non-stress condition, respectively. In
contrast, the direct effects of NPP, NTSP and GW on GY were 0.50, 0.34 and 0.50 in stress condition,
respectively.

In this study, 10 selection indices were calculated based on two methods (optimum and base) and combinations

of 12 traits with various economic weights in both conditions to evaluate selection strategies to maximize grain
yield (Table 5 and 6). In both conditions, the indexes 1 and 2 had an economic weight of one for all traits except
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GY that was zero in index 2. Broad sense heritability was used for obtaining economic weights for the indices 3
and 4 except GY in index 3 was zero. The index 5 and 6 were obtained by phenotypic correlation between grain
yield and other trait which the correlation of GY in index 5 was zero. The economic weight for obtaining the
indices 7 and 8 were phenotypic direct effects of the first-order predictors. In the index 9 and 10, the economic
weights for the first-order predictors, second-order predictors and other traits were 1, 0.5 and 0, respectively.

Table 3 shows correlation coefficient between genotypic worth and each index, the relative efficiency of indices
and expected genetic advance in each trait on the basis of the optimum and base indices in non-stress condition.
Comparisons of the estimated optimum and base indices in non-stress condition indicated that the selection
indices 6, 7 and 8 had the highest relative efficiency (E), genotypic correlations (RG) and response to selection
(RHI). The economic weights for the indices 7 and 8 were phenotypic direct effects for the first-predictor
variables in grain yield path analysis, while the economic weight in the selection index 6 was phenotypic
correlation (Table 5). Since few traits (4 or 5 traits) were used for developing the indices 7 and 8, these indices
are preferred to other indices. Moreover, among the indices 7 and 8, the index 8 is preferred to others, because
only grain yield per plant, 1000-grain weight, number of filled grains per panicle, canopy temperature and
number of panicles per plant were used for developing this index.

The results of optimum and base indices in stress condition are shown in Table 6. The indexes 6 and 8 showed
the highest relative efficiency (E), genotypic correlations (RG) and response to selection (RHI) among the 10
optimum and base indices. Moreover, the index 8 in stress condition had the highest genetic advance (A) for
grain yield based on optimum and base indices. Finally, based on comparison of optimum and base indices in
both conditions, the selection index 8 selected as the best selection index to improvement the grain yield in rice
genotypes.

Selection index 8 were used to select high-yielding rice varieties in both non-stress and stress conditions based
on optimum and base indices at 10% selection intensities. The results showed that the selecting varieties
(AliKazemi, Dorfak, Kadus, Sangjoo, Tarom-Mabhalli) had the highest values for most traits in both non-stress
and stress conditions and the varieties Hassani, Sepidrood and DomSiah had the lowest values for most traits in
both non-stress and stress conditions. By compassion of results distinguished that selected varieties based on
optimum and base indices in both conditions are almost similar. Thus, optimum and base indices in non-stress
condition are proposed as a criterion for selecting high-yield varieties to use in stress conditions. The results
indicated that several genes control the studied traits. Sabouri et al. (2008) are reported similar results. Besides,
the correlations' analysis showed that increasing of such traits would enhance the grain yield.

Table 5. Estimated correlation coefficients between genotypic worth and each index, and expected genetic
advance in each trait with 10% selection intensity (k=1.76) according to the base and optimum indices
in normal condition

A Trait®
IndeX* — 55 NPP CT  NFGP SF GW GY NTSP NESP PH PL HA Rs R E
1 085 122 092 018 2556 0 -169 551 3849 1293 717 093 9274 049 099 053
2 122 153 034 015 2471 001 -200 437 3872 1401 761 102 8757 039 0998 042
3 116 149 036 015 2480 -0.01 -2.00 4.40 3872 1392 768 103 8659 039 0999 042
4 085 123 085 018 2554 0 -1.74 538 3855 1302 731 095 90.87 047 0997 052
3 5 257 -130 143 024 3306 006 -234 694 3696 390 009 -033 3146 061 099 0.67
@ 6 272 -153 251 028 3117 006 -1.38 868 3355 238 004 -034 3999 077 098 083
7 -166 -063 158 019 3314 009 -1.18 814 3138 -1.77 -126 -040 2120 072 0991 0.78
8 203 -109 286 024 2918 008 -021 967 2710 -2.08 -0.89 -0.38 3114 085 0972 0.3
9 017 067 078 018 3144 004 -180 649 3911 767 236 022 5332 057 0997 0.62
10 031 025 159 021 3087 004 -127 778 3713 626 204 014 6098 0.69 0.990 0.75
1 082 120 091 018 2563 0 -173 537 3864 1301 721 093 9218 047 0997 052
2 119 150 034 015 2477 -001 -2.02 433 3874 1399 763 103 8732 038 0999 042
3 114 146 036 015 2485 -001 -203 436 3874 1390 771 104 8634 038 0999 042
£ 4 082 121 085 018 25.60 0 -1.78 524 3868 1308 735 095 90.38 046 0998 0.50
2 5 257 -128 144 024 3302 006 -235 684 3717 412 009 -036 3125 060 0997 0.66
b=4 6 278 -155 255 028 3159 006 -1.46 847 3438 274 004 -040 39.00 075 0991 081
© 7 -1.70 -064 161 019 3324 009 -1.20 800 31.84 -1.44 -128 -044 2089 071 0994 077
8 214 -114 295 025 3003 008 -029 952 2835 -1.74 -0.94 -045 2978 0.84 0984 0.92
9 014 066 078 018 3141 004 -182 638 3927 784 237 020 5304 056 0998 0.61
10 -0.35 0.25 1.60 0.21 31.07 0.04 -1.33 7.57 37.67 6.56 2.08 0.11 60.05 0.67 0.994 0.73

@ Each index has been calculated based on the optimum index using the economic weights presented in Table 1.

P Trait abbreviations are Trait abbreviations are: DF, 50% flowering; DM, 85% maturity; NPP, number of panicle per plant; CT, canopy
temperature; NFGP, number of filled grain per panicle; SF, spikelet fertility; GW, 1000-grain weight; GY, grain yield; NTSP, number of
total spikelet per panicle; NESP, number of empty spikelet per panicle; PH, plant height; PL, panicle length.
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Table 4. Combined analysis of variances for the studied traits of rice Fs families

sova  df Traits
DF DM NPP cT NFGP SF GW GY NTSP NESP PH PL
En. 1 162733 054.14%* 224353 183.77°% 30837.71°* 0.13** 354.79%* 20387.89°* 31218.98**  3.77**  2014.17°* 696.47**
R.JEN. 4 60.54 2253 41.72 0.85 9.63 00002  0.02 274.068 7.27 0.15 60.86 24.69
Gen. 41  6264.83** 89.54**  15596%*  2.99%*  1569.15%* 0.03** 117.84**  342.88**  4423.05%* 1556.34** 1710.61%* 81.47**
GenxEn. 41 3175.49%% 4225%% 2955  276%  11520%% (02 338**  27.37%%  208.80%*  504.46%*  B0.39%*  7.46%*
Er. 164 091 1.13 0.27 0.07 1.13 00001  0.66 6.58 1.02 1.59 0.15 0.13
CV (%) 1.47 1.27 2.46 0.83 1.29 175 3.25 7.35 0.76 2.48 0.33 1.27

2 Sources of variation abbreviations are: En., Environment; R., Replication; Gen., Genotypes; Er. Error.

b Trait abbreviations are: DF, 50% flowering; DM, 85% maturity; NPP, number of panicle per plant; CT, canopy temperature; NFGP, number of filled grain per panicle; SF, spikelet fertility;

GW, 1000-grain weight; GY, grain yield; NTSP, number of total spikelet per panicle; NESP, number of empty spikelet per panicle; PH, plant height; PL, panicle length.
" *and ** : Non-significant and significant at 5% and 1% probability levels, respectively.
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Some researcher (Rabiei et al. 2004; Sabouri et al. 2008) are found significant and positive relationships between
grain yield and NFGP, DM, NPP and NTEP. The direct and indirect effect values from path analysis (Figure 1
and 2) showed that NPP and GW in the first step and NFGP in second level had the highest positive effect on
GY in both conditions. However, these traits had the medium and positive correlation with grain yield in simple
correlation study. Furthermore, indirect effects of these traits via other traits were very low and negative or
positive. Therefore, this trait due to low indirect effects through other traits can be used as a good criterion for
selecting high-yielding varieties. Fazlalipour et al. (2008) were obtained the similar results. Therefore, in this
study the best selection criteria determined by using the path analysis and then based on this selection index
identified the best variety in both conditions.

Among the 10 base and optimum indices in both conditions, the indexes number 6, 7 and 9 showed the highest
relative efficiency (RE), response to selection (RI) and genotypic correlation with grain yield (GY). Moreover,
the index 8 had the highest genetic advance (A) for grain yield. In addition, the indices 5, 6 and 9 indcated high
positive genetic advance for important traits (Tables 5 and 6). However, among all the evaluated indices, the
index 8 calculated by optimum and base indices in both conditions were the best indices. The economic weight
for index 8 was direct effects of the first-order variables. Also, other researchers such as Gravois and McNew
(1993); Rabiei et al. (2004); Fazlalipour et al. (2008) obtained similar results and expressed the use of the first-
order variables in the path model can help the breeders to improve high-yielding genotypes by using these
indices.
Table 6. Estimated correlation coefficients between genotypic worth and each index, and expected genetic
advance in each trait with 10% selection intensity (k=1.76) according to the base and optimum indices
in stress condition

A Trait®
IndeX* — 5y NPP CT  NFGP SF GW GY NTSP NESP PH PL AH Rs R E
1 251 088 238 028 1576 -0.09 -1.28 7.82 4366 2790 639 078 10760 062 0997 0.66
2 267 094 196 027 1577 -0.09 -148 680 4401 2825 671 0.82 10008 054 0999 058
3 264 091 196 027 1572 -0.09 -148 680 4401 2829 677 0.83 99.04 054 0999 058
4 250 086 233 028 1573 -009 -1.31 771 4373 2800 649 080 10547 061 0998 0.65
% 5 138 005 234 024 1693 -009 -212 693 4656 2964 029 -0.01 3991 055 0.999 0.59
@ 6 119 005 317 026 1643 -0.08 -155 9.06 4453 2810 057 003 4833 071 0993 0.77
7 122 006 288 021 1656 -0.09 -153 752 4591 2935 -0.46 -0.08 24.06 059 0.999 0.64
8 095 005 384 024 1536 -0.08 -0.80 1017 4156 2620 015 000 3365 080 098 0.86
9 183 042 232 023 1812 -0.08 -137 738 4576 2764 221 024 6411 058 0.999 0.63
10 165 038 2588 025 1765 -0.07 -1.08 874 4449 2684 218 024 7254 069 0995 0.74
1 250 086 236 028 1573 -0.09 -1.31 762 4384 2809 640 079 10705 060 0998 0.65
2 266 092 198 027 1578 -0.09 -152 675 4402 2827 675 082 9985 053 0999 057
3 263 089 189 027 1573 -009 -142 675 4411 2831 671 083 9882 053 0999 057
e 4 249 084 222 028 1570 -0.09 -1.25 752 4397 2816 641 0.80 10500 059 0998 0.64
2 5 138 006 303 024 169 -009 -282 692 4590 2963 098 -0.01 39.82 054 0.999 0.59
B 6 119 005 366 026 1643 -009 -2.12 873 4453 2858 107 004 4773 069 0994 074
© 7 127 011 1250 023 17.80 -0.10 -11.08 805 3973 31.36 893 -0.08 2243 063 0933 0.68
8 095 008 1056 026 1603 -0.08 -749 1015 3748 2800 669 001 3170 080 0955 0.86
9 1.87 046 987 025 1893 -0.08 -890 765 4037 2890 977 026 6122 060 0956 0.65
10 167 041 948 026 1825 -0.08 -769 878 3985 2812 878 026 6947 069 0963 074

@ Each index has been calculated based on the optimum index using the economic weights presented in Table 1.

P Trait abbreviations are Trait abbreviations are: DF, 50% flowering; DM, 85% maturity; NPP, number of panicle per plant; CT, canopy
temperature; NFGP, number of filled grain per panicle; SF, spikelet fertility; GW, 1000-grain weight; GY, grain yield; NTSP, number of
total spikelet per panicle; NESP, number of empty spikelet per panicle; PH, plant height; PL, panicle length.

Conclusions

The selected varieties by using selection indices had the highest values for most traits in both non-stress and
stress conditions and were similar. Therefore, optimum and base indices in non-stress condition are proposed as
a criterion for selecting high-yield varieties to use in stress conditions. These results showed that the selecting
varieties (AliKazemi, Dorfak, Kadus, Sangjoo and Tarom-Mahalli) had the highest values for most traits in both
non-stress and stress conditions and the varieties Hassani, Sepidrood and DomSiah had the lowest values for
most traits in both non-stress and stress conditions.
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