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asls oty S5 e 0)50 5 0)50 Job (Rl czge 0 il
@Sl (Al F5e 0,90 9 0,95 Job ey a5 (5 5oy
Lyl 3o gaumys YOI¥ 5 YVFA FEFA Liylidl 51 o iy
S5 g (om> 20,0 Y0 Jgilie (VU glan (oS s ,L]
b8 L alio ;o (uligesdg 5 pooin, L 5 )sSes pls
slessS g Jolin 5l ooliiwl pac g 20lS al> 10,0 (5Ll
e i st @l (1 J9u2) 092 510565 0 (S
O 5 (S0 il (5 gao 0 AYNY ol 8l
(V' Jgaz) el sy s )les LS 5

3950 ML 40 Al g ATgy 50 AME Olani 1 w3 SB3gS 3 Jgilin 0,15 6 T Zobaw il - Jgus
Table 2. Effects of irrigation levels, methanol application and bio fertilizers on pod per plant and seed per pod of

chichpea
™ zobw gy yo SME MW o wils
Irrigation levels Pod per plant Seed per pod
5 Al 5o o gLl alad 15.39¢ 2.091b
Irrigation withholding in flowering stage
ails it als e s ol alad 18.03° 2.16%
Irrigation withholding in grain filling stage
Jels o LT 20.93% 2.23
Full irrigation
Joibie z gl
methanol levels
aals lsieay o L S5 Jslowe 15.62¢ -
Foliar application with water as control
Jsilie aoys Yo o p)l8 18.23° -
Application of methanol 20%
Jglie a0 Yo o )l8 20.52 -
Application of methanol 30%
) sloogs
Bio fertilizers
aals olgieds solaiul pas 14.15¢ -
Without biofertilizers as control
Py 2 17.47° -
Rhizobium application
Posiy 3 7195 ol S8 19.5° -
Both application of mycorhyza+ rhizobium
21.36° -

3259500 5 bgegdg b pasiy 08

Both application of mycorhyza+ rhizobium+psedomonas

Means with similar letters in each column are not significantly different.

30 Sy o A A Al W y0 DS Gue s VYT als
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al> o 2l jo L 5 S oL sl 5LS 090 (5 mgid
GialS ol s Lagl i,y 5 S (aiipsds o sa0lS
Rahman & .o sl ol s i Coxd digr 50 B olaas
alize slacigs o,Slee obj,l 0 55 Uddin (2000)
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Sl (i a8 ol (LS Lo Sils aglie 03 I sine
ek 50 T ieS g JalS sylnl bl 50 &gy 0 M
ahd [, o Sl an o] S 4 25 al> e o s !
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sladasy ;o B slaws a5 wis,S 5,55 S al., 2006) =l Cudgame 45 WSages b3S SiS ES o 0950
odiizdli sladig 51 YL (5 lo me jobay 3956 oalizmdls 9)50 slacais) (ooled jo digy ;0 B slaw ialS o ge
Togay et al, t_.l, ;! o (Ahmed et al., 2007) 54 o8l A ;e 35 Jeilie YL zakaw 0,8 Al )y
SASL L o il jo 5 el slass iol33l Lo (2008) pae L aislie [0 0536 a5y ;0 e slaws (gaus,o VY
533 O omgtey iy (ol3E Slge el @ 1) pggial, Tl a8 00s )8 ol pldime (oS ad osle (pl 028
13 paisinly 6 U odbmadli ol jap by s o Silo aig 4 el oliss (giioys FITA Lil3él wrge

3018 o 0 gals LS b awslie (Albayrak et oo ssgi; 6L L zdls pac b avslis
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Table 3. Effects of irrigation levels, methanol and bio fertilizers on grain filling period of chichpea

s o 09> Jgb
439 S5 T Ay 43 g S . 5 olowy L WS .
039 );5 | ails oy i PHENIV 3%} O ))‘9‘: 09 ) el il “)’” &lo 5 Shos
. (p45) ailo (594) &l .. . Aigs 5o (p 45 L . .
slesd o Gy 3% £55) (395 o P i P).:‘sl“ (b 59 o)
Treatments ™Maximum ! in fill Effective Chlorophyll Number Weight of Grain yield
of grain _Grain Grainfilling  gprain filling index of nodule nodules per (kg/ha)
weight (g) f||(||73 ra;te szjno)d period (day) per plant plant (mg) g
g/day ay
11X M; x By 0.253%" 0.0084% 37.7% 23.9° 40.4% 442K 5.99° 1048™
11X M; x B, 0.256% 0.0101°¢ 38.30d 25M 40.4% 9.83fa" 10.43"f 1155
113X M; X B3 0.273 0.0105¢ 38« 26K 42¢ 10.32¢%f 11.03N 1182"
113X M; X By 0.276° 0.011% 38.56° 28.2¢ 42 5% 10.872cde 11.43f 1207¢
11X Myx By 0.266% 0.00941iKim 38.82%¢ 25.3”_‘_""’ 42°¢ 4,911 6.59" 1112%
11X M, x B, 0.273 0.0094Km 38« 25.9iK 42.1¢ 10.03¢f 11.08" 1252f
13X Myx Bs 0.280° 0.0108° 38.6" 29.0¢ 42.9% 10,5200 11.63¢f 1267¢
I1x M, x B 0.280° 0.0112 39.1% 29.2° 43.34 10.87120cde 12.34° 1296¢
lix Mi x Bj 0.266% 0.0099%" 38.6" 25.2mno 46.1° 3.934 7.19m 1246f
13X M3 % B, 0.280° 0.0102¢ 38.40d 26.8¢9 47% 10.872cde 12.35° 1365°¢
11 M3 x Bs 0.293° 0.01112 38.7% 28.7¢ 47.8° 11.0718bcd 13.322 1417°
I3 M3 X B 0.380? 0.01172 39.52 32.22 50.22 11.442 13.212 14552
|ix Mi x Bj 0.221K 0.00919™ 34,61k 24p 37.1m 3.93¢ 5.94° 882!
I,x M; x B, 0.233' 0.009699"i 34.6'k 24P 37.5m 9.04M 10.34' 1028"
I, M; X B3 0.256 0.009651" 34.2% 26.5¢foni 38.44 9.639" 10.93ih 1040™
I, M; X By 0.263¢f 0.0105¢ 34K 25m 38.44 10.32¢f9 11.431 1076'
I,x Myx By 0.233' 0.00923™ 34,5k 25.2mne 38.5K 3.34 6.54" 924"
I, M, X B, 0.253%" 0.009376'm 34.6'k 27.02¢ 39ik 10.540¢ef 10.98ih 1050™
I, Myx Bs 0.256 0.0094iikim 35.99'_‘ 27.1° 39.2“”5_ 10.873bcde 11.521 1064'
I,x Mj x By 0.266% 0.01¢f 353" 26.6°7" 39.49Mi 11.4% 12.23% 1072'
I, M3 X By 0.246" 0.00915™ 36.6" 26.8°f9" 39, 2niik 4,42 7.13" 9554
I, M3 X B, 0.263¢ 0.00919’“_” 36.9° 28.6% 40.04foni 10.62bcdef 12.24% 1107'_‘
I,x M3 x B3 0.273% 0.00979" 36.5% 28.1¢ 40.2f" 11.318% 13.212 1129
I, M3 X By 0.276° 0.0105¢ 36.21 26.29M 40.7° 11.4%® 13.12 11423"
I3x M; X By 0.206 0.0087" 32.6'm 25.7ikim 27.3 3.44 5.32° 693*
I3 M; x B, 0.223% 0.0086M 32.4'm 25.1mn° 27.3 8.55! 10.11' 830"
I3x M; X B3 0.230 0.009m™ 32m 24.7° 29.8° 9.04M 10.68H 847"
I3 M; X By 0.231" 0.00993¢fn 32m 23.14 310 10.32¢f 11.75¢ 876!
I3 Myx B, 0.2234 0.008544 31.9™ 23.6M™ 32.2¢ 4,72 6.38" 747V
I3x M, X B, 0.233f 0.00924™" 32.7'm 25.2mne 33.07 9.08" 10.73k 884!
13X Myx Bs 0.236f 0.01°f 32”‘__ 26.1Mik 33.4° 9.549" 11.27% 9127°
I3 M; X By 0.236' 0.0099¢f 35,2 23.7™ 33.4° 10.8720cde 11.96% 932"
I3 M3 X By 0.230" 0.00854 32.7'm 26.9° 33.9% 491 6.97™ 819"
I3x M3 X B, 0.233f 0.009699"i 32.9' 24P _ 34.7"° 10.13¢f0 11.96% 9594
I3 M3 X Bs 0.233' 0.00879r° 32.4m 26.5n 35.5" 11.078bcd 13.01% 9748°
I3 M3 X By 0.246" 0.0096' 32.5m 25.6Kmn 35.6" 11.60° 12.7% 992°
LSD 0.01 0.0003 0.847 0.635 1.01 0.819 0.334 13.07

3555 02 b (5l gine (s lal DS oy 5 0 alie B> L slapnSile
@A al> e ) o ylal 1B g il o f alse o (sylel @b g Lol (el e parelaida g
Sa55ee 5 olisagoges b pgmsiny 9,1 5 psataiy 9 515%ee SlS pamaiy Sl st oS il edlitnl pac i 4 Bac By B By
Joitie oz a0 o Vo g o) Yo il Jslome 5 (S8l slne pie o 4 M3 M2 My
Means with similar letters in each column are not significantly different.
11, I,and I3: full irrigation, irrigation withholding at flowering stage and irrigation withholding at grain filling stage, respectively
B;, Bz, Bsand By: without biofertilizers as control, rhizobium application, both application of mycorhyza+ rhizobium, both application of mycorhyza+
rhizobium+pseudomonas, respectively
M3, M3 and Ms: no foliar application, foliar application of methanol 20% and 30%, respectively
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AL L il 53U Codi e S SAS (59 9 Sl 096
sBegum et al, (2001) Ly o5 36 ;0 po—wngpl,

el 00y 3,155 Stancheva et al, (2010)
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Introduction

Drought stress is the most influential factors affecting crop yield particularly in irrigated agriculture in
arid and semiarid regions. Drought, being the most important environmental stress, severely impairs plant
growth and development, limits plant production and the performance of crop plants, more than any other
environmental factor. The impact of the drought on plant species depends on variety, severity and duration of
the stress as well as on the development stage. The closing stomata which reduce transpiration and conserve
water in plants is the first mechanism of plants against dehydration stress, which in turn limits CO; fixation.
One of the important strategies for increasing of carbon dioxide concentration in plants is using compounds
such as methanol that can increase the concentration of CO> in a plant will improve photosynthesis rate and
growth under water deficit conditions. Among the numerous microorganisms in the rhizosphere, some have
positive effects on plant growth promotion. These microorganisms are bio fertilizers such as plant growth
promoting rhizobacteria (PGPR), which colonize the rhizosphere and roots of many plant species and confer
beneficial effects to plants. Using rhizosphere microorganisms, particularly beneficial bacteria are an
alternative strategy that can improve plant performance under stress environments and, consequently,
enhance plant growth through different mechanisms. Mycorrhiza is a symbiotic association between plant
roots and fungi and form symbiotic association with terrestrial as well as aquatic plants. They also impart
other benefits to them including production/accumulation of secondary metabolites, osmotic adjustment
under osmotic stress, improved nitrogen fixation, enhanced photosynthesis rate, and increased resistance
against biotic and abiotic stresses. The mechanisms used by mycorrhiza to enhance the water relations of
host plants are not amply clear, however, this may occur by increasing water absorption by external hyphae,
regulation of stomatal apparatus, increase in activity of antioxidant enzymes and absorption of nutrients
particularly phosphorus. Hence, application of bio fertilizers and methanol presumably looks to be a
promising practice in plant yield optimization under suboptimal growth conditions. So, better understanding
of chickpea physiological responses under water limitation may help in programs which the objective is to
improve the grain yield under water limitation. Therefore, the aim of this study was to evaluate of grain
filling components of chickpea (Cicer arietinum L.) using segmented model under irrigation withholding
condition, methanol application and seed inoculation with bio fertilizers.
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Material and Methods

A factorial experiment was conducted based on randomized complete block design with three
replications at the farm of Piralger from Ardabil provence in 2017-2018. The experimental factors included:
application of methanol (foliar application with water as control, application 20 and 30 volume percent), bio
fertilizers at four levels (no application as control, Mesorhizobium ciceri application, both application
mycorhyza with Mesorhizobium ciceri, application of mycorhyza with Mesorhizobium ciceri and
Psesomonas putida) 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). To
investigate grain filling parameters in each sampling, two plants in each plot were taken. The first sampling
was taken on day 12 after podding, and other samplings were taken in 5-days intervals to nv xfrikh determine
the accumulation of grain weight. At each sampling, grains were removed from pods manually and were
dried at 80°C for 48 h. We applied grain dry weight and number to estimate the mean grain weight per
sample. Following Borras and Otegui (2001), we calculated total duration of grain filling for each treatment
combination throu%h fitting a bilinear model:

_ [a+ bty eex,

W=l o

Where GW is the grain dry weight; a, -intercept; b, the slope of grain weight indicating grain filling
rate. Borras, Slafer, and Otegui (2004) determined grain filling using a bilinear model. Effective grain filling
period (EFP) was calculated from the following equation:

EFP = MGW /b

Where MGW: the highest grain weight (g) and b: grain filling rate (g day). Conversely, an increase in
kernel weight in filling period was calculated using the above-cited equation in statistical software SAS q»
via Proc NLIN DUD method. The analysis of variance and mean comparisons were performed using SAS
computer software packages. The main effects and interactions were tested using the least significant
difference (LSD) test at the 0.05 probability level.

Results and Discussion

A two part linear model was used to quantify the grain filling parameters. The highest number and
weight of noduls per plant (11.6 and 113.21 mg per plant, respectively), chlorophyll index (50.28), grain
filling rate (0.0117 g/day), grain filling period (39.57 days), effective grain filling period (32.2 days) and
grain yield (1455 kg/ha) were obtained in full irrigation and high levels of methanol and application of
mycorhyza, Mesorhizobium ciceri with Psesomonas which, there were 237 and 148 increases, respectively in
number and weight of nodule per plant, 84.17% in chlorophyll index, 34.48% in grain filling rate, 21.38 and
25.3% in grain filling period and effective grain filling period respectively and 111% in grain yield in
comparison with no application of methanol and bio fertilizers under irrigation withholding at flowering
stage conditions.

Conclusion
Based on the results, it seems that seed inoculation by bio-fertilizers and foliar application of methanol
in order to increasing of grain yield, rate and grain filling period under water limitation is effective.
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