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Figure 1. Ambrothermic curve of meteorological data of crop year 2022-23
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Table 1- Mean square plot of alpha lattice of studied traits for 200 genotypes of bread wheat under rainfed conditions.

Sl st ol lilazye  msaliw by, eopzn Uiy, (Soww, Ujg,  als gad pojed aliw s abiw Jsb

S0V DF DTH DTA DTM GFP SW(g) SL(cm)
Replication S 1 3.42" 54.4™ 289" 6.147°  005®  0.34™
Rep (Block)  (Ssh)|,5 38 10.90™ 21,52 29.85™ 5.85™ 013"  3.07"
Genotype WPV 199 13.89™ 31.45™ 27.02™ 4.16™ 0.09™ 1.07™
Error U 161 3.34 5.08 6.94 2.47 0.04 0.58
CV.% AT JOUE T- - 1.59 1.85 1.70 4.65 14.31 10.60

TN g0 Jlist mlaw 50 6ol sire ls e pf s 5 4 FF 5 F NS

ns, *, **: Non-significant, significant 5% and 1% probability level respectively.
DTH, Day to heading; DTA, Day to anthesis; DTM, Day to maturity; GFP, Grain filling period; SW, Spike weight; SL, Spike length

=Y Jgaz aolsl
Continued table 1.
Ol s ol solil a8 Qg £l )| aliw o «lo slass als e 5 alo o Slas o590 gm o, Slas clls y asls
S.0.V DF PH (cm) NSPS TKW (9) GY (kg/ha) BY (kg/ha) HI

Replication Y 1 19.75™ 8.95™ 6.51™ 2977.4™ 47671.48™ 6.39™
Rep (Block) (Sol),1,SS 38 66.43™ 31.47" 25.59™ 1490.60™ 13797.92™ 19.50™
Genotype S 955 199 37.08™ 35.45™ 32.83™ 398.45™ 3929.42™ 8.14™

Error Uas 161 14.28 10.49 13.54 226.38 1836.73 4.71
CV.% Tyt g o - 6.92 12.80 9.15 17.87 10.01 11.13

TN 970 Jleis] o 10 (5,5 dre )0 dre jub i 4 FF g F S

ns, *, **: Non-significant, significant 5% and 1% probability level, respectively.
PH, Plant height; SW, Spike weight; NSPS, Number of seed per spike; TKW, 1000 kernel weight; GY, Grain yield; BY, Biological yield; HI, Harvest index.
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Table 2. variance and coefficient of phenotypic and genetic variations and broad-sense heritability in studied traits

Trait s 55 olly e lly (S Dlieedl cupd (oeied SlidS cupo oegee g pdy SOl
o2 (g) o2 (p) GCV PCV h? )
Day to heading PRV IC IR i) 5.86 9.19 2.10 2.63 0.78
Day to anthesis 2 oz 0 U s, 7.90 13.00 2.31 2.97 0.76
Day to maturity S e, B39, 10.97 18.04 2.13 2.73 0.76
Grain filling period Wlo ol ooyg0 0.81 3.40 2.67 5.46 0.39
Spike length alow Job 0.23 0.85 6.72 12.86 0.43
Plant height ag lis ) 13.01 27.20 6.61 9.55 0.65
Spike weight alow oy59 0.03 0.07 12.05 18.92 0.58
Number of seed per spike — alaw ;o als olass 14.51 25.09 15.05 19.80 0.73
1000 kernel weight als e 59 11.50 24.75 8.43 12.37 0.63
Grain yield ails o ,Slas 67.53 323.04 9.79 21.41 0.35
Biological yield So55lgm o Slas 985.61 3002.76 7.35 12.83 0.49
Harvest index cbls el 1.45 6.70 6.20 13.31 0.36
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Table 3. Correlation coefficients between the studied traits under rainfed conditions
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als B 59, oz B s, G 5s) Oy 090 Jsb el OJ9 5 il slass SULINSY S Sles > Slos >l
) X 0SS S ails s dig s alcew &ls &ls o590 em Culs y
cm cm g g kg/ha kg/ha
DTH DTA DTM GFP SL PH SW NSPS TKW GY BY HI
1 1
2 0.933** 1
3 0.906** 0.908** 1
4 0.195** 0.107 0.431** 1
5 0.425** 0.457** 0.451** 0.159* 1
6 0.339** 0.332** 0.303** 0.093 0.415** 1
7 0.244** 0.247** 0.278** 0.207** 0.507**  0.263** 1
8 0.265** 0.300** 0.336** 0.221** 0.512** 0.150* 0.753** 1
9 -0.168* -0.165* -0.162* -0.026 -0.083 0.126 0.139* -0.296** 1
10 -0.007 -0.020 0.019 0.165* 0.179* 0.393**  0.236** 0.101 0.220** 1
11 0.247** 0.262** 0.247** 0.118 0.365**  0.483**  0.276** 0.215** 0.067 0.824** 1
12 -0.260** -0.295** -0.215** 0.168* -0.038 0.190** 0.137 -0.029 0.309** 0.817** 0.366** 1

*, **: Significant at 5% and 1% probability level, respectively.
DTH, Day to heading; DTA, Day to anthesis; DTM, Day to maturity; GFP, Grain filling period; SL, Spike length; PH, Plant height; SW, Spike weight; NSPS, Number of

seed per spike; TKW, 1000 kernel weight; GY, Grain yield; BY, Biological yield; HI, Harvest index.
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Table 4. Regression coefficients of traits effective on grain yield of bread wheat under rainfed
conditions based on stepwise regression model
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The o_rder of Plant Regression Standard Standard'lzed Standardized
entry into the L regression . )

treats coefficient error o cumulative R
model coefficient
1 Subls 557" 0.26 0.83 0.67
Harvest
index
2 Plant 0.256™ 0.07 0.16 0.72
height
G 59,
3 ST R 0.262™ 0.14 0.74
Day to
anthesis
ali Job
4 Spike 1.30" 0.64 0.09 0.75
length

VA 9 1.0 JL:H}‘ C.'a...u 3o 6)‘°GL*‘ [T SOEY) :** 9 *

*, **: Significant at 5% and 1% probability level, respectively.
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Table 5. Principal component analysis based on the average of the studied traits
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Principal Component

Traits Slao Js r e
First Second  Third

Day to heading 2o aan U 3, -0.81 -0.39 0.34
Day to anthesis 2z 0 U9, -0.81 -0.40 0.32
Day to maturity S S, U 39, -0.84 -0.35 0.25
Grain filling period Oy 099 -0.37 0.09 -0.10
Spike length alow Jobo -0.72 0.03 -0.25
Plant height &g elas )| -0.56 0.33 0.26
Spike weight alw 439 -0.60 0.22 -0.61
Number of seed per spike alw o als slass -0.61 -0.02  -0.72
1000 kernel weight als i 59 0.12 0.45 0.22
Grain yield ails o, Sloc -0.33 0.88 0.16
Biological yield So5d 9w o ,Slas -0.56 0.60 0.20
Harvest index cubls el -0.01 0.87 0.04
Standard deviation o5g polie 2.038 1.646 1.196
Proportion of Variance o Az gl iy lg duo o 0.346 0.226  0.119
Cumulative Proportion PRWAPVESS ] PR PRPPRES SRV 0.346 0.572  0.691
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Table 6. Grouping of wheat bread genotypes based on SIIG index and the average traits under investigation in each group

DS ey s bowisolad  mopzn by, abio Jsb wpeli) al o aboSle S oSl cliy asls

group  Grouping criteria  Number of genotypes DTA SL(@ PH(m) TKW(Q) GY (kg/ha) BY (kg/ha) HI
1 1.0 >SIIG >0.9 1 124.8 7.11 57.19 47.74 1000.50 4804.40 20.85
2 09 >SIG >0.8 4 119.27 7.44 57.46 43.58 910.70 4546.60 20.33
3 0.8 >SIG >0.7 15 122.23 7.40 56.87 42.01 903.80 4523.0 20.2
4 0.7 >SIIG >0.6 38 121.76 7.30 56.13 41.48 875.30 4412.70 19.88
5 0.6 >SIG >0.5 30 121.06 7.25 55.67 40.49 855.0 4333.50 19.61
6 0.5 >SIIG >0.4 38 121.9 7.17 54.90 40.14 832.50 4261.60 19.31
7 04 >SIG >0.3 36 121.67 7.10 53.92 39.14 815.80 4201.70 19.11
8 0.3 >SIG >0.2 26 120.93 7.06 51.8 39.08 790.30 4045.20 18.96
9 0.2 >SIG >0.1 8 121.4 6.90 50.17 38.10 774.30 3936.80 18.77
10 0.1 >SIIG >0.0 3 119.41 6.81 48.73 35.71 737.20 3746.50 18.33

DTA, Day to anthesis; SL, Spike length; PH, Plant height; TKW, 1000 kernel weight; GY, Grain yield; BY, Biological yield; HI, Harvest index.
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Table 7. Correlation coefficients between traits used in selection with ideal genotype selection index
2oz by e Jsb wmeli)l als e gy alboySles Syfslsn o)Sles oy (a3ls Jlow) iy bl a3 ls

DTA SL PH TKW GY BY HI SlG

DTA 1

SL 0.448 1

PH 0.329 0.415 1
TKW -0.178 -0.083 0.126 1

GY -0.028 0.178 0.393 0.220 1

BY 0.253 0.364 0.483 0.067 0.824 1

HI -0.301 -0.040 0.190 0.309 0.817 0.366 1

SIIG 0.084 0.414 0.648 0.507 0.851 0.781 0.641 1

DTA, Day to anthesis; SL, Spike length; PH, Plant height; TKW, 1000 kernel weight; GY, Grain yield; BY, Biological yield; HI, Harvest index; SIIG, Selection index of ideal
genotype
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EXTENDED ABSTRACT

Introduction: Cereals are considered to be among the most important sources of human energy,
among which bread wheat is recognized as an important and strategic crop in the world. Currently,
developing drought-tolerant cultivars is counted a major challenge for breeders. Various methods are
used to assess diversity in plant species, including multivariate statistical approaches. This study
aimed to evaluate genetic diversity and select the most promising lines for improvement programs
in rain-fed conditions.

Methodology: The experiment was conducted during the 2022—-23 agricultural year at the Shirvan
Rain-fed Agricultural Research Station- North Khorasan. In this research, 193 lines and seven rain-
fed wheat cultivars were evaluated using an alpha lattice design with two replications. Data on
phonological and morphological traits were collected during the growing season and after harvest.
Statistical analyses were performed using SAS software version 9.4. Correlation analysis, stepwise
regression, and principal component analysis (PCA) were conducted using R software (version
4.2.1). The Ideal Genotype Selection Index (SIIG) was calculated in Excel to identify the best-
performing lines.

Research findings: Analysis of variance revealed significant differences among genotypes for all
studied traits (p<0.01). Seed yield showed the strongest positive and significant correlations with
biological yield (0.824), harvest index (0.817), plant height (0.393), spike weight (0.236), and
thousand-kernel weight (0.221) (p<0.01).). In contrast, an inverse relationship was observed between
phonological traits (e.g., days to maturity, heading, and anthesis) and morphological traits (e.g.,
harvest index and thousand-kernel weight), suggesting that late-maturing genotypes tended to have
lower seed weight and yield. The results of PCA indicated that the first three principal components
accounted for 69.1% of the total variation among traits. Based on the SIIG index, genotypes 25, 73,
90, 84 and 190 were identified as the most ideal lines, with SIIG values of 0.91, 0.83, 0.83, 0.81 and
0.80 respectively. The correlation between the SIIG index and the evaluated traits showed that grain
yield, biological yield, and harvest index had a high correlation with the SIIG index. Therefore,
genotypes 25, 73, 90, 84 and 190 with high SIIG index and high yield potential, can be used in future
breeding programs.

Keywords: Genetic diversity, selection index, rainfed conditions, bread wheat.
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