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Introduction

Wheat is one of the most important cereals in the human diet and widely used in many processed nutrition
products. Water deficit stress is a main limiting factor of wheat growth and productivity in the world. Major
objective of plant breeding is improving grain yield under drought stress condition. In the breeding programs,
selection based on multi-traits is an important approach to improve grain yield. This research was conducted out
to evaluate the effect of phenological and agronomic traits of 10 bread wheat near isogenic lines (in three genetic
backgrounds) and cultivars on grain yield under cyclic drought stress condition and detection a function to use
all effective secondary traits simultaneously.

Materials and Methods

Six Near-Isogenic Lines (NILs) as well as their parents were evaluated at the research field of Shahid-
Bahonar University of Kerman, during growing seasons of 2018-2019 and 2019-2020 under cyclic drought stress
condition based on randomized complete block design (RCBD) with four replications. The field was irrigated
every 28 days in autumn and winter and every other week in the spring. In the present research grain yield,
phenological and a%ronomic traits were measured. Analysis of variance was performed using SAS v9.1. Broad
sense heritability (h“,) was calculated following the method of Fehr (1987) as follows:

hPhs = 6% | 6% + 0% 1)

Phenotypic coefficient of variability (PCV) and genotypic coefficient of variability (GCV) were calculated as
the following formula proposed by Singh and Chaudhary (1985):

PCV=(c,/ 1) x 100 2

GCV= (g4 1) x 100 3)

Where 1, 6, and o4 are mean, phenotypic standard deviation and genotypic standard deviation, respectively.
Expected response (R) to selection in breeding programs was calculated following the methods of Falconer and
Mackay (1996) as follows:

R= ih%op 4)

Where i is selection intensity, which is equal t01.694 if 10% of genotypes are selected (p = 10%) in breeding
program.

The studied genotypes were designated as group one and two based on grain yield under drought stress
condition. Those traits that could significantly separate two groups based on t-test entered the discriminant
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analysis. These traits were standardized before discriminant analysis, as follows:
ZIJ = (le B .u) / SI .th - .th - - (5) .th - .th - - .
where Zj; is standard score for j* genotype in i traits, X is raw data of for j' genotype in i traits and Si is
standard deviation of i" traits. Discriminant analysis was performed using MINITAB.

Results and Discussion

Among several secondary traits only awn length, flag leaf length and grain number per spike (grains/spike)
could significantly distinguish high and low yield genotypes under water stress condition. These results showed
the importance of the mentioned traits in the breeding programs for drought prone environments. Discriminant
function of these traits was used as a comprehensive index for selection of high yield genotypes (Eqg. (6)).

DS=-1.32 + 2.07 FLL + 1.63 AL —0.04 GNS (6)

Where DS, FLL, AL, and GNS are discriminant score, flag leaf length, awn length and grains number per
spike, respectively. This index could explain 72% of grain yield variation and had significant positive correlation
with grain yield in water stress condition (r = 0.85). Also it could well separate genotypes with the accurate
classification rate of 90%. Discriminant function revealed that flag leaf and awn length were the most important
effective traits on grain yield under drought stress condition, respectively. This index can be used as criteria for
simultaneous selection of the mentioned traits in the future breeding programs.

Conclusion

Awn length, flag leaf length and grain number per spike that entered to the discriminant function had high
correlation with grain yield, high heritability and easy evaluation. Therefore, selection based on these traits is a
good approach to improve grain yield in drought prone environments. Discriminant function obtained in this
study could be an appropriate technique to selecting high yield genotypes under drought stress condition.

Keywords: Bread wheat, Discrimination function, Simultaneous selection, Water stress
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Table 1- Studied genotypes of bread wheat under cyclic drought stress conditions during 2018-2019 and 2019-2020
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Table 4- Mean and genetic parameters for investigated traits in cultivars and Near-isogenic lines of bread wheat under cyclic
drought stress conditions during 2018-2019

oluo oSk ooy pov & 6%  h%, R%
Traits Mean
i 13 6 g, ol 15403 32 324 2429 054 098 5.37
Days to heading
L2 )5 5, 3l 15813 221 234 1216 157 089 354
Days to anthesis
&59‘%}..&%5%»&59)"“. 18959 1.41 2.2 7.15 10.2 041 153
Days to physiological maturity
b o 02 b 3146 284 868 08 665 011 1.62
Grain filling period
“’*,5“5)' 9429 531 835 25.1 3683 041 58
Plant height (cm)
Sy Jsb 514 5588 57.05 825 035 096 92.78
Awn length (cm)
PSR 02 135 1171 1386  0.03 001 071 17.04
Flag leaf width (cm)
wox Sn sk 1535 942 1293  2.09 185 053 1158
Flag leaf length (cm)
v S e X 1537 2021 2513 965 527 0.5 27.65
Flag leaf area (cm?)
g ”"_”““’“"f 94879 813 196 641295 3083569 0.17 5.64
Number of spikes per unit area
e pabolid 2497 2495 2571 3881 241 094 4094
Grains number per spike
“Jb{'}‘“o’? 37.13 1187 1317 1941 449 081 1807
1000-grain weight (g)
PHAICCINS
( 317 1338 1669 0.8 0.1 0.64 18.12

Grain yield (ton.ha)

3l shop) Giu S 4 ,lanl 350 gl R% ¢ ogas (6 pincdlyg s (ilojl (slas 5 (S5 il )lg 0% § 6% (oaiid g ighf Ol peskd o ps PCV 4 GCV
(xSl

GCV and PCV: Genotypic and Phenotypic coefficient of variability; czg and o%;: Genetic and Error variance; h%,: Heritability in
broad sense; R%: Expected response to selection (percentage of mean).
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Table 5- Mean and genetic parameters for investigated traits in cultivars and Near-isogenic lines of bread wheat under cyclic
drought stress conditions during 2019-2020

ol e

2 2

_ GCV PCV o’ o’ h%s R%
Traits Mean
i 3 6 g, ol 13527 365 382  24.43 228 091 589
Days to heading
. ,\~° Z 1 . I .
S 13838 259 309 1285 55 07 367
Days to anthesis
S Sy U g Sl 7515 172 203 912 353 072 248
Days to physiological maturity
b b 093 Jsb 36.78 381 671 1.96 413 032 3.64
Grain filling period
“9*_5“‘5" 12124 872 1081  111.67 60.04 0.5 11.89
Plant height (cm)
S Jib 656  50.72 51.85  11.07 05 0.96 84.29
Awn length (cm)
PR SR o2 156  12.82 1433 0.04 0.01 0.8 19.23
Flag leaf width (cm)
w2z Sy sk 218  10.06 14.59 4.81 5.3 0.48 11.86
Flag leaf length (cm)
e S g X 2777 1824 2573  25.65 2541 0.5 2181
Flag leaf area (cm‘)
gl 42y )3 Al S 1004.98 1521 26.89 23380.46 4965369 032 1458
Number of spikes per unit area
b pabsbs 3422 2735 2839  87.61 676 093 447
Grains number per spike
“hile o 4723 488 648 5.31 407 057 627
1000-grain weight (g)
b 3)Klee 472 1835 2054  0.75 0.19 08 27.85

Grain yield (ton.ha™)

3 s 3) S il 390 Gusly R ¢ sogas (6 dycdlyg s codilesl (sllas o (S5 (uilly 107 9 O7g «aissd 9 (35 Syt p PCV 3 GCV

(0Ske

GCV and PCV: Genotypic and Phenotypic coefficient of variability; ozg and o%: Genetic and Error variance; h%,: Heritability in
broad sense; R%: Expected response to selection (percentage of mean).
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Table 6- Mean of high yield (group 1) and low yield (group 2) genotypes and t-test for studied secondary traits

ol (Js! 09.,5) YU 5, L (glacaigi nlo (092 29,5) comly ,50os L slocigif (nile T (yg05]
raits ean of high yield genotypes (group ean of low yield genotypes (group t-test
Trai M f high yield 1 M fl ield 2
s y52l2 U g, S 1447 144.6 0.01"
Days to heading
o2 S 59, s 148.15 148.33 0.1
Days to anthesis
St S U g Sl 182.75 181.98 0.39™
Days to physiological maturity
b by 9> oo 34.6 33.64 0.99™
Grain filling period
92 _8&"‘ 103.18 112.34 2.06™
Plant height (cm)
S Job 7.99 3.73 2.94"
Awn length (cm)
prn Srode 15 1.41 0.77™
Flag leaf width (cm)
w2 S i 19.96 17.11 357"
Flag leaf length (cm)
e Snghe 23.47 19.53 1.62™
Flag leaf area (cm°)
gl 22y 2 At Slas 945 1044.77 1.14™
Number of spikes per unit area
e pabsha 3457 24.61 259"
Grains number per spike
byl o 41.79 42.56 0.42"

1000-grain weight (@)

Mmepe NS P < o[t jls gro st P <o/ Jly dre jliese
** *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively.
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Table 7- Discriminant score and classification for two groups of high and low yield genotypes under cyclic drought stress
conditions in 2018-2019, 2019-2020 and mean of traits over two years

av-4A AA-44 JW 93 (WSke
. 2018-2019 2019-2020 Mean over two years
““t‘."y) ey .W‘ Qs 'LJA‘ S s .w‘
Genotype o S0y S R S0y S e 095
Discriminant Classificati Discriminant |assificati Discriminant |assificati
score assification score Classification score Classification
slocg gl 09,5
YU o, Slos
Group 1: high
yield genotypes
SBUK103 1.41 1 3.15 1 2.65 1
Mahdavi 2.15 1 2 1 2.24 1
Excalibur 15 1 -0.33 2 0.51 1
SBUK104 2.53 1 2.54 1 2.75 1
SBUK101 -2.41 2 -1.03 2 -1.62 2
slagais) ipgd 09,5
Onb 2kes
Group 2: low
yield genotypes
SBUK102 -4.5 2 -1.33 2 -2.81 2
Kalheydari -3.43 2 -3.01 2 -3.43 2
SBUK106 -3.66 2 -5.31 2 -4.74 2
SBUK105 -2.49 2 -3.25 2 -5.87 2
Roshan -4.31 2 -6.62 2 -2.89 2
6 -
i E 5 A Mahdavi o0 103
2 =S Excalibur ..
2 3
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n ©
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Figure 1- Association of discriminant score with grain yield (ton.ha™) in cyclic drought condition
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