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Effect of Drought Stress on Grain Yield and Yield Components of Winter and
Facultative Barley Genotypes in Maragheh Region
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Table 1. Pedigree of barley lines used in experiment

Line.no. Pedigree Growth habit
1 Yesevi-93/Sahand OMR-0MR-OMA-OMR-OMR F
2 Rhn-03/Lignee 640//ICB-102411/4/Arr/Esp//Alger/Ceres 362-1-1/3/1CB- s
100175 ICBH96-0577-OAP-OMR-0MR-OMA-OMR-OMR
3 Mahali Shahre Kurd/Tokak-OMA 1CBH97-0011-OMR-OMR SF
4 Roho//Alger/Ceres362-1-1/3/Alpha/Durra/4/ICB- r
107766/3/Yea560.2//Luther/BK259 1CB01-1724
5 PAMIR-158/ZDM1454 1CBH95-0211-0AP-0Shi-0Shi-0Shi-5Shi F
6 TARM-92 SF
7 ALPHA/QUINN//PAMIRG68 F
8 YESEVI93//TIRCHMIR-43 WF
9 TOKAKI//STEPTO/ANTARES WF
10 MAHALI SHAHRE KURD/3/CWB117-77-9-7//... WF
11 Gara Arpa F
12 Abidar F
F: Facutative ol SF: Spring-Facultative
S: Spring Gl WEF: Winter- Facultative
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Table 2. Simple analysis of variance for agronomic characteristics of barley lines in drought and supplementary irrigated conditions

MS  Sla e S
Lyl o\,:.;:cl;ﬁ a3 &ls 5 Shas ),@.B'@,l: j.\,.a)@,u ool BERYEEINES BERHEYEY) BT YET) oy 3ldas B Aoy sl Ao Jsb
sl Al S5 Sals ol asl aliw <l 9ok ook

Condition S.O.V. df. GY DHE DPM HI GNS GWS TKW FTN UNFTN SL
Replication 2 872735 10.78 2.11 2.71 6.81 1.58 11.11 0.19 3.23 0.53
Drought Genotype 11 44143™ 20.44 4.96™ 20.05 6.94 0.76™  10.69™ 0.17™ 0.61™ 0.37
g Error 22 129753 3.96 2.41 5.26 1.99 0.58 14.14 0.15 0.32 0.16
CV.% 15.70 0.80 0.60 7.90 8.10 12.50 11.10 15.20 23.30 6.40
Replication 2 32220 4.36 5.86 2.72 1.05 0.71 0.19 0.23 0.29 0.70
Supplementry  Genotype 11 192498" 3.54" 3.44™ 50.72"° 1511 365 24577 0.08"™ 0.13™ 0.59"
irrigation Error 22 74458 0.42 2.59 17.54 2.63 1.17 2.26 0.09 0.08 0.21
CV.% 10.70 0.30 0.60 13.10 8.90 12.70 3.40 12.90 16.30 7.00

IPER RPN WY J\A}‘c}d—a)b‘)'}&ﬂ S 5 ek gw 1S
ns, * and **: Not significant, significant at the 5% and 1% Erobabili_ty levels, respectively. ) . . . .
GY: Grain Yield; DHE: Days to Heading; DPM: Days to Physiological Maturlg/;_HI: Harvest Index; GNS: Grain Number per Spike; GWS: Grain Weight per Spike; TKW: Thousand Kernel
Weight; FTN: Fertile Tillers Number; UNFTN: Unfertile Tillers Number; SL: Spike Length.
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Table 3. Combined analysis of variance for agronomic characteristics of barley lines in drought and supplementary irrigated conditions

MS ol oSl
- ol ks GL’.a 5T a3 4l 5 Sles Jseb &b ;'\':-‘J Fb Sy perls Al s als sl BERHERST) &ls Him 05 PESHENE PESHEINE Jsb
i :

1 A ESPPTE el i sk 290k E i
: S.OV. df. GY DHE DPM HI GNS GWS TKW FTN UNFTN SL
% D 1 1191196™ 60.68" 512.00" 157.17 10.60™ 106.70™ 1730.70" 1477 820"  1.62™
y Error 1 4 407478 7.57 3.98 12.71 3.93 1.15 5.65 0.21 1.76 0.62

i Genotype (G) 11 114312" 19.407 6.13 51.20 18.10 2.83 30.30 0.17™ 0.57 0.78
) GxD 11 122329™ 4.60 2.27™ 19.6™ 3.94" 1.58™ 5.01" 0.13™ 017" 0.19™
; Error 2 44 102105 2.21 2.50 11.40 2.31 0.87 8.20 0.12 0.20 0.19

CV.% 13 0.60 0.60 11.10 8.60 12.80 7.40 14.20 21.50 6.70

W STR PRI J\a“-»!c]a..»).u)la&n S 5 ek g xS

ns, * and **: Not significant, significant at the 5% and 1% Rrobablllty levels, respectively.

GY: Grain Yield; DHE: Days to Heading; DPM: Days to P smloglcal Maturlg/ HI: Harvest Index; GNS: Grain Number per Spike; GWS: Grain Weight per Spike; TKW: Thousand Kernel
pi

Weight; FTN: Fertile Tillers Number; UNFTN: Unfertile T| ers Number; SL: Spike Length.
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Table 4. Crop growing season meteorological details for Maragheh station (2008-2009)

w3 Shas p Sis 5556

Sk bs Lo gze 25 530 3 Loy s
ol by STl g Jili S 5 Jola los Lo e o o
ABS. Temp. Mean Temp. .
Month s Rainfall (mm) Min Max Min Max Mean Temp. th.\Ilgvs%sro RME?&)) Eva rr?rﬁ)tlon
Sept.-Oct. & 34.1 3.0 27.0 7.11 18.72 12.91 0 45.9 176.0
Oct.-Nov. oLt 721 -6.0 16.4 1.40 6.90 4.15 13 78.9 36.3
Nov.-Dec. 53T 1.8 -14.5 11.0 -4.78 3.92 -0.43 24 55.9 0.0
Dec.-Jan. ©> 7.7 -13.0 7.6 -6.35 0.76 -2.79 26 46.7 0.0
Jan.-Feb. e 33.3 -115 114 -3.61 3.57 -0.05 27 60.7 0.0
Feb.-Mar. Ll 46.1 -7.5 19.0 -2.30 5.90 1.80 22 66.1 0.0
Mar.-Apr. RLITS 46.8 -8.5 16.6 -0.19 8.74 4.27 17 59.6 0.0
Apr.-May S s 34.2 -0.5 26.4 5.70 16.19 10.90 1 48.7 170.9
May-Jun. sls = 21.0 4.0 29.8 10.89 22.40 16.68 0 35.7 297.1

Jun.-July s 14.2 9.0 34.6 15.22 28.49 21.85 0 29.2 379.5
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Table 5. Means of agronomic characteristics of barley lines in drought and supplementary irrigated conditions

\idd

als s Shee i 5 545 3 Sl el bl il 3 &l sldas 4l 4058 O i Jsb Al 53 415 O3
GY DHE HI GNS TKW SL GWS
. u-_'_y FJL“-‘: r{.} k}J\ r{.} @‘ ri.) @‘ v.{_} &54‘ ri.) &54‘ v.{_} ‘5" v.ﬂ.) @‘
5’ Ll\ilge RF IR RF IR RF IR RF IR RF IR RF IR RF IR
N :
%" 1 2384c 2445¢ 237.00c 241.00c 30.02¢ 31.41c 18.10c 19.17c 32.00c 42.33c 6.44c 7.03c 6.00c 8.81c
q) 2 2308c 2378c 231.33e 237.33d 28.00c 29.30c 14.03e 15.03e 36.67¢ 50.33a 5.60c 5.97c 5.73c 8.15¢
3> 3 2230c 2385¢ 231.67e 239.00c 26.42c 23.35d 14.50e 13.97e 38.33b 47.33a 6.80c 5.84d 5.14c 6.51e
2 4 2095¢c 2141e 232.00d 238.30c 24.13c 31.31c 17.90c 18.87c 32.67c 39.33d 6.93c 6.91c 6.05¢ 7.88c
3 5 2439c 2570c 237.33c 240.33c 29.60c 33.94c 18.10c 20.93c 34.00c 44.00c 6.36¢ 7.15¢ 6.67c 10.33c
;‘. 6 2196¢ 2572¢ 238.33c 240.67c 27.41c 29.54¢ 17.63¢c 20.27c 33.67¢c 41.67c 6.12c 6.65¢c 5.74c 9.13c
4 7 2277c 2618c 237.00c 239.33c 33.08a 35.08¢c 17.90c 19.43c 34.00c 43.00c 6.16¢ 6.90c 6.57¢c 9.04c
:I, 8 2196¢ 2642c¢ 237.33c 240.33c 32.20a 35.71c 18.77¢c 18.90c 33.33c 44.33c 6.57¢c 6.74c 6.87¢c 9.00c
? 9 2428c 2960c 237.00c 237.67d 29.30c 35.95¢ 17.17c 18.63c 34.67¢c 45.00c 6.27c 6.40c 6.11c 8.83c
l 10 2150c 2813c 238.33¢c 240.33c 30.76b 36.84c 18.57c 19.03c 33.00c 43.67c 6.49c 6.95c 6.06¢ 8.88c
,; 11 2329c 2468c 238.33c 240.67c 29.91c 26.63c 18.27¢c 14.73e 33.67¢c 41.67c 6.47¢c 6.03c 6.54c 6.55e
__}) 12 2170c 2798¢ 236.33c 239.33c 26.28¢c 33.50c 17.77¢c 19.27¢ 31.67c 42.67c 6.48¢c 6.71c 5.61c 9.20c
?; ;2?; 2267 2566 235.89 239.69 28.93 31.88 17.39 18.19 33.97 43.78 52.04 6.61 6.09 8.53
LSD%5 609.9 462.1 3.369 1.138 3.883 7.091 2.393 2.785 6.638 2.543 6.828 0.7798 1.293 1.829
LSD%1 829 628 4.580 3.703 5.277 9.638 3.251 3.785 8.655 3.456 9.281 1.0599 1.758 2.485

I 0 Jlalimlan 55 (s lsime D3l Ot 3 alie 35 sl sl Kk
Means with similar letters in each calumn are not significantly different.
GY: Grain Yield; DHE: Days to Heading HI: Harvest Index; GNS: Grain Number per Spike; TKW: Thousand Kernel Weight; GWS: Grain Weight per Spike;
SL: Spike Length.
For pedigree of lines see Table 1. sddnal o) Jgdor 4 b pY 0 i (gl
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Table 6. Simple coefficients between agronomic characteristics of barley lines in drough atress condition
4l :l,gl...p :l,gl...p oS :l,gl...p el Ll ,m 85, Al sluss BESE\Rt G sy sldes EWSH oy sl dmey 3ldas Jsb Jgil.bﬁ Jsb 15 sldss
S s gholy s A b b S e o9k 290k i ol sl
S5

Traits GY BY SY HI TKW SPM DHE DPM GP FTN UNFTN SL PL GNS

GY 0.31™

BY 0.18™ 0.96™

5% 0.21"™ -0.53™ -0.73"

HI 0.55™ 0.34™ 0.31™ -0.12™

TKW 0.68" 0.04™ -0.07™ 0.15™ 0.72"

SPM -0.04™ -0.63" -0.70" 0.61" -0.58" -0.32"

DHE -0.47™ -0.66" -0.617 0.26™ -0.23™ -0.30™ 0.46™

DPM 0.65" 0.08™ 0.00™ 0.20™ 0.27™ 0.60" 0.11™ -0.42"

GP -0.13™ -0.05™ -0.04™ 0.05™ 0.31™ 0.40™ -0.39™ -0.31™ 0.01™

FTN -0.12 -0.50™ -0.45™ 0.13™ -0.34™ 0.34" 0.70" 0.43™ 0.02™ -0.33™

UNFTN -0.58™ -0.22" -0.17™ -0.03™ -0.81" 0.78" 0.35™ 0.26™ -0.60" -0.36™ 0.34™

SL -0.19™ 0.05™ 0.15™ -0.35™ -0.05™ 0.02 -0.46"™ -0.01™ -0.50™ -0.02 -0.43™ 0.39™

PL -0.45™ -0.54"™ -0.56™ 0.40™ -0.86" -0.67" 0.78" 0.50™ -0.36"™ -0.40™ 0.51™ 0.84™ 0.00™

GNS -0.03" -0.52" -0.63" 0.70" 0.41"™ -0.20"™ 0.57™ 0.32"™ -0.34"™ -0.19"™ 0.12™ 0.47™ 0.27™ 0.68"

ns, * and **: Not significant, significant at the 5% and 1% probability levels, respectively.
GY: Grain Yield; BY: Biologic Yield; SY: Stubble Yield; DHE: Days to Headlng, DPM: Days to Physiological Maturity; HI: Harvest Index; GNS: Grain Number per Spike; GWS:

..L;).)\}.Lp)>bJb‘chu)a‘)lagu%}iAin:%;&,e]'z‘ns

Grain Weight per Spike; TKW: Thousand Kernel Weight; SPM Spike No. M%; GP: Growth Percent; PL: Peduncle; FTN: Fertile Tillers Number UNFTN: Unfertile Tillers Number;

SL: Spike Length.
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Table 7. Simple correlation coefficients between agronomic characteritics of barley lines in supplementary irrigation

als 5 Sles s Slas oS s Slas Lerla 45 538 035 Al slaw 5oy 3 G 5oy slaes Lo s ey Sl oy Sl Jsb IS Jsb Bl il sl
S Al ghatslyys i, 4b b St e ok ok 2# i !
S5

GY BY SY HI TKW SPM DHE DPM GP FTN UNFTN SL PL GNS
GY 0.17™
BY -0.26™ 0.86™
Sy 0.76™ -0.21" -0.67
HI 0.10™ -0.18™ -0.20™ 0.20™
TKW 0.05™ 0.42" 0.55™ -0.42" 0.28™
SPM 0.39™ 0.03™ -0.10™ 0.20™ -0.49™ -0.13™
DHE 0.01™ -0.50™ -0.50™ 0.23™ -0.52"™ -0.61" 0.53™
DPM -0.14™ -0.01™ 0.22"™ -0.43™ 0.36™ 0.75" -0.40" -0.53™
GP -0.73" 0.13™ 0.41™ -0.60" 0.08™ 0.12™ -0.41™ 0.04™ 0.12"™
FTN 0.56™ 0.37™ 0.14™ 0.31™ -0.48™ 0.16™ -0.67" 0.12™ -0.27™ -0.48™
UNFTN 0.32™ -0.09™ -0.40™ 0.71" -0.59" -0.73" 0.40™ 0.44™ -0.70" -0.26™ 0.33™
SL 0.21™ -0.19™ -0.40™ 0.54"™ 0.15™ -0.32 -0.36™ -0.03™ -0.27™ 0.05™ -0.42™ 0.34"
PL 0.50™ 0.02™ -0.40™ 0.74™ -0.53™ -0.69" 0.41™ 0.31™ -0.64" -0.50™ 0.38™ 0.92” 0.29™
GNS 0.59" 0.16™ -0.30™ 0.77" -0.13™ -0.57" 0.26™ 0.12™ -0.55™ -0.50™ 0.21™ 0.78" 0.49™ 0.89"

W SR NP W STy JLJ:-!c]a..u):A)bs'u i ae ik g% S
ns, * and **: Not significant, significant at the 5% and 1% probability levels, respectively.

GY: Grain Yield; BY: Biologic Yield; SY: Stubble Yield; DHE: Days to Heading; DPM: Days to Physiological Maturity; HI: Harvest Index; GNS: Grain Number per Spike; GWS: Grain Weight per
Spike; TKW: Thousand Kernel Weight; SPM: Spike No. M2 GP: Growth Percent; PL: Peduncle; FTN: Fertile Tillers Number; UNFTN: Unfertile Tillers Number; SL: Spike Length.
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Table 8. Correlation between drought tolerance indices in drought and
supplementary irrigated conditions

MP Ys Yp SSI TOL STI MP
Yp 0.21"™

SssI 0.29" 0.87"

TOL 0.28™ 0.88" 0.99”

STI 0.63" 0.89" 0.55™ 0.57™

MP 0.59" 0.91" 0.60" 0.61" 0.99"

GMP 0.63 0.89" 0.56™ 0.57™ 0.99" 0.99"

o) e 0 Jlea|

cb)}L)lj@u;'éjQI**}—:t:—gns

ns, * and **: Not significant, significant at the 5% and 1% probability levels, respectively.
YS: Stress Yield; Yp: Potential Yield; SSI: Susceptibility Index; TOL: Tolerance Index;
STI: Stress Tolerance Index; MP: Mean Productivity; GMP: Geometric Mean Productivity.

oSS LT 5 s Ll s 03 g GlapY (St w0 oo gla o Lo -4 Jur
Table 9. Drought tolerance indices of barley lines in drought and supplementary irrigated

conditions
Line No. Ys Yp SSlI TOL STI MP GMP
1 2384 2445 0.5 61 0.885 2415 2414
2 2308 2378 0.24 70 0.834 2343 2342
3 2230 2385 0.53 155 0.808 2308 2306
4 2095 2141 0.25 46 0.681 2118 2118
5 2439 2570 0.42 131 0.952 2505 2504
6 2196 2572 1.20 376 0.858 2384 2377
7 2277 2618 1.10 341 0.905 2448 2442
8 2196 2642 1.40 446 0.881 2419 2409
9 2428 2960 1.50 532 1.100 2694 2681
10 2150 2813 2.00 663 0.920 2482 2459
11 2329 2468 0.47 139 0.873 2399 2397
12 2170 2798 1.87 628 0.922 2484 2464
mean 2267 2566 0.96 299 0.885 2417 2409
SI=%12

YS: Stress Yield; Yp: Potential Yield; SSI. Susceptibility Index; TOL: Tolerance Index; _
STI: Stress Tolerance Index; MP: Mean Productivity; GMP: Geometric Mean Productivity

For pedigree of lines see Table 1.
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