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Investigation of grain yield and some agronomic traits in barley under the
normal and rain-fed condition
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Stress Intensity = 1 — = (Fischer and Maurer, 1978) [1]

¥p
TOL=Yp - Ys (Hossain et al., 1990) [2]

GMP= (Yp - Ys)%5 (Fernandez, 1992) [3]

STI=(Ys + Yp) / (¥p)? (Fernandez, 1992) [4]

MP= (Ys + Yp) / 2 (Hossain et al., 1990) [5]

HM=2(Yp x Ys) / (Yp + Ys) (Schneider et al., 1997) [6]
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Table 1. Mean squares of combined analysis of variance of studied traits of barley cultivars under non-
stress and rainfed conditions

S Ay b 355

Gy gl 5k 4oty sl AW s, asdan b s, alss Shee 33T 4o ¥ polie
PH No.FT DPhM 05 5 528 DF DS GY df SoV
277413  122.35" 331.35™ 166.66" 86.72°  3913.62" 1 (Environment) La.>-.
114.07 1.62 2.33 9.41 13.41 37.41 4 (Block) s,
174.59" 6.76" 36.26" 98.0™ 33.58" 714.51" 9 (Treatment) ;Los
Lo x s
35.30" 2.65™ 8.23™ 4,59 10.87" 136.09" 9
Treatment x nvironment
56.88 4.80 10.98 4.08 15.10 122.41 36 (Error) =
Q‘mﬁ g«a_f.a Loy
12.79 22.81 1.36 2.95 1.94 14.23 -
Coefficient of variation
(Continued Table 1) Y Jgd> asls!
diw0js G 0js ol i alsslaw Sa,dsb aliw Jgb ISl b 5 e
SW PW No.G/MS AL SL PL SoV
1.47"  1631.46™ 81.66™ 2.26" 1.25™ 585.12" (Environment) L >~
0.40 39.03 73.81 178 0.51 33.58 (Block) s,
4.44" 148.04" 2079.63" 2411 10.24™ 8.79"s (Treatment) ,los
b x Hles
0.09"s 45,96 10.03" 150" 0.31" 10.11"
Treatment x nvironment
0.38 67.66 65.24 1.56 0.56 11.25 (Error) =
ARSI PN
24.10 29.56 16.01 8.68 10.10 15.88

Coefficient of variation %

GY: Grain yield, DS: Day to spike, DF: Day to flowering, DPhM: Day to physiological maturity, No. FT:
Number of fertile tillers, PH: Plant height, PL: Peduncle length, SL: Spike length, AL: Awn length, No.
G/MS: Number of grain per main spike, PW: Plant weight, SW: Spike weight.
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Table 2. Eigenvalues and coefficients of factor analysis in barley cultivars in the absence of moisture

stress
(Factors)a fale
(Third) £ (Second) e3> (First)J !
2.04 2.93 5.05 (eigenvalues)es s ,slae
0.17 0.24 0.42 (Component Share) ail 3s ,» ogs
0.83 0.66 0.42 (Cumulative share) ez agms
0.15 -0.06 0.86 (Grain Yield) «ls 5 Skee
-0.20 0.89 -0.26 (Day to spike) sssak b 5,
0.53 0.78 0.18 (Day to flowering) »4& b 35,
-0.05 0.67 0.31 (Day to physiological maturity) <SG 59 s 58 (£ s b 55,
0.81 0.04 -0.42 (Number of fertile tillers) 5,b axy sliw
0.20 0.35 0.82 (Plant height) 5, ¢ s
0.87 -0.17 0.31 (Peduncle length) JSSiu, Jsb
-0.05 0.87 -0.09 (Spike length) slew J b
0.22 0.37 -0.68 (Awn length) &Sz, , J b
-0.27 0.08 0.93 (No. of grain per main spike) Lol duw 53 415 sluxs
0.34 -0.04 0.91 (Plant weight) < 4 03
-0.13 0.04 0.98 (Spike weight)alew o35
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Table 3. Eigenvalues and coefficients of factor analysis in barley cultivars in rainfed environment

(Factors)s Jsle
(Fourth)pte (Third)w.a (Second)(.,; (First)J !
1.39 1.49 3.21 4.41 (eigenvalues)es, 5 sl
0.11 0.12 0.27 0.37 (Component Share) adl 5 ,» @
0.88 0.76 0.63 0.37 (Cumulative share) sxaz ogr
-0.06 0.07 0.98 -0.08 (Grain Yield)«ls 5 Shee
0.19 -0.16 0.05 0.75 (Day to spike) psalew b 55,
-0.19 -0.08 0.09 0.88 (Day to flowering) 48 ;5
0.06 0.42 0.37 0.76 (Day to physiological maturity) <S5 s 55 S e b 53
0.07 -0.88 0.17 0.11 (The number of fertile tillers) , 5,L axsy sl
0.09 0.64 0.36 0.32 (Plant height) <, ¢ s
0.97 -0.08 -0.03 -0.04 (Peduncle length) |Gl J b
0.37 0.22 -0.15 0.81 (Spike length) aiew J 5k
0.90 -0.15 -0.04 0.27 (Awn length) ez, J5b
-0.35 0.76 0.51 -0.01 (No. of grain per main spike) Jo! aliw 5 4ls sldss
0.03 0.14 0.92 0.33 (Plant weight)« » 055
-0.32 0.72 0.59 0.001 (Spike weight) dz 055
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Table 4. Regression analysis of variance of grain yield trait in barley and other traits under no moisture stress conditions

b palia @3l 4y Sla o ¢ e Sla e S0l
(SoV) df Sum of Squares Mean of Squares
(Regression) & g S 2 1784.99 892.49™
(Error) L 7 169.58 24.22
(Total) Js° 9 1954.58

st)lé)&5(w\&@‘ﬂ))@lﬂ.ﬂﬁb&&ﬁ))M‘J)&rgmﬂfg}}:ﬁ;)%“b—a J)u\>
Table 5. Results of stepwise regression of grain yield against other traits in the absence of moisture stress

. . Oge S 5 s o . . .
olis,ly Sliw ’M;) 7 3,k (gl Partial Model
Entered traits Coefficien of Standard error ~ R-square  R-square
Regression
(Plant weight) < 5 055 2.24 0.28 0.87 0.87
(Pedal length) Gl J b -1.95 1.03 0.04 0.91
(Width of origin) i 31 s = 33.61 22.24

sosby i Ll s (Saberi et al., 2011) 01,8
Sl ai O35 5 S 5 e li Lhe 55 e el s
Cdns 35 ol Sl 0iasOlis & Ldd g S5 Il
(Karami et o,5er 5 o8 ol 4ils 3 Shas (¢,
el 05 S, wjps @b bl al, 2005)
Wls Hlm 05y ka3 als sl v Olao
Olio |y Ssls 5 jesla 5 28 5 olS 5 Shas ¢ ule s
Sre e lld 5o e s Shes L LI s e

S e 50 pELPE Hgaw 5
595 edbiw Jsb g 055 Dl s Ll o
s e S5 ke 3yl5 pdin b gy 5 AU
By s gme o3 & Sl w53 e S5 31
a5 1y esls Gubsly 5l a3 QA £ gemme 53 Juke
Y YOV 4 G Dlis 1 S g 3505
4 Sl pl ol e Tlwna Jde 53 3 Loyd
oty gl gl s /PY 5 S ONE YD P LS
oy 5 e wls 3 Ses L asalin b 555 5 65 O3
35 i de oyl bl 5 AAE L Sy, 5 Al J b
sosple @bl Vs P dsle)
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Table 6. Regression analysis of variance of grain yield in barley and other traits in rainfed conditions

8 i (SOV) U5 e 5o Slr o g sozs Sl o s
CE (df) Sum of Squars Mean of Squars
O 4 788.82 197.20"
Regression
Lo
5 18.22 3.64
Error
“’L{ 9 807.05
Total

2 e 50 Olao plo  Plio 10 4g dw 418 O Jhos PEQPE Hgaw 5y b - ¥ J9u>
Table 7. Results of stepwise regression of grain yield versus other traits in rainfed environment

. . O g £ 5 b . . .
o,y Dlie i 3kl glas Partial Model
Entered traits Coeff|C|e.n of Standard error R-Square  R-square
Regression
(Plant weight) « 5 05 2.43 0.17 0.74 0.74
(Spike length) 4l J b -3.05 0.65 0.17 0.92
(Day to flowering) »u8 G ;5 -0.67 0.21 0.03 0.95
(Day to spike) sasakew b 55, 0.63 0.28 0.02 0.98
(Width of origin) Tuw 3i 5 30.43 60.40
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Table 8. Results of drought tolerance indices in studied barley cultivars for grain yield

Treats N N oS oS SNl Sl el b Jess el

Genotypes Jujlls el lls e e S S g S
Yp Ys TOL MP HM GMP Ssl STI

(Gorgand) ¥ o8 £ 210.21 186.30 2391 19825  197.53 197.89 0.15 1092.93
(Rihane) ol~, 414,53 233.70 180.83  324.11  298.89 311.25 0.58 2703.59
(Kavir) .5 320.36 302.20 18.16  311.28  311.01 311.15 0.07 2701.84
(Nosrat) o= 53422 352.40 181.82 44331 42467  433.89 0.45 5253.91
(Nimruz) ;5.5 247.50 217.21 3029 23235 23137 231.86 0.16 1500.31
(Valfajr) ~as  410.30 274.36 135.94 34233  328.83 335.51 0.44 3141.59
(Makuyi) g% 350.74 177.28 173.46  264.01  235.52 249.35 0.66 1735.29
(Zarjo) =5 410.23 345.63 64.60  377.93 37517  376.54 0.21 3956.99
(Gorgan) €5 370.20 235.36 134.84 30278  287.77 295.18 0.48 2431.62
(Strin) ol 289.40 227.30 62.10 25835  254.62 256.48 0.29 1835.79

4 Joi S ol b o g oebs Sy Lulyd 50 4610 0 os (g (Sod o po -1 Jgo>
"

Table 9. Results of correlation coefficient between grain yield under normal moisture and rainfed
conditions with drought tolerance indices

Traits 5 She > Ses Al S oS R

Indices s oA Jo s Sl = s
Yp Ys TOL MP HM GMP SSI
Ys 0.79™
TOL 0.80™ 0.27m
MP 0.96™ 0.92™ 0.64"
HM 0.90™ 0.98™ 0.47™ 0.98™
GMP 0.94™ 0.95™ 0.55™ 0.99™ 0.99™
SSI 0.26M™ -0.36™ 0.77" 0.02m -0.16™ -0.07™

STI 0.92™ -0.93™ 0.54™ 0.98™  0.98™ 0.98™ 0.07™
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Table 10. Eigenvalues and eigenvectors for drought tolerance indices in 10 studied barley cultivars

Jsl adl 3o p3> adl 3a p o 4l 3o

Componentl  Component Il Component |11
Eigenvalues 1073.64 87.9 8.14
Variance% 0.92 0.07 0.01
Cumulative share 0.92 0.992 0.999
Yp 0.43 0.41 0.26
Ys 0.26 -0.36 0.33
MP 0.34 0.02 0.29
GMP 0.33 -0.10 0.28
TOL 0.17 0.77 -0.07
STI 0.62 -0.20 -0.76
SSI 0.00 0.02 -0.01
HM 0.32 -0.20 0.26

PC2

o050 5 el (6l DBl e e Ls jolie g5y ol slaad jo 4 4 25 5 ol Sl s 5 ) S

Figure 1. Biplot diagram obtained by principal component analysis on the values of selection indices for the
studied barley cultivars
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Abstract

In order to study drought tolerance in barley, two separate experiments were conducted in the form
of a randomized complete block design with three replications under normal humidity and rainfed
conditions in the research farm of Islamic Azad University, Sanandaj branch in the 2013-2014 crop
year. Traits: Grain yield per unit area, day to spike, day to flowering, day to physiological maturity,
number of fertile tillers, plant height, peduncle length, spike length, awn length, number of Grains
per main spike, plant weight and spike weight were evaluated.The results of analysis of variance
under normal and stress conditions indicated a significant difference between cultivars in terms of
most of the studied traits.In normal conditions, harvest index and peduncle length and in stress
conditions, harvest index and 1000-grain weight showed a positive and significant correlation with
grain yield. Stepwise regression analysis showed that under normal moisture conditions, plant
weight and peduncle length, and in dryland conditions, plant weight, spike length, day to flowering
and day to spike are the most influential traits on grain yield in barley, respectively. Drought
tolerance indices of MP, GMP, STI and HM were identified as efficient indices in detecting drought
tolerant genotypes with high grain yield potential due to positive and significant correlations with
Yp and Ys in barley. Kavir and Zarjoo cultivars with high values of MP, GMP, STI, HM, Yp and
Ys indices were recognized as the most drought tolerant cultivars.

Keywords: Correlation, Drought stress, Grain yield, Selection Indices, Tolerance indices.
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