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2- Tolerance Index = TOL

3- Mean Productivity = MP

4- Geometric Mean Productivity = GMP
5- Stress Susceptibility Index = STI

6- Harmonic Mean = HM
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1- Path analysis
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peitane 1 Sl Pl e e NS Mo )d g gy Jloin] o )3 45 xe oSy K G K
* and **: Significant at the 5% and 1% level of probability respectively, R =0.71, R? = 0.51, R%dj = 0.48

A3le melis i 5 i Syl gsazme ply b 3,Skes b clis ) ol o (Sired cups §
§: R? (correlation coefficients) = Direct effect + Indirect effect

(m=YA) Jol5 (55T (Glao 1 comblimo s 9 o 351 &1 @S Aild 3o (513 SNimod utl pud SUSET -Y Jou>
Table 3- Partitioning of correlation coefficients to direct and indirect effects by path analysis method, based on full irrigation

(n=18)
Indirect effect gy < Wl g 5
Ll 41 by yo sloesls Y e LRIV R ::M s ; o L M§ " );:;‘r’
Jol5 g5l Direct ’ . . .
2 _ Full irrigation effect & ,.o o ,2: 41....» &l Corr. Coeff.l(viwth grain
Spike.m Grain/spike TGW (g) yie
Spike m? g1y0 yo 3 Al dlaxi 0.603%* - -0.01™ 0.126™ 0.719 **
Grain/spike aliww )3 413 dlaxs -0.345™ 0.017"™ - 0.199™ -0.13™
TGW &5 3 59 S043%  -0.177™ 0.159™ - -0.447™
R=0.82 R*=0.67 R%dj=06

e o S 30)> Sy g iy Jloil aw 53 )b G
* and **: Significant at the 5% and 1% level of probability respectively, R = 0.82, R* = 0.67, R%dj = 0.60

A3l o e 3 5 s Sl gsarme w4l 3,Shes b clio 1 LS b (Kivad ey §
§: R? (correlation coefficients) = Direct effect + Indirect effect

Table 4- Partitioning of correlation coefficients to direct and indirect effects by path analysis method, based on 80% full

irrigation (n=18)
Indirect effect paliumo s 41 o ;
balpd 4 by yo glaoals - PRI | b b (Fmad ol
. - > Al dlaxd 3 &> oy T 5,Slos
Jol" g5l YA Direct ) . &l 15 o439 .
3 -80% Full irrigation effect & s 2 s TGW(@ T ?“"‘ff‘lw’th
Spike.m" Grain/spike grain yield
Spike m™ &sy0 yio 53 dliiww s 0.65 ** - 0.018™ 0.059™ 0.727%*
Grain/spike dliww )3 415 dlaxs -0.438 ** -0.027" - 0.081™ -0.384"
TGW &> 153 (439 -0.295 -0.129™ 0.121™ - -0.302™
R=0.85 R*=0.73 R%dj=0.67

e M8 20)> Sy g iy Jloil aw 53 5B a4y FH G
* and **: Significant at the 5% and 1% level of probability respectively, R = 0.85, R? = 0.73, R%dj = 0.67

A3l o ey 5 s Sl gsarne w4l 3,Shes b clas 1 LS b (Kivad ey §
§: R? (correlation coefficients) = Direct effect + Indirect effect
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Table 5- Partitioning of correlation coefficients to direct and indirect effects by path analysis method, based on 60% full
irrigation (n=18)

3 Indirect effect pafx < 4l g ;
bl &y bgyyo go3ls £ A il ko 3,8k b (Shuusod s
. oo Aow dlaxd 3 &> oy § &ls
Jol8' (s, e Direct s . &> 52 (39 Corr. Coeff. with erai
4-60% Full irrigation Lot Gy . TGW (g) ort. Loe’h. With grain
effect Spike.m”  Grain/spike yield
Spike m? ayy0 jio 3 dhiww Slaxi 0.454%* - 0.266™ - 0.004™ 0.717%*
Grain/spike dwuw > &l dlaxs  -0.52%% 023" - 025" - 0.502*
TGW &l 58 o35 - 0.594%* 0.003 0.219"™ - - 0.373™

R=09 R*=0.81 Radj=0.77

peitane 1 ,Slo P b xe e NS do)d K g g Jloin] o )3 J5 gixe i ¥FH 5 F

* and **: Significant at the 5% and 1% level of probability respectively, R =0.90, R* = 0.81, R%dj = 0.77
A3l e s g 3 ains Sl51 ggaze plyy 4l 3,SLas b clio J pLS jp Siurod gy §

§: R? (correlation coefficients) = Direct effect + Indirect effect

Wodly Cude & o Sl e ;3 3)Shos (gl5a] lre Blyo5l g (ke - g
Table 6- The mean and standard deviation of yield components under four status of path analysis

HKES) EHLRIRES) 132 3
&y 3 Slos &0y 4D dluw das 1 0
[EYHH .. 1 s 4> A 2 aly
Grain yield (kgha™) : Spike.m
n Grain/spike TGW (g)
oSbe Avg. 6825 34 592 37.4
Jpl < 2! SE 54
First 972 4 85 35
e
oSbe Avg. 7500 36 617 39.2
P>l T il SE 18
Second 787 4 90 3.5
e
oSbe Avg. 6720 33.8 588 38.0
powe o T T SE 18
Third 796 4 85 2.5
e
oSbe Avg. 6254 324 570 35.0
Pl b T T SE 18
Fourth 923 3 78 3.0
e

Slodges y)li5 who 9 Cute wild 3, Slae (g5 1y dlino 55 &by dlass
o y 51 oyl (Ehdaei e al., 1994) o )\Ken 5 olal g
HlogS Lol ety aliaw jd «ily dlass &y bgy yo |y 4l 5,Slos (23,
= 1y diw > abs sl 31 (Kumar and Gupta, 1984) oS 4
Slaihy o Slas (iul58] 00505 5155 oS g Cute aib 3, Sles (g9,
by Sidgs by padtes jobdy & Jl5a 059 Gl 5 )b
Moghaddam ) )l Sea 4 pade ((Dofing and Knight, 1992)
(Ehdaei and Waines, 1987) ; 5 5 slaal et al, 1993
Mondal ) ,Ken 5 g0 (Shamsuddin, 1987) -yl e
(Hosseinpor et al., 2001) l)Ken g y55 y> o (€2 al., 1997
OilSen 5 JWse bawgs oad plovl wliiss 45 .Canl sads )55

9 e Cgto 51 48 35 oo sdalie WYl oyl pled )

2590 lews g ash 5 Sles p mpoyio jd dlis Dad padiiice it
2 A4S 0,8 (gpS el e plyie Wl dlaz g 250
sty dlas wlgn 48 dges ool (o)) 51 sl (o ylul oS Ll
Gk ol il g dules M5 syt @ye po )3 ali slasi 5 )b
Aoles ol 1y ololeS Jles! 3l (iU o sty 55 5 Sloe il
9 2980 o)Ll (pdlime (B S s 4 Ceand ol

5500 SLs) I L ojlge (S )y odel Cwd 4 ol cul s
SolelpS cuple 4y da g b a8 Ails gunan Dyl By D e
Js JB g (ilato w39 oS> 3o ol oS oalejl (sloloss
msiiwo , 51 (Dofing and Knight, 1992) coli 5 Kidgd sl
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S5 (Maleki ef al., 2009) o ons s osllas 35 HM
MP TOL sla jesliaS >, S %)l 8 (Tavakoli, 2012)
5 =) paS JelS )bl oy 55w > HM 4 STI GMP
Srp jless 53 & s Al (5955 LS 53 p)Sels A
Naderi et al,, ) ), Sen g 5,5 (Tavakoli, 2012) el
oot byl i ead (i3 S slacudg) a8 Wl Lis (2013
YL o Slas 15 O 5908 oMo i Laslys )3 (ol Cudgime
adlas I ool @l ezmen 55 s plo & Cuns
bl Ll )3 il 5 )Slae (:S0ls 5 ol (e (Stian
P Jlt sl pasls o alio & ob oLt JolS (g5l
ot (pSile (5 Joo8 hawgia ()90 00 oSS dagp Y
(Fallahi ef al., 2011) s Sigoylo Sk 5 255058

o Jood slapadld g ghaw 22ly )3 3)Skee (line ol
O x5y ()leleS 2o Ve s aSkes p tie (Sl
9l g0yt yate A8 09d (s el Lol amd e
Srop oml G 9o ¢ e (S 4 JooS sl padls
S b 45 el Lais

Sy llnS Ao Yo oS mad e plis A g A g
STL GMP MP sl jasls yid polae g 1y > 4 pl)|
ooll o Lol sl (6355 TOL [adlis 5 iie jlude g HM
o S by Sl 4]y old 08) 0 OlF e QS 5 o
sbie 1 J5 25800 bsiye 08) (ol o Shy 5 Cloogas
s Db s 4y plales ol 5l g 5lidy o5, Lzl @3y Cans
Sshie Jiie g HM o STL GMP MP cla asls iy yolis
Sy o5 3o b 6y onlax ST85)b 5 TOL Lasls
o guned 039

O wlie codgaze ) coedl jlun jguiS Lalys )3 48 asdl
1 0aiiS 2910 ole o0 g el g sl (Bl s Slglyd
oty lil an g O 69000 pa3Ls W g e sledd &
GolatloS 15 slasd o )3 (solsl Jlome § Mo B pumo
P el ool o050 Jles Ve gie el 2 295 g0 gucme
Sl 2o yd Ae s 4 G 555k 5 b 51 (s pg0 0
S90S Jlade &S (gyebes 3,15 ol (gl olaw g JalS
2oy £ g A (JalS (g)lol lajlass co g iy o5, sl ]
g yto o o p SohS YIYE o VIVE O/EY by JolS (6,
YV 5 MY OIFA Cospas 598 sl jlaws gly 5 oylalow o) (gl

Foomaw gy oaimdlis a5 del Cond 4 yia duo p oS olS
sl Yl g Sl pB)) (sl 6yl 2o

sliws as o lis cule 4 o0 ol s (Mondal et al., 1997)
5,Slos g9y Cuio paiime Sl doxy dlasd 5 a5 calino > wil
F S35 iy oles 5 S €65 oS8l s calazils b
Shamsuddin, ) padl e ailail 3 Slas (55, (o paiino
059 9 45 50 aliw dlas calis pd &l i pudiis 31 (1987
i ok g el s Cute |y puiS dily 5 Slos (gg, wib
Sliwi g aoye yio ) dliw i (oS 4 &S A 0ol L cude
g 4339 paS Al 3o Sge Jelge o e et )3 &b
dhasi g &by Sl o5 s ) b gine 5 Cute (Stued oo
oL adiane i Custe SISl (U 0 Sles b e o ) alits
Tavakoli and Mahdavi ) cusl e3¢ dliws j3 &b sl 5 (2lS
.(Moghadam, 2013
Tavakoli and Mahdavi )ps 8o g9 g0 g NS5
Sl Gyae e ill L &S sl Lis (Moghadam, 2013
3 b mime gl (oS (6)lo) yro Juo YY+ & yio lio VS
M2 G 5 cuibyp (aSLE «Syjslon 3Slas (iS5 oS Lol
g Al 0 b ol oy gl ]38l Caw Lol i sl 4l
Oil8l e didges dpog Glinl 035 mye yie D i Sl
Tl als 5, Sloe slip! o 5l ety (i Loyl o aily 5 Slas
b 5 5 g dliuw ;0 Al Bl e crdaw d5ly 53 dlius dlass
0y Slas Ginlisl gl Lol ol iolidl sol 1y cudlyy s s o
Sas i iy 0 Slas (glint o 5l (Jgexe Loyl jo aly &l
e ) &l Jlia 05 9 gaw daly 5> Al dlas it )5 &b
0393 Lial33l b ol yipo O Cudgime pas Laslys p3 g 0l i3l
9 &b Sy ) G bl (RIS g ELS Gliee (ol M)
Sy By &b ads

Swid & Jood o il

dw slaoaly b wgio wlawl p (Sid @ Jooo slo e li
3Sdes sl cuip Ve JIY Jghis 13 9 05 3,90y uiivs Lo
Mo )3 ol O (gy90500 (adLs g 0395 Cam; ¢ HiIS g olS" il
ool o 00l LS &b

FooVr o gd y 2 0 dS ey o LS Y Jodo clodly
e 9 i o8y ll il 5 Shes (slie g (6ylolnS 2oy
MP glajedls win polds a0 b s & el o8,
iy 6555 TOL asli 5 it ylaie 5 HM 4 STI (GMP
Dy guned o 4l 0, Sloe 5o b g5y oy

Sl 5 ol y5ccwlie TOL jeS polie oS cunl (o
9 MP (GMP (sl j23ls 09 YU andl ail o 5,Slee (g)l0L
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Table 7- Drought tolerance indices under different deficit irrigation levels based on grain yield

by s Ol Cuddg 0 S90 o9y oSS
Pishtaz Shiraz Sepahan Marvdasht  Mahdavi BC-Roshan
Grain Yield (kg ha™) ail> 2,5dos
1 60% (Se0%) 6852 6098 6600 6073 5569 6331
1 80% (Sso0s) 7135 6747 6887 6363 6204 6985
1100% 8250 7568 7494 7508 6690 7490
20% deficit irrigation  g,WlsS oy Ve
TOL -25 363 223 747 906 125
MP 7693 7158 7191 6936 6447 7238
GMP 7672 7146 7184 6912 6442 7233
STI 1.05 0.91 0.92 0.85 0.74 0.93
HM 4143 3594 3633 3363 2922 3683
40% deficit irrigation  g,l1sS w0 > £+
TOL 258 1012 510 1037 1541 779
MP 7551 6833 7047 6791 6130 6911
GMP 7519 6793 7033 6752 6104 6886
STI 1.01 0.82 0.88 0.81 0.66 0.85
HM 4117 YYHa 3600 3318 2714 3451
FAVYY ?p& 60% AME ?p& 80% — £YO¥ ?60% AR ?80% :V\‘Af‘?p =
Vracon=6877  Ypason=7110 Yo, = 6254  Ygoo,= 6720 ¥p =7486

Jol5 5T b 6 oleS baw 93 dulie ;5 08 3 Slas (gl (Swid d Jood L -A Jou
Table 8- Drought tolerance indices under different deficit irrigation levels based on straw yield

by s Ol Cuddg 0 S9M0 o9y oIS S
Pishtaz Shiraz Sepahan Marvdasht Mahdavi BC-Roshan
Straw Yield (kg.ha™) o5 3 Slos
160% (Se0%) 7289 8010 8177 8734 8489 9112
180% (Sso) 7869 7864 8614 9061 8464 8981
1100% 7907 8845 10289 9359 7880 10643
20% deficit irrigation  g,WlsS oy Ve
TOL -1915 859 864 111 -333 234
MP 9275 7888 8355 9453 9210 8187
GMP 9174 7888 8340 9416 9209 8181
STI 1.07 0.79 0.89 1.13 1.08 0.85
HM 4778 3532 3949 5033 4814 3800
40% deficit irrigation  g,lleS Mo, €0
TOL 1876 2630 2128 2564 3159 2396
MP 7551 7174 7084 6784 6538 6511
GMP 7518 7093 7068 6747 6466 6508
STI 1.0 0.89 0.89 0.81 0.74 0.75
HM 4109 3657 3631 3309 3039 3079
£aY . ?p& 60% =AYYA ?p& 80% — £YO¥ ?60% =AYOA ?80% :AAQ;?p =
Vrs0=6940  Vpasor =8728 Yoo = 6254 Yoo, = 8758 ¥ =8856

Tavakoli and ) 5> ceugllae Jood (ol , a8 lide

Jood adld ale cwde § (Mahdavi Moghadam, 2013
Sl g olatleS 203 52 0 (s cl lie ol ol il
s At o JolS )l Il i ol 5 Sl o)
tin (Sl changie ()90 0 (slapadls yid yolie 45|
0SSl g (Fernandez, 1992) Liis J oo (adlid «gy50,00

o Jood (slaasli (guan ) Cenl s &5 4l Lol

oS (psbas bloo O (5yg0 00 paSLS ) B s b (St

$+ Jlew ¢ HM 4 STI GMP MP (TOL a3l y3Lée

MAY VY =+ IV Copan sl o8, ly ylleS 2o

AV NAY =+ [8Y s pan plalw o3, clp g V5 9 VAY
W2y polie YL 5 +/AY 9V /0]
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Table 9- Drought tolerance indices under different deficit irrigation levels based on biomass yield

b i Ol Cuddg o S9N Oy oI SS9
Pishtaz Shiraz Sepahan Marvdasht Mahdavi BC-Roshan
Biomass Yield (kg ha™) _wlogw 3,50es
160% (Se0%) 14140 14109 14777 14808 14058 15444
180% (Sso) 15004 14611 15504 15424 14698 15966
1100% 16157 16413 17783 16867 14570 18133
20% deficit irrigation  g,loleS Mo, Yo
TOL -2199 940 1332 439 519 1254
MP 17145 15581 15512 16644 16145 14634
GMP 17117 15570 15486 16605 16129 14634
STI 1.09 0.91 0.90 1.03 0.97 0.80
HM 9179 7594 7513 8638 8150 6709
40% deficit irrigation  g,lleS Mo, €0
TOL 1803 1835 1166 1136 1885 500
MP 15149 15133 15595 16295 15462 15007
GMP 15115 15098 15574 16227 15399 15001
STI 0.85 0.85 0.91 0.98 0.89 0.84
HM 7390 7374 7846 8518 7670 7279
VOYY - ?p& 60% =\0AYY ?p& 80% — VY ous ?60% el ?80% :\;Y‘QA?p =
Yracon =15440  Vpasorn=15944 Yoo, = 14556 Y500 = 15563 Yp=16358

Jol5 (5Ll b (5 lleS o 93 dunnalilo )3 ©F (559040 (812 (Sl &1 Joods (glapad Ll - ¢ Jgoa
Table 10- Drought tolerance indices under different deficit irrigation levels based on water productivity

by s Ol Cddg 0 S9N o9y oSS
Pishtaz Shiraz Sepahan Marvdasht Mahdavi BC-Roshan
Irrigation water productivity (kg mm™) (s ,Wl oj1 5U (WP) 8 a0 of 51 5,900
160% (Se0%) 2.26 2.01 2.17 2.00 1.83 2.09
180% (Ss0%) 1.76 1.67 1.70 1.57 1.53 1.73
1100% 1.63 1.50 1.48 1.48 1.32 1.20
20% deficit irrigation  g,loleS Ao, Yo
TOL -0.21 -0.12 -0.15 -0.02 0.02 -0.18
MP 1.70 1.58 1.59 1.53 1.43 1.46
GMP 1.69 1.58 1.59 1.53 1.42 1.44
STI 1.42 1.23 1.24 1.15 1.00 1.02
HM 0.93 0.81 0.82 0.76 0.66 0.67
40% deficit irrigation  g,lleS Mo, €0
TOL -0.71 -0.46 -0.63 -0.45 -0.29 -0.54
MP 1.94 1.75 1.83 1.74 1.58 1.64
GMP 1.92 1.73 1.79 1.72 1.56 1.58
STI 1.82 1.48 1.59 1.46 1.20 1.24
HM 1.06 0.86 0.92 0.85 0.70 0.72
VYO ?p& 60% =\/00 ?p& 80% — /-5 ?60% =\/s5 ?80% :\/\‘Y?p =
Yracon =15440  Vpason=15944 Yoo, = 14556 Y500, = 15563 ¥, =16358
OHlLSen g 480058 pinpd L 5 yiee laadld S o Ahmadi and Sio-Se-Mardeh, ) 63,0 4w g (w0 5 e
9 STI .GMP MP ¢l o3l (Farshadfar et al, 2001) O3S ol Mool puiS sl oS g9y b huios b (2003
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STI g GMP MP (¢lo a5Ls (Maleki et al., 2009) ., \Son
TOL a8 yolae &S sl s cSlazaily 23ls oy Sewbo |,
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Introduction

Water crisis as a main factor of agronomy limitation exists in all over the arid and semiarid regions such as
Isfahan province which is located in the central part of the Zayandehrud River Basin. This study aimed to use
path analysis and indices of drought to evaluate the correlation coefficients between main physiological
parameter (grain yield) with yield components and water use efficiency of winter wheat under three water
conditions.

Materials and Methods

The experiment was carried out in Kaboutar Abad Agricultural Research Station, Isfahan in the central
region of Iran (32° 31°N, 51° 51’E is located at the altitude of 1545 m above the sea level) with a split plot in a
randomized complete block design (RCBD) with three replications in three cropping seasons on irrigated wheat
cultivars. The treatments were included three levels of irrigation (60%FIL, 80%FI and full irrigation) as main
plots and six wheat cultivars (Pishtaz, Shiraz, Sepahan, Marvdasht, Mahdavi and BC-Roshan) as sub plots. Grain
yield, straw and stubble, biological yield, harvest index (H.I.), productivity degree (P.D.), water use efficiency
(WUE), plant height, grain number per spike, spike number per m’ and TGW were determined. Winter wheat
cultivars were sown at the beginning of November and harvested in mid-June of the following year. The seed
rate was 400 seed m™, with a row spacing of 0.75 m. The first irrigation was by furrow method, implemented
one day after seeding. Seeds emergence was observed about 5 days later. The N application was 250, 200 and
300 kgha'l of N (urea at 46% N) for each year divided into installments (10 days before planting, 30 days after
planting, and every 30 days until the last irrigation). The P,Os (phosphate ammonium and super-phosphate
triple) application to soil was 200, 100 and 50 kg ha' during the 3 years, respectively. At this stage, cultivation
was done to mix the fertilizers with top soil manually. Pests and weeds were controlled, following the
recommendations given by Isfahan Pest Management Department. At harvest, the final total grain yield per plot
was determined. The amount of evapotranspiration for irrigation scheduling was determined by using a crop
coefficient (KC), ETpan from measured daily open Class A pan evaporation data, and pan coefficient values
from FAO 24 (Doorenbos & Pruitt, 1977). Irrigation water requirement was calculated as the difference between
ETc (=KC times ETO0) and the effective rainfall amount. In this study, pan evaporation and rainfall amount data
collected from the Kabutar Abad meteorological station located at the agricultural research center were used for
calculating irrigation water application quantities. The irrigation schedule was timed to meet the crop water
requirement. The depth of irrigation water and consequently the volume of water were applied weekly and
irrigation amounts equaled the previous week’s evapotranspiration (ETc) from the crop. Then, taking into
consideration the discharge of the irrigation siphons, the relevant irrigation duration for each treatment was also
determined. For path analysis and determining direct and indirect effects of yield components on grain yield,
three years data were used (3 Irr * 6 cultivars * 3 years).

Results and Discussion

1- Assistant Professor of Agricultural Engineering Research Department, Isfahan Agricultural and Natural Resources
Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Esfahan, Iran
2- Associate Professor of Agricultural Engineering Research Institute (AERI), Agricultural Research, Education and
Extension Organization (AREEO), Karaj, Iran

3- Assistant Professor of Seed and Plant Improvement Research Department, Isfahan Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Esfahan, Iran

(*- Corresponding Author Email: art.tavakoli@gmail.com)



IWAF e o) oyleds A8l oyl (2l letid gy 4yl £

Results showed significant correlations of grain yield with: productivity degree (r=0.798*%*), spike number
per m> (r=0.71**), biological yield (r=0.629%*), harvest index (r=0.538**), and plant height (1=0.284%),
respectively, and there was not significant correlation between grain yield with water use efficiency, straw yield,
TGW and grain number per spike. On based of indices of drought tolerance (Tolerance Index=TOL, Mean
Productivity=MP, Geometric Mean Productivity=GMP, Stress Susceptibility Index=STI and Harmonic
Mean=HM), %60 of full irrigation for Pishtaz wheat cultivar was substantially increased water productivity
(WP). Amounts of TOL, MP, GMP, STI, HM and WP for Pishtaz cultivar were -0.71, 1.94, 1.92, 1.82, 1.06 and
2.26 kg mm” and for Sepahan cultivar were -0.63, 1.83, 1.79, 1.59, 0.92 and 2.17 kg mm™”, respectively. Path
analysis results showed that increase in grain yield was resulted from increase of spike number per square meter.

Conclusions

The results showed that there is positive and significant correlation between grain yield and productivity
degree, the number of spikes per square meter, biomass, harvest index and plant height. The most direct effect is
related to the grain number per spike per square meter.

The 60% of full irrigation treatment for Pishtaz and Sepahan cultivars in terms of indices of drought
tolerance (Tolerance Index, Mean Productivity, Geometric Mean Productivity, Stress Susceptibility Index, and
Harmonic Mean) was preferred. These results can be considered in future breeding studies.
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