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ABSTRACT

In the current study, the genetic variability and effect of some agronomic traits on grain yield of 218
Iranian wheat landraces were evaluated under normal irrigation and drought stress conditions employing
alpha-lattice design with two replications on the research field of Agronomy and Plant Breeding at the
University of Tehran during the year of 2016-2017. Results of data analysis of variance demonstrated that
there were significant differences among landraces in the investigated traits including phonologic and
physiologic traits, yield and yield components in both conditions. According to descriptive statistics results,
the highest phenotypic variation of landraces observed in seed number per spike, and the least variation in
spike weight. The findings on phenotypic correlations, stepwise regression, and path coefficient analysis
sustain the important role of spike weight, seed number per spike and thousand grain weight in the grain
yield in both normal irrigation and rain-fed conditions. In addition, considered traits had the highest
impact on the grain yield directly and indirectly under both conditions. The result of principle component
analysis presented a positive correlation between the first component and seed number in both conditions,
while the second component had a positive relationship with phonological traits in normal irrigation and
leaf greenness in rain-fed conditions.

Keywords: Path analysis, Phenological traits, physiological traits, principal component analysis, stepwise
regression.
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Table 1. Required water according to crop evapotranspiration, cultivation area and water

discharge

Month ET, K ET- Required water ~ Required water for 1100 m?  Water discharge  Period of Irrigation

(mm) °  (mm) (M3ha) (m® (m*h) (h)
March 40 0.92 36.8 368 40.48 10.8 3.74
April 40 133 532 532 58.52 10.8 5.42
May 40 1.15 46 460 50.6 10.8 4.69
June 40 0.58 23.2 232 25.52 10.8 2.36
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Figure 1. Climate condition of 2016-2017 cropping season. A) Monthly precipitation, B) maximum,
mean, and minimum temperature
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Table 2. Analysis of variance of investigated traits in Iranian wheat landraces under normal

irrigation
S.0.v df Daysto Daysto Daysto  Daysto Grain Spike Spike Grai Seed Thousan Spike  Leaf Canopy
Emerge Headin Anthesi Physiologic filling weigh lengt n  numbe dkernel Straw greenne temperatu
nce g s al maturity duratio t h  yield r weight  weigh sS re
n t
Replication 1 130.46 ™ 0.001™ 1.29™ 1.14r 486™ 031™ 382 025 1578™ 79.43" 0.003 04™ 88.92™
ns ns ns
(Replication) 62 7.75 161 0.45 229 2.68 0.18 225 0.1 50.77 22.94 0.03 4.66 7.89
Block
Genotype 217 4471 24,627 27.49™ 61.23™ 41777 051 598 029 13029 78.11" 0.05™ 7952 7.15™
Error 155 481 139 0.63 2.75 3.27 0.16 154 0.09 4252 18.24 0.03 3.39 454
CcVv - 6.16 0.69 0.44 0.81 7.19 1513 11.39 1557 1481 9.92 22 3.59 7.9
SIS G E NS oy Ko 5 iy Jleixl zohaw jo b pe oS A

*, **: significant at 1, and 5 % probability level, ns: non-significant.
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Table 3. Analysis of variance of investigated traits in Iranian wheat landraces under drought stress

(rain-fed)
S.0.v df Daysto  Daysto Daysto Days to Grain  Spike Spike Grain Seed Thousand Spike Leaf Canopy
Emergence Heading Anthesis Physiological filling weight length yield number kernel  Straw greenness temperature
maturity  duration weight  weight
Lo 0.07™ 1.03™ 0.12m™ 19.35™ 16.41" 1057 183" 075 103524 6.62™ 0.03™ 61.21" 99.14™
Replication 1 o P
(Replication) 62 1.03 1.01 0.92 1.83 213 012 1.62 0.07 56.94 20.05 0.02 5.24 5.51
Block
27.73™  29.48™ 2759 65.38 ™" 5254™ 019™ 3.75™ 012 9532" 3375 0.03™ 107.99" 743"

Genotype 217 e
Error 155 0.98 1.23 0.58 2.73 33 009 131 0.07 4168 15.72 0.009 4.89 5.15
C.v - 2.39 0.73 0.48 0.9 7.06 2049 1122 27.96 18.19 14.82 16.58 4.87

*, **:significant at 1, and 5 % probability level, ns: non-significant.
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Table 4. Descriptive statistics of investigated traits in Iranian wheat landraces under normal
irrigation and rain-fed conditions

Trait Condition Maximum Minimum Mean Range Coefficientof Std Skewness Kurtosis t-
Variation student
Days to Emergence Normal 39.36 3135 3554 8 4.18 148  -0.18 046  354.36™
Drought 53.03 3295 4138 20.08 10.29 4.26 0.59 -0.49  143.07"
Days to Heading Normal 179.5 157 168.7 225 2.62 4.42 0.02 -0.53  562.61"
Drought 167 1385 150.32 285 3.15 4.73 0.29 0.66  467.34"
Days to Anthesis Normal 190 161 179.03 29 2.65 475  -0.42 -0.36  556.44™
Drought  172.48 14451 156.47 27.97 2.9 4.54 0.19 0.25 507.67"
Days to Normal 217 190 20453 27 2.93 5.98 -0.09 -0.6  503.93™
Physiological Drought 195.5 171 181.95 245 3.35 6.09 0.46 -0.69 442217
maturity
Grain filling Normal 40 135 2552 265 18.41 0.32 0.17 031 80.18™
duration Drought ~ 40.47 1141 2546 29.06 20.02 036 -0.04 05 704"
Spike weight Normal 4.88 15 276 3.38 19.75 0.04 0.49 0.62 7477
Drought 2.59 0.82 162 1.76 20.57 0.02 0.35 -0.07 7179
Spike length Normal 15.39 5.52 105 9.88 17.29 0.12 -0.02 0.23  85.42™
Drought 13.35 6.03 993 731 14.61 0.09 -0.2 -0.06  101.07"
Grain yield Normal 3.52 0.97 198 255 21.37 0.03 0.47 0.31 69.1"
Drought 1.84 0.5 1.02 134 26.09 0.02 0.66 0.51 56.6™
Seed number Normal 85.01 26.29 47  58.72 21.24 0.68 0.43 0.21 69.5™
Drought 58.81 18.84 38.2 39.97 21.35 0.55 0.36 -0.45  69.17"
Thousand kernel Normal 60.86 26.16 4263 34.7 15.28 0.44 0.09 -0.17  96.64™
weight Drought 42.02 18.34 26.6 23.68 16.04 0.29 0.49 0.55  92.08™
Spike Straw weight Normal 1.36 0.35 0.78 1.01 20.95 0.01 0.45 0.75 70.48:
Drought 1.02 0.3 0.61 0.73 21.06 0.009 043 031 7011
Leaf greenness Normal 67.83 37.61 51.81 30.22 12.38 0.43 0.48 0.08  119.25™
Drought 69.45 25.64 456 4381 18.8 0.58 0.22 0.36  78.54™
Canopy temperature  Normal 32.92 22.26 27.28 10.67 7.18 0.13 0.36 0.29  205.67"
Drought 38.25 235 314 1475 6.45 0.14 0.17 121  228.91"
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Table 5. Correlation coefficients between investigated traits in Iranian wheat landraces under normal irrigation and rain-fed conditions

Days to Days Days Days to Grain Spik Spike Gra Seed Thousa Spike Leaf Canopy
Emergence to to Physiological filling e weight length in yield number nd kernel Straw greenness temperature
Heading Anthesis maturity duration weight weight
Days to Emergence 1 0.1 0.14" 0.002 -0.12 0.04 -0.13 0.08 -0.05 0.20™ -0.04 -0.02 0.15"
Days to Heading 0.0002 1 0.72" 0.37" -0.19" 6 97+ 0.23" 6 28" -.031" -0.07 -0.12 -0.08 -0.05
Days to Anthesis 0.03 0.94 1 0.52 -0.26 035 0.27 0.35™ -0.39 -0.09 -0.18 -0.04 -0.06
Physiological maturity 0.03 0.65™ 0.64™ 1 0.69™ 0 29" 0.26™ 0 30" -0.29™ -0.15" -0.08 0.05 -0.04
Grain filling duration 0.01 -0.12 02" 0.63™ 1 '0 03 0.06 '0 07 0.004 -0.10 0.07 0.09 0.004
Spike weight 0.02 -0.16" -0.1 0.05 0.17" 1 -0.05 0.93, 0.81™ 0.41™ 0.67™ 0.19™ 0.06
Spike length -0.01 0.5 0.48 0.41 0.04 003 1 013" -0.11 -0.12 0.17 0.04 -0.19
L - . 0.19" 0. - - - - .
Grain yield 0.04 021" -0.15 0.03 . 98™ 011 1 0.76 0.56 0.37 0.14 0.02
- - 0. - 0. o «
Seed number -0.06 022" 018" 0.06 0.11 7% 0.15™ 71 1 -0.08 0.52 0.15 0.03
. - 0. 0. -
Thousand kernel weight 0.13 0.001 0.04 0.11 0.1 35" 0.04 39™ 035" 1 -0.09 0.01 -0.02
Spike Straw weight -0.06 0.02 0.05 0.09 0.7 Oél** 0.16 066** 0.54. 017" 1 023" 0.12
. 0. - 0. -

Leaf greenness 0.13 -0.17 -0.13 0.07 0.05 26™ 013" 2™ 0.09 0.27 0.12 1 0.05
Canopy temperature 0.02 -0.13 -0.1 -0.03 0.06 0.04 -0.06 0.04 0.05 -0.02 0.04 0.04 1

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).



A VWAA 5l oY 5L B+ 5,90 ol ol LS psle

P GgemsS ) Sl allaiz (gnm )5 ) 1528 slags
YU (Sad 3925 4 a> 55 b .0u0 )T oolanl o5 &
Ao 40 g adg 0 adily o, Slae g Al (39
o9 B b als 4 68 e I YU ases ol
Oedel s jo ails slass Cis 0B ,F O yae aliw
@l 4 g 0t Se S Joo S)lg &5 39 (o
0,5 dzgi |y adile o, Slee &l s 5l a0 F9
olass jlae |y aile o Sloe &l poss p s o )5
g WAl Sgaw)S, Joe 04l g i als (o alls
Sl s 3l oo, AY/Y aliw o dils slasi b ol jon
St nid byl g0 30,8 A g 1) ails o Slee
Slasd l Jgew )5 ) Jow 0)ls a5 Zao gl 3
Sy Slos Sl ysd 5l oo ,0 FY aS 0g alw jo ails
Job g ails Jlia 59 Dl L 0,5 agi |, ails
03,5 dzgi aliw o &lo slass 5o |, als o Slae
ol el o, Slee Ol 5lasye ‘W/ai_m.?s
2 .(A Jguz) a5 aoy Sid s hlyd
slass olaw 3.5 (2014) Pourdanesh et al. asllas
g Slaw dl s ails Voo i g alin o asls
0/Y 85_4\7.“)&5 KR @H;) J&_o »))‘9 as
30000, dzgy |y aslh o), Slee @l s 5l aus o
et Sid i lald con Ko slasllas
5 &l i y5g i jo wls olaws Slas 45 W 5
2 RS Sl olas et 12 Safelsn o Shee
(Leilah & Al-Khateeb, 2005) aisgs ails & ,Slos
(2014) Mohseni et al. zls b jiosh opl mls e

Lasls casllas

o IYOM s 5 4w il 5, Shae o |, pkiiens
Juey @bl s o S sk 4 plpls (VY
6 5 i 51 il als slaad g Al (55
o bl o an bl asly o Slee 1) i
039 CIFAY) alas o asls slawy Olao S
Oy s 5 A s G35 5 (H10OY) &b l5e
L (Y Jaaz) ails ails o, Slee o |y puiinss il
sheime ol aliw (55 Omls i 51 092
g peiance pmé S o ios aliw jo ails olass 5 b
PR Sv-v ) BUPCON L RH AR U PV S0 o)
i (39 Gl Shashs e G594 by je St
olas (2005) Golparvar et al. zls bl .04
S orrier Sglen 9 Shes 5 alils Jlie o5
O Jal i o an bl adily o Sles 1) e
Sy Slas 4y Cund aliis ()39 s 1 (S35
o=l el a8l mals Wlo Sl y5e g a0 il
SVICTIRRN I SICHUC R0 [ 51 - FRCR K SUNPY O
by el 5 (Sias s Ll sy adls g
d il oad oyl Glacliueg: S a0 (55
IS 59y 00 ploxl Slalllae iy po (S5 sk
So5edgm o, Shos g ails Lo 59 «ls slasi Slaw
e Fr sbaeiss S 50 s Slao (lye 4
Sl e (55 555 e sl Ll
Ahmadizadeh et al., 2011; Mohseni et al., )

(2014

Pl & o5 Gygmw 5
Goll bl o ails o Slae alaly vy jslaie &
0,5 L o Lo, Shae 4y bogs e Slis 51 ol

Jboy el Jaalp 5o (lnl poiS (cagy sloosgs o iy po ails o Slas gl (oeigd Cule calpd w325 -F oo
Table 6. Path coefficient analysis for grain yield per plant in Iranian wheat landraces under normal
irrigation condition

Indirect Effect

Traits r Direct Effect Spike Spike Seed Thousand kernel
weight length number weight

Spike weight 0.98 0.496 - 0.001 0.347 0.135

Spike length -0.11 -0.038 -0.015 - -0.073 0.015

Seed number 0.71 0.482 0.358 0.006 - -0.135

Thousand kernel 0.39 0.386 0.174 -0.002 -0.169

weight

Residual Effect = 0.016
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Table 7. Path coefficient analysis for grain yield per plant in Iranian wheat landraces under rain-fed
condition
. Indirect Effect via
. Direct -
Traits r Spike Seed Thousand kernel
Effect : ;
weight number weight

Spike weight 0 93 0.152 - 0.552 0.226

Seed number 0 76 0.681 0.123 - -0.044
Thousand  kernel 0

weight 56 0.552 0.062 -0.055 -

Residual Effect = 0.032

Skl Ll 50 Glnl pasS (cog sloodgs (slp (o) 2 8590 Dlao plu g ails 8 Shoe o o8 4 a8 (9 S -A Joo
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Table 8. Stepwise regression analysis for grain yield per plant and other investigated traits in
Iranian wheat landraces under normal irrigation condition

Step Trait a b1l b2 b3 RZadj. VIF P-value Durbin-Watson
1 Seed number (X1) 041™  0.03" - - 0.49 1.09  <0.001
2 Thousand kernel weight (X2)  -1.85™  0.04™  0.05™ - 0.97 1.05  <0.001 2.052
3 Spike length (X3) 189" 004™ 005" 0005” 0971 104 001

Y=-1.89 +0.04 X1 +0.05 X2 +0.005 X3
R?adj.=97.1%
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Table 9. Stepwise regression analysis for grain yield per plant and other investigated traits in
Iranian wheat landraces under rain-fed condition

Step Trait a bl b2 b3 R?adj. VIF P-value Durbin-Watson
1 Seed number (X 1) -0.08  0.03™ - - 0.62 1.03  <0.001
2 Thousand kernel weight (Xz) ~ -0.95™  0.03™  0.04™ - 0.975 1 <0.001 1.852
3 Spike length (Xs) -0.98™ 0.03™ 0.04™ 0.003" 0.975 1.02 <0.001

Y=-0.98 +0.03 X1 +0.04 X2 +0.003 X3
R2adj.=97.5%
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Table 10. Eigen values and variance percentage of Iranian wheat landraces under normal
irrigation and rain-fed conditions

Normal condition

Drought stress condition (rain-fed)

Eigen value % Variance Eigen value % Variance

1 111.86 38.15 90.09 30.89
2 64.68 22.06 72.16 24.75
3 52.28 17.83 48.12 16.5

4 40 10.57 33.64 11.54
5 23.8 8.12 20.94 7.18

6 3.79 13 13.74 4.71

7 2.41 0.82 7.15 2.45

8 2.12 0.72 3.97 1.36

9 1.26 0.43 1.75 0.6

10 0.03 0.01 0.02 0.007
11 0.003 0.002 0.002 0.001
12 9.61E-10 3.28E-10 3.6E-05 1.24E-05

13 2.04E-30 6.97E-31

1.19E-28 4.09E-29
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Table 11. Eigen vectors of four important components of Iranian wheat landraces under normal irrigation
and rain-fed conditions

Condition

Trait Normal condition Drought stress condition (rain-fed)

PC1 PC2 PC3 PC4 PC1 PC2 PC3 PC4
Emergence -0.01  -0.007 0.03 0.01 -0.04 -0.004 -0.1 0.11
Heading -0.16 0.42 -0.03 0.35 -0.26 0.21 -0.1 0.54
Anthesis -0.16 0.44 -0.009 0.43 -0.28 0.16 -0.1 0.51
Physiological maturity -0.13 0.65 0.27 -0.2 -0.31 0.42 0.52 0.18
Grain filling duration 0.03 0.2 0.28 -0.64 -0.02 0.25 0.63 -0.33
Spike weight 0.03 0.005 0.04 0.0001 0.02 -0.007  0.006 0.01
Spike length -0.04 0.1 -0.002 0.04 -0.02 0.03 0.01 0.05
Grain yield 0.02 0.001 0.03 -0.002 0.01 -0.007  0.003  0.007
Seed number 091 0.2 0.17 0.07 0.71 -0.2 0.38 0.5
Thousand kernel weight ~ -0.29 -0.15 0.59 -0.1 0.003 -0.03 -0.16 -0.17
Straw weigh 0.006  0.003 0.007 0.002 0.006 0.0005 0.003  0.004
Leaf greenness 0.06 -0.25 0.68 0.44 0.48 0.8 -0.33 -0.04
Canopy temperature 0.01 -0.01 0.01 -0.02 0.01 0.004 -0.008  -0.01

Compenent 2
=3
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Figure 2. Biplot diagram of the first two principal component axes for 218 Iranian wheat landraces
under normal irrigation condition
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Figure 3. Biplot diagram of the first two principal component axes for 218 Iranian wheat landraces
under rain-fed condition
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Table 12. Factor analysis for investigated traits of lIranian wheat landraces under normal
irrigation and rain-fed conditions

Component
Traits Normal condition Drought stress condition (rain-fed)
1 2 3 4 1 2 3 4 5

Emergence -0.055 -0.001 0.304 -0.015 -0.019 0.137 0.028 0.225 0.458
Heading 0.015 0.328 -0.022 -0.112 0.059 0.411 -0.075 0.036 0.025
Anthesis 0.035 0.332 0.007 -0.161 0.043 0.423 -0.045 0.037 0.044
Physiological maturity -0.011 0.229 0-.003 0.407 0.031 0.156 0.483 0.078 0.025
Grain filling duration -0.049 -0.044 -0.012 0.682 -0.001 -0.183 0.586 0.058 -0.009
Spike weight 0.292 0.018 0.070 -0.025 0.273 0.043 -0.002 0.175 -0.030
Spike length 0.032 0.237 -0.027 -0.017 0.144 0.239 0.028 -0.063 -0.360
Grain yield 0.268 -0.009 0.104 0.002 0.161 0.001 -0.002 0.321 -0.058
Seed number 0.282 -0.041 -0.318 0.017 0.291 -0.031 -0.058 -0.083 -0.038
Thousand kernel weight -0.016 0.038 0.564 -0.024 -0.136 0.018 0.078 0.612 -0.032
Straw weigh 0.282 0.085 -0.034 -0.090 0.379 0.113 0.003 -0.205 0.046
Leaf greenness 0.020 -0.058 0.363 -0.024 0.188 0.056 0.116 -0.089 0.128
Canopy temperature -0.013 -0.067 -0.021 0.158 0.111 -0.005 0.029 -0.202 0.659
Eigenvalues 3.54 2.85 15 1.35 3.83 1.84 1.69 1.32 1.17
Cumulative Variance % 27.23 49.12 60.65 71.06 29.42 43.6 56.59 66.728 75.76
Variance % 27.23 21.89 11.53 10.42 29.42 14.18 12.1 10.13 9.04
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