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Table 1. Analysis of variance the effects of irrigation levels, methanol and bio fertilizers on some biochemical traits of

chickpea
i ale @il ez, aded,ls oo STy oS S b
S.0.V df carotenoid Fv/Fm proline peroxidase Peroxidase
e 2 1.086™  0.038™ 5351 3730.86" 1763.01*
Replication
$lel gobaw 2 0006  0.814"  11241"  5177.90%*  41552.34"
Irrigation levels (I)
e 3 04617  0234™ 34907 10416.1%*  6248.74™
Bio fertilizers (B)
Jgite 2 0.039% 00157 3387  1099.07** 57835
Methanol (M)
1xB et o095 X 5ol 6 0.009** 0.033"  1.613" 37.77 623.69"
X
Jsite X )l 4 0.0002  0.0004  0.409™ 439 80.71"
IxM
BxM d 27 I 6 0.0006  0.00008  0.0386 162.44% 4230
X
) 995 X Jgilio X )l 12 00014  0.0002%  0.0748 12.66 24.58"
BxMxI
whelol stk 70 0.0023  0.00007  0.0533 68.41 8.86
Error
Table 1. Continued alol ) Jous
a> 40 .
o , . IS Judsls
reabe @MU agdels b Sl piorophy W1 3:Kkes
S.0.V df Catalase chlorophyll a chlorophyll b total Grain yield
S, 957" 1.794" 0.285™ 3.48™ 76198
Replication
sllgsbe 7091 3.172% 125" 8277 1293372"
Irrigation levels (I)
‘;MM-’) ‘51-9395 *% % ok *% *k
3 1754 4.697 0.25 7.13 183565
Bio fertilizers (B)
Jete 195" 0.4213" 0022 0.63" 175365
Methanol (M)
IxB et $2297 X ke 6 46™ 0.029" 0.023™ 0.088™ 16966.5™
X
Jetex golel -y 58° 0045 0.0019 0.0114 296"
IxM
3098 X Jgille 20" 0.024" 0.0027 0.0416" 236"
BxM
) 35 X e X sylel 3.6 0.027* 0.001 0.035% 392"
BxMxI
il gl o) 23 0.00686 0.003 0.014 64.5

Error

Aoy S g i Jleiol s jo s s s i 4 KE K
and P<0.01, respectively. * and ** are non-significant, significant at P<0.05
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Table 2. Means comparison of the effects of irrigation levels, methanol and bio fertilizers on some traits of chickpea

Golod S 5 st J8 L a Judg ks T ailo 0 Slos
treatments Fv/Fm oD Chlorophylla  Total chlorophyll Grain yield
(ug protein min™) (mg/g FW) (kg/ha)
Lix M1 x Bi 0.660™ 48.2mm 1.86"°d 2.48ikim 1048.3™
Lix M1 x B2 0.670" 48.91 1.9 2.52kim 1155!
Lix M1 x B3 0.713ik 50.1! 1.97™" 2.6k 1182.7"
Iix M1 x B4 0.730" 50.4! 2.12iikh 2.78eh 1207.5¢
Lix M2x By 0.703 37.77° 2.2]¢h 2.89¢f 1112.9%
Lix M2 x B2 0.720h 41.4"° 2.25fh 2.954ef 1252.9¢
Lix M2x B3 0.730" 41.7\° 2.29% 3.006%¢ 1267.9¢
Lix M2 x B4 0.746¢ 44.0m 2.32¢fe 3.06% 1296.8¢
Lix M3 x Bi 0.850¢ 27.14 2.35¢ 3.14¢ 1246.3f
Lix M3 x B2 0.893¢ 28.64 2.73¢ 3.6" 1365.0°
Iix M3 x Bs 0.913° 354» 2.88° 3.97° 1417.9°
Lix M3 x B4 0.9332 37.6P° 3.052 4.05% 14552
Ix M1 x Bi 0.5501 71.2¢8 1.59° 2.05M 882.5
Ix M1 x B2 0.580P 79.7¢ 1.759 2.21r 1028.4"
I>x M1 x B 0.600° 80.9f 1.81°md 2.28mp 1040.7™
I>x Mi x B4 0.610" 83.4¢f 1.9mp0 2.83mnel 1076.2'
I2x M2x By 0.660™ 64.8hi 1.98mn! 2.48ikim 924.5"
Ix Mz x B2 0.700* 68.5¢" 2.050kim 2.56iK 1050™
I2x M2x B3 0.710in 68.8¢h 2.11i 2.64ik 1064.5!
I2x M2 x B4 0.720h 70.2¢8 2.75ih 2.69M 1072.2!
I>x M3 x Bi 0.786f 56.8¢ 2.34¢fe 2.89% 955.54
I2x M3 x B2 0.803¢ 58.5j* 2.45% 3.02de 1107.2%
I2x M3 x B3 0.816° 62.21 2.54 3.08% 1129.9i
I2x M3 x B4 0.8401¢ 62.31 2.17° 3.32¢ 114221
I3x M1 x Bi 0.443Y 117.2¢ 1.36' 1.64 693.6*
Isx M1 x B2 0.440Y 127.9° 1.39 1.71% 830.4Y
Isx M1 x B3 0.463* 135.9* 1.45% 1.77% 847.4"
Isx M1 x B4 0.483"W 140.7* 1.48"t 1.8% 876.9"
I3x M2x By 0.460* 103.9¢ 1.51% 1.86™ 747.8%
Isx Mz x B2 0.470* 106.6¢ 1.7774 2.14r1 884.1
I3x M2x B3 0.480"" 107.1¢ 1.79r0a 2,177 912.8°
I3x M2 x B4 0.510% 113.2¢ 1.92mne 2.33mnop 932.4"
I3x M3 x Bi 0.490™ 79.9¢ 1.96™" 2.3gmnlo 819.3Y
I3x M3 x B2 0.50" 79.9¢ 1.99klmn 2.43kimn 959.14
I3x M3 x B3 0.520°" 87.9¢ 2.05ikim 2.48ikim 974.1°
I3x M3 x B4 0.530" 102.34 2.2]¢h 2.698h 992.2°
LSD .0138 4.84 0.134 0.195 13.07

U LSD fsejl Lell s wsl (6 s sine g kel NS st 12 ) i g b (slaySiles
2okl dad b ol spas Cusgame 5 (opls 9,8 al e 10 5lol @B b o sodle Cudgamme wals lgieas JolS oLl cus sa 13 512 d1
pas oo gay Ba 9 B3 B2 Bi ¢ Jgilie com> duoy0 Yo g Ve 05 wals leeay ST L b Joloee s pas Mg Mo M ¢ 20l 4,5 dl> e
S8 5 bgagoge b po)lisiasS porsin ) 9 ) wegylioeess pomaginy 5 2ysSes plo 9 ) gy lioiesS pomaginy 0 )8l (lgreay ool
Means with similar letters in each column are not significantly different according by LSD test.

11, I and I5 are full irrigation as control, moderate water limitation or irrigation withholding at podding, severe water limitation
or irrigation withholding at flowering stage; Mi, M2 and M3 are foliar application with water as control, application 20 and 30

volume percent; Bi, B2, B3 and B4 are no application as control, Rhizobium legominozarum application, both application
mycorhyza+ Rhizobium legominozarum, application of mycorhyza+ Rhizobium legominozarum +Psesomonas

Lias jo Wiy a5 wboe (malidl S 5 s Jlade Jgoz) el caws 4y Jgilio 5l ool pae g JulS (,Lo]
Ol Jemily cdl 2551y 50 LS sl gl ilws,g acaly bl 55 (Maiti et al., 2002) ) Koo 5 o (F
oty elass 5 o1 SoJlSesl, silogiis 5 Joho  wpFion )5 o Casgime e o Sl o5 g
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Table 3. Means comparison of the effects of irrigation levels, methanol and bio fertilizers on some biochemical traits of

chickpea
Golon S R Mo b Jdg,ls Suigd 8
Treatment proline Catalase chlorophyll carotenoid
(ng/g FW) (OD pg protein min) ~ —cmeeeeeeee (mg/g FW) —---mmmmemeee

I x Bi 4.669 30.75¢ 0.696° 0.7438b¢
I x B2 4.944 32.09f 0.733% 0.778%
Ii x B3 5.13¢ 33.72¢f 0.753%® 0.810*
In x B4 5.324 35.95¢ 0.805* 0.8342
I>x B: 6.50¢ 38.44¢de 0.503¢ 0.611¢%
I x Bz 6.83¢ 40.52¢4 0.516° 0.633¢
I>x B3 6.914 41.06¢ 0.528¢ 0.666%
I2x B4 7.00¢ 43.97¢ 0.546°¢ 0.691b<d
I3 x B: 7.96° 57.02° 0.35¢ 0.431f
I3 x B2 8.21° 58.69° 0.371¢ 0.452f
I3 x B3 8.76% 60.79% 0.377¢ 0.49f
I3 x B4 9.26* 65.25° 0.400¢ 0.51°f
LSD 0.869 6.13 0.089

Q5,05 LSD 9031 olsl 31 0 b (gl ime (g lal GBS ygin 50 50 alie Bgyo b (sl uSileo

2 Golel @dad b ol wal Cudguame g (23pls 5,0 al> e j0 g5lol @ad b ol mdle Cusgame wals g JolS 55kl cs s I3 412 d1

9 l5009S pomgiy 9 RusSee plsF 9l p9)li0me0S pomgi ) 325 wald (lreay osliiul pae i 54y Ba 9 B3 Ba Bi a0l £9,5 al> o

85w 3 ligagagm b pg)lieiassd porgn; 0 )8

Means with similar letters in each column are not significantly different according by LSD test

11, I and I3 are full irrigation as control, moderate water limitation or irrigation withholding at podding, severe water limitation
or irrigation withholding at flowering stage; M1, M2 and M3 are foliar application with water as control, application 20 and 30
volume percent; Bi, B2, B3 and B4 are no application as control, Rhizobium legominozarum application, both application
mycorhyza+ Rhizobium legominozarum, application of mycorhyza+ Rhizobium legominozarum +Psesomonas
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Table 4. Means comparison of the effects of irrigation
levels and methanol on proline content and Catalase
activity of chickpea

Sl S 5 RS Mo
Treatment proline Catalase
(ng/g FW)  (OD pg protein min™)
It x My 4.055 40.12e
I x M2 4.94f 32.5¢
I x M3 6.06e 26.705h
Lx My 6.25¢ 46.15d
L x M2 6.71d 41.58e
Ix M3 7.46¢ 35.67f
Isx My 9.9a 69.93a
Iz x M2 8.33b 59.27b
I3 x M3 7.34c 52.16¢
LSD 0344 2.54

w2 b o s g lal BT (5 10 o lie By > b (sl Sile
3,5 LSD (9051 ulesl
& pdle Codgame wals lgieds JolS g kel cusgay I3 412 J1
ehd b ol wad cadgame 5 mopl £o,d Al se )5 skl kL
b 3 Jolro e 5as M3 M2 M £ 208 5,5 alyo 0 5k]
Jolie ooz a0 0 Yr 5 Ve 0,5 wals lgiea O
Means with similar letters in each column are not
significantly different according by LSD test
I, I and I5 are full irrigation as control, moderate water
limitation or irrigation withholding at podding, severe water
limitation or irrigation withholding at flowering stage; M,

M: and M3 are foliar application with water as control,
application 20 and 30 volume percent.
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Table 5. Means comparison of the effects of methanol
and bio fertilizers on Peroxidase and Catalase activity of
chickpea

Golon S oSy Mol
Treatment Peroxidase Catalase
———————————— (OD pg protein min-1) -----------
M x Bi 116.042b¢ 48.5920¢
M x B2 121.14% 49.292b¢
M x Bs 124.36* 52.15%
Mix B4 126.48* 58.022
M: x By 105.35% 42.52bed
Mzxx B2 108.30¢ 43.82bcd
M: x B3 110.97b 45.01bed
M: x Bs 114.522bed 46.46%>d
M3 x By 78.51¢ 35.114
Ms x B2 82.11°¢ 38.19<
M3 x B3 89.45¢ 38.60%¢
Msx B4 103.52¢ 40.69<
LSD 12 11.67

2 L g )losine (s lel DS (5 52 )0 ailie By o L slo g Silee

35,5l LSD (9051 Loll
5 Ve 05 ks glgea ST L ol Jole cod 54 M3s M2 Mi
=4 ooliiwl pae i g4y Ba g B3 B2 Bi ¢ gl o> ao)s Y-
5 ssSee plg 0l psliginass) pongi, ol wald plsie
9 obgagdg b e ligiees) pomgin) 02 pg)lierass) pomgin,

85
Means with similar letters in each column are not
significantly different according by LSD test.
Mi, Mz and M3 are foliar application with water as control,
application 20 and 30 volume percent; B1, B2, B3 and Bsare
no application as control, Rhizobium legominozarum
application, both application mycorhyzat+ Rhizobium
legominozarum, application of mycorhyzat Rhizobium
legominozarum +Psesomonas

Cudlad g il 2ol 5 (S sladgbe S35 4 CO2 59
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oled,o (Yordanov et al., 2003) 0si o STy g
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JEl &y iy sl ogdle 5 o Jiite olS iomaly
ais) 3 G5emST S ATy sladiss (il a e Jlud
@ bas b Jsibe Jg .(Armand et al., 2016) o4 o
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Abstract

In order to study of the effect of irrigation withholding in reproductive stages and metanol and bio
fertilizer application on yield and some biochemical traits of chickpea (Cicer arietinum L.), a experiment
factorial was conducted based on randomized complete block design with three replications in the
village of Piralger of Ardabil province in 2017. The experimental factors were included: application of
methanol at three levels (foliar application with water as control, application 20 and 30 volume percent),
bio fertilizers at four levels (no application as control, rhizobium legominozarum application, both
application mycorhyza and rhizobium legominozarum, application of mycorhyza with rhizobium
legominozarum and Psesomonas) and three irrigation levels (full irrigation as control, severe water
limitation or irrigation withholding at flowering stage, moderate water limitation or irrigation
withholding at podding). The results dicated that irrigation withholding at flowering stage increased
proline content and antioxidant enzymes activity such as catalase, peroxidase and polyphenol oxidase,
but decreased chlorophyll content, quantum yield and grain yield of chickpea. Methanol application
decresed antioxidant enzymes activity but quantum yield, proline and chlorophyll content increased.
Also, bio fertilizers application increased quantum yield, proline and chlorophyll content, antioxidant
enzymes activity and grain yield of Chickpea. Full irrigation with application of high rates of methanol,
both application of mycorhyza with rhizobium legominozarum and Psesomonas increased grain yield
111% compared to no application of methanol and bio fertilizers under irrigation withholding at
flowering stage condition.

Keyword: Mycorhyza, Psesomonas, Rhizobium legominozarum, Water limitation, Yield

*Correspondent author: Raouf Seyed Sharifi; E-Mail: raouf ssharifi@yahoo.com.



