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1- Arbuscular mycorrhizal
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Table 1- Physical and chemical properties of site soil
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Table 2- The mean monthly temperature, precipitation, evaporation and humidity during the growing season of sesame in the

studied area
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Table 3-The results of variance analysis of studied traits

Ol yo (ko
Mean of squares
St gila W Sgm Mo g, el 288 Casloy 38es s
Source of variations o OIR e 9722 ORig e . &13 5,5des Sajelons
&3;1 Protein oil IR osen 9 Seedvield  wron
df  percentage percentage Protein Protein  Qj] yield y Biological
yield harvest yield
index
‘59L ns ns ns ns ns ns d
2 10.17 0.19 76.58 20.21 597.66 2734.14 167556.78
(Block)
%"L"‘;‘ 2 106.97" 546.18"  15008.42°°  57.69™  63329.89" 266686.23" 1908992.48"
(Irrigation)
"f"”i*‘j 2 17.33" 126617 2914.47°°  32.67"  13040.026™ 48109.57"° 1316265.33"
(Mycorrhizal)
500550 % ()] .
(Irrigation x 4 0.77" 22.28 135.90™ 2.95™ 769.10" 155377  90166.85™
Mycorrhizal)
(Eu) %M sl 16 3.26 7.70 307.62 21.81 138471  6786.56 33869.81
(Main error)
) 7 38.117 27367 333926 23397 10891.04"° 47839.36"  1465993.13"
(Genotype)
(Irrigation x 14 321 0.69" 406.88 475 1189.40"  4773.73 35806.38
Genotype)
Gigi) X I32y95ee . .
(Mycorrhizal x 14 0.99™ 1.46 20.96"™ 1.28™ 74.56™ 130.59™ 34119.25
Genotype)
95 % 13980 x (o)l
(Irrigation x 28 0.42" 1.53" 9.31™ 0.083"™ 46.73"™ 119.75™ 4646.09™
mycorrhizal
X genotype)
(Be) o5 st 126 0.76 0.65 43.51 1.48 171.97 754.43 4658.27
() ©lysis gy - 4.07 1.87 22.37 18.36 22.12 20.67 14.33

Mime e g L0 SN Jloinl gaws (3 )b gre MBI 35 4 S o ¥ FF
ns, * and ** are non-significant and significant at 5 ad 1% probability levels, respectively.
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Table 4- Mean comparisons of simple effects of irrigation on studied traits

sloss (@250 52 0,5) 413 5, os
Treatment Seed yield (g m?)
LS)L.‘.J
Irrigation
wokbe bl 19343 a
Optimum irrigation
i ol A5 13341b
Moderate drought stress
(S S A 71.72¢

Severe drought stress
B, (S5 geil el 3 70 Jlein aws jd )b dxe M3 glal L5 5l k5)b alie By giw y 40 &S solacl
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.

axlllas 390 o 1 139 9500 83w O 451 (1S lo dug B0 -0 Jou
Table S- Mean comparisons of simple effects of mycorrhizal on studied traits

o OFgy e o aeps oapaSles £) ails >
s o i C T (Besie e 5o
Treatment Oil yield Protein percentage Protein iyleld Seed yield (g m?)
(gm?) (%) (gm™)
520550
Mycorrhizal

Glomus mosseae 71.15a 2195a 3513 a 15535a
Glomus intraradices 62.02 a 21.50 ab 30.71 a 138.59 ab

 lusSe o 44.66 b 20.97 b 22.58b 104.62 b
Without mycorrhizal

S8 S5 051 bl 70 Sz g 5l ims BMS] 6ol a5 51 35,15 alite g gt o 3 &S (ool
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.

allhe 3,90 Slio 3 udghj 03l 151 (ke Ao - Joua
Table 6- Mean comparisons of simple effects of genotype on studied traits
slowd Owig 0 Cudld p1 ad i &y 3,Sdos
Treatment Protein harvest index Seed yield (g m?)
Genotype  cuigsj

\\"C,\é).,g

) 6.68 be 93.04 ¢
Jiroft 13
ol e 5.95cd 177.96 b
Zanjan Tarom landrace
Ol e 5.18d 20631 a
Moghan landrace
s iz 6 6.92 be 105.26 de
Naz of several branches
TC-25 5.97cd 147.44 ¢
TS-3 8.06a 86.15 ¢
W ebb 6.61 be 128.29 ¢d
Darab 14
B s 7.59 ab 11833 d
Dashtestan 5

B, (S5 geil el 2 70 Jlein aws jd )b dxe M3 gjlal L 5l 5)b alie By giw y 4> &S 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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Table 7- Mean comparisons of interaction effects of irrigation and genotype on studied traits

Lows 5
P e . ) EY-S%) o
Treatment Of)’.f > ' Protein o > gy Candld p pad S
(w95 x &, ) (gl 1¥11'§) percentage rtz;e::ll_y ;eld Protein harvest index
(Irrigation X Genotype) (%)
Wby x sl (5] 58.92 efgh 20.31 efgh 26.80 ghij
Optimum irrigation x Jiroft 13 92 efg ol -80 ghijk 6.69 bedefg
ol e x osllae L] 121.34b 23.98a 62.70b 7.22 abedefe
Optimum irrigation X Zanjan tarom landrace
o o X gllas o]
L em el = 147.70 24 6.5 .
Optimum irrigation X Moghan landrace : a 76.57a 6.44 bedefeh
L5 a6 x wgllas (o bl .
. N 65.05 . . .
Optimum irrigation X Naz of several branches defg 20.89 defg 30.45 efghi 6.89 bedefg
.TC—25. % ‘7’51.]“ s 101.29 be 23.20 ab 50.58 ¢ 7.46 abcdef
Optimum irrigation X TC-25
TS-3 x «_:9ﬂan Lg)Lj . ..
; 54. . . .
Optimum irrigation * TS-3 08 fghij 19.41 gh 23.70 hijkl 8.57 ab
T ebbxoglhe sl 82.71 cd 22.54 abe 40.91 cdef 6.86 bedefg
Optimum irrigation X Darab 14
O sy X gllae (gl
. o 5.8 . . .
Optimum irrigation x Dashtestan 5 75.89 def 21.70 bede 36.34 defg 7.29 abcdefg
W x S il i 45.13 ghijkl 20.92 defy 21.55 hijkl
. . . .81
Moderate drought stress x Jiroft 13 gm cie e 781 abed
(o) ol e X (Sts Mo A
Q=) ) . [ and 80.80
Moderate drought stress x Zanjan tarom landrace 80 cde 23.88a 41.95 cde 6.17 cdefgh
Yo oo x (S Mo S .
© 87.90 cd 24.02 45.11 .
Moderate drought stress x Moghan landrace ¢ a od 524 ghi
Bls ae bx Sis o i
Moderate drought stress X Naz of several 50.06 ghlJ 21.77 bede 24.70 ghljkl 7.63 abcde
branches
TC-25 x Sis oo i .
- 64.28 def; 22.53 31. fgh .
Moderate drought stress x TC-25 el abe 97 et 5.37 fghi
TS-3  x Sus oMo i . .
- 41.69 ghijkl . . .
Moderate drought stress x TS-3 9 ghij 20.73 defg 19.76 ijklmn 9.29a
W oohbx (Sis e 55 . .
57.69 efgh 22.66 29.26 fgh .
Moderate drought stress x Darab 14 clgt abe 9-26 feghi 693 bedefgh
O liaidy X (Sid mMe i . ..
55. . . .
Moderate drought stress X Dashtestan 5 5.44 fehi 22.18 bed 27.69 ghij 8.35 abe
\\"C,é)ex s RYRWORgaY .
17.18 19.41 gh 8.52 .

Severe drought stress x Jiroft 13 i 94l e 1o 334 efghi
3o el e x (Sid LAl S 40.10 - :
0= 2 e

Severe drought stress x Zanjan Tarom landrace hijklm 20.75 defg 20.60 hijklm 445 hi
Yo e X Sutd B AT ; . .
Y o 47.44 ghijk 21.15 cdef 24.20 hijkl .
Severe drought stress x Moghan landrace g cde Y 3861
Blsas bx Sid Lad io
i - 22.38 . . .
Severe drought stress x Naz of several branches imn 20.03 feh 11.18 mno 6.25 cdefeh
TC-25 x [Suis aad A5 34.02 . .
- py 19.64 fgh 16.70 jkl 5.10 gh
Severe drought stress x TC-25 ijklmn & Jimno g
TS-3  x Sud was is
y 15.78 . . .
Severe drought stress x TS-3 78n 18.94h 7640 6.33 cdefgh
W oohbx Sés wad i . .
- 30.59 jkl 20.59 ef; 15.63 kl .
Severe drought stress x Darab 14 Jemn 9 cfg e 6.03 defghi
D s x (2 208 A5 25.21 kimn 20.10 fgh 12.82 Imno 7.13 abedefg

Severe drought stress x Dashtestan 5

L, (S5 gesl bl 70 Jleis] pdaw )3 5y gxe GMS] (g )lol (L 5115, alie gy (gt oy &S (oolae]
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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7- Continous Table
slowd &1 2,Ses SG590m 3,5dos
Treatment ) Seed ygeld Biologica} yield
(95 x 55) (gm™) (gm™?)
(Irrigation X Genotype)
Wby x sl (sl 132.55 cdeff 430.17 fghi
Optimum irrigation x Jiroft 13 35 cdefg A7 fehi
025 b loee X ogllas ) 26036 ab 904.09 b
Optimum irrigation x Zanjan tarom landrace ’ ’
Yo e ¢ ogllas (]
. O = 317.94 1188.40
Optimum irrigation X Moghan landrace 794a a
L5 a6 x wgllas (o bl
. LT 146. .
Optimum irrigation X Naz of several branches 79 cdefe 45973 fgh
TC-25 x Cgllas (6L
j 217.90 689.8
Optimum irrigation X TC-25 790 b 989 cde
TS-3 x ‘7;91.]4,4’ (.S)L.‘.j .. ..
Optimum irrigation x TS-3 122.22 defghij 278.78 hijk
VE Ol x gllas (gl
. ST 181. .
Optimum irrigation X Darab 14 36 bede 624.82 def
[ Ow: x gT;9l]4,a d)lﬁi
. s 186. .
Optimum irrigation X Dashtestan 5 11 edef 319.24 defe
Wy x S il i 102.79 defghij 281.08 hijk
Moderate drought stress x Jiroft 13 R o
() ol e X (Sts gpMo A
=) ) . [ and 175.51
Moderate drought stress x Zanjan tarom landrace 7551 bede 716.15 bed
Yo oo x (Sis Mo 1S
Y 187.57 bed 882.26
Moderate drought stress x Moghan landrace ¢ be
Bls ae bx Sis oM i . .
g 112.8 .
Moderate drought stress x Naz of several branches I defehij 330.62 ghijk
TC-25 x Sis wdlo i
- 140.86 cdef 601.86 def
Moderate drought stress x TC-25 cdefgh de
TS-3  x Sus oMo i " .
- 5.60 ef] .
Moderate drought stress x TS-3 ? efghij 21774 ijk
W oohbx (Sis oMo i .
128. .
Moderate drought stress x Darab 14 13defghi 45741 fgh
O by x (Sid mMo i . .
123.94 defgh 353.22 gh
Moderate drought stress x Dashtestan 5 94 defghij g1
43. .
Severe drought stress x Jiroft 13 74 154.09 jk
Hou el e X (Sis wad S ..
o7 £ o 98.03 efgh 489.30 efgh
Severe drought stress x Zanjan tarom landrace g 930 cfg
Yo e X Sitd 405 LD 3
o o 113.42 defgh 632.75 def
Severe drought stress x Moghan landrace e 75de
Bls s bx Sid Lad io .. .
i - 56.17h 198.19 jk
Severe drought stress x Naz of several branches Y 98.19]
TC-25 x Sad yad s . "
i 83.55 f .
Severe drought stress x TC-25 ehij 364.88 ghij
TS-3  x Sud was is .
y 40.65 136.91 k
Severe drought stress x TS-3 J ?
W oohbx Sés wad i .. ..
; 5. .
Severe drought stress x Darab 14 7518 ghij 32751 ghijk
B Qi x (S b A 62.94 ghij 186.89 jk

Severe drought stress x Dashtestan 5

S S5 osel bl e 70 Jlazs] s 53 5l sime VST e ylel 5 51 ails alie B> gt 53 &S (ool

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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Table 8- Mean comparisons of interaction effects of mycorrhizal and genotype on Biological yield

sl
Treatment SU590m 3,5dos
(Guigis x 152555%0) Biological yield (g m?)

(Mycorrhizal X Genotype)
Y cé s x Glomus mosseae

Jiroft 13 x Glomus mosseae 374.59 fghij
S el Gl S S'S
ok e x Glomus mosseae 92381 ab
Zanjan tarom landrace x Glomus mosseae
Olxe e x Glomus mosseae 112793 2
Moghan landrace x Glomus mosseae
L5 x> ;6 x Glomus mosseae 416.49 foh
Naz of several branches x Glomus mosseae g
TC-25x Glomus mosseae 745.99 be
TS-3x Glomus mosseae 264.19 ghij
VY ol x Glomus mosseae 657.46 cd
Darab 14 x Glomus mosseae abede
0 sy x Glomus mosseae 47765 of
Dashtestan 5 x Glomus mosseae o> elg
Y ¢ x Glomus intraradices .
Jiroft 13 x  Glomus intraradices 27763 ghij
S eyl Glomus intraradices
b b e , , 663.26 cde
Zanjan tarom landrace  x Glomus intraradices
Ole e xGlomus intraradices 855.04 be

Moghan landrace x Glomus intraradices
45w b x Glomus intraradices 336.17 fihij
Naz of several branches x Glomus intraradices ’
TC-25 x Glomus intraradices 504.76 ef

TS-3  x Glomus intraradices 202.20 4j

VY ol)b x Glomus intraradices

Darab 14 x Glomus intraradices 40743 fghi
0 ylwasy x Glomus intraradices 328.50 fohii
Dashtestan 5 x Glomus intraradices ~Y I
W ey x 1980 (o9 .
Jiroft 13 x Without mycorrhizal 213.12 hij
155 ol lome X iy 60 90
BL NS oo L9
Zanjan tarom landrace x Without mycorrhizal 32247 def
Ol wamex liushe g% 720,42 bed
Moghan landrace x Without mycorrhizal
L5 aiz 56 2 )sSee g .
Naz of several branches x Without mycorrhizal 23589 hij
TC25 x1y 6 oo .
TC-25 x Without mycorrhizal 405.88 fghi
TS-3 x I -
*uste o 167.03
TS-3  x Without mycorrhizal
W ol x 15556800 e B
Darab 14 x Without mycorrhizal 344.85 fghij
D s x iy 5o
ol x [posfee 05 253.29 hij

Dashtestan 5 x Without mycorrhizal

S0 70 Jlazn] s 53l sine BMES] (LS55 905] ool 3 1, anlie By > g yn 43 4 (golas]
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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Table 9- Mean comparisons of interaction effects of irrigation, mycorrhizal and genotype on seed oil percentage

o Oy Moy
Treatment Oil percentage (%)
((edgig x 152 5950) olbo (k] wMlo i S G
(Mycorrhizal x Genotype) Optimum irrigation Moderate drought stress  Severe drought stress
Y cé s x Glomus mosseae 44.96 d 44.92d 39.63
Jiroft 13 x Glomus mosseae oo sedn bz
Yoo eyl Gl S S
o3 pilb b x Glomus mosseae 49.70 ab 47.10 a- 41221z
Zanjan tarom landrace x Glomus mosseae
i Joxe x Glomus mosseae
O
Moghan landrace x Glomus mosseae S0.01a 4782 a-d 42.05nz
L5 x> 5L x Glomus mosseae 45.35 45.48 40.03
Naz of several branches x Glomus mosseae 22 em aeem e yz
TC-25x Glomus mosseae 47.03 b-f 46.31 c-1 41.05 sz
TS-3x Glomus mosseae 44.86 d-o 44.64 ep 39.13z
VY ol)b x Glomus mosseae 46.16 c-i 46.56 c-h 40.83 ¢
Darab 14 x Glomus mosseae o] 0 s
0 sy x Glomus mosseae
Dashtestan 5 x Glomus mosseae 4575 cm 46.06 c-k 40.28 x-2
Y ¢ x Glomus intraradices 4462 4431 39.13
Jiroft 13 x  Glomus intraradices beep =1 e 2
0l pll s xGlomus infraradices 46.02 -l 4722 a-¢ 41.06 sz
Zanjan tarom landrace  x Glomus intraradices
o e xGlomus intraradices
© - -
Moghan landrace x Glomus intraradices 44.97 d-n 48.21 abe 41.84pz
s xs b x Glomus intraradices
Naz of several branches x Glomus intraradices 43.74ht 44Tl ep 39812
TC-25 x Glomus intraradices 46.43 c-h 46.90 b-g 40.75 u-z
TS-3  x Glomus intraradices 44.35e-q 43.98 g-s 38.83z
VY ol)b x Glomus intraradices
Darab 14 x Glomus intraradices 46.02¢-l 4572 cm 40.60 u-z
0 ylwas> x Glomus intraradices
Dashtestan 5 x Glomus intraradices 4539 e-m 45.48 c-m 40.06yz
W e x Lgtin o 4339 41.50 38.80
Jiroft 13 x Without mycorrhizal =7 20z s
Y5 ol e X 3,550 9% . .
OB Py R L9 . . ~
Zanjan tarom landrace  x Without mycorrhizal 4330w 4338 1u 4038 w-z
Yo oo X 1535500 Cpgs
O RPN L9 . S -
Moghan landrace x Without mycorrhizal 4370 h-u 4411 for 410452
L iz U 1y )sSe (g
Naz of several branches x Without mycorrhizal 43.66 h-u 41.90 0z 39.542
TC25 Iy ysSen o
TC-25 x Without mycorrhizal 4465 e-p 43.00 m-y 40.24 x-2
TS-3 x 555 3%
TS-3  x Without mycorrhizal 43.08 1-x 40.96 t-z 38.36z
W ol 15,0800 e
Darab 14 x Without mycorrhizal 43.66h-u 41.86 p-z 40.29 x-2
O lwass x 1 :
ol x [rogfee 05 4316 kx 41.62 pz 39.76 2

Dashtestan 5 x Without mycorrhizal

L5 70 Jleas| gaws 53 )b dxe BB ¢ Sg5 y905] (bl p 25,05 e gy gt a3 &S (odlsel

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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Table 10- Corrolation coefficients of studied traits

1 2 3 4 5 6 7
&l 5 Slas |
1- Seed yield
S afles Y g g
2- Biological yield
Of9y 22y Y 083" 0757 1
3- Oil percentage
Ofan o ¥ 083" 084" 080" 1
4- Protein percentage
CF9y 35kee 0 099" 0917 085" 084" 1
5- Oil yield
Ofign 2p8as = 099" 092" 08" 08" 099" 1
6- Protein yield
Offen Sabp BBV e 034" 011 20,05 001" -0.003" 1

7- Protein harvest index
Disine g /0 TN Jlais) o 43 b3 ine M) gt ™ 5 (T
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Introduction

Drought stress is considered to be one of the most adverse abiotic stresses that influence plant growth and
their physiological and biochemical aspects. In addition, drought stress influences the social and economic life of
humans. Sesame (Sesamum indicum L.) is a drought tolerant plant. Sesamum indicum L. is one of the oldest and
very important oil seed crops. It is usually cultivated in arid and semi - arid regions of the world for its quality
edible oil and is very responsive to changing environmental conditions. Mycorrhizal symbiosis plays an
important role in nutrient cycling in agricultural and natural ecosystems and reduces the effects of drought stress
in plants by helping water absorption. AM fungi colonize the root cortex of plants and develop an extrametrical
hyphal network that can absorb nutrients and water from the soil. So the objective of this study was evaluation of
the influence of different levels of drought stress and two kinds of mycorrhizal fungi on oil percentage and yield,
protein percentage and yield and seed yield of eight landraces sesame (Sesamum indicum L.).

Materials and Methods

This experiment was conducted by using factorial split plot based on randomized complete block design with
three replications in research field of Urmia agricultural high school in 2014-2015. The main factor consisted of
different levels of irrigation, normal irrigation (irrigation after 70 mm evaporation of crop (ETC)), moderate
drought stress (irrigation after 90 mm evaporation of crop (ETC)) and severe drought stress (irrigation after 110
mm evaporation of crop (ETC)), sub plots including two kinds of mycorrhizal fungi Glomus mosseae, Glomus
intraradices and non-inoculated (control). Sub-sub plots consisted of eight landraces of sesame names Jiroft13,
Zanjan Tarom landrace, Moghan landrace, Naz of several branches, TC-25 TS-3, Darab 14 and Dashtestan 5.

Results and Discussion

The results of analysis showed that the effect of different levels of irrigation, mycorrhizal fungi and
genotypes on studied traits were significant. Means comparison showed that with increasing severity of drought
stress, seed yield, oil percentage, protein percentage, oil yield, protein yield and biological yield decreased
significantly. Severe drought stress reduced oil yield and protein yield about 67 and 66 percent, respectively. Oil
and Protein yield loss are due to seed yield loss because of water scarcity and applying water stress. Inoculation
with mycorrhizal fungi species (Glomus mosseae and Glomus intraradices) in comparison with non-inoculated
(control), seed yield improved about 33 and 11 percent, respectively. The reason for that may be related to the
effect of mycorrhizal on absorption phosphorus and sulfur, lasting more leaves the plant, maintaining and
increasing the leaves size and improving the photosynthesis by more chlorophyll. Reason of increasing
biological yield in normal irrigation conditions was also due to the development of more and better durability of
the leaf surface which causes physiological source sufficient to make greater use of light and dry matter
production.

With using two kinds of mycorrhizal fungi (Glomus mosseae, Glomus intraradices) in compared to non-

inoculated (control), seed yield and seed qualitative traits increased. Among sesame landraces under studied in
this research, Moghan landrace and Zanjan Tarom landrace based on traits such as seed yield, oil yield and
protein yield had superiority on other landraces. Based on results of this study, for improvement oil and protein
percentage using mycorrhizal fungi especially, G.mosseae species would be recommended.
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Conclusions

The results of this study showed that drought stress and water deficit substantially reduced the quality traits
such as oil content, protein content, oil yield, protein yield and seed yield of landraces of sesame. Application of
mycorrhizal fungi in three different conditions increased seed yield and quality of all landraces. According to the
results, not only the use of mycorrhizal fungi increased seed yield under drought stress but also in optimum
irrigation conditions using mycorrhizal fungi, especially the species G. mosseae can be improved quantitative
and qualitative yield. Landraces had different reactions to drought stress. Landraces Moghan and Tarom Zanjan
had superiority on other genotypes and can recommend as suitable genotypes for planting.
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