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Table 1- Physical and chemical properties of site soil
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Fig. 1- Weather conditions of region during the stages of plant growth in the field
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Table 2- Mean comparisons of simple effects of irrigation on studied traits of sesame
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Table 4- Mean comparisons of simple effects of genotype on studied traits of sesame
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T
Genotype _
Wocd,e 13.91° 9304 ¢
Jiroft 13
s pll loee 16.12° 177967
Zanjan Tarom
landrace
Slie Ll 16.50 2 2063.6 %
Moghan landrace
sy b 11.60° 1052.6 *
Naz of several
branches
TC-25 15.05 2 1474.4°
TS-3 11.80% 861.5°
W oyl 11.92° 1282.9%
Darab 14
D izt 12.52° 11833

Dashtestan 5

S5 S el pelel o> K Jleis] a3 Iy xe BB (g5l YL 3 51 dpliie By s i a0 a5 (sla,Sibie
*Means with the same letter(s) in each column are not significantly different at 1% level of probability based on Tukey test.
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Table 5- Mean comparisons of interaction effects of mycorrhizal and genotype on studied traits studied traits of sesame

g 1325950 (7) Sr ol v glgiee (o Blw) oo 31 (o83 4L (gl dold
Mycorrhizal x genotype Relative \é\(/)zt)er content Firstsub branches di(sctr?]r)mce from ground level
WY cé e x Glomus mosseae 324477 8.27™"
Jiroft 13 x Glomus mosseae
obsj pylb e x Glomus mosseae 39.43 % 18.62
Zanjan Tarom landrace x Glomus mosseae
olie bxe x Glomus mosseae 41.96° 21.38°
Moghan landrace x Glomus mosseae
4L x> 5L x Glomus mosseae 33.81 " 9.15°™
Naz of several branches x Glomus mosseae
TC-25x Glomus mosseae 37.65 ¢ 15.40 >
TS-3x Glomus mosseae 31.35°¢" 7.64'"
V¥ s x Glomus mosseae 36.66 ** 12.51¢"
Darab 14 x Glomus mosseae
b ylwzss x Glomus mosseae 35.49 *° 10.13 %
Dashtestan 5 x Glomus mosseae
\Y cé e x Glomus intraradices 30917 770™"
Jiroft 13 x Glomus intraradices
obs; pylb e xGlomus intraradices 37.00 ** 13.89 >¢

Zanjan Tarom landrace  x Glomus
intraradices

Sl e xGlomus intraradices 32.21¢" 17.35**
Moghan landrace x Glomus intraradices
43 e ;b x Glomus intraradices 33.03 ™ 8.90°"
Naz of several x Glomus intraradices
branches ' _
TC-25 x Glomus intraradices 35.56 “* 12.54 ¢
TS-3 x Glomus intraradices 29.47 6.10Y"
¥ oy x Glomus intraradices 32.17°" 6.62 9"
Darab 14 x Glomus intraradices
0 okwziss x Glomus intraradices 30.95°" 9.19°"
Dashtestan 5 x Glomus intraradices
Wy X 1550500 o 29.20™ 6.649"
Jiroft 13 x without mycorrhizal
0l eyl (e x 152565 (90 3370 8.22'"
Zanjan Tarom landrace x without
myecorrhizal
e e X 155500 9 26.02" 9.87°"
Moghan landrace x without mycorrhizal
L5 a0 x 1505 e 31.51°¢" 7.27'"
Naz of several branches x without
mycorrhizal
TC-25 x50 oo 31.91°¢" 8.10™"
TC-25 x without mycorrhizal
TS-3 x 133,650 (90 26.85° 476"
TS-3  x without mycorrhizal
W bl x 15,6800 o9 30.69 ¢ 5.64 9"
Darab 14 x without mycorrhizal
O oliwisd X 13356500 o9 27.81° 8.24 9"

Dashtestan 5 x without mycorrhizal

55,005 o yd S Jlein] o )3 I3 ime M) ( S55 (y905] (bl p 23,15 ol Cgy> g0y 50 4 (ol Sile 3
*Means with the same letter(s) in each column are not significantly different at 1% level of probability based on Tukey test.
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Table 6- Mean comparisons of interaction effects of irrigation and genotype on studied traits of sesame

. aild > Slos
g % 6] (o i) cyeo 31 (o858 48LS oyl alols 55 SROj e pSeks)
Irrigation x Genotype First sub branct;:jeclilésctgqr;ce from ground Leaf a‘rea Lea:a\f(\ge;ght ( )1;_;_3,,
index Seed yield
(kg.ha™)
W 9"5»> X ‘7’91149 d)lﬁ-fi c-g* de a-h e
7 A7 187 1325.
Optimum Irrigation x Jiroft 13 975 0 0.18 3255
0k el (e X gllas (gLl " " e .
Optimum Irrigation x Zanjan Tarom 17.81 181 0.253 2603.6
landrace
ok e xoslae )bl 2058° 2.43° 0.263% 3179.4°
Optimum Irrigation x Moghan landrace
L3 wis U x ogllas (gl , . .
Optimum Irrigation x Naz of several 9.88 ¢ 0.50 * 0.181™ 14679 ©
branches
TC25 x oglhe s 12,75 128" 0.240 ** 2179.0 %
Optimum Irrigation x TC-25
TS3x oo )l 6.60 1 0.35° 0.186 1222.2
Optimum Irrigation x TS-3
W Ol x Oglhas (¢ d-g cde ah cde
Optimum Irrigation x Darab 14 9.14 077 0.183 1815.6
B s X gllas o) 11.41 °f 0.61°* 0.157 1681.1 %9
Optimum Irrigation x Dashtestan 5
W s X (Sl @l S 5.859 0.54 cce 0.237 % 1027.9™
Moderate drought stress x Jiroft 13 ' ' ' '
ubu) P)ua L;Lm x y . MM‘ u:“) bed bc a-e c-f
Moderate drought stress x Zanjan 13.41 1.28 0.238 1755.1
Tarom landrace
ul:w LA}M * 2 MM‘ w be b a cd
Moderate drought stress x Moghan 14.89 1.65 0.265 1875.7
landrace
sl .—\.«% )L x - MMA W fg de af h-k
Moderate drought stress x Naz of 6.83 0.49 0.218 1128.1
several branches
TC-25 x Suid mdo i bed bed ad i
i 13.70 1.12 0.242 1408.6
Moderate drought stress x TC-25
TS3 o (Kid @l i 5.249 0.37° 0.200 *° 956.0 "
Moderate drought stress x TS-3
W oohbx Sis oMo i 8.50 &9 0.71 °d 0.230 & 1281.3 Fi
Moderate drought stress x Darab 14
o QM b X ;<~M~>"' Mo iS5 efg cde a-f g-k
Moderate drought stress x Dashtestan 5 72 0.60 0.217 1239.4
WS x RSl 7.00% 0.11° 0.133 " a37.7"
Severe drought stress x Jiroft 13 ' ' ' '
ul’U) P)Uo me * 2 J)M u:M) d-g d a-e h-1
Severe drought stress x Zanjan Tarom 9.52 0.52 0.237 980.3
landrace
Ol;w Ubu X s A)M uw bed d h-k
Severe drought stress x Moghan 13.13™ 0.72°* 0.211%¢ 11342
landrace
Lo s jbx (S Las S . u |
Severe drought stress x Naz of several 8.61 ¢ 0.12° 0.116 ™ 561.7
branches
TC-25 x ufuo EYRV gty c-g e c-h jm
: 9.59 0.26 0.174 835.5
Severe drought stress x TC-25
TS-3 x Sad wud s fg e i m
§ 6.66 0.04 0.077 406.5
Severe drought stress x TS-3
Wbl (S s i 712 0.18° 0.167 ¢ 751.8 Km
Severe drought stress x Darab 14
84277 0.14° 0.142™ 629.4™

D s X LSS Aphb L5
Severe drought stress x Dashtestan 5

S5, (SF 905l bl doyd S Jlos] g 53l ize NS gylel i 515 )b aliie gy gt ya 40 oS (oolach

*Means with the same letter(s) in each column are not significantly different at 1% level of probability based on Tukey test.
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ohelS Ly ol o (Sais (i byl ol iy o (g jtiogtd
el 1) 295 008 fiwgd o (S p (35 FSe S g 0las
OEalS oS (sjtingd Cudils oS e ol Gl g An3 o
s olal eel Jae ol o (Gordner et al., 1985) wb .
1538 pMel (Lo 13,5 go 048 g paw (ialS 5 S
9 Sty Ol (LS ((SiS 5 4 ML ogdlly () 5L
Al oLS gLyl pialS g by ohrg aw b S Mg
whlS 5 Sy stiweid 5. o Suis 5 (Husain et al., 1988)
Sy 0 pdaw Lials (X, 1997) sas o ialS' ) g5 8 puao
2L Gl g gaw asly ) Cowdlyg IS sl Gials coge
Cesdlyg JS L olyan oS Sy s oty o 33,5 0 Ol G pe
Congb) bds g 5, (lalS jlate & S i n Adbige il
Lrolyon a5 a0l ials Sy o il s gble 3 0lS
(Abbasi, 2003) L5L s 5 Cuolsis 5 il

S s o O G5 i 58U oS ol 3 (IS 5oy
S Ojlusdan b Sy oy gaw (alS eel Sy g 4 S
e 20L5 4y G BT €05 oS 5 S0y 09 i
AU b Ylans] (Sts (a5 s 4 S p oy o GinlS
(o i Ay Comd Jobw dangs g M) p (SUiS (IS pl
OySlas (613 Sxe Cate ( Sied L(Kriedman, 1986) el
039 e danliio (A Joio) Cudls 329 Sy 09 rdaws L 4l
bl L dglio ) w0 (SCts (ol Lt ob Sy o
45 gl A (Ll 203 ¥V et 1) S0y g cosllae
-8l oS 1o YA) (Sitd w5 e 3l ol lade (st
) Mo (Sis i jless o e oS g (@20 0
L oo (Setd (5 o oo ol sty (o0 20 55 2 25
CBl 392y il e Sld S 2029 (g i il gllae o)l
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ool p2alS g 5risgid > 3] daly 4 oS s 3508
23 gy glhoj o gl iz 5 Sy (9355 Logasia 5 Joho
Rezvani ) syl coillas Laise plu gols b &S ol 039 (ol
Moghaddam et al., 2006; Moghanibashi & Razmjoo,
0oL bl w5 & Wl Lt 5 laiee Lo (2013
) Jgl sl oo o8 (s sty sl 0392l size Sy s
g g Oy YIEF L (55 Sl 1 s o o VO 5l ey
L (e S 1 e o o VFO Sl an (6)lu) pow 5l
Mehrabi & ) xx sl 1y Sy mdaw yad L Jlade (S VY-
3= 35S pLB)| o Ldize oyl adlllee 4> ((Ehsanzadeh, 2012
35 08 9 45305 (L5 S s S i 11, 5 fosine OS]
1y o o pioS VO L cpslys p3) 5 oo 5 VL VAA L a3Ls S5
pis Ay G g g gl 435S 153y55m )8 218 izl
Ao ¥V (e da ]y S e a3 L 3 j5Se )6 S pae
P celio S b )8 lapgdine duoy oo o 4 0l> il A
oah il LalS ) jind 5 gy ol i e SB
5005 Sy ey 5 yiS sl bl anlyy g 0oy il
Alizadeh & Alizadeh, ) sl o (158 56 S p pdow 23l
pas 5 fen bl pososlS 855 152,550 )8 38 e (2008
2929 S me Cold S o aw aSLE L5 115 )55 518
P S e pa3l (i cn i j6 bgw (7 Jgia) cudls
Ab odalide 1 ysSe olyam ay Jp i ©lad g 355 Jlas
3ol 1y adllas o) gl 368 clisios .(Rezvani et al., 2011)
S e

Sy 0529 039 9 o
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2 - Leaf weight ratio
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Table 7- Mean comparisons of interaction effects of irrigation and mycorrhizal on leaf weight ratio of sesame

slos S 09 Camd
Treatment Leaf weight ratio
139 5950 % (5 )bl Irrigation x Mycorrhizal
Glomus mosseae 0.18 >
ool )l x Glomus intraradices 0.20 **
Optimum irrigation
(18L5) 152 )55 9% 023
Without mycorrhizal
Glomus mosseae 0.20
SSuid e 55 X Glomus intraradices 0.22%
Moderate drought stress
(2L3) 525550 cig: 0.26°
Without mycorrhizal
Glomus mosseae 0.17 ™
St M S x Glomus intraradices 0.16 ™
Severe drought stress
(8l0) lpsfen e 013

Without mycorrhizal
A5t yd S5 Jlen] pdaw p3 4o gixe MBI (gylel (i 5105l ayliie gy aS oolael Sg 905l bl pi
*Means with the same letter(s) in each column are not significantly different at 1% level of probability based on Tukey test.

S Al 3590 Olo (Suwod ol o -A Joas
Table 8- Corrolation coefficients of studied traits of sesame

1 2 3 4 5 6 7 8
413 >, Sdos ) 1
1- Seed yield
S 0 O o Glgime - 082" 1
2- Biological yield
U’”J )‘ L;C)Q aAld 0?)9' PR 0.78** 0.67** 1
3- First sub branches distance from ground level
S gl padle -2 091" 071" 084" 1
4- Leaf area index
S o3 b -0 042 0457 018" 044" 1
5- Specific leaf area
S 2039 0j9 043" 048" -020° -040" 070" 1
6- Specific leaf weight
S g G ‘_v 0517 0517 0277 060" 082" -058" 1
7- Leaf area ratio
S22 0 S A 051" 0477 034" 0607 0377 -0327 079" 1

8- Leaf weight ratio
B ire it g Ao yd gy ciopd S Jlain ] prdaws )3 Iy e MBI (3 34y NS gF FF
** * and ns: are significant at 1, 5% probability levels and non-significant, respectively.
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5 ey il cel &S Wil 39, IS g Lo pulig y 0aiiS 4 jo0 DA Sdd i oS gyebdy bl (g pxe Lials @il 0 Sles

2,5 aily oy Slos Coled )0 5 (g iwgid dlgo Jlade iiwgid yl5ee FY lmedes |y aily 3 Shas coglae o)kl bl s a4 Connd oMo g



ARRRI

a8 Ao lBodgi (o) Gloogas By 50 (S LT Ol BBl 1 1595w il

35S b b sl (S sl il o iy 390 203 1)
o1 Ltal 58l g Lais b8 g9y WSy sty (6,0l «phnd Cets
Dbl basye yidin Jdg)lS” dlawly 4 pid Jiwgis plxl 55 5 S
530 Shos 1y a5 sLadsS 56 oy 3 s o Smgly o
aosly Cewd (ool e 4 S5 LS ash o Shee (gl
l> 5, Slos 3942 0 13256540 5 .(Haghighatnia et al., 2013)
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Table 9-The results of variance analysis (mean of squares) of physiological traits of sesame landraces under mycorrhizal and
different drought stress levels of sesame

SlPowe aild gl dlols 0SS

PV o] ppoere i i £,h  aw  ORITRw 03909 Coms O _

(G JUVES I V0 i = wﬁ.” s = & g g Sy &l > Slos
= 835 Sx Firstsub S Sr Sn o Or gl Leaf '
S.0V 4  Relative branches Leaf  Specific  Specific Leafarea o~ Seedyield

water distance from  greq  leaf area leaf weight  ratio ratg?o
content  groundlevel  jndex
B‘Iifk 2 155.04" 49.23™ 0.97°  4989.29"™  0.0021°  202.85™ 0.012™ 167556.78"

i dt{Lﬁ' 0 2 2347.46™ 241.73" 11507 1471552" 0.0046™ 2198.29™  0.101™  1908992.48™

rrigation
BesgSee - - " »

Mycorrhizal 2 736.04 554.00 2.61 868.24™  0.0005™  59.30™  0.0087"  1316265.33

(M)

I)J)}g““7 X Lg)L"j ns ns ns ns ns ns * ns
0 4 5.03 335 0.22™  1935.88 0.0001 178.12 0.0160 90166.85

E el

( ;;L‘I*:: r;f) . 16 19.61 16.98 027  3503.34  0.00051 159.50 0.0048 33869.81

Gen;f:é ©) 7 151.63" 316.11™ 6.14™  206.17™  0.00022™  108.56" 0.031" 1465993.13"

Y
”‘“f’ x g"*' 14 20.81™ 28.34™ 0617 582.42™  0.00032™  40.45™  0.0048" 35806.38™"
X
‘“’:ﬂ) Xx')g’g“ 14 42.68™ 40.73" 0.14™  340.67" 0.000077" 17.41™  0.0010™ 34119.25™
* 132)9500 x (5l
RRY 28 8.56™ 4.26™ 0.019™ 405.33™ 0.000083™ 23.63™  0.00092"™ 4646.09™

| x MxG

(Ee) o3 sls 126 15.41 8.65 0.17 890.63 0.00023 48.88 0.00211 4658.27

Slyads o i
(M22) - 11.95 26.90 20.87 23.09 24.46 21.10 23.13 14.33

Coefficient of

variation (%)

I Gre pE g Moy oy o pd S Jloin] e 50 )1 cixe BB i 54y INS §*

* k%

** * and ns: are significant at 1, 5% probability levels and non-significant, respectively.
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Introduction

Sesame (Sesamum indicum) plays an important role in human health because of its high oil capacity (47 -
52%).. Arbuscular mycorrhizal symbiosis protects host plants against the detrimental effects of drought stress
through mechanisms of drought avoidance. Strategies of drought avoidance in mycorrhizal plants rely on the
ability to maintain an adequate hydration status on the level of whole plants as characterized by relative water
content. So the aim of current study was to evaluate the symbiosis effect of two different species of mycorrhizae
fungi on yield and physiological characteristics of sesame landraces under different drought stress levels in
Urmia.

Materials and Methods

This experiment was conducted in 2014-2015 by using factorial split plot based on randomized complete
block design with three replications in the research field of Urmia agricultural high school with 12 Km distance
from Urmia. The main plot factor was consisted of different irrigation levels: normal irrigation (irrigation after
70 mm evaporation of crop (ET¢)), moderate drought stress (irrigation after 90 mm evaporation of crop (ETc))
and severe drought stress (irrigation after 110 mm evaporation of crop (ETc)). Also three levels of Sub plot
factors included two species of mycorrhizae fungi (Glomus mosseae, Glomus intraradices) and no -inoculation

(control). Sub-sub plot factorss consisted of eight landraces of sesames (named Jiroft13, Zanjan Tarom landrace,
Moghan landrace, Naz of several branches, TC-25,TS-3, Darab 14 and Dashtestan 5). Then Leaf Area Index
(LAI), Total Dry Matter (TDM), Leaf relative water content (RWC), Specific leaf area (SLA), Specific leaf
weight (SLW), Leaf Area Ratio (LAR), Leaf Weight Ratio (LWR) of different landraces calculated using SAS
and MSTATC.
To compare the means, Tukey's test at 5% probability level was used.

Results and Discussion

The results of the experiment showed that with increasing the levels of drought stress, RWC, LAI, seed vyield
and LAR decreased significantly. Severe drought stress reduced RWC, LAl and LAR about 30 and 75 and 50
percent, respectively. The reason of LAI reduction in drought stress conditions was due to decreasing cellular
turgecense and falling leaves at the onset of reproductive growth stage. By inoculation with mycorrhizal fungi
species Glomus mosseae and Glomus intraradices in compare to non-inoculation, seed yield improved about 33
and 11 percent, respectively. It may be due to the effects of mycorrhizae on absorption of phosphorus and sulfur,
lasting more leaves on the plant, maintaining and increasing the leaf size and improving the photosynthesis by
more chlorophylls. Mycorrhizae application caused an increase in seed yield and improvement of physiological
traits in compare to no inoculation (control). Among different sesame landraces studied in this research, Moghan
and Zanjan Tarom landraces showed a superiority in seed yield, LAl, RWC, LWR and the first lateral stem
above ground in compare to other landraces. It was also found that a significant proportion of seed yield
reduction caused by drought stress was due to deterioration of physiological traits studied in this study.
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Conclusion

The results showed that increasing LAl caused more absorption of light and ultimately seed yield
incensement. Among different sesame landraces studied in this research, Moghan and Zanjan Tarom landrace
showed a superiority in yield and physiological indices in compare to other landraces. Also it was found that a
significant proportion of yield reduction caused by drought stress was due to deterioration of physiological
indices studied in this study. Based on the results of this study, application of Mycorrhizae species, especially G.
mosseae, is recommended as an effective approach for increasing seed yield and improvement physiological
traits in sesame.
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