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Path analysis of effective traits on oil and protein yield in sesame genotypes under
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ABSTRACT

To determine the traits affecting oil and protein yield and selection of suitable sesame cultivars under
inoculum conditions and lack of inoculation with mycorhizal fungi and different levels of irrigation, an
experiment was conducted as factorial-split plot design with three replications in research farm of
Agricultural Research Center (Saatloo station of Urmia) during 2015 -2016 cropping seasons. The main
plots consisted of factor A: three different levels of irrigations (normal irrigation: irrigation after 70 mm
evaporation of crop or ETc, moderate drought stress: irrigation after 90 mm ETc and severe drought stress:
irrigation after 110 mm ETc) and factor B: three levels of inoculation: two kinds of mycorrhizal fungi
Glomus mosseae, Glomus intraradices and non-inoculated (control). Sub plots (factor C) consisted of eight
commercial cultivars of sesame. In stepwise regression analysis, regarding oil and protein yield as response
variables, in addition to grain yield and oil percentage and protein percentage, different traits were
introduced under different conditions of mycorrhiza and water stress conditions. In path analysis (traits
entered on the model included seed yield, oil percentage, seeds per square, protein percentage, capsules per
plant, seeds per capsule, biological yield, protein yield, 1000-seed weight, oil yield, number of branches,
plant height, stem diameter and root colonization) under different experimental conditions, the highest
direct effect on oil and protein yield was obtained from oil percentage and protein percentage, respectively.
Based on cluster analysis results, the "Darab 2" and "Darab 14" cultivars are suitable for cultivation in
different conditions. Also, it sems that seed yield and oil percentage traits to achieve high oil yield and seed
yield and protein percentage traits as selective indices to achieve high protein yield suitable.
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1- Field capacity
2. permanent wilting point



oS Sacds) ) Gefian 9 HE9) Okes i Fge Dlao Cole e reslj gy 5 O3B VA

@3,y slesl gl 5l e o 5 LS slacs,
AOAC.,) Al s oS00 by (59, by .5 Bk
VAD Jso JIaloxS olSis by (yaiis, Aoy 5 (1990
dmlne (595 223 gy Gl 5o ol (5 S el
3oy o, les Al o FITD o 10w g Al
Sfdes g alls 0o ;3 (189, ey opo ol
alo 3 Sos )0 (g p e yd 0 po Jolb> jl s n
3 ey gl 7 glS 0o )3 (et (6l D Aslone
ssbay Jless o 5l g Ve ady; ol ol al> e
D9 dloaly )yl 3l ey g ol Clloy dolas
VW FAA Jsloo )0 55 5 s, slaads, 5l e 5 S5
Sl a5l gy + Bl agalle 5 ) oo
b was esls 1,3 (0 Jsibl ol Lo 30 4 Ll
Sl bady) (5500l 55) (6l g o ladiged
Jsb &) ado) Slalad e g 2ad 4t (Jgoss
Sy Sae dr g M) KOH 31 58 (e il S5
o )8 18]S ile az 0 Qe sles jo wiels
Ay Do dy oy dlacds 1 L a0y 3
PR HRWRP VAN USIRVES I VRTE VRSN LIV BCRPT: RN
(doyo 120 ob (b)) () Jsloe )T (555 e
az,0 e les jo 4aBs VO Do 4 g ol adlsl
T S5, Uslme om0 o0l 18 ol Seile
S0 s reT5Y (210555, Jolro O 51 ey 9 05
Lol 4 (G (Jopmds « SV ol G 4 S5 4
az,0 Ve gles yo el SO G W g ol adlS
5 om0 sols 18 Ol plas 3o 0 ol 5 il
a paty) ()58 sSus,Son nj 5o osalive sl o
Sad Jie Jo S 700 sl by
@ ady) S8 (S ol ples (59, 51 1) S5, o Jghowe
Slaplail Az 1o s 05 o )5 B slaplail 5>
@ parine b4 @l g 9 JBb o (2,6
.(Philips & Hayman, 1970) wgis oo onys ol S,
SH g, 5l eade; GeamliniglS s yo (rni sl
A (g, opl yo ad eolaiu]l S bglas
5 &b odler s 6 S Sy 4 ekl
olai jsbas il rael S5 slaady I solaws

-diged 5l (6 loke L aile di oSl o calaame
oaly )18 B,k 10 jauas! VO ¢ /Y jLis v sla
aS celo Y 5l o g wiod Jite ool 4 9 diad
5 Wz > 91 5 g oo o> o] ol Sls
Ojy el g WA Gj &8s el L e
IS (Foyei Al 5 ol)5 ced b s ol psane

A dsle VY 5 YO NYY b il oo 5 &

RAW = =2 x px D x MAD Y Woleo

- b ey Jsos)l g T RAW :dlslas ol 4o
toald (5005 abads  PWP ¢ ely; o8 b (FC ¢
e g dday by Gos Dt pall ogatis ()9 p
ool Jgooll s ol it yo « MAD 5 o s
SO bl (el); Cud b o) pyl-py) S o
Foo douS )0 Aly) drwgd Ges a3l 0 WYY
Jyosll dews ol pd g ud 8,5 )5 ) 2 (e
il 004 MAD LF L

RAW =2=2x 1.37 X 600 X 0.65 Y aolxs
Slen Jsosll Jews ol ey « MAD aolae cpl 4
abaii 5 elyy cud,b oy aS col solanwl LB Ol

Gl )0 capd ool el 85 15 s (S0l
NP o Ay 3ol G5 g mdle (iS5 eogllas
sl o bl Lyl s o s ad,F L s +/30
L Jyosll Joms o o St5 apad (25 5 odle (3
Casdds yaghis Voo g AD Y+ ply o5 4 RAW
45,5 a5 WETC L ol 5,85 gy Jolao a5 ol
ETo =ETp X Kp Y dolee

ETc = ETo X Kc T doleo

olS onilyy 3y g e ETO :¥oleo oyl 4o
55 5 o ELC 15505 SRES 5,5 5 e TP
SeiS o cKp g azS alS oo KC LS
5estalojl slaasly syl olie arnlxe j5kiie o
4w oo pglé (Chamberlain, 1952) WSC' g,
il Sl Bd> gl g cudloy adge (o 0l colaiul

! - Washington State College



YA YA Sl ) 8,Lels B 8,90 oyl ! ely lalS psle

28 Slao dhyeSen b il (g g podle (St
Ao, dils o Slae (ol Jow o)ly calizee slapls
G5l )0 Nogr miyeyie ;o Al slasl 5 (48,
odd o,lg wlas G. MOsseae b gili o oMo S
22,0 il 3 Slas i 4 o2y p8 6 sl o5 )
Sfdes g egn 3,Mhes ils Vere b9 (58,
Tl 5 edle (i 2 jlen 0 Nog Su3slen
ol e alie wlaw G intraradices L
3 ,8es 5l yuea0 G. mosseae b zils 5 oD (Sl
2 S LS e S, aolee 0 Suiglsn
Lalpd 5o TnpsSee b il poe g il slojlos
g 4l o Slos Slao 8 50 0 wad (Sas i
2l (V Joguz) )5 18 alolee )0 (89, w00
3o dlwgds (89, 0 Shae wisls plis 5 pladze
G onl @mls b aS ol ar gl (8, oo 5 alb
Gwizs 4o (Qavami et al., 2012) cuils caisllase
sl las pl8 4y pl8 9,5, (2011) Rabiee et al
(2N 59, 9 8, de )0 g aild o Slee Slas oS
A g wdls IS (589, 0 8dee 2 1) 230 (o yiien
W3S Ay 1) 8y, 9,8es Olpess 1wy

.(Rabiee et al., 2011)
5,Sbee (sl 45 Canl oad (315 b ialesT ule o
oliss i olass Sijgla 3Sas lao ks,
g ol oylg Jaw o 039 yo ails olass g o8 a5l
03)ly Blas lawg (g, o, Slee Dl i as o AY
Golparvar & .(Omidi Tabrizi, 2002) o a>g
Lylos o wsols ylis (2012) Ghasemi Pirbalouti
Sy U gy ealls Veve (5 Slio (Jyare o)k
Joe 5y ity oS 5o s olass 5 Sjglgsed
o dy |y g) 0, Slee Olss 5l oo, AN g wioll
gl Yoo 5g Slao puzmen ol plais]
Sgutp Slp o sl e olE o als slass
Lilpd ) o)l SIS Bl eg) 0 8ee (S5
@ b Gk ol 59 Lo slaaidly wiogy (Sis i
Mozaffari & Asadi, ) el calae ladze 5l

.(2006; Arsalan, 2007

wo 25 o S 0ol B s o JBIs 0
Job e g aly; Sie Ol (2L
RSPURES| 'L SRSV I R VIR W SO I K W PRI L g S A
5 @l bglas L a5 asy, 5l bl ol o
19 G 9 N (5led Wilesgel 5555 5 (5990
Ohileds gy et 4 5 Widg Ky p 2l S, a8
5 oolawy 5 SO, of bla olows s 51 Ladols
03 (a3 00l 055slS ady ) Jsb o ys oo 95 5
o el 1,85 aw b lojlesd pled gl Joe ol o
(Giovannetti & Mosse, 1980)

Ll yd 5l S o 50 Cole 9 pl5 4 65 (5o 5, 41328
Path2 5 SPSS 20 (sl 133l 5 5l eolical b o laoes
Lalpd 5l Sosm yo laoeisl) lades s 5y
S50 5 b dmosls 53,5 5 laibiasl 3l oy lawsee
28,5 sl Minitab 16

PB4 pl (ygaw )5 ) 4 325
LI Jooz o Slio Gub)ly 4520 @l asdls
5 O SSles (g S) w50 el oads
5 aly Sloprie Glycay allaz jsbay (5555

oS 2 50 als oluss @igy 2 40 JownS olaas
gy glay | (e ,8 Al slasd (e e jo &l ol
Soyd g gy heyd ey, (gewlidols wadle L
wdS By e Gbayiie Glyie 4 ufisn
05 g wsthe lal Jlas o gg) 9 Slee (sl
091 s gl dils o Sles 680 7B L ils
S0 ails slaws g 49, duoy0 Al oylg Jow 4o a8
S8 S 18 Jaw 0 aS Wiog guam Slho (ao e ie
Glryssee b il 5 csllae gl Lo o
Joe ;0 02 iy oy o,k o5 40 G mosseae
Lozl 5 oslhe lel Jla p0 285 18
LA8 30wl o Slee Jgl o5 4o G. intraradices
(€9, duo 0 Slhe Cud A (o slepls jo g 0y
olass g digs ;2 ;0 JgmeS Slowi (au o o j0 als dlaws
O Hlewd jo aal Jae o4ls JemaS 2 o asls



waziS glocadsi 10 Geiian 9 HE9) 0,Skes p Fge Dlao Colde 4y i 0oly g0 5 ol5 S YAY

Jlos 59 50 15,980 3l oolaiul § Sugh, calidee Lyl jo aouS jo adlllas 0,50 Slao il lg 4520 -V Jgu

Table 1. Variance analysis of studied traits under different moisture conditions and mycorrhiza utilization in two years
Mean square

Source of df Seed yield Oil Number of Protein Number of ~ Number of Biological Protein 1000-seed Root Stem Plant height Number Oil yield
variation percentage seeds per percentage capsules seeds per yield yield weight colonization diameter of
square meter per plant capsule branches
Year (Y) 1 51871.92 ™ 48.48™ 343492.92 ™ 54.02™ 263.65 " 8.36 " 323842.427  2622.90 0.69 ™ 1.86 ™ 1.96 3325.22" 1151 10452.14 ™
Block/year 4 603.52 0.45 22479.92 1.80 14.38 2.93 173643.75 41.65 0.14 0.144 0.43 232.49 3.72 99.29
Irrigation (1) 2 85338.44 ™" 200.24 ™ 533534.39 ™ 56.38 ™ 175.01 ™ 130.76 ™ 650440.97 " 4612.75 ™" 4.84™ 172" 291" 16781.45 ™ 1572 17316.52 ™
Year x 2 2306.90 ™ 8.95™ 43.34™ 2.94™ 369" 0.40™ 17021.030 ™ 118.99 ™ 0.05"™ 0.00081 ™ 0.046 ™ 518.75 ™ 0.43™ 592.99
irrigation
Mycorrhizal 2 29405.81 " 8157 ™ 296568.16 ™ 72.24™ 11352 ™ 59.94 ™ 314531.36 " 2023.84 ™ 4.06 ™ 484" 146" 8930.01 ™ 16.54 ™ 5801.41 "
(M)
Y xM 2 3258.31 " 0.00 ™ 864.39 ™ 0.0027 ™ 2.99™ 0.02™ 11559.30 ™ 194.59 ™ 0.00 ™ 0.0374 ™ 0.0022 ™ 418.67 ™ 0.65 ™ 648.25 ™"
I1xM 4 905.40 091" 1572.82™ 7.55 " 0.106 "™ 0.28™ 3608.13 ™ 76.32™ 0.02 "™ 0.0148 0.0009 ™ 8.43™ 0.09 ™ 22457
YxIxM 4 60.33™ 0.00 ™ 190.61 ™ 0.0028 ™ 0.14™ 0.00046 "™ 377.94™ 452" 0.00 ™ 0.0028 0.0023 ™ 18.23 ™ 0.12"™ 16.99 ™
Error a 32 16.99 0.19 1852.73 141 113 0.48 2630.11 2.003 0.01 0.00265 0.015 79.50 0.19 3.13
Cultivar (C) 7 96179.62 ™" 0.50 ™ 283481.22 ™" 0.84™ 151.91 ™ 22.24™ 814383.93™  5555.85 ™" 372" 0.418™ 0.87 ™ 4705.68 ™ 5.78 " 17727.43™
YxC 7 5010.10 ** 0.00 ™ 10742.09 0.0028 "™ 871" 0.0091 ™ 56704.68 263.38 ™" 0.00 ™ 0.0010 "™ 0.092 ™ 468.44 ™ 0.50 ™ 986.19 ™
MxC 14 76141 0.54 ™ 1198.48 ™ 0.69 ™ 0.104 ™ 0.095 ™ 4236.62 ™ 54.11™ 0.01™ 0.041™ 0.0037 ™ 11.25"™ 0.14 "™ 161.91 ™
YxMxC 14 275.07™ 0.00 ™ 207.90 ™ 0.0029 ™ 0.15™ 0.00022 ™ 1662.29 ™ 16.86 ™ 0.00 ™ 0.00030 ™ 0.0018 ™ 13.92 ™ 0.12"™ 53.54 ™
IxC 14 6497.26 ™ 0.97 ™ 4351.50 147 129" 0.35" 28319.46 ™ 370.56 0.03™ 0.00399 ™ 0.039 ™ 58.27 ™ 0.21"™ 1323.39 ™
YxIxC 14 419.76 0.00 ™ 13050.03 "™ 0.0029 ™ 0.94™ 0.00020 "™ 2976.23 ™ 23.06 ™ 0.00 ™ 0.00021 "™ 0.015™ 23.21™ 0.15"™ 82.06 ™
IxMxC 28 82.62™ 0.43™ 91.70 ™ 0.479 ™ 0.07™ 0.038 ™ 181.31 ™ 572" 0.0072 "™ 0.00102 ™ 0.0031™ 8.088 ™ 0.07 ™ 18.11™
Y x1xMx 28 70.79 ™ 0.00 ™ 68.93 ™ 0.0029 ™ 0.06 ™ 0.000044 219.03™ 439"m™ 0.00 ™ 0.000035 ™ 0.0023 ™ 5.37"™ 0.08 ™ 13.25"™
C ns
Error b 252 41.004 0.35 953.41 0.26 0.70 0.10 4744.85 2.58 0.01 0.000473 0.0096 30.94 0.13 7.45
CV. (%) - 11.71 141 14.79 2.16 13.31 4.53 35.26 12.29 6.50 3.83 16.32 10.60 21.18 11.63

NS

il o0 oy SO g i e Ho I dre g o dime g odie lid Cud s

**_ *and ns show significant at 1% and 5% of probability levels and non-significant, respectively.
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Table 2. Stepwise regression of oil yield as the response and other traits as predictors in sesame cultivars
under different moisture conditions and mycorrhiza utilization in two years

Condition Step Number Regression equation Durbin- Watson
1My Step 3 Y=-20.73 +0.435 (SY) + 0.484 (OP) + 0.000459 (SS) 1.61
1M, Step 4 Y=-46.108 +0.448 (SY) + 0.798 (OP) - 0.00000657 (SS) + 0.455 (PP) 1.57
11M3 Step 5 Y=-38.613 +0.447 (SY) + 0.779 (OP) - 0.00003353 (SS) + 0.041 (CP) + 1.851 (TSW) 1.995
;M Step 3 Y=-16.89 +0.417 (SY) + 0.407 (OP) - 0.000002366 (SS) 2.16
1,M, Step 5 Y=-20.67 +0.39 (SY) + 0.516 (OP) - 0.666 (TSW) + 0.174 (PY) - 0.001 (BY) 2.05
;M3 Step 5 Y=-20.21 +0.389 (SY) + 0.497 (OP) + 0.002 (BY) - 0.709 (TSW) + 0.154 (PY) 2.15
1sMy Step 2 Y=-11.11 + 0.405 (SY) + 0.274 (OP) 1.85
1sM, Step 2 Y=-13.96 + 0.416 (SY) + 0.335 (OP) 2.36
1sM3 Step 2 Y=-15.59 + 0.423 (SY) + 0.369 (OP) 2.19

S Ll T g e 25 wogllae o)kl sl jlens oS 4 ils o
G. intraradices 13,350 g G. MOSSae 5,550 ol 5950 (9o slo sl o 5 4 ;M3 ;M2 My

e )0 JomeS olasd (g Qo) cape e Ho Al Slaw (e, S s il o Sles o3 5 4 :TSW 4 BY SC (CP.PP SS .OP SY

I3, I;and I3. Optimum irrigation, moderate drought stress and severe drought stress, respectively

M1, M, and M3. Non mycorrizal, G. mossae and G. intraradices, respectively

SY, OP, SS, PP, CP, SC, BY and TSW: Seed yield, oil percentage, seeds per square meters, protein percentage, capsules per plant,
seeds per capsule, biological yield and 1000-seed weight, respectively.
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Table 3. Stepwise regression of Protein yield as the response and other traits as predictors in sesame
cultivars under different moisture conditions and mycorrhiza utilization in two years

Condition Step Regression equation Durbin-
Number Watson
1:M; Step 3 Y=-20.11 +0.226 (SY) + 1.03 (PP) - 0.383 (SC) 2.15
1M, Step 3 Y=-28.74 +0.249 (SY) + 1.17 (PP) - 0.002 (BY) 1.71
11M3 Step 2 Y=-17.60 + 0.236 (SY) + 0.748 (PP) 2.70
LM Step 7 Y=-4.96 +0.32 (SY) + 0.216 (PP) + 0.004 (BY) + 0.000023 (SS) — 0.019 (CP) - 236
2 0.254 (OY) — 0.040 (NB) :
.M, Step 5 Y=-14.46 +0.246 (SY) + 0.6 (PP) - 0.002 (BY) + 0.000003663 (SS) - 0.059 (NB) 2.12
;M3 Step 3 Y=-10.42 +0.234 (SY) + 0.413 (PP) + 0.013 (PH) 1.83
1sM; Step 5 Y=-3.01 +0.323 (SY) + 0.126 (PP) + 0.006 (CP) — 0.216 (OY) - 0.009 (RC) 1.59
13M, Step 3 Y=-8.91 +0.236 (SY) + 0.353 (PP) + 0.003 (BY) 151
1sM3 Step 4 Y=-6.96 +0.246 (SY) +0.270 (PP) + 0.011 (PH) — 0.006 (RC) 1.54

S Gl G g e 25 wogllae o)kl sl jlens oS 5 4ils o
G. intraradices |3 55 9 G. MOSSae 15,65 ol 5,550 (900 (slo Lo <o 5 4 :M3 M2 My
Slass gy ;0 JguunS Sloi (aoyo0 i 10 ald Slawd (g oy ails o Slee i 5 4 :PH 4 RC NB OY BY SC CP.SS PP SY
gy £l )l g adiy ) oawlinislS ¢ 0,8 asLd slaws (189, 0, Slas (Syjelgm 0 Slos ¢ JgunS Ho alls
13, I, and I3, Optimum irrigation, moderate drought stress and severe drought stress, respectively
M1, M; and M3 Non mycorrizal, G. mosseae and G. intraradices, respectively

SY, PP, SS, CP, SC, BY, OY, NB, RC and PH: Seed yield, protein percentage, seeds per square meters, capsules per plant, seeds per
capsule, biological yield, oil yield, number of branches, root colonization and plant height, respectively.
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Table 4. Path analysis of oil yield in commercial sesame cultivars under different moisture conditions and
mycorrhiza utilization in two years

Condition Traits sY OP SS PP CP SC TSW PY BY Sum of effects
SY 0.743 -0.003 0.248 - - - - - - 0.99
1M1 OoP 0.453  0.004 0.17 - - - - - - 0.62
SS 0.728 -0.003 0.253 - - - - - - 0.98
Residual 0.132
SY 0.727 0.009 0.254 -0.003 - - - - - 0.99
OoP 0473 0.014 0.174 -0.002 - - - - - 0.66
11M2 SS 0.713  0.009 0.26  -0.003 - - - - - 0.98
PP 0.094 0.001 0.049 -0.016 - - - - - 0.129
Residual 0.13
SY 0.857 0.004 0.134 - -0.051 - 0.043 - - 0.99
OoP -0.652 -0.007 -0.103 - 0.038 - -0.039 - - -0.76
11M3 SS 0.823  0.004 0.14 - -0.053 - 0.044 - - 0.959
CP 0.814 0.004 0.138 - -0.053 - 0.044 - - 0.949
TSW 0.729 0.004 0.121 - -0.047 - 0.05 - - 0.86
Residual 0.134
SY 0.652 0.008 0.328 - - - - - - 0.99
12M1 OoP -0.105 -0.056 0.01 - - - - - - -0.151
SS 0.632 -0.002 0.339 - - - - - - 0.97
Residual 0.13
sY 0.267  0.008 - - - - 0.012 0.265 0.435 0.99
OoP 0.066  0.034 - - - - 0.003 0.066  0.088 0.259
12M2 TSW 0.251  0.009 - - - - 0.013 0251 0413 0.939
PY 0.265  0.008 - - - - 0.012 0.267 0.435 0.99
BY 0.265 0.006 - - - - 0.012  0.265 0.44 0.99
Residual 0.111
sY 0.32 0 - - - - 0.027 0314 0.326 0.99
OoP -0.049 -0.003 - - - - -0.003 -0.051 -0.037 -0.141
12M3 TSW 0.301 0 - - - - 0.029 0.298 0.31 0.939
PY 0.317 0 - - - - 0.027 0317 0.326 0.99
BY 0.317 0 - - - - 0.027 0314 0.329 0.99
Residual 0.115
sY 0.991 -0.002 - - - - - - - 0.99
13M1 OP -0.129  0.008 - - - - - - - -0.12
Residual 0.14
sY 0.982  0.007 - - - - - - - 0.99
13M2 OP -0.649 -0.012 - - - - - - - -0.661
Residual 0.14
sY 0.991 -0.002 - - - - - - - 0.99
13M3 OP -0.06 0.019 - - - - - - - -0.04
Residual 0.139

S Gl G g e 25 wogllae o)kl sl jlens oS 5 il o

G. intraradices 3,65 ¢ G. m0ssae 5,95 ;950 9 b jlews o 5 4 (Mg, M, My

390 JgmnS Sl (yuiig Qo )0 (a0 i 10 dls Slasd (4E g, oo wils o Sles o5 5 4 TSW 4 PY BY SC (CP.PP SS .OP SY
lo Voo 398 gy o, les « Su5egm o, Slas (JounS j0 ails slaay iy

I3, I, and I3. Optimum irrigation, moderate drought stress and severe drought stress, respectively

M1, M, and M. Non mycorrizal, G. mossae and G. intraradices, respectively

SY, OP, SS, PP, CP, SC, BY, PY and TSW: Seed yield, oil percentage, seeds per square meters, protein percentage, capsules per
plant, seeds per capsule, biological yield, protein yield and 1000-seed weight, respectively.
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Figure 1- The diagram of path analysis of effective traits on oil yield under different experiment conditions Optimum irrigation
(I1), moderate drought stress (I2), severe drought stress (I3), non-inoculation (M1), inoculation with Glomus mosseae (M2) and
inoculation with Glomus intraradices (M3). The numbers for one-way and two-way arrows indicate direct effects and correlation coeffi-

cients respectively. Indirect effects are presented in Table 4.
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Table 5. Path analysis of protein yield in commercial sesame cultivars under different moisture conditions
and mycorrhiza utilization in two years

Condition Traits SY PP SC BY SS CP oYy NB PH RC Sum of
effects
SY 0666 0323 O - - - - - - 0.99
1ML PP 0646 0333 0 ; ; ; . . ; 0.98
sc 0593 0296 0 - - - - - - 0.889
Residual 0.115
sY 0833 0004 - 0151 - - - - - 0.99
M2 PP 0108 0035 -  0.006 - - - - - 0.15
BY 0825 0001 - 0153 . . . . ; 0.98
Residual 0.138
SY 0979 001 - - - - - - - 0.99
11M3 PP 0705 0014 - . . . . . ; 0.72
Residual 0.14
SY 0239 00l - 0359 0118 0032 0375 -0.126 - - 0.99
PP 0064 -0.035 - 0097 0035 0009 0102 -0.006 ; ; 0.27
BY 0237 00l - 0362 0119 0032 0375 -0.129 - - 0.99
SS 0232 -0011 - 0355 0121 0033 0367 -0.131 - - 0.97
12M1 cp 0227 -0011 - 0348 0119 0033 036  -0.13 - - 0.949
oy 0237 00l - 0359 0118 0032 0379 -0.127 - - 0.99
NB 0215 -0.002 - 0333 0114 0031 0345 -0.14 - - 0.899
Residual 0.111
SY 0698 000l - 094 1153 - - -0.408 - - 0.99
PP 0028 0027 - 0019 0023 - - 0.008 - - 0.05
BY -0.691 0 - 095 1141 - - -0.412 - - 0.99
12m2 ss -0.691 0 - 0031 1164 - - -0.417 - - 0.99
NB 0.663 -0001 - 0912 1129 - - -0.429 - - 0.949
Residual 0.052
SY 0876 -0001 - - - - - - 0.114 - 0.99
PP 0447 0001 - - - - - - -0.055 - -0.501
12M3 PH 0.806 -0.001 - - - - - - 0124 - 0.93
Residual 0.132
SY 0426 00l - - - 0.067 0422 - - 0.063 0.99
PP 0128 -0035 - - - 0022 -0.128 - - 0.011 -0.301
cP 0409 001 - - - 007  0.409 - - 0.06 0.959
13M1 oy 0422 001 - - - 0.067  0.426 - - 0.063 0.99
RC 0366 -0.006 - - - 0.057  0.366 - - 0.073 0.86
Residual 0.119
SY 0746 0005 - 0.237 - - - - - - 0.99
PP 0635 -0008 - -0.209 - - - - - - -0.851
13M2 BY 0731 0006 -  0.242 ; ; ; ; ; ; 0.98
Residual 0.132
SY 0442 0015 - - - - - - 0207 035 0.99
PP 0208 0031 - - - - - - 0127  -0.167 -0.47
13M3 PH 0419 0019 - - - - - - 0.218 0.33 0.949
RC 0433 0015 - - - - - - 0198 0362 0.98
Residual 0.12
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I3, I, and I3, Optimum irrigation, moderate drought stress and severe drought stress, respectively
M1, M, and M. Non mycorrizal, G. mossae and G. intraradices, respectively
SY, PP, SC, BY, SS, CP, OY, NB, PH and RC: Seed yield, protein percentage, seeds per capsule, biological yield, seeds per square
meters, capsules per plant, oil yield, number of branches, plant height and root colonization, respectively.
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Figure 3. Cluster analysis dendrogram of eight commercial cultivars of sesame based on Ward method on
guantitative and qualitative traits under optimum irrigation, non-inoculation (11M1), G. mosseae
inoculation (11M2) and G. intraradices inoculation (11M3)
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quantitative and qualitative traits under severe drought stress, non-inoculation (I13M1), G. mosseae
inoculation (I3M2) and G. intraradices inoculation (I3M3).
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