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ko pls 4 oS ST g eais plxl (o9
Solal Ll @ cans g lo sae jebods g ouis
OHen 5 gg9ls .l ralS sls slass Collas
Mel cislejl L (Davoodi et al., 2018)
Yoore d0pls dl> oy Sis s a5 8o,
[ ails o,Sles g ails 5o 59 aiile ol Olas
Oe 5 Jeelolygy ol J13 36 cou i
Ml cialejl Lo (Pour Ismail et al., 2017)
03,5 (2l Al> e 0 Lol adad aS WS
slaily Saole cle a |y bals 7l 5 slasl
Logl yo lapls slaws o1 51,0 g 08,5 Jiswe 08,5
O g syl Bl jralS (g hlo gime jebay
aS Wo,S el 35 (Abhari et al., 2017)
Golal Sles o 0538 0 pls olaws (i
Solal adad Jles o ol slawd o S 5 gllas
A odsliv pulS dl> 6 o
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b (Sawant et al., 2013) ) Ken 5 colgle
@l & WS el S5 olS o chalej]
alo o Sloe g wilo do (59 Lmli8l 0 15,680
D9 P
Slbsy okl @b b ity 8 Slos
50 bl Jl eizmen 5 Ol Gras alS
2l Bpae als slasbs, 5 s)lal gl 5516
fop Sy Jlinl mha o ails oSles g,
Ol oSl anlio (V Jguz) o lo Jxs
G &5 oo lad chalejl sl Lo Jline
Solal B saabe] Jless 4 by ails 5 Slos
939 23> pow yeuks Bras bholies ool
i 1 otalegl Sl 355 1y e e
pac) wall 5 2alS ST al> e jo (g)ll alad
(o] Bran 2ol o 30 slojla 5l ooli
00,5 caslin en g ol plais] og> 4
d>ye 215 6)ll gld iolejl Jles jo a5
S8kes (D3l pgw Bras b olyes suiels
Gl eialesl e b Loy cudly ails
ol ol a5 0,8 18 g5kl 09,8 SOy gllas
ool b Ol Gras o0 o92dd 0 Sl
Gl pgw Slge (T o) all o L3> 9w
5 iz 2y 0y Slisls caols e o
Nlgoo ol nl 5 axsls (VL Cusb, 5 eSS
Oy 50 9 W 4 (S Cugb; 0geS &8lge 4o
A3 QLS Ll s 1, cugb, (SYeb b
SF5e b |) (Sis a5 e 23U ool
Ll 5 ool oSk gals 5 sals
5 Ol wle spSolr by v b (Sas
asls le o Jahan et al., 2013) ), Ko
S Cugh) wilgi e D3 i Sloserdy &5
Cot g g 00,5 Laa> 05 0 1) ogS 4
aiy sl ) Wil T & (Sas s blys

Sl ey il e o (S5 5 S
9 Fo GBS 3 g Al (Al F5e 0)98 Jsbo
iy J e slaals 4 gpiwgid olge Jlal
Al sl il oS o 1) &l Gl gy Juas
S o (Sepasi et al., 2012) | Ken gl
Bob Jl (SiS 5 4 winged )15 Ghale]
039 O oS Sl dils (Al 0)98 (3,5 oligS
205 oo ails i
033 ) ) Dras SEalS glaby, b
Al Gl g oo iy i mhaw jo wls ws
layles )0 dils s (59 i (V Joo2)
033 0275 9 195 g8 g il g Bras
oy plais! se5 4 vals s 3 1) als v
ol b Sl pow Sl Gras (V) Jsux)
5 e b QI el B Cagb, oS
5 Gy Slge 0y el (nl a5 euds (T plo
Sy goals uolidlh |y ladils oy 0,90 Job
Abhari et al., ) wb oo Lol &ls e 59 o)
solbe 5 paie sa>g (iule)] (b Q2017
(Tohidi Moghaddam and Mazaheri, 2012)
W32 038 @3 pge Bpae b aS ws S @l
odds (atuiie oj5yel lige Sl Lgw il
e Syg0d [ ysSee lag)B a5 ool
@lie polie i &b 5l Glals i s5u0)
5 (LS by ol Qix GRlEl Grzes
Jolo ey sloas 1elS) i 8
(S5 Jold Gamins 9 AL sbaslon
sy I3 Sl (o 5 i l3le  Sis
Allen and ) J1 5 o wigd s Lje olS
69, 3,550 @8 556 vy p b (Allen, 2016
Slopal 2 L 1 jsSe B wsls )bl Glals
Sl ) g b olS gl b o
2 oo GliEl ) Hlals o Sles gliz! g 0ols
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Srae b olen Gl gbal 1 aolesl jlas
..\.:O; oo liwe u....m 09.: UDL‘> R ),o...l.:
al> o ).$'| 5! 6)@1 alad ‘_,’,iu"Lo)’T Jles yo &S
di)lf u_:oL> DL e dfa.o L’ o‘).o.s'b Lgd.urab
oS e alle ra)f YYAY 5oy H.fl 3 pao
&l 2,5 VY2 L ol 6)lol a0 cas calys
aS ol il as o YYD sgu CoSe g p
5hoolewl b ol G yae saals Silas el ol
S yoo B 4 (F Jguz) alloo S g
509> YL Sblg cde a4y Q3> g dlge a5
3 adyy 4l ol Of as T g Oab A
Lgoo,S 6 pSslr pied uizmed g (Spidds )l
& ol poid &lae o Ol s o8 ol
ol el el pl aS 00,5 el |y oLS
@1)15QT<':¢54€3°[¥5°)51‘*-°9}34“53
Pour Ismail et al., ) .l Ken 5 Juclowsl,s
soliiul a5 Wi ,S Ml ola yiule;l b (2017
GE 4 Jeod Gl Sl Q3 g ey
Gran lJS Gl 5 508 g o) S
Dgd oo (S iS5 ol o Ol
Gilol aad 6 Al iigy duoyd
o Jliml maw o &l (sSsp se) s,
Qo ,d Cppdion (Y Jgaz) ol )lo‘_g;.u WS
al> 1o )_;I 4o (_g)L:.g" &dad Lyl i o ails gy
Gl Wl js 58 o1 ueS 2L
Ao,y 5og SYL (Y Jaaz) ol caslice Cgllas
B Al o 0 o)kl alad Ll s S
g5 g Ay 0,90 Job ralS b lade Wl e
G bolueg,S daw Jall coge a5 wll
ald Gulign doys Glli8l Azl o g g p
(Abharl et al, 2017) Sl 00U d.l>).o L)J‘ BT

Sl els jzals bl cpl a5 oS ol5T oLS
SR 5 555 5 Seke B (SiS S s
9 paieguag oS oo iyl olS 5 Slas 5 o,
Tohidi Moghaddam and Mazaheri, ) s allas
3 o3l g yarh 5,5 sy b 2012
S5 9 5 s SRy p Sas G hlb
GlPl b Qi paw a5 sl bl bgw
2lag dlge g Ol pals 18 5 S o Gl epsd
loo3SS; b e auilys ol (sl yin
el ol ol 45 ams Gl 1, (s
5 W) dgngr g SrHwed Olge g Gl
Obes 5 olll w0 F e olS o Sles
55,5 75U asdllas L (Allahyari €t al., 2013)
38ee (glizl g 0 Slas ol Gl 9 serly
aS Wi, alaxMe o bald Cod 095 o) g0
Jogimn il el g slaserd
A0 ,8 595 olS o Sles 4 bgs o Slao  coles
b (Nazarli et al., 2010) ,SKen 5 J ks
sl peds 5l oolarul a5 wis,S el iolej]
ools iuldl |, S o Ol 6 Baile Ll o gu
doys O dga> b g bl Jlade ol 510 g
Wu etal.,, 2008) ;)2 5 929 b oo JalS
@ S 3 g Bran b aS o S el 5
S 0 syt ol dwye V) dgu> wals
A0 0,

ilel gk b ol Gpan oyl
Bl Sl rizen g O Bpae alS slais,
Sras malS glagis; 5 bl bl 551 9o
So Jlizl gl o o Grae 216 69, &
(Y Jguz) ol jlo fxe duo o

Slales Mo B3 il avalio
@ ol Bras oS i ol plas pales]
G bye caSe o poaly o5 YT i
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w05 abh>de Q3> pgw yerh 5 Slwddls
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aS Wo,S 5,158 55 (Ghamsari et al., 2018
@y by el il g jandy 0,8
ols a3l

Ol S5y kel b 536 108 g b5
e we s S Jletl wlan jo JS )18
S JBelS Ol e (V Jgu) ol
S g o wslhe glal Jles 4 by
d>pe BT 51 Gkl aled s 5 1y plie
sealS (Y Jgaz) ol plais] og> 4 2alS
S G o (iisid sleailass,
PS5 SeBan SLSleS 6Ll s
eds IS woyl odlad il alowgy Jdg IS
(i s Sls (Eltayeb, 2005) aib oo
g edd apd Sl ls e ey IS
Ll 5 0dd &l s adsSOS (sl sl
yoba  Sus s (Zareh, 2011) wis S
slo 5Ty DS e s | i
oy, Gials jo ;3L L g olS (S5gle 5
055 o oSlae oS el (giiiwgd
Oes 5 lgls (Flower et al., 2000)
el sislosl b 50 (Kamrava et al., 2017)
G5 4 bgw wd) alo e (Pl &5 088
PSS g adlge (palS Al Sis
el 1) kdg,ls als Gyt al> e
Q9,5

S5y @l Srae Ghald glagbs; b
Mogne do o iy Jliol wan o S Jdg 5
b 5 U5 UBe)lST i (Y Jguz) b
aald jlesd 50 ol (S 5 Ol g Bras
5 0S5 sghe (¥ Jouz) ab csslis

O 5 olldr by 5 plie ml
Ul 0956 ol (g4, ,» (Jalilian et al., 2005)
Baghalian et al., ) - )Kan g L& ol ool
0y} oL:f 59 éw? O ey )OS e 2016

OFon Olme (e oS ail glo e
0dg (S I gl (VL Jles 4 bg e
R
S9! ghd il ebls y el
doy my Jis! maw o ey el
ol i (Vi) bl e
Ol eS g sl gylol lulyd o il
M5 Al e BT o Lol alad Llys o 5
il ol a5 sl (Y Jguz) ol camli
W ey M A S (2alS Al pe ofsa
S Dyl g 00g Fsles (Sis S
Gals )0 ol 5 wilgioe ol cnl inos
el oS ol sl g all il als o, Sles
0,5los b g poivns abayl) dils o,Slee b s
OreS plply o)y WSl So3elsn
Ao kel ahad Ll o cllyy asls
sadole Cwl ool cdslie pulS d> e
alllas b ciulej] b 55 (Sadegipour, 2009)
5 gy oy iz Sl 0 ol o 5 il
S 4 )5 el hle sy Aw
il a5 ol o 5 b bl sl
3 @l Gpae a8 Glagdy, b
Aoy iy Jis! maw o caley el
oald ol (V0 Jgaz) ad o
OF S 5 3z g B pan sl o Cdloy
9 =) (¥ Jguzx) ol cvalive vals jleg o
Sl asllae L (Rajabi et al., 2013) )l Ko
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Sl A lulpd 5o odon ol Rl &S
Syl dointsn sk slie 5l bl
5 ST Jud sloaist e 5 somdlysin
Liang et al., ) o5 5 oo o3 sl JSol, B
el olaw &ul dsn aesw (2013
Jeily rals b e la i 4 plals
Soolged @S B Sy cwd o
reba Bk Sl dan ORI o)l codgen
5 ol jslate & Jobo ibagss Lai 4 (5o
i iS5 llpd cod ol wh, 4 SWS L
(Shao et al., 2008) &S o oS wuob
5 5o by oad slnl Sldlae «aizan
iS5 ol olas (Siddiqui et al., 2008) ) San
e )3 gl gme gl Bl el (i as
Sran is)lal 599 5 g o )0 530 Gulsn
b ol g p Slgioe 1alS Sl Q3 g
Sl Ol pgw &5 das e lis Egdge nl
Sgbios bogl olS yo (Sas (dhie SIS o
3 oelan @eS 2l pge Bpae b &y o
Slgs pl a5 awyco Sl 4 8L jialS ol
Slr ol i maliS L3l o b syeely
PSS jox 9 Rsb) Sllegi g9l 5l kS
g JalS el 5 00 (65T ol olS o (o
@S Webee 5 lulpd o olS o (o
L5 005 GnSami cnl Wie pole Lialss]
Tongo et) cuils callas 30 lddoes bl gl

.@l., 2014

g Al o Sles p i Gubod (pl o

Srac b olyen oglhs LS)L:-.;‘ gs*i'*-.’.L‘)'] slos
ey (Jy b esalin O3> pgw peddy
Gaupls aye S ikl gk ol
Cewilgs ails o Slae Q3> pgw Bras b ol jen

b (Safavi Ghordini et al., 2017) ), Ken

roek o5 L8 amsl gl il
Ol 3l o 5 Je)lS Ol Gty 03l g
O e S el g (ol 355 sl les
S5 vl 4 S |y S Jebg)l5 s
Gole g padsgag aidly plaisl
(Tohidi Moghaddam and Mazaheri, 2016)
ol Jole a5 axnsls bl _ileyl b 5
J29 k5 Ol 2 slogime 756 Q3 pgm g
Gt ol wls b as clls «lo o,Sles g S
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wpd @l a4 gl iodon ol
sanlie (¥ Jsoz) dalllae 5,50 Slis uilylg
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rhw 0 )lo s ).._>L, ol Grae il
S ey e g doy Ky Jlezsl
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b & boye Gdon Ol pitie oS
A1y gl gl Bl 51 ot
Oliee (oS 5 09 3oLl Jlae Lol jen a0lS
olyor gl (g lol (caulejl o 35 1) dg
J9az) ol elaisl sz Q3> pgw Spas b
b o Glon (S G llps s (Y
bl wlyl gl JGal, Bds (6 o] Jumily
ok PH oeais 0 0,556 5l o 909 S s
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g oy yalS 1) Sis i O)lls le e
W;‘,m;l‘;ﬁﬁy]dﬁa}ow

pae g oolbe gill caolejl s b Loy
355 )18 ylel 09,5 S5 50 Ldlr pgw Bras
Lol Grae o agzrabe Sily pl ool &8

L bl o ofisds wdle yrgms lge 3l oolil b bl a4z b g il oo wdle yygms 5l oslial

ssbar 1y Ol Grae ST Gl Ol 0ges
Sl il 6 Ko

Sialejl oo S oloowds 9 (S 5d Slasein =Y Jou
Table 1- Characteristics of physical and chemical of soil used in the experiment

iy o Sierw o Sk ey sBedl JTons Sa9d o
K P N Sand  Silt  Clay Soil oC EC -
mgkg')  mgkg") (%) ) h ) texture h «@S.m™) p
273.4 5.1 1.03 28 61 11 Silt 0.11 0.57 8.21

=z L) lizs Slao (59, O Bras Lals slaT o) 5 sylel @b SIS il )l 4325 =Y Jgax
Table 2- Analysis of variance effects of irrigation disruption and methods of reduce water
consumption on ddifferent traits of pinto Bean

as L olaws 30 il dlasy 39 ple olasy .
2wy el ; ; ; OB s
JOTINTR e R EW) Age 0 %, &g Wl )54*‘
SOV, ol Plant Number of ~ Number of Number 100-seeds Grain
df height branch in grains per of pod weicht yield
plant pod per plant £
Repeat I S5 2 30.84™ 0.105™ L™ 021"™ 11.7™ 11354 ™
&bl ol ;
irrigation 2 50.60° 31.74* 38.95™ 7.55° 1081.05*" 8440744
disruption (A)
| gl
"?Lo ¢ 4 10.14 0.63 0.086 0.61 15.7 4906.8
Main plot error
ol b o gudlS
reduce of water 4 131.81% 1.15™ 1.54% 1.34% 47.04* 448434.1*
consumption (B)
x ol G oo guals
Sl akad 8 3.56™ 1.45™ 0.19™ 0.16™ 1052 22480.54"
AxB
5 slkas
=2 24 12.57 0.46 0.18 0.23 18.40 6868.84
Subplot error
CV. (%) Ol yusi <o po 9.21 8.61 8.85 11.47 17.54 17.33

ns, * and ** are non-significant and significant at the 5 and 1% probability level respectively.
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Table 2 -Continued

& pao 2,8

- o0 Lo . .
S b 4 o . JS I ls o p cdale
Sk ( TP el ;
SOV 1) Water use ‘ H " Total Proline
T df efficiency percentage arves chlorophyll content
of protein index
Repeat ! S5 2 69.75 ™ 12.17™ 56.1™ 0.225™ 0.69"™
O . . .
irrigation disruption 2 113279.9" 46.84° 183.56° 8.93% 2.40%
(A)
o 4 240.74 731 2021 0.013 0.15
Main plot error
ol B pae oS .
reduce of water 4 15592.2" 457™ 20.75* 0.276* 0.465°*
consumption (B)
é.'as X uT b oo uﬁ«.ﬁb’
] 8 849.1°* 8.50 ™ 7.11™ 0.061 0.105"
AxB
o= sl 24 197.32 4.89 6.17 0.085 0.014
Subplot error
CV (%) ol g o 7.56 8.13 7.87 16.6 6.20

o)) 90 Jlisl sl jo ls sixe g lo Se ye oS ey sk g % DS
ns, * and ** are non-significant and significant at the 5 and 1% probability level respectively.

ez Loy ilizes Slao (55, ol Brae (2alS sl s, 5 6 kel adad Ol Sl dslie -Y Jouz
Table 3- Comparison of mean effects of irrigation disruption and methods of reduce water
consumption on ddifferent traits of pinto Bean

e
S 4o sloss . . R
o ) el JryeLs) o ploolas  wa 39 wo o . J5 Judo s
lesl o s &g Gy e ag 0 &l . el Total
Experimental factors Plant Numl;ver Numfber Number 100- o Stﬂ ol chlorophyll
height of rgins of pod seeds %efrcigt:?ne HI (Mg / g fresh
(cm) branch pger pod  Per plant  weight(g) p leaf weight)
in plant
gl (5 b
optimum 40.10 a 9.13a 6.151a  4.842a 32.51a 25.24b 34.50a 2.563 a
irrigation
- A5 ekl oad
S BlE Al yo
13\) E' Stopping 3650 6.26 b 3.017¢ 34290 15.59b 28.66 a 27.70b 1.025¢
.2 irrigation at the
-, B
3 = end of
3 S ﬂoyvering stage
S BTt ok
= G pli Al o
Stopping 38.93ab  8.13a 5238b  4.240a 2525a 27.66 a 32.4ab 1.691 b
irrigation at the
end of pod of
stage

range test (P = 0.05).

il e Sl (ge3T b s yd B Jledml mlans (o lo cime BN W3l gt Ha 40 S i By gl sla il
Means within a column followed by the same letter are not significantly different according to Duncan multiple
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Table 3- Continued

als slasy

S L SLb slasi Wy Pl Slasi w2 (39 oy Lo 85 Jeboyls
flojl (sl 5ea56 'l agr 0 pe ) Aigr o ; o Total
bl sl» - ils Number «la oo Zoils hlorophyll
Experimental factors =@t Number of Number 4 ceds percentage e Mo opaY
HI of branch rains of pod Weight(z)  of protein HI (Mg/ g fresh
in plant 8 per plant ghtte p leaf weight)
per pod
el 32.17b 7.34a 4309¢ 3.644 ¢ 21.64 b 28.46 a 29.93¢ 1.490 b
control
Ry ol
ol
Super 41.72a 8.26a 5379a 4.659a 27.13 a 27.02a 33.29a 1.982a
absorbent
. polymer
SN e ey
[e:pw- ‘__;;.MS & S| uT
<! Pre-treatment  38.61a 7.77 a 4571 ¢ 4.02 be 23.34ab 26.73 a 30.5bc 1.775 ab
methods of of seed with
reduce water oxygenated
consumption water
1325950 @ 18
Mycorthizal ~ 41.33a 8.11a 5.02 ab 4.40 ab 2645 a 26.61 a 33.1ab 1.788ab
fungi
iy g3l 095
Nano 38.72a 7.74 a 4.727b 4.13 be 23.68ab 27.09 a 30.9abc 1.764 ab
potassium
fertilizer

il o Sl (ge3T b s yd O Jloil ardans o lo sime BN 0Bl i jo 0 S i g (sl slacnSile
Means within a column followed by the same letter are not significantly different according to Duncan multiple
range test (P = 0.05).

2z byl alisee Slio (55, ol B pas Srals (sla™ by 5 s)kel el Jlie Sl 5 Sile dnlie -F Jgux
Table 4- Comparison of the average interaction effects of irrigation disruption and drought
resistance on different traits of chickpea bean

ool oo yeasls PH IR PYS Ol G yae s Proline
Experimental factors grain yield(kg.ha™) WUE (g.m™) Micro mole per gram )
(fresh leaf weight
aaLls Control 1627.21d 226.0 de 1.993 def
sl (6L @3l 9w youdy superabsorbent 213324 a 296.4a 1.240
(aals)
optimum 45T O byl i hydrogen peroxide 1814.21 be 252.bed 1.520 i
irrigation . .
(control) 132950 &, mycorrhizal fungi 1927.12 b 267.6 abc 1.473 i
by 93l 995 Nano-potassium 1770.31 ¢ 2459 cd 1.903 efg
A5 6kl adad aals Control 160.5 i 40.12 h 2.800 a
P al> po 3>y g peudy sUperabsorbent 554.10 h 1385¢g 2217c¢
irrigation 45T O byl iy hydrogen peroxide 250.8 i 62.71 h 2.487b
disruption at the 151355 g, mycorrhizal fungi 537.10h 134.2 2.187 cd
end of flowering slak Shi g ‘ =8 :
stage by 93l 595 Nano-potassium 280.4 i 70.11h 2.073 cde
B o aaLs Control 8042 ¢g 1436 g 1.940 efg
2lilelel ek 3> ysgm youly superabsorbent 1564.3 de 2793 ab 1.413 ij
G pls al> o - :
irrigation & 5amS1 T b 5l iew hydrogen peroxide 1011.21 f 180.5 1.800 fg
disruption at the 132,95 g, mycorrhizal fungi 1427.11 ¢ 254.9 bed 1.753 gh
end of poding
stage by 95l 945 Nano-potassium 1088.13 f 194.2 ef 1.590 hi

il o Sl (ge3T b s yd O Jloil arbans o lo sime NS 0Bl (i jo 0 S i g sl slacnSile
Means within a column followed by the same letter are not significantly different according to Duncan multiple
range test (P = 0.05).
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Abstract

In order to evaluate methods of reduce water consumption under the conditions of
drought stress in the cultivation of pinto beans, an experiment was carried out as split
plot based on randomized complete block design with three replications in Salmas city,
during of 2018. The main plot irrigation disruption at 3 levels (optimum irrigation,
irrigation disruption at the end of flowering stage, irrigation disruption at the end of
poding stage) and methods of reduce water consumption as the sub-factor in 5 levels
including (control, use of superabsorbent, use of mycorrhiza fungi, use of nano-
potassium fertilizer and seed priming with hydrogen peroxide) were considered. The
results showed that the effect of irrigation disruption and water consumption reduction
methods on yield, yield components, water use efficiency, total chlorophyll and proline
content was significant. Also, the interaction of irrigation interruption factors and
methods of reducing water consumption on grain yield, water use efficiency and proline
was significant. Although the highest grain yield of 2133.24 kg.ha™ was related to the
experimental treatment of optimum irrigation with the use of superabsorbent polymer,
but also it was observed that the experimental treatment of optimum irrigation without
the use of water reduction methods by 1627.21 kg.ha" with experimental treatment of
irrigation disruption from the end of poding stage with the use of superabsorbent at the
rate of 1564.3 kg.ha' showed a yield increase of about 3.87% which was not
statistically significant and this indicates a saving in water consumption using super
absorbent. Also, in the experimental treatment of irrigation disruption in the poding
stage using mycorrhizal fungus, compared to the optimum irrigation treatment, grain
yield decreased by 12.3%, which indicates the greater effect of superabsorbent in
preventing the reduction of grain yield compared to mycorrhizal fungus in conditions of
drought stress. Also, the results showed that the water use efficiency in the experimental
treatment of optimum irrigation compared to experimental treatment of irrigation
disruption in the poding stage with the use of superabsorbent Decreased about 19%,
which indicates an increase in water use efficiency under drought stress using
superabsorbent materials.
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