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Table 1. Results of soil physicochemical analysis at the site of the experiment
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Table 3. Variance analysis (Mean squares) of morphophysiological traits in mung bean (Vigna radiata L. Wilczek)
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Coefficient of variation %
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", * & **: No significant, significant at 5% and 1% probability levels, respectively
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Continue of table 3. Variance analysis (Mean squares) of morphophysiological traits in mung bean (Vigna radiata L.

Wilczek)
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Fig. 1. Interaction effects of moisture stress and inoculation on height of mung bean
(Vigna radiata L. Wilczek)
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Table 6. VVariance analysis (mean squares) of nitrogen percentage of seed, grain protein percentage and root
colonization percentage of mung bean (Vigna radiata L. Wilczek)

Sl o (2 Sko
iy @slio _ Mean squares
- ol ax o iy ete iy -y o
Sources of variation : 1S 59 55 By Q1D (guii gy oy Al y oyl 3 olS w50
?fgerggrg Nitrogen percentage of seed  Protein percentage of seed  Root colonization percentage
<
’_’x . 2 3.090" 15.36" 0.033
Replication
sk A5 2 0.382" 1.826" 0.033"
Moisture stress
o ’| sl
el ol 4 0.483 2.724 0.021
Error
il ey 3 0.005" 0.110" 0.30"
Inoculation
sk rPedlies 6 0.006" 0.113" 0.015°
Moisture stressxInoculation
. j oLl
bl el 18 0.002 0.021 0.007
Error
F 35
Total
(00,9) Syl ey 11.46 7.25 20.93

Coefficient of variation (%)

% NS

aoyo) g oo, Jleisl w10 s gxe Iy e pas 5 4™

", * & **: No significant, significant at 5% and 1% probability levels, respectively
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Table 7. Mean comparison of nitrogen percentage of seed, grain protein percentage and root colonization percentage
of mung bean (Vigna radiata L. Wilczek)

oo (90 y3) 413 (459 35 AlS (g Wy (gl jigls
Treatménts Nitrogen of seed (dw0y3) (3o ,0)
(%) Seed protein (%) Root colonization (%)
Jost sl 1.463° 9.091° 39.1°
Normal irrigation
o s T b
oW Srekles 2.313° 14.385° 33.5°
Cutting-irrigation in flowering stage
s S sl e 2.319° 14.420° 44.0°
Cutting-irrigation in pod setting stage
cdb ‘”JJ'. 2.0572 12.789° 32.44
No-inoculation
VPR a5 sl pligessl il 1.8400 11.439¢ 46.4°
Pseudomonas fluorescens strain169
£ L ils
S oeslS b 2.097* 13.037% 37.7¢
Glomus mosseae
VPR dyges S 5l8 (uligagogurtange ugasls L c-ﬂiJ 21332 13.263¢ 38.95
G. mosseae+Pseudomonas fluorescens strain169
e Lo Ll
geis ooy el 1.467h 9.117" 43.3¢
Normal irrigation+No-inoculation
A g sl e il g sl 1.433" 8.910" 31
Normal irrigation+Pseudomonas fluorescens strain169
$ L pailin Jlo s o bl
e wgesls b gein Sy sl 1.5579 9.677° 379
Normal irrigation+Glomus mosseae
\?_* “ww)ﬁb ligagdgm +euge Lusasls b el + oy (6 kel . 1.393" 8.660' 45
Normal irrigation+G. mosseae+Pseudomonas fluorescens strain169
S5 onsr malf x LT AL
sl Sealiles _ 2.397° 14.903° 237
Cutting-irrigation in flowering stage+No-inoculation
PR i gl st L el rpalf e sl o2 2.250¢ 13.990¢ 36.6"
Cutting-irrigation in flowering stage+Glomus mosseae
dge ogeslS L il + (2alS dge (5l o8 _
Cutting-irrigation in flowering stage+Pseudomonas fluorescens 2.263° 14.077¢ 36.6'
strain169
VIR g S5l uligadgus ausge (o5eslS L il + o005 dge (5 el oS
Cutting-irrigation in flowering stage+G. mosseae+Pseudomonas 2.343¢ 14.570¢ 39.3f
fluorescens strain169
_ womrsn L dn ol ek , 2.307% 14.347¢ 30.3
Cutting-irrigation in pod setting stage+No-inoculation
\9c“‘-’5“’ W‘*’)Bls g)“-'b?“S‘)}“’ L C"“l‘ *tﬁ““f‘—éy‘:’ 659“’ tﬁ)l"’T (':!as 1837f 11417f 493b
cutting-irrigation in pod setting stage+Glomus mosseae
dsge ugagls b gl + ot adgs (5 )lnl olad
Cutting-irrigation in pod setting stage+Pseudomonas fluorescens 2.470° 15.357" 40.13¢°
strain169
VP @y g s lb uligagdgust dusge (wgasls L il + 60 0ME o850 (gl alad
cutting-irrigation in pod setting stage+G. mosseae+Pseudomonas 2.663° 16.560° 55.32

fluorescens strain169

3l 0525 (5,0 gme BB ciloaiosls Hlis alive gy b aST ey Sl (g B )0
In each column, among means followed by same letter(s) there are not significant differences at Duncan’s (5%).
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Table 8. Mycorrhizal growth response percentage and mycorrhizal dependency percentage of mung bean
(Vigna radiata L. Wilczek) under different treatments

213850 (Simsly 2325850 0y el
& 5lon (2039) (%059)
Treatments Mycorrhizal Mycorrhizal growth
dependency (%) response (%)
cwia o9 0 00
No-inoculation
VPR g Sut ol (aligodguly il 10 20
Pseudomonas fluorescens strain169
dsge gasls b edls 14 17
Glomus mosseae
VPR dyg i )lo uligogogurtange (gesls b ils 16 1656
G. mosseae+ Pseudomonas fluorescens strain169
Jer skl 0 10.2
Normal irrigation
RS Bse skt &had 10 11
Stoppinng-irrigation in flowering stage
G dge (5Ll ol 10 11
Stopping-irrigation in pod setting stage
cwl» O%@*JL‘JJ @LJ . 0 0.00
Normal irrigation+ No-inoculation
VPR g3 ol alisogages b el Jlo 5 (sl 13 19
Normal irrigation+ Pseudomonas fluorescens strain169
dage agaslS b mdliv Loy (L 17 17
Normal irrigation+ Glomus mosseae
VRt S 518 ligagages +amsge ugegls b gl + Loy k] 11 18
Normal irrigation+G. mosseae+Pseudomonas fluorescens strain169
el 9+ ddge (s Lnl ol 0 0.001
Stopping-irrigation in pod setting stage+ No-inoculation
VPR dygus St 5l uligagoges b el + o D adgo (5Ll oo 13 16
Stopping-irrigation in pod setting stage+ Pseudomonas fluorescens strain169
sge ogeslS L el + oM adge 5 )lnl plad 14 17
Stopping-irrigation in pod setting stage+ Glomus mosseae
VR dygms St ypld ligadges +auge (goslS L peels +san i adge (5 kel alab
Stopping-irrigation in pod setting stage+G. mosseae-+Pseudomonas fluorescens 18 17
strain 169
Tl g+ (2l wge (o)Ll kel 0 0.01
Stoppinng-irrigation in flowering stage+ No-inoculation
sge ugeslS L el + 2lS adge (5 )lnl olad 18 16
Stoppinng-irrigation in flowering stage+ Glomus mosseae
VPR a0 St j5ld (uligogoges b el + 2ulS 1y (g kel oo 14 11
Stoppinng-irrigation in flowering stage+ Pseudomonas fluorescens strain169
VIR g S5l uligadgus ausge (o5eslS b il + o008 ddge (5 k] oS
Stoppinng-irrigation in flowering stage+ G. mosseae+ Pseudomonas fluorescens 10 19
strain169
Gl YL i) GonlidolS oo (n i cge o aS (o o 4 VPR dyge S jold uligegog
Sl (e oo Ll 5 039y 232l 50, Sdled (55 2l Blea ok 4 o )ls eSS ST (655 e
s Lods; g 4 0o gl (31 Bosb 5l duge (wgeglS
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Introduction

Environmental stresses especially drought are important and effective factors reducing plant production.
Mung bean (Vigna radiata (L) Wilczek) from leguminosae family mostly grows in tropical areas and has a
lower water requirement compared to other legumes. The role of mycorrhizal symbiosis to protect plants
under drought conditions is considerable. The main effects of drought stress at the flowering stage are
aborting flowers and eventually declining seed yield while the major effects of drought stress are on
reproductive organs of plants in the pod filling stage. Therefore, effects of drought stress occurring due to
lack of water are in different growth stages which can be divided into flowering and pod filling stages. The
aim of this study was to improve some morphophysiological traits, nitrogen, protein, root colonization,
mycorrhizal dependency and mycorrhizal growth response percentage of mung bean by Glomus mosseae and
Pseudomonas fluorescence strain 169 symbiosis under different imposed moisture stress conditions.

Materials and Methods

A split plot Randomized Complete Block Design experiment with three replications was conducted in
the research farm of Islamic Azad University of Miyaneh branch, Iran, during 2016. The main factors
allocated to three levels of drought stress included: normal irrigation (control), stopping irrigation in
flowering stage, stopping irrigation in pods formation stage. Sub-factor was considered for four treatments of
inoculation including: non-inoculation (control), inoculation by G. mosseae, P. fluorescens strain169 and G.
mosseae+P. fluorescens strain169. Parto variety of mung bean (Vigna radiata L. Wilczek) used in this study
was provided by Seed and Plant improvement Institute, Karaj, Iran. Suspension solutions of Pseudomonas
fluorescens strain169 with 108-109 live and active bacteria per ml (CFUmI-1) were provided by Water and
Soil Research Institute, Karaj, Iran. Glomus mosseae was obtained from Zist Fanavaraneh Turan biotech
firm, which had approximately 30 live fungi per gram and was produced by culturing in host plants, used in
the form of soil mixed spores and hyphae. Inoculation of seeds by Pseudomonas fluorescence strain 169 was
done in the morning by mixing them in an aluminum paper. The 2% glucose solution was added to increase
the number of bacteria attached to seeds, and the seeds were then allowed to be dried in shadow. In order to
increase the efficiency of fungi and bacteria in sowing time, seeds were not sterilized. Based on
physicochemical analysis, the soil clay and organic carbon, nitrogen, phosphorus and potassium amount in
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the experimental farm was 1.5%, 0.1%, 5.70 (mg.kg™) and 301 (mg.kg™?), respectively. In this study, traits
such as protein of seed (%), nitrogen of seed (%) and root colonization (%), relative water content (%) as
well as mycorrhizal dependency (%) and mycorrhizal growth response (%) were measured, and the average
of ten samples from each plot for plant height (cm), the number of leaves per plant, dry weight of leaves (g),
dry weight of stem+pod (g), dry weight of plant (g), stem diameter (mm) and the number of branches were
collected and calculated. All measured data were analyzed for simple analysis of variance using MSTAT-C
software. Mean comparison was carried out by the Duncan test at 5% probability level using SPSS (Ver.16).

Results and Discussion

Results displayed significant variation among drought stress treatments for the majority of growth
characteristics. Based on inoculation treatments, there were significant differences between all measured
traits except the number of leaves per plant and stem diameter. Drought stress decreased the majority of
morphophysiological traits. Glomus mosseae increased dry weight of leaves and dry weight of plant by
44.3% and 8.45% respectively. G.mosseae was more effective to increase growth characteristics of mung
bean. According to water requirement, pods forming stage was the most sensitive growth stage. Co-
inoculation of P. fluorescence strain 169+G. mosseae synergistically affected root colonization percentage
and nitrogen percentage of seeds. Protein content of seeds in drought stressed condition was more than
normal irrigation plots. Plants located in cutting irrigation in pods filling stage plots plus inoculated by G.
mosseae+P. fluorescence 169 had the highest protein content of seed with average 16.560%.

Conclusion

This study indicated that major differences between G. mosseae, Pseudomonas fluorescence strain 169
and interaction of them for their ability to enhance growth characteristics of mung bean. G. mosseae and P.
fluorescence strain 169 could alleviate drought stress effects through enhancing the plant height directly. Pod
formation stage was identified as a susceptible growth stage of the plant under water deficit condition. In
addition, stopping irrigation in pod formation stage had a high negative influence on the number of leaves
and branches in plant. The majority of measured growth characteristics was positively affected by soil
microbial mass. Plants inoculated by P. fluorescence 169+G.mosseae under cutting irrigation in pod filling
stage had the highest root colonization by 55.3%. Synergistic effects of G. mosseae and P. fluorescens 169
increased dry weight of stem+pod, dry weight of plant, which seems to be an important finding for
physiologists and soil scientists. Glomus mosseae individually improved plant height and dry weight of
leaves in cooperation with other treatments.
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