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Table 1. Result of soil analysis before experiment

. Loam Clay Sand K P ocC EC
Soil Texture (%) (mg/kg) (%) pH (ds/m)
Loam-Clay o, o9 46 42 12 410 8 1.08 7.80 0.624
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Fig. 1. Monthly rainfall, maximum and minimum relative humidity during two of experimental years
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Fig. 2. Means comparison of interaction effect ofrain interruptedxmycorrhizaxsupplemental irrigation (A),

yearxmycorrhiza (B) and rain interruptedxyear (C) on the chickpea plant residues yield
Different letters show significant differences at 5% probability level
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Table 2. Means comparison of interaction effect of yearxmycorrhizaxsupplemental irrigationon the chickpea plant
residues ash

Jw 1325950 O] oSS 55kl
Year Mycorrhiza Rainfed Supplemental irrigation
2014 salz Control 10.04 (g) 12.11 (b)

G. intraradices 11.00 (f) 13.22 (a)
2015 selzControl 10.97 (f) 11.23 (d)

G. intraradices 11.09 (e) 11.38 (c)

Different letters show significant differences at 5% probability level.
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Table 3. Means comparison of interaction effect of yearxraininterrupted on the Chickpea plant residues ash

Rain interrupted . Sui,b LL

Jis Clingus 3,1 ¥ 310 45 0 guws S, 1Y
Year 10-May 24-May 07-Jun

2014 11.26 (d) 11.61 (c) 11.91 (a)
2015 10.56 (f) 11.20 (¢) 11.72 (b)

Different letters show significant differences at 5% probability level.
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Fig. 3. Means comparison of interaction effect of yearxmycorrhizaxsupplemental irrigation (A) and yearxrain

interrupted (B) on the Chickpea plant residues calcium
Different letters show significant differences at 5% probability level.
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Fig. 4. Means comparison of interaction effect of yearxmycorrhizaxsupplemental irrigation (A) and rain interrupted

(B) on chickpea plant residuesphosphorus.
Different letters show significant differences at 5% probability level.
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Table 4. Means comparison of interaction effect of yearxmycorrhizaxsupplemental irrigationon on the chickpea plant
residues protein percent

Ju 5295 20 eSS (5,
Year Mycorrhiza Rainfed Supplemental irrigation
2014 Control 11.86 (c) 11.74 (c)

G. intraradices 12.20 (b) 12.84 (a)
2015 Control 9.61 (d) 9.60 (d)
G. intraradices 9.65 (d) 9.72 (d)
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Different letters show significant differences at 5% probability level.

i b Sl bl GialosT g Jlo jo (Js w0gr oS pLCsg) abd o o936 Ll (s Olie G2y

L Lo dm b (bl o po Ll a5y sy als Jlo 90 50 10 0ls ZVY B i ,b sl g sl cavsas o Sas )b

0 19500 )8 L oatige il (lals oo g 12 )5-Se 2 o 5 bysSen gyl8 L oadgmily (lals )0 oo (iales]
BUSE) ooy kS cel 1o Seo g5 L ediipeils olals

Jol Jbw 5o (g Ol posd (e aidl ol Ll (0859

M



WWAA Jol dows 18 leds el [0l 931 Sligud SB[ i 0 (514415502 g sogllin

v d B CH dc

lered
L
P,
S
.
A
S,
s
e,
L
.
s
e
A
:uuuj iyl

elrd B

Plant residues protein percent

1110-May

sl 24-May 1 07-Jun

T

i

e
ik

e o e

i
S

N L A
EFEN

S

i

5
=
=
o
e

£

iy
-
el
e
-
it
-
i
i
i
bt
s
it
-
1
i
E
et
s
bt
-
%
i
1
bt
s
5
-
i
i
i
-
et
e
-

o
3
b

o

o

2

3

s
=
=
Hh

b
%
u
o
3
o
i

an
i
e
5

!

e}

150950 xS0k lely xSl GiSad 1 ydl Cond 3920 Gl (s 1 ilis Ay lin —0 JSL2
ol a )00 Jloix! o jo ls g gl [ Sily asline e By >
Fig. 5. Means comparison of interaction effect of yearxrain interruptedxmycorrhiza on the chickpea plant

residues protein percent
Different letters show significant differences at 5% probability level.
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Fig. 6. Means comparison of interaction effect of rain interruptedxmycorrhizaxsupplemental irrigation (A),

yearxmycorrhiza (B) and yearxrain interrupted (C) on the chickpea grain yield
Different letters show significant differences at 5% probability level.
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Fig. 7. Means comparison of interaction effect of yearxrain interruptedx supplemental irrigation (A) and

yearxmycorrhiza (B) on the chickpea grain potassium
Different letters show significant differences at 5% probability level.
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Fig. 8. Means comparison of interaction effect ofmycorrhizaxsupplemental irrigation (A) and yearxrain

interrupted (B) on the chickpea grain phosphorus
Different letters show significant differences at 5% probability level.
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Table 5. Means comparison of interaction effect of supplemental irrigationxmycorrhiza on the
chickpea grain phosphorus
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Different letters show significant differences at 5% probability level.

aolol oyl s 130 kS g oo (00l Jlos!
3 =]l s, cploly Glas g ls gme ol o Sai)l
&bl pll (D-1 JSo) o saslive o oads kol oylals
ol ol sgws ) b o, Sles als g s8] o LSS
Ol iS Sene 6l Hsbar Suislsnd s o
wlo ady 090 Job g e p Gl )b 5o Shes Sgne
(Rezaeyan Zadeh et al., 2011) 54— S50 o, Sles (55,
Cedrus deodara ) jous oLS g 15,550 slog,B s jon
&= (2lysSee Geeliisls (St s e (L
L ooiigueils olols b awslio ;o 1) cpuSgp o baaielogul

(Mathur & Vyas, 2000) sls zsl380 15,650 7,6

0556 ails 0, Shas ¢ kol LSS bl a5 ols \lis b
30328 oo 38l gyl pime Dygods oo Layl 4 ol |
5) Ll cpaS (oSS 55l g oo Ll 2 90 50
5955 (g 9 fied) 45l 9 (g n 9 S S
9 Ll o Shoe (o b 8L S 15550 )18 L oudimiils
|).>)9_§.~o C)ls L 3¢50 oS C.._a.b Je o..\...u‘_g)Lu] QLQLS )‘ ails
olgad Joplb ael Cavsas slasls ,ZVY B Sus,b aslsl jo
CiS A Cod (oSS kol al i j0 0950 alls o ,Slee
plimagy (Lol jo adily oy Slae (1S 090 yiden o
L3 L onisimdls olS o (olociigus IV +) o,les S5,L
PRI CPEFCRLAINA SRR W C RO IPUR ) [ O, WO
Qaall g 15,5 7,3 b oadzmdl lS o jaud sl
L8l zalS Ol 0geS o s (5,550 7,6 b saiz.als)
oly iulidl sezu

Q
‘r

AD

) S pgadar @l yolie Qi 1,58 slog 6
5 clale i isn oo g
L L ontizmdls ol 5l s T )50 )08 L oudigmadls
3 e 1505 @8 b oadgadly oS (97 el 1550
Sl s Qe ay ol 156500 7B L oadizmdls plals
0ol asiw (Neumann & George, 2004) el Sas
Jlitl e 2als b S Cogh, sgie Lol 4 ol
ol o ddy; 00 i b 4 S s | Ll olic
=l Sondy L SLs gl 5l (138 jolie Qi g oo
Pessarakli, ) o,ls YL Sion o5 aiy, 3 5 SB
(1999

b oadzmdls lalS )0 9955 ails (g n Jlade o i
ey ke (S 5 koo () lnl o T )55e 7,8
20 b osizmils (LS g mes walis HlalS 4 Ly e ails
95 eSS (Ssll 5 20 A e 53,2 5 L5255
S i Sasd Gl b A= S aasls 6 5L wls
Ly oatizmedls 5 15255500 58 b oadigmeils (ol ) o0 ol
balyy ool Ralidl Al ey ao )0 15 55e B
e yolie g O i a8 8l b ) ol eSs
= G99 yaed 39,5 wisle (Habibzadeh et al., 2015)
e S8 es Songr wrge 9 4LBS Sl als (1259 oy
Habibzadeh et al., 2013; Oweis & ) s5,5 . asls
.(Hachum, 2006

20 b oasiomili (LS a8 ol Lis b Sl gl
plLwsg; s L g 0slo 6 3L (g w0 115950
S5k pLSa 0 wlad 4y S Ails g Olie (SW)L
esm Oliee ST Jlo g0 50 50 (B-A el iy
oo plals 4 e (gl luls cou plals e il

SALS Sy asly e 40 5

Lal s 5 e Jlow & bguye o Gl n iy 090 i
ahad L (C- JSCi) 050 duo 0¥ P lie a0 LoSS s kel
i oy Y eb) olec i)l o (Sl plmsg;



WWAA Jol dows 18 leds el [0l 931 Sligud SB[ i 0 (514415502 g sogllin

# Control # G. intraradices 4 Control # G. intraradices
-
= 2 Ha
o ”I ) 5
e 4d W e T . o = b ZE,
5 e G s » 5 .
o P B = f A
gk = o -
= FeEE s, - S
= P 2 B R =) IR
['F] Fehe | ‘T el d
e A el A A B LSS
=} Pty HETE | FXIP L, = e P
= Fereaesy ERHEERY AR, g = ) LR,
- P ] EErT) L, o tre sy PR
= Vool ) AR, T = ) LR
= P ) R L, = 1 P
&) A i) A, T = I LR
P o, | ST L, &) 1] P
e AR, g ) LR
i) i Bt i, terriir A
wJRainfed = Supplemental irrigation - [1Rainfed & supplemental irrigation
1 =
2 s
Eraid
ful e gt 1 o
S 4 d R g o
W sttt - |
o & 1 o G - g5 «d C
[PEEERy ++"{'_++++{'j . — y *++
= A fEr A f o— I
= LA prewsen e 2 e PR
2 s B | BEEEER poseos 2 sy B L)
E LA, L :::::ﬂ,.:::‘ [EEEERY) =3 AR R FEEEE
[=% S weeses| BHEEERY AT - s T
= A Lt :::::;::::::1 W . é A 111 LS
= s, e I:E:{fifiﬁﬁ VoS, = sy B P
[ L L ::,::;::::::: [EEEERY) 4] R A
@] S | HEEEER A, S I
e

e
"

ht
bty

H
2
o

£

B

e

£

Lt
EERTEY

LS
[EXEFFE

Pty
L

EEEEEE
SIS

FEEEES
ey

X S99k oLl (A) (2325950 s 30 X (roST (g5l (S0 1 1T Crd 3955 &l (i g 1 (e Rilae dunn Lo -4 S
(D) oSS (55l xSyl b 9 (C) (oSS (55LaTx Jlw «(B) (22132 5950 (o o

ol 20,00 Jlosz | mhas 5o o gine Dglas [ Kilo asline e By >
Fig. 9. Means comparison of interaction effect of mycorrhizaxsupplemental irrigation (A),

rain interruptedxmycorrhiza (B), yearxsupplementalirrigation (C) and rain interruptedxsupplemental irrigation (D)

on the chickpea grain protein
Different letters show significant differences at 5% probability level.
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Introduction

As water supplies decline and/or the cost of water increases, it is clear that producers are being driven
toward deficit irrigation management, and some level of plant water stress is inevitable. The challenge is to
define management systems that minimize the negative impact of the expected stress. Chickpea (Cicer
arietinum L., Fabaceae family), a resistant pulse plant to drought and heat, producesan acceptable yield in
poor soils. Chickpea is also used as a low-cost product in semi-arid tropical regions of cropping systems.
Since the chickpea production in most regions is limited caused by lack of moistureparticularly during the
generative growth stage, irrigation can be effective for improving the performance and its stability.
Supplemental irrigation has a key role to reduce tensions in the critical stages of plant growth, and also
compensate the serious yield lost. The occurrence of drought stress in some stages of plant growth could be
irreparable damages. The recognition of the critical stages of plant growth and water stress when they need
to meet in order to obtain maximum yield. West Azerbaijan has a large portion of the area under cultivation
and production of chickpea (66500 ha), especially in rainfed condition. Plant rhizosphere is known to be
preferred ecological niche for soil microorganisms due to rich nutrient availability. Rhizosphere
microorganisms (particularly fungi) can improve plant performance under stress environments and,
consequently, enhance yield. There is considerable evidence to suggest that arbuscular mycorrhizal fungi
have the potential to increase the tolerance of their host plants to water-deficit stress. The mycorrhizal fungi
improve profitability nutritional status of host plant due to water and nutrient (especially P) uptake in
irrigated and rainfed conditions.

Materials & Methods

A two-year (2014-2015) factorial experiment was conducted based on randomized complete block
design with three replications at West Azarbaijan Agricultural and Natural Resources Research Center.
Treatments were rain interrupted (10 May, 24May and 7 June), mycorrhizal symbiosis (non-mycorrhizal
plants and inoculation with Glomus intraradices) and irrigation (rainfed and one supplemental irrigation).
Plant residues (ash, protein, calcium, potassium and phosphorus) and grain (protein, potassium and
phosphorus) quality were respectively determined at podding and seed maturity (Association of Official
Analytical Chemists, 2005; AACC, 2000). Chickpea plant residuesand grain yields were measured by
harvesting of 1 m? of each plot. Data were analyzed using SAS9.1 and means were compared by
Duncan's new multiple range test (MRT) at 5% level of probability.

Results & Discussion

The combined analysis of 2-year data showed a significant effects of year, rain interruption, mycorrhiza
and supplemental irrigation on the forage (plant residues) yield and quality (ash, calcium, phosphorus and
protein), and also significant effect on the grain yield and quality (potassium, phosphorus and protein).

*Corresponding Author: a.pirzad@urmia.ac.ir
A4


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 10, No. 1, 2019, p. 75-90 (Research Article)

Significant interaction effects of year, rain interruption, mycorrhiza and supplemental irrigation on quality of
plant residuesand grain exhibited varied response of chickpea to these above studied treatments. Means
comparison indicated that in the studied area one irrigation improved the yield of chickpea grain and plant
residues. In the current study, it was found that the inoculation of chickpea with G. intraradices regardless of
irrigation regimes enhanced theplant residues (phosphorus, calcium, ash and protein) and grain (phosphorus
and protein) quality. Delay in rain (from 10 May to 7 June) increased the performance of chickpea, so the
highest grain and forage (plant residues) yield were obtained from irrigated mycorrizal plants in continuing
rainfall until the 7 June. Chickpea grain yield was more under supplemental irrigation than dryland farming.
The early rain interruption showed a bigger yield loss because of longer stress, but the supplemental
irrigation compensated a part of this negative effect. The yield compensation in mycorrhizal chickpea plants
was better than non-mycorrhizal one. Rainfall continued up to 7 June, increased the plant residues (1451
kg/ha) and grain (602 kg/ha) in irrigated mycorrhizal plants more than earlier rain interruption (10 and 24
May).

Conclusion

Generally, quality of rainfed chickpea plant residues and grain were improved by supplemental
irrigation. Mycorrhizal symbiosis, regardless to rainfall interruption, enhanced the quality of chickpea plant
residues and grain yield (up to 20 % for supplementary irrigation and 24% for rainfed). Results showed that
the supplemental irrigation and mycorrhizal symbiosis are reliable techniques to achieve optimal
performance of rainfed chickpea.
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