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1- Stress Susceptibility Index
3- Mean Productivity
5- Geometric Mean Productivity

2- Tolerance
4- Stress Tolerance Index
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1- Stress susceptibility percentage index

2- Relative drought index

3- Senditivity drought index
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Table 1. List of the studied soybean genotypes in the experiment
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Spry GN 3065 vY¥ T 215 GN 2171 ¥
ELF GN 3025 A Kabalovskgja B GN 2167 o
Maccal GN 3027 \rd Kabalovskaja GN 2166 4
L.2(Lianax Caspian) LianaxL32/2 Yvy 8-L.65-3266 GN 2157 Y
L.2 (HachestonxL16) HachestonxL 16/16 YA Black Hawck GN 2156 A
L.3(Lianax Caspian) LianaxL32/3 ya L.Germ/2 GN 2152 a

L.3 (Stressland x NMSB) Stressland x NMSB/3 Y. Roanak GN 2125 \.
Soy.91-19a ChalestonxM ostang/12 ¥y L.Germ/ 52 GN 2165 AN

L.3 (Spry xNemaha) Spry xNemaha/3 Y Hack GN 2095 WY

L.8 (Spry xNemaha) Spry xNemaha/8 Yy Amurska 42/6 GN 2087 W

L.2 (Spry xSavoy) Spry xSavoy/2 Y¥ Harcor GN 2040 \\i

L.3 (Spry xSavoy) Spry xSavoy/3 Yo Elgin GN 2046 VO
Soy.6-79 L6-P79 \rg NS61-B1 B GN 2015 \s
L.74(Delsoy 5500 x Iroquis) DI 74 YvY Pick manns Huekalit GN 2032 A\
L.57(HartwingxDelsoy4210 ) D42.19 YA RCAT BOBCAT GN 2011 A
L.58 (Delsoy 5500 x Iroquis) D42.14 Ya Union GN 2034 A
Parsa D42 xWill. 82 ¥- CPA GN 2003 Y.
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1-Yield stability index

2- Harmonic mean
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Table 2. Results of analysis of variance of seed yield and quantitative indices of drought tolerance of soybean genotypes
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Table 3. Comparison of mean seed yield of soybean genotypes based on quantitative indices of drought tolerance by
Duncan method
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STI HARM GMP SDI Ys Yp [ORJ))
A a yEYa/o a YYYY/A A <IYVEY n-m YAFF/Y A YYYAIY b-c \
NI f-g  WAL/5 f-g \AYE/D f-g -[o¥sY ef WY f-g YAABIY f-g Y
<IfA f-g VOYY/¥ k-g VFFA/A f-g <JYexY ec Vool f-g YYFY/VY b-c Y
AR R vo¥/¥ q-r AvO/Y q Diarat ef INNYAY I-m VAVY S ¥
g5 p-g Vel n-o V- AD/A p-q JEYEY  nem MY jk VOYY/Y sq )
Niid g NovYVY k-g YA/ f-g -IsVYY ef Vo\$ f-g PYYANY f-g 5
<IYA p-l VWYWAY/D n-l VFea/¥ m-n <Y p WeF/Y f-g \OSOIY sq \4
Dinas p-l WYY n-o VY- m-n 4 ef Ay f-g AAARTAY n-o A
Niiis g VEFE/F k-l AYEA/A f-g VY ec ay jk PRIV f-c q
Y RQ A qr 1-v/a p-q <IvY o-p Yay/y j-k Vede /Y s ye
IyYVY p-q VAY n-o WA/A m-n I8N ef YAV/Y j-k Yo+ I+ W
IV c-b YVOV/Y b YYOV/Y c-b <[FEYY n-f VEA- c-b YeYV/Y f-g Y
-I¥A g Vo-Y/¥ k-g \AaY/5 f-g BAans ec QWYY ig TEYYIY b-c 3y
AR} n-l AYYY n-o \ESYLD m-k <Ivagy b-c yya/y j-k YVEY/Y b-a VY
-IY0 b YVVA/A c-b YY-AlY b - JOsYY ef AIAIA c-d Yo ¥/Y b-c A\
<\YE p-q aa¥/¥ n-o ARARY p-q Riarat ef FAY/Y j-k VAYD/Y p-o \F
oI55 f-g yaay/y f-d YeVY/¥ f-g JI¥e2Y n-m Voo c-b YY\AIY i-g Y
. [555 c-d VY2V c-d YiVa c-d «/Fayy n-f VaYa/y c-d Yyea/y f-g YA
<Yy p-l ava/s g-o VOVYV/Y m-n <[ASYY b-a INAYAY 1-k Y\£EIY a A
Iv¥ p-l VFYa/a k-1 VOOY/A m-n - JofYY ef Vevaly f-g YYYVIY n-o Y-
-Jovs f-g AV f-g Y-YO/A f-g <OVYY n-f Al c-d yawn/y f-g AR
Nitas p-q WEEIY n-o o/ m-n - /o) n-f a¥o -9 Vaoy/y n-o vy
<[FYY n-l \EVAIY f-g WYa/¥ -9 <IYASY n-m WYav /v f-g YYYo/Y n-o vy
NAss ng VLY k-l \YES/Y f-g <[SAYY ef QAY/Y f-g FAVS/Y f-g Yf
/o0 f-g VAOY/Y f-d VAAY/D f-g <IYAYY n-m \EA-IY c-b YYo-. n-o Yo
/¥ f-g VA-Y/A f-g VAYO/A f-g IvF n-p VOMV/Y cb YAYV/Y n-o \rd
<[OAY f-g VAAS/Y f-d Yo \AD f-g «/yayy n-m VWev/Y b yyas/y n-o Yy
Yy p-l WY/ n-o YO/ m-n < IYEYY b-c YAYIY j-k YAYY/Y f-g YA
I8y f-g YYY/Y cd AARA7AS f-g <IYVEY n-m \FOYIY cb \ra'd i-g ya
-I¥os g ASEY/ f-g A-Y f-g sy ef Fe f-g YASYVIY f-g ¥
/yas n-l \EYA/Y f-g Y. m-k <IYNEY n-m WAL/ f-d AR n-o ¥y
AN r-q \ravly R RS20 p-q ANans a YOV m YYar¥/y b-c Yy
I5Y f-d Y SEIY c-d YAY-/A f-d Nirans n-m \EAY c-b \t7as i-g Yy
<[asg A Y&eAA A YEYIY A <JYexY o-p YYYY a Yaos/y f-g Y¥
-[50 c-d ARAA7A c-d YAYV/A c-d SIFAYY n-m VFO¥ c-b YA« f-g Yo
<IN p-q WAYA n-o WYA/Y p-n <FIYY n-m avs i-g \EYOIY p-q \rg
<J¥AY f-g  WYVE f-g VAQY f-g NINta% ef Y5 f-g YYYE/Y i-g Y
<JFYY n-l \Fzz2A f-g WYYV -9 <I¥YEY n-m WYL/ f-g YYas/y n-o YA
Iy p-l \YOY/D n-0 VYAV m-n SIYexy ec A -k \\74% f-g Y4
.I5Y g YeYelY cd Y5 f-g JEYY nem \SYENY cb YVa-IY i-g ¥-
1-Yield performance non-stressed 2-Yield performancein stressed
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Table 3. Somparisonhofdmean seed yield of soybean genotypes based on quantitative indices of drought tolerance by
uncan metho!

RDI YS SSPI SsSi TOL [SRJ4))

VYA ef ial ef Y¥/AY h-i /%9 m-l AYWYY/Y h-i )

) I-n -I¥0 m-f ya/ov h-i RIARNY ef Vava/y h-i Y
<50 m-n Y m-n Yo/sy ec V/Yay ec YYFVY ec Y
N I-n ird m-n VA/+Q k-n AVARN ef A k-n ¥
VIYY ef NG ef WIYD o-n +[AFA m-l v.a o-n o
- IvY I-n /Yy m-n AaVand ef V/vFa ef YY\Y/Y ef 5
V/A¥ a «[AA a ¥/A o ARy o Y& o \
«[AA I-n . /¥ m-n YV/0F h-i VY ef VFYo h-i A
<o m-n Nird m-n ¥£IVY ec VY'Y ec Yo- /Y ec q
VIV b-a <IYA b-a ¥/A¥ 0 /¥ n-o yol o Ve
<IVy I-n -/YY m-n YY/NYF h-i V/Yoy ef A% h-i AR
VYY |-f -[0F ef Yo/vs h-i <MY m-f VYOVY h-i Y
<o m-n IyY m-n ¥a/AA b-c VYEY ec yesaly b-c WY
< I¥¥ p-o Iy p-n IZAR b-c \Virad b-c Yevy b-c i
RANE I-n /¥ m-f Y&/Ae h-f VevY ef yasa/y h-f VO
<IAY I-n -y m-n YV/0) k-i VY ef ARTANY k-i \Yd
VYN ef ISy ef Ye/q. k-n A m-l VALY k-n Y
VY |-f +[0) ef ya/vy h-i <[y ef \Iad h-i YA
- pq ¥ p-o SYIYA A V/ovy b-a vs.a/y a S
AVA I-n -5 m-f Y¥/YO h-i VY ef yYav/yy h-i Y.

A\ I-n AR m-f YA/-¥ h-i -/ava ef \O /Y h-i AR
VA I-n AR m-f VA/DY k-n </avy ef aa./y k-n Yy
\Vird ef <[5\ ef \EIEA k-n RAARS m-l MY k-n Yy
A% I-n Ans m-n Ya/M ef V/YFA ef YIYY ef Y¥
Voa b-c - IvY b-c VY/0) o-n RINR m-l sAAIY o-n Yo
VIEY b-c < IV¥ b-c ARVIN on <I¥A m-n Nzg o-n \7d
Vov ec <IVy ec \Y/AY o-n <[ovY m-l IZS o-n A%
-loy p-n -Iv¥ m-n Yo/ ec V¥ey b-c AARRYAY ec YA
VYA ef I8y ef Va/FA k-n VoY m-l VoFY/Y k-n ya
+/A I-n .Y m-n Yv/va h-i ATRLVA ef WYY/ h-i Y
VoY ef Q2N ef VYA o-n -/ov m-l NI o-n \
\& q RN P sel5e b-a V/EAY a YY¥Y b-a Yy
VY ef -[5¥ ef VAIYY k-n -[555 m-l avy/y k-n \nsg
VIvY b-a QN b-a ARVARY on AN? n-o gAY on \ni
VY ef -/0% ef YV/EY k-i NAaid m-l 1146 k-i Yo
AVARY ef <0 ef \\¢ o-n RN m-l y¥a/y o-n \rd
VY I-n Nivd m-f YY/Yo h-i -/ava ef \\rarAs h-i a4
VY ef <oy ef VA/EY k-n +[YAY m-l Ay k-n YA
[55 m-n Iy m-n Y&/FA h-i VIYAS ec Vaay h-i ya
VXY ef -5 ef YV -0 k-n RArd m-l WYEIY k-n ¥

e g (S 5 Ll 0,8l 5 (St 5 & a5 (o sloablh e (Shased calpd ¥ s
Table 4. Correlati o(;] coefficient between quantitative indices of drought tolerance and yield under drought and normal
stress conditions

YpP Ys DI GMP STI ToL ssi SSPl Ysl RDI
YS oo™

SDI NSV

GMP NS Y/ \7 N VY

STl SRV AT R AN

TOL 70 LY S WY L VA 37 Y N S AU

ss| doasT ey VT A YN L YL o

SsPI 70 LY S WY LAV 37y N S AU VT s

Ysl Y Y A\ - SN JYFaT - va - -

RO ST YA . A e e - - .

HARM LY LV I Y LV S L WY | A /N 7 | AV AN /N -lovs”

5 iz pe BMB] o 7V 0 ooddaw )3 5 dme BB (o ey NS



http://dx.doi.org/10.52547/jcb.13.37.109
http://jcb.sanru.ac.ir/article-1-1167-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.52547/jch.13.37.109 |

o

Weo ke /Y ojlad [ g Jlo [2ly5 GlalS Mol acliingsy

9 YL g iy b sl 0 ) 5 YV slacuigs Jloges
@ bope glajhy Cpglre 3 (i 4 o Conles
HARM 5 STI GMP S5 4 Jass wio (el yadli
onb 3Nes b lasb )3V 5V slacuiss o 1)l )3
» oy @S O ks Jly kls p cub Jy
Sk g (o (S23) YS9 RDI glajasls &gl
» UV uﬁb)‘ £ 3> éﬁb » 9 Sl 4.;.9)5 )1)§ (b)ﬁa&
PO e g NS 48 G0 b C oS
» omb 2Skee 5 Jlog Lulyd 55 VU Skec | 4ol
4 Cuwlus mre logadld Sogbre )3 9 5 Laulyd
bl ol e & (pogad )5l L gy
2 S5 ge5 oSl ) @ig ol lFe IS b
GMP o jaslis .Conils (il byl pd 4 Cans bread o
Coto Stuad Jlog 5 Uit Lyl )3 3,50 b STI 4
4 G (a3l ol loylay oy A5 jlee sblg) 5 )0
3 (F) 5808 bl go ma b bl YU Siusen jl LS o2
2B 5 (V) 2 j 9 S5 53 (V) 955 13 (V0) )
soateds Ol Jloges g (ol adge 4 ajo jI (1Y)
S S oy a8 U5 4 Jeswe pB, bl
o 30 M5 gy ) ) el i IS ot
g db dSles Cun Gl I adlas 3y slacuis;
UiSly ,lo &S iy dgng Hld gre BB /Y Jles]
Ml e e 90 (S I 4 byl Cglate
O & Jood sbpadld o (Stares Luly) ()
ok Jby g i byl ab oSl L Sis
5 STl 5 GMP (glaasls s ine 5 Cute | Stusad
alge @ a3 I ol @bt 9 5 4 Joo padls
Shn b Gl ol bele 4 e elely Lol
1 g s b oplpls 3> STI g GMP a3l
0Sas Uy Y 5V ojleds slapY oMyl Hloge
el b cilbe 5 Jlp g (15 e 93 0 50 ol

392 )13y95 2 0329 Curmnl 3 5l S W] 398

oAl cwle B8 Sbpadls lpl

Og 9 OB lulyd > o8 (s 4 Joodle Slaciy
s b bl ) it caslio 1) oY 5 Sles 5
2 (F) 55555 (10) d35 55 (1Y) a5 5 (1) s
on byl i S jshaieds )b cillas b puaS
Lulyd 93 50 3 3Skac 5 (25 & Jad o Lo pmSli
boele @ 4y jos bl ol addge 4 455 5l Jawme
daddlge o w3 cpl 0 (0 Jogin) Cawl ad edlazl
adyy o b bl dastle lajby g bag] (e wiew
& Joia) cunl [asuine &S jshailen el Cundy dasui
anes |y Wodky wlyps 8 asps AN gl Lol adss 9
3 2oy S5V Lol ailgs gl adlas ol s diylei o
YO sl ymdls b og 0,8 dang |y bodls J§ <l
Jsl asls cglplis el Cuto (Stsor HARM RDI
SIS b oS 5 4 Jeod gylul adlge Glgioe
anes |y bodly J§ clyuss 5l asys YV pod addge g 25
2,5 (558 5 Cugto dlasy GMP STI 23l b g cuwl 23503
o bulyd 4 Fesie slacis) QLSS cage dlge
3,8 0es il &5 i JLA); bylyd 90 j0 0 ¢ oo
9 d98sed O ped Alge bawg & S0 p 2 )
29 93 Oygo & lgie |y allge 93 gl Sl ipuSal
alge 93 cul ol 1) iy 9 ol (il o8 1 d90e
JS5) Mgl olaly dges asuie oD jlaged pdaw
5 Jsl ol adlge jlade o pier Gl YY o)l sl o)
HARM 5 RDI YSI YS YD Y jlie yuman
Mo oS LIS ¥ 5 ¥V slacaisy ( Jpia) Aibise
pgd ddlge ;0 Wledly  pladl b4 |, HARM
5 539 Y yolie (glls STI 5 GMP cla jasls
oolol o amsly adlge cpl > oyude A8 cplple
JS5) g 9 gl (ol adlge sline 2 oadiom 5 My sl
Olee b badye o5 605 el slrog ) & iy ()

O g g O Lalpd po al o ySles g (iS5 4 Jeod o8 slapasls Jlole 425 -0 g
Table 5. Factor analysis of quantitative indices of drought tolerance and seed yield under stress and non-stress

conditions
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Table 6. Principal component quantitative analysis of drought tolerance and seed yield under stress and non-stress

conditions
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Figure 1. Biplot representation of studied indices for soybean genotypes based on the first and second main
components
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Abstract

Forty selected soybean (Glycine max L. Merr) in the form of a randomized complete block
design with three replications under normal irrigation and stress conditions in two separate
locations, in the research farm of Kargj Seedling and Seed Breeding Research Institute in 2015-
2015 crop year Was examined.Based on performance under non-stress (Yp) and stress (YS)
conditions, quantitative indices of drought tolerance, tolerance index (TOL), geometric mean
(GMP), stress tolerance (ST1), stress sensitivity (SSI), dry sensitivity (SDI), stress sensitivity
percentage (SSPI), harmonic mean (HARM), stability Yield (Y SI), relative dryness (RDI), were
calculated. The results of analysis of variance showed a significant difference in genotypes in
terms of yield per hectare under normal conditions at 5% probability level and a significant
difference at 1% probability level of genotypes under water stress conditions. The results of
mean comparison showed that the highest mean yield in irrigated and rainfed conditions
belonged to 19 and 34 genotypes, respectively. The lowest values of tolerance index, stress
sendgitivity, stress sensitivity percentage, drought sensitivity, belong to cultivars 7, 10, 7, 10,
respectively, and the highest values of geometric mean index, stress tolerance, performance
stability, relative drought, harmonic mean, Belonged to the numbers 1,7,7,7,1, respectively.
Correlation analysis of yield and drought tolerance indices in stress and non-stress environment
showed that STI and GMP indices are the most suitable indices for selection top genotypes.
Factor analysis also showed that the first two factors explain 98% (the first factor of 58.9% and
the second factor of 39.3%) of the studied changes in stress and non-stress conditions. Based on
biplot analysis based on the first and second main components, genotypes 1 and 34 are |located
in the region with high production potential and low sensitivity to stress, and biplot analysis
justifies the selection of stress tolerant genotype based on GMP.STI index.
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