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Table 1. Continuous

alol.y Jous

Sla o (Sl
Mean squares

. R s sl s oy S el sl e Mv a dsb sty 7 _M&o
=& I - il e o s e A . azelS e . azal,
Source of variations rﬂm Sy rqwe_ww. Qc&ew.w H.»z rﬂecw il < sdes Al Jo Seedling Csrm water
Germination Germination ermination  Coefficient Mean St Root Stem vigor Seedling percentage
. amount rate of velocity of  germination Tess tolerance  tolerance - vigor length .
rate index . o . tolerance . . weight . of seedling
index germination time . index index . index .
index index tissue
Block) sl 2 6152 0.078 " 4.08 ™ 0.0012 ** 0.15" 371.41° 0.036 " 0.021™  1637.81 " 1015596.87 ** 2.63™
Lol
I & ﬂ 2 22242 0.203 ™ 12.50 ™ 0.027 ** 427" 81 H‘m.a 0.61™* 0.40 ** Gowm.ao 2063816.31 74.59 **
rrigation
(Ea) Lol slas 4 4.66 0.0063 0.64 00051 0.082 99.27 0.014 0.019 51.75 12040.61 0.38
[t =8
M éww{_mm 2 240.19 ™ 0.25™ 1646 ™ 0.005 ™" 0.87 ™ NNm*m.mo 0.036 1 0.20 ™" Niwm.ﬁ 3026737.26 ™" 67.03 ™
ycorrizal fungus
<L
B &MM 1 194.86 ™ 0.20 ™ 9.27™ 0.010 ™ 1.58* 19.63 ns 0.093 ns 0.0351s Nmmmm.om 2629159.48 ™" 29.76 **
acterium
[t x & kol
i M&mﬂ i I 4 13.59 18 0.011s 0.083 1s 0.006 s 0.14™ 638.17™  0.010™ 0.060 ™ 950.58 121915.48 ™ 0.60 1s
rrigation X mycorriza
rh\iwhr X rmpruv_ ns ns ns ns ns ns ns ns ns ns ns
Ierigation x bacteri 2 3.18 0.013 0.35 0.00027 0.06 106.67 0.035 0.008 613.61 2564.15 0.42
rrigation x bacterium
=SLox
M &wn ,_ x\.ﬂwmﬂ . 2 3.82ms 0.024 s 0.17"s 0.00027 1s 0.04 1s 103.03™  0.015" 0.015 s 886.86 " 134607.37 ™ 0.66 1
ycorrizal x bacterium
rm\..,,,uﬂrx _\,.Cwm.,,..nx rmp_..,....y_
Irrigation x mycorrizal x 4 3.74 s 0.0012 1s 0.10 ™ 0.00020 s 0.02 s 62.54 1s 0.005 1s 0.006 1s 763118 23401.15 ™ 0.1171s
bacterium
i 30 11.55 0.023 0.64 0.00026 0.037 103.15 0.025 0.0098 306.51 55598.09 0.253
1) Ol s oy
) ek syl - 13.23 18.06 12.30 5.51 5.55 12.98 19.59 11.79 18.28 18.01 0.57

Coefficient of variation

ns, * and ** are non-significant and significant at 5 ad 1% probability levels, respectively. jls ae yué 370 /) Jloiol mhaws ;o s sime OS] 55 48 4 * F*
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Table 2. Continuous.

bl Y Jgua

39 AL sy cdl o
e altaa Ol a3 lo e Srsnpere S 55l el i G_wvwnv s ;\.30
L - ST = L L ) L eSS e azals
L (hoyd) Silsr (hoyd) (Siuler . (w2 ,3) (S58ls> Gs)) S lex aly; Joos . .
o L L Gy 2 , Seedling Seedling Water
T Germination  Germination S Coefficient of Mean Root . .
reatment . . Germination . . vigor vigor percentage of
rate index amount index velocity of germination tolerance - .
(%) (%) rate (1/day) ermination (%) time (day) index weight length seedling
° ° & ° Y index index tissue
rmprx,_
Irrigation
- e i 29.00a 092a 730a 032a - 1.00a - 16513 a 89.33a
Optimum irrigation
[ Mo | s
o 26.08 b 0.89a 6.67a 030b - 0.82b - 1300.5b 86.95b
Moderate drought stress
o 22.00 ¢ 0.72b 5.65b 025¢ - 0.62¢ - 9742 ¢ 8527¢
Severe drought stress
152,55
Mycorrhizal
Tawge b pedls
rRE 27.88a 095a 7.61a 031a - - - 1618.1a 88.75a
Glomus mosseae
oSl 20 b il
Featsriih e 27722 0.86a 623b 029b - - - 14643 a 87.77b
Glomus intraradices
T8 T poe 21.48b 0.72b 578 b 027¢ - - - 843.5b 85.03 ¢
Mycorrhiza-free
sk
Bacterium
UL gl
sAb ke 27.59a 0.90 a 6.95a 030a 329b - 116.64 a 152931 a 87.93 a
Rhizobium japonicum
SL L mdls poe
sAL Ll e 23.79b 0.78b 6.13b 0.28b 3.64a - 74.85b 1088.00 b 86.44b

Bacterium-free

A3l S8 05l elul 1 70 Jlaxsl mha jo jls cme B (g lel JLai 51 il alie Bgy gt ,0 40 a5 solael
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.
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8 Munns

5 (S PNT) azady, Sas (jy akeS
Eb b il poe Lo 5l (a5 /F0) azalS
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2 Motamednejad

3 Nastari Nasrabadi
4 Pseudomonas
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Table 3. Mean comparisons of interaction of irrigation and mycorriza on the studied traits

L anlllae 3550 Slao (sl 13255500 5 5ok

S5 3 r CH\ w9 s el " o>
. s L5 . S Sl : 5 &
azals Job FEO R T T | 4 Ceoglio ”V ke
1 ; g s . Gay) s5yails 43 5 ¢
k] 150,55 (e s5lo) (%) ) (#) gl S < 9%3 azals
oot : . i i ean em i
Irrigation Mycorrhizal Seedling length Radicle dry Scedling - Seedling Allometric B Str m.ow&_:m
. fresh dry . germination €SS tolerance vigor
(cm) weight . . coefficient i d tolerance ind ;
(@) weight weight ime (day) . mdex weight
g (2 (® index index
[ b ils
gt 2 T 21.82a 0375a 20.04 a 1.79a 0.271 abe 2.86¢€ 100.00 a 1.00 a 167.85a
Glomus mosseae
o (] JOWEI B JLET| R O b}
- ot e FtRR T 20.44 ab 0.265 be 16.60b 1592 0.203 bed 3.13 ede 100.00 a 1.00 a 130.70 b
Optimum irrigation Glomus intraradices
eme pos 16.87 b 0.163 de 9.09 ¢ 1.15b 0.170 cd 3.18 cde 100.00 a 1.00 a 87.15¢
Mycorrhiza-free
Tawge b pedls
e 19.56 ab 0.326 ab 14.14b 1.59a 0.256 a-d 3.09 de 90.64 ab 0.91 ab 134.08 ab
. . Glomus mosseae
S ke 5 el b el
Moderate drought T e 18.03 ab 0.220 cd 1059 ¢ 127b 0.216 bed 344 bed 79.24 be 0.88 ab 105.34 be
Glomus intraradices
stress 5L ik
@ F 11.85¢ 0.128 ¢ 4.62d 0.71¢ 0.228 a-d 3.48 be 61.13 ¢ 0.67 cd 45.92 de
Mycorrhiza-free
[ b zeils
Dl 16.67 b 0.166 de 873 ¢ 1.13b 0.160d 3.80b 69.02 ¢ 0.78 be 79.22 cd
Glomus mosseae
S Jyd L S| i b il
o T e 17.29 b 0.275 be 828 ¢ 118b 03212 3.81b 68.08 ¢ 0.84 abe 85.39 ¢
Severe drought stress Glomus intraradices
7B L il pae
eEREE e 8.74 ¢ 0.103 e 2.77d 045c¢ 0.259 ab 440a 35.62d 048d 26.05¢

Mycorrhiza-free

Bl S5 ge5] ell 70 Jleisl geha 50l e B o lel a5 as ks aslie Bgym ygim o 40 aS soluel
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.



WY

1¥RQ / Jgl o lous [ i Jlw [yl ! 50 s gy

by 5ol 2 T 7L 5 1595 (ot (eSilon aglin F Jgor

Table 4. Mean comparisons of interaction of mycorrizal and bacterium on allometric coefficient

an, b T S 00 Job o
( . “fh) 5 Job & 4z ey, Naad Sl 2ylan
152,55 ©5Sb II:A jl Seedling azails Syl Electrical
Mycorrhizal Bacterium la l(t:he fresh Radicle length ~ Allometric conductivity
f;i ) weight to plumule  coefficient (uS/cm)
(g) lentgh
- L‘ L' e
) ‘5),'5' : el ) 8.26a 16.90 a 0.64b 0.251a 66.31 ¢
Tacsga b el Rhizobium japonicum
N " - L L' e
Glomus mosseae A5t | aeil poe 6.57b 11.72b 0.58b 0.207 a 83.15 ab
Bacterium-free
SASL L zdls
S by iy 8.58 14.82 0.70 ab 0.214 77.45b
’wm();f ol Rhizobium japonicum ? ? : .
omus N
UL il
intraradices STl ol pae 6.15b 8.84 ¢ 0.59b 0.280a 83.08 ab
Bacterium-free
- L‘ L' e
. ‘5),’5' : S . 5.68b 6.73 ¢ 0.74 ab 0.254 a 75.85b
5 il oo Rhizobium japonicum
&) G
UL ils
Mycorrhiza-free $ASLL el pae 5.16b 425d 0.82a 0.207 a 88.01 a

Bacterium-free

B, (S§ o905l wlel 70 Jleis] g 50 o sime BT g 5lel a5l w5 ls wlie Bg > gt Ho 50 4T soluel
Means with the same letter(s) in each column are not significantly different at 5% level of probability based

on tukey test.

Lgw aalS 3 (358 lp 6L 5 solal Son Sl anylie .8 Jguar

Table 5. Mean comparisons of interaction of irrigation and bacterium on seedling fresh weight

ez ssb (p5) 4z8lS 5 039
Irrigation Bacterium Seedling fresh weight (g)
SU L il
) STk Lt 18.86 a
eslls L] Rhizobium japonicum
Optimum irrigation 6L L il pae 11.63b
Bacterium-free '
&AL L il
Ces S s 11.54b
Mod :J“d wht Rhizobium japonicum
oderate droug UL il
stress st ) ol pae 80.03 ¢
Bacterium-free
UL il
S5k Lt 8.05 ¢
S Gl S Rhizobium japonicum
Severe drought stress 6L L il pas 514d

Bacterium-free

Al S5 ge5l pell 70 Jlaisl gl j0 jls sme S g Lol a5l ai ks aslie Bgy ygiw o 50 aS solacl
Means with the same letter(s) in each column are not significantly different at 5% level of probability based

on tukey test.
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Effect of Drought Stress, Mycorrhiza and Bacteria on Mother Plant on
Produced Seed Vigor and its Related Traits in Soybean (Glycine max cv.
Kosar)
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Extended abstract

Introduction: Soybean is a plant that has a moderate tolerance to drought stress. Drought stress is one of
the most important abiotic stresses affecting soybean production by about 40%. In addition, drought stress
reduces seed vigor as a result of stress conditions. Positive effects of mycorrhizal fungi on the increment of
dry matter and plant biomass, especially in low-irrigated conditions and in dry areas have been proven. The
reason for the increase in crop yield in mycorrhizal inoculated plants is their water balance in water deficit
stress conditions and as a result, absorption of water and mineral elements. Rhizobium bacteria,
carbohydrates, and other foods are catched from the phloem vessels and the received energy is used to
convert nitrogen to ammonium ion and eventually amino acids. Japonicum rhizobium bacterium is not
naturally found in soils of Iran and the bacteria should be added to the soil along with seeds.

Materials and Methods: This experiment was carried out to determine the germination characteristics,
seed vigor and its related traits in soybean Kosar cultivar grown under drought stress conditions and
inoculation with mycorrhiza and bacteria with three replications during 2018. In the field experiment,
drought stress included optimal irrigation (irrigation after 70 mm evaporation), moderate stress (irrigation
after 110 mm evaporation) and severe drought stress (irrigation after 150 mm evaporation from class A
evaporation pan), mycorrhizal fungus in three levels, mycorrhiza-free, and inoculation with glomus mosseae,
Glomus intraradices and Rhizobium bacterium in two levels, including no inoculation and inoculation with
Rhizobium japonicum.

Results: The mean comparison showed that the seeds obtained under normal irrigation, inoculation with
mycorrhiza and bacteria had the highest dry weight of radicle, plumule and seedling, percentage and
germination rate. The lowest electrical conductivity of the seeds and the mean time of germination were
obtained under these condition. Severe and moderate drought stress reduced stress tolerance index, root
tolerance index and stem tolerance index, seedling vigor index and seed vigor index compared to optimum
irrigation about 42-23, 38-18, 30-18, 50-26 and 41-21) percent, respectively. Inoculation with Glomus
mosseae and Glomus intraradices increased the seed vigor index, radicle lentgh, plumule lentgh and seedling
length compared to non-inoculation with mycorhizal fungi by 48-42, 27-26, 41-37 and 35-33 percent,
respectively. Inoculation with Rhizobium japonicum increased radicle lentgh, plumule lentgh and seedling
lentgh compared to non-inoculation with bacterium by 21%, 16% and 18%, respectively. The highest water
percentage in seedling tissue was obtained under optimum irrigation conditions, inoculation with mycorrhizal
fungi and inoculation with rhizobium bacteria.

Conclusion: According to the results of this study, in all three different irrigation conditions to improve
germination and increase seed vigor, the use of mycorrhiza fungi is effective especially glomus mosseae and
inoculation with Rhizobium bacteria.

Keywords: Allometric coefficient, Germination, Membrane stability index, Seed electrical conductivity,
Seed vigor
Highlights:
1-  Germination characteristics, germination rate and duration of soybean Kosar cultivar on seeds
obtained under different irrigation conditions were investigated.
2-  The effect of mycorrhiza and bacteria on seed vigor and related traits were evaluated under different
levels of drought stress.
3- The damage done to the seed membranes due to the interaction of irrigation and inoculation with
mycorrhiza and bacterium was investigated.
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