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Table 1- Soil physicochemical properties

pH O el s P S oh e e, Sal Auaduio
Fe K P éC N Sand Silt Clay CaCO; Characteristic
mg.kg* (dS.m™) (%)
7.76 5.1 495 12.2 1.54 0.08 0.858 31 30 39 5 Amount ;.
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Table 2- Atmospheric characteristics during wheat growth
)'.‘.5 "b)& %")‘ 0'15)9)5 M‘ M (5" )s‘ C)lil )'Q‘o Parameter ;o‘)b
Jul Jun May Apr Mar Feb Jan  Dec  Nov Oct
slale S5l
9.3 2.4 32.9 3.3 9.4 35.2 34 289 403 4.8 Monthly rainfall
(mm)
128 10 7.4 2.1 14 82 51 46 17 61 (C) 2> 20 Sl oSk
Mean of minimum temperature
(C) o)l a2 Sl (1Sl
261 245 214 14.3 9.4 0.2 58 35 125 184 Mean of maximum
temperature
195 173 14.4 8.2 4 -4 04 06 71 122 Sy s> oelen
Average daily temperature
60.6 68 62.6 69 69 82 64 65 75 76 s Soglo) xSl

Mean of relative humidity

Reference: Department of Meteorology of the Ardebil province
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Table 3 Analysis of variance chlorophyll content, grain filling components and yvield of wheat as affected of bio fertilizers under supplemental irrigation and rainfed condition

MS  Olyps il
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i wle Jalﬁi "ll.l:‘ﬁia‘w b -.J!BBJJS JSJ’JSJLT _\_\_;3;'”1_5' 4l g J.;'.ﬂ.\} .'|3 . iy :‘b ails 5)5“
s OL“. af  Chiorophyll  Chlorophyll Total Carofenoid Y Aximun of e W3 e e Crain vield
L. : a b Chlorophyll i grain weight Eflfgcm'e grain Grain lfl]]mg Grain filling an §
filling period period rate
S 2 233" 032" 439" 03" 0.000005" 23224" 366.52" 219" 592183 36™
Replication
S 2 154" 008" 238" 035" 0.00035" 233" 646" 017" 182525 82
Trrigation (I)
oy 5logf
Bio fertilizers 3 097" 0.05" 146" 0.037" 0.000104" 9.29" 234" 0.037" 329287 88
(B)
(s glaags
il 6 008" 0.002" 011" 0.002" 0.0000024” 5.047 3" 0.034" 3546666.8"
B
“; sl 2 0.007 0.0004 0.011 0.001 0.00000091 029 0.04 0.0008 31320433
TOT
b - 44 40 25 40 20 24 0.8 13 133
CV(%)
R O e e A
s, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 4- Means comparison of the effects of bio fertilizers and supplemental irrigation on some wheat traits

adis s b ; . . v oy }
a2 o SIS e e agpes PPIE e

Chlorophyll  Chlorophyll  Chlorophy o . . ; : aily s . ails 3 Sles
o3 a b UTotal  CArotencid 4l 61y o Wb Grain 535 351 dsles
Treatments Maximum  Effective grain filling grain vield Estimated Equation
1 Ew of grain filling period N filling rate 2
mg.g” FW o - period 1 (g.m™)
weight (g) (day) (day) (mg.day ")
I;*B 2.01de 0.78ef 2.79de 0.87d 0.049de 23.15¢d 28.36bc 2.17de 3842¢f ¥=0.00217X-0.0127
I,xB, 241c 0.88¢c 3.29¢ 0.93¢ 0.05cd 21.74ef 26.57f 2.38a 4059bc Y=0.0023X-0.0138
I;*Bs 2.87a 0.96ab 3.73a 1.01b 0.053b 24.09b 28.33c 226c 4080.3b Y=0.0022X-0.0113
I,#By 3.02a 0.98a 3.56a 1.08a 0.056a 26.37a 29.55a 2.19d 4200.3a Y=0.0021X-0.0085
L*B, 1.8fg 0.74g 2.54fg 0.74fg 0.042g 21.2f 26.79ef 2.08f 3600z Y=0.002X-0.0131
I%B, 1.95ef 0.75fg 2.7ef 0.76efg 0.047ef 23.5Tbc 26.79ef 2.08f 3807e Y=0.002X-0.0121
I*B; 235¢c 0.83d 3.18c 0.79%f 0.049de 23.73bc 28.72b 2.13e 3967cd Y=0.0021X-0.0123
LBy 2.63b 0.93b 3.56b 0.81e 0.05¢ 22.45de 27.35d 2.33b 4005bc Y=0.0023X-0.0137
LB 1.71g 0.671 238g 0.541 0.0371 194g 2591g 1.9h 3105h Y=0.0019X-0.0135
=B,y 1.79g 0.71h 25g 0.61h 0.04h 21.57ef 26.95¢ 19 3500z Y=0.0019X-0.0115
LI:*B; 1.83fg 0.73gh 2.56ef 0.65h 0.042g 21.35F 26.97e 202z 3760f Y=0.002X-0.0131
I3%By 2.11d 0.81de 292e 0.71g 0.046f 21.96ef 27.39d 2.16de 3870de Y=0.0021X-0.0139
LSD 0.15 0.03 0.18 0.92 0.36 0.047 101.78
25) s i 7 alaya o g i ez el dy
B4:B: B, By

I;.L; and I; supplementary irrigation at heading stage, supplementary irr: and no irrigation respectively.
B1. By. B; and By no application bio fertihizers, apphication Azospirillum, Mycorrhiza and application Mycorrhiza and Azospirillum respectively.
Means with stmilar letters in each column are not significantly different according by LSD test at 0.01(*) and 0.05 (**) probability level.
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Figure 1- Effect of bio fertilizers and supplemental irrigation on grain filling of wheat
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Introduction

The yield of wheat in Iran is very low as compared to the other wheat producing countries. One of the most

important effective factors is water shortage. Water shortage can damage pigments and plastids, reduce
chlorophyll a, chlorophyll b, rate and grain filling period. One approach to improve the salt stress problem is the
use of plant growth promoting rhizobacteria (PGPR) and Mycorrhiza. The PGPR are a group of rhizosphere
colonizing bacteria that produce substances to increase the growth of plants, synthesize different phytohormones
including auxins, cytokinins, and gibberellins, synthesize enzymes that can modulate plant growth and
development. Arbuscular mycorrhizal fungi (AMF) symbiosis is considered a valuable component in most
agricultural systems due to its role in plant nutrition and soil health. Therefore application of biofertilizers and
supplemental irrigation can improve crop yield and water productivity especially during critical crop growth
stages.

Materials and Method

A factorial experiment was conducted based on randomized complete block design with three replications in
Agricultural Research Station of Ardabil in 2016. Experimental factors included irrigation levels (no irrigation as
rainfed, supplemental irrigation at booting and heading stages or according with 45 and 61 BBCH code,
respectively) and four levels of biofertilizers application (inoculation with Azospirilum, Mycorrhizal,
Mycorrhizal+Azospirilum, and without application of biofertilizers as control). A two part linear model was used
to quantify the grain filling parameters. In this study, total chlorophyll, chlorophyll a, b, carotenoid, grain filling
components and yield of wheat were investigated. Grain dry weight and grain number were used to calculate the
average grain weight for each sample. Total duration of grain filling was determined for each treatment
combination by fitting a bilinear model:

a + bt, t <ty

W = {a + bt t>ty
Effective grain filling duration (EGFD) was calculated from the below equation:
EGFD = highest grain weight (g)/rate of grain filling (g day™).

Results and Discussion

The results showed that application of both biofertilizers (Mycorrhiza and Azosprilium) and supplementary
irrigation at booting stage increased chlorophyll a, b, total chlorophyll and carotenoids (76.6, 42.26, 49.57 and
100% respectively) compared with no application of biofertilizers under rainfed condition. Also, both application
of Mycorrhizae and Azospirilium and supplemental irrigation at booting stage increased grain filling rate, grain
weight, grain filling period, effective grain filling rate and grain yield (15.26, 51.35, 14.04, 35.92 and 35.27%
respectively) compared with no application of biofertilizers under rainfed conditions.

Conclusions

Based on this study, the application of Azospirillum and Mycorrhiza and supplemental irrigation at booting
stage can improve the content of chlorophyll a, b, total chlorophyll, carotenoids, grain filling rate, grain weight,
grain filling period, effective grain filling period and grain yield compared with no application of biofertilizers
under rainfed conditions. Based on the results, it seems that application of biofertilizers and supplementary
irrigation can be suggested as modulators of drought stress in wheat under rainfed conditionss.
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