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Avrticle Info ABSTRACT
Article type: Background and objectives: Bitter vetch (Vicia ervilia L.) is one of the
Research Full Paper grain products of the legume family. The crop in Iran is one of the old

legumes in the North and Northwest of the country and is grown alternately
with cereal crops. Bitter vetch contains energy and protein, which makes it
as a potential economic source for poultry feed. Drought is the most
important abiotic stress and the most important limiting factor for crop
growth which reduces the crop production in approximately 25% of the
Avrticle history: world's lands. Genetic diversity has a critical role not only for plant
Received: 2024-1-31 resistance against pests and diseases but also against the environmental
Accepted: 2023-5-30 stresses. In this study, the genetic diversity of 15 bitter vetch genotypes
along with Kermanshah landrace was investigated using multivariate

analysis methods.

Materials and methods: Fifteen bitter vetch genotypes along with
Kermanshah landrace were studied in a randomized complete block design
with three replications at the research farm of Razi University, Kermanshah
under two non-stress and water deficit stress conditions in 2016. The
measured traits included phenological and morphological characters, yield
and vyield components. Combined analysis of variance (ANOVA) was
performed using SAS 9.1 software, assuming the genotype and location as
fixed effects. Correlation analysis, path analysis, factor analysis and
clustering method were performed using SPSS 16 software.
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Results: The combined analysis of variance showed that the effect of
environment was significant for all the traits except the number of sub-
branches. The results of the correlation coefficient showed that there was a
positive and significant correlation between the yield in non-stress
conditions and the number of sub-branches, the number of seeds per pod, the
number of pods per plant and the number of seeds per plant. Also, the yield
under stress conditions was positively correlated with the number of seeds
per pod and number of seeds per plant. Based on path analysis under non-
stress conditions, the number of pods per plant had the greatest direct effect
(0.54) on seed yield. Under stress conditions, the seed number in pod had
the most direct effect (0.69) on the yield. The results of factor analysis in
non-stress conditions led to the identification of three factors that accounted
for 76.59% of the total diversity of the data. In the stress condition, four
factors were identified, which determined 85.96% of the total diversity. In
non-stress conditions, yield, yield components and phenological
characteristics were important factors that accounted for the total variation.
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In cluster analysis, the grouping of the genotypes in the two conditions of
non-stress and water deficit stress was partly different, showing the different
reactions of the bitter vetch genotypes to the water deficit stress.

Conclusion: The grouping of the bitter vetch genotypes under non-stress
and water deficit stress was partly different in the cluster analysis, showing
the different reactions of the genotypes to the water stress. Under the water
deficit conditions that happens from late flowering stage, earliness along
with suitable vegetative growth should be noticed to achieve higher yield.
Genotypes 13 and 2 were identified as semi-early and superior accessions
under the non-stress and terminal water deficit stress conditions.

Cite this article: Mardani, Z., Najaphy, A., Bahraminejad; S. 2024. Evaluation of genetic diversity in
bitter vetch (Vicia ervilia L.) under normal and water deficit stress conditions using
multivariate statistical methods. Crop Production Journal, 17 (1), 127-144.

© The Author(s). DOI: 10.22069/ejcp.2024.22152.2617
By NG Publisher: Gorgan University of Agricultural Sciences and Natural Resources

YA



N ot b dd g i

\
/) @ &
4 / : \(y\> TorA-YPAX i bl Lt N w30 A
\/lscpgs < YorA-YEer 1 g wI LLY VQ‘QG»—-\;’”.V‘/-‘;&"-
O S o g Sabl 3 pple ani

SgmS Liid g wollan Wity 4 (Vicia ervilia L.) a1 gl Suid s E9i3 U3
0 o Wi (5 3boT Sl sbg y 31 0oLkl b T

A . *Y ., A .
MNPl oz ¢ o dls O G e
Ol oliibe S 3l ol82ils (5355l ign 3 pshe 0dSLEls (ALS (85 5 A5 ntige 03,5 (UL 23l |l )lS ans ol Sl
zeynab.mardani90@gmail.com :a.lL|,
sl ol elisle S (gl ol (g3,5aS wikiga 5 p ke o dSLl (A S5 5 M5 wlige 05,5 Olidils oJ st a.,\;w.{)jv

anajaphy@razi.ac.ir
sohbah72@hotmail.Com :acbll, ol nl weliile S (53l sy (5355058 dign 5 pske oSl (ALS K85 5 M55 g 03,5 3l T

0 S Jlae SleMb!
22l 5l 5l glasils SN pame 51 (S Vicia ervilia L. e U L 4lo58 idin 5 4l allis ¢ 58

5 el 535 Ot Jled 5 e 3 an s Sl 5l S Ol 53l il o Ve iR el S
A 3 et NS (p e S S e JidS sk o ol e sl 3Ll e
Sl Yo sy ad g a8 o5k 4 s LAk e o5 SV gamee Ll 2 iS 5des ole VEYAY il
sl s 5l il ol S sselS @»;Lﬁsﬁ: S Shdas o jalS Ol sla e VXY Ay b
Wlssl8 310 S5 g5 s olaie al 4ra)ls (S5 g5 4 @b (S e

CJ;)‘J} axlllas 3548 0 pxile K- 4y oS LSLAJ“})J‘ o)@w‘bomb;@feéjbe]ﬁh

SLasS 5 b B 3 oliile S e 035 om0 638 g5 ea 5l tla By, 5 ol e SIS slasdls

=z T hot)
O s Ll gs s eliile S (g5l okl Sl as e 5o LSS an b dolas JelS ol o
oS30l 3y s 25 S 15 wlllan 5,50 VWAESIFA0 Sl s Ul 558 L0 s
_ . o _ e i 4 gl )
Jul_u\ja_uerj.>j_.»>)_<.l.a$§\)>.\;>ﬁw‘®}jy)y‘&3jﬁéué};&u e
J
4.1}>r_7 A H}u\ QK&}%}JJJS‘ QJ}J CA.’L?UJJ.BL’SASQJ. )‘JB]€J.|)\¢>LA:-]LJJA
SPSS Ji55le 3 3l eslinal b 5 glad g o 5 b Jale a3 e o o (Sa
.m¢l>,¢\16

baastls 5 sl s 4 Sliw plad 5 Jasms Sl aS 5ls 0L (S50 il sl 4 5o tlaadly
QU_.,a;Ji;;.“»()JJU..biljjybﬂ«awé:bouwﬁﬂgu.:ﬁ)bw
J@Mdﬁﬁa\:ﬂmjo\JﬁﬁH:J>\MC€L9)>AJ\>>\M4L;9J§4>'L1>\M
J€Lg)>u\>>\4_dc)u~o;ui;5@lﬁy:ﬂwww@b:;zj Sl gme
A.S:\:QL.'L?J':JQ,\.:LQ«.U;J@L:J.MeMLiAL;)\JWj@M45}.3)>4.§\>>U45

Y4



ls 3, Shoe 15 (4/08) woditen U5 2t 55 3 3l (5 Oy Tl s
ls 3, Shee 1 (/) woditen U i o3 5 il 3l (25 Lyl s ol
Foomen 534S A8 Jole aw pluld e 15 05k Ll pd 5o b ele 4 g o 2l
Joole sl 5 B 53 dsls olattl s a ) s esls g5 JS 51 A s V04
(o Ol Jal i g s S g 1 s esls g5 S 5l dess A0AT s s ol
5Dt IS 0iS a5 e Jalgs 51 Shes sl 5 s Shas oS5535 sl S
e slae 55 (GRS S s s 5 0sd Ll s lad g s s 65
G5 S 0 Jail i 53 53 a5 sues S AT A S 515 05 S 4w 55 o

D Q}u.';d LSJJJ‘}UL;’TVS

33 53 4ll8 glacs 5 Sosline e S g, oS e S 4 pperme 3 15 S aom
Ol 3 5aS i 0 Sile glaw gos sline 2STy 51 30 55 05 5 S35 glls Jases
3333 Tl r A3 ga s a8 15 T WS i Bl s s ol
D ST ) I N OV N - FS RN LV VP PR & SR POV
A6 5ty Lo 93 8 3 S5 o) bed Gl 85 Ol Y5 IY glac s 8

cds gl s 2T Ol s s i

Ll s s (Viciaervilia L) <558 S35 £33 2Ll O E0Y) s 0l ool o tallis izl (5 o o ol

AYV=VEE (D)WY (ol OlalS 5 alos o piie dir (golel (gla o sy 5l aslinel b Ol 5 5aS (25 5 o sllas

DOI: 10.22069/ejcp.2024.22152.2617
o 5 b e s G328 i A5

VYo



EXA | D)Lou:} dY 8,9 c‘;ﬂ)} ‘_,Léb.f .\AJQS

L 0Ll Ll LSl 5 ol L S
b Y yams & Slio JUt L sllas sl S
3usl gl siles gla 3s, (V) AS o2l
OISl sy s ALS las 8 55 (S5 g5
Ol yon ssb 4 o pine dim 5Ll Gla bss S olr
oy cas o 5l 3 e | it b Cdo e
slorodls el o S5 g e 5 4
s S AN s et (55 805
B 03 o pate Lo 4y 31 IS s (YY) s
2 A L oS Sl i ki Olagas (385
Laesls 4 5o glal 5o Lol 5l S A g ey bl
OF) il e Sy Canl (Sl e ka5 )
Sl 45 game anlllas 53 (Te V) OLKan 5 ol
SN S s ALS Sl ol o 5k
Stod e o eaze Lo o 5 43 sla )
e garms S5 655 i) sl Gele Jd
YV esly e 5 s (VE) ui eslan
2 s Sls n Saes e s 4 oS gladdllas
i 5 e Ol ol s s gl s, Slas
o onie Lo ol sl hs) 5l plnil it
=S 5 S5 Pos Dlho o daly s s
s (T 0L 5 ol .(10) W5 S sslicad
S5 Sl (S5 g5 o)l Olse b ey
Lild 55 05 (S50 Slie bl lad
o e o (lal sla a5l (Sas 155 Jle g
g o Sl bl o 5 (Saran e
g allan ol 5l e (1) 8 eslizal K55
O3 Jl b 53 a8 slac s iy (So) ¢ 55
bl sla i, S eslil Ly oS 25 5 i
O e slac 55 LRl g o pate L

AR

Aoddo
Yy e 3l S (Vicia ervilia L) ol 58
sl s Vame 5 ol OV a o3l sl 5l lals
s U oS opl i e IS sl e (ol g
YL 3L e 5l baamis gla S
LIS (s Sdd 0L e sy gl A
oS slagds glasls colg 5o 5 055 8 ol
O3 sslial 350 Slpm 10 s Olpear Ysane
B Sl 31 S Bl 53 oS 2l (1) 3,5 o
Sy a5 Sl H5iS e s Jled s
53 (1) A e ady e Yy b sl
Jdsam Vs m 5 OblS @ gl sladle
S A 4 5L 5ol Al e Vb ol 25
slaasl )8 5 Ol iy Ol,5L8 G b 3 ™~
S 53 DL Ol Solsa o pls Sty A5
LS ol (F) el al il Olgr sla,y 58
A 0,95 2n=2X=14 ep 5 Jse 2 L Ay gl
CiS 8l 5 (0) o3y piSa s () 5,05 AU S
J;de_:wé_:}.('\)w\wuv_ia
by 0l S Ssdos Julo cp Sage 5 (V) i
A o sk 4 s il e ol OV s
(A) deas o 28 Ol slaws 5l A s YO s
RSl g ST a0l ol s VL SwL
5 S bl el (e e YYO-YAY) Sle
SL s 4 Sl 5 S (S (S des
B N e T B u>-|)3)>(.5
(Q) el esls olatl 355 4 1y Ol Comlos
ol il Lol b s olS S, ais b
pslie OLalS dd) lealy Ll 5 o Si A5 5
LS nglin .(V0) WiL Jgu_&;;yu,;
St an Sla 25 5 Lo (BT s
ol S5 g5 2l Py g5 ok



Ol Kod g S0 g/ o yd (Viciaervilia L) ailagl Sus5 g95 b,y

RO\ YR SN ES [ Ju P VISP
OV Jsds) Las wuﬁu VT oled 5l e 55

99, 9 3190
05 ST 5l edd ang asbsl8 g5 el
obﬂe\wg@"fjudfiq- CJLE.JE;J A 9o
o osw 4 (Vicia sativa L.) olisle S e

andlas 5,50 glag 55 Slasein =) Joder
Table 1- The characteristics of the studied genotypes

Genotype name code
TN-63-344 Gl
TN-63-389 G2
TN-63-343 G3
TN-63-345 G4
TN-63-148 G5
TN-63-395 G6
TN-63-386 G7
TN-63-356 G8
TN-63-365 G9
TN-63-351 G10
TN-63-372 G11
TN-63-393 G12
TN-63-367 G13
TN-63-360 Gl14
TN-63-78 G15
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Table2. Geographical location and some characteristics of the tested farm

R N Al e Jsb
47°9' Longitude (N)
Slad aads YY) jax s Y sBla 5 e
34° 21" Latitude (E)
e AT b a3l glisl
1319 m Altitude (meters)
S P £0 AN S,k Ja gz
450-480mm Average rainfall
s Sk el
Loamy sandy Soil texture
35 Sl a5 WA Ul by - Sle
13.8°C Mean temperature of year
o o 15 lae S axd ) cJznn 3 sl s ol Carss
Moderately cold, northern Zagros mountain range Climate type
o ke 011 Salesl gt Jle 5 S, Ol e
656.6 mm Rainfall during the experiment

ol 6;”‘.&\ Slaws .b-b 9 6JL&:?-‘ VJ‘W - J).b-
Table 3- Abbreviations and units of the measured traits

s, adlae 3 50 Coin Sola e oY el
1 S s, DF Day to flowering
2 Sy B35, DM Day to maturity
3 Qs 04 ey93 Jsb SFP seed filling period (day)
4 G plil PH Plant height (cm)
5 A sl sl NB Number of branches
6 Gy 3 pld sl NPP Number of pods per plant
7 ple o3 alls sl NSPP Number of seeds per pod
8 g > ls sl NSPPL Number of seeds per plant
9 <l ol 03 TSW Thousand seed weight (g)
10 wls 3 Shes % seed yield (g m?)
11 S35 5 Ses BY Biological yield (g m?)
12 s el HI Harvest index
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Table 4- Combined analysis of variance for the studied traits

Dlagye S0k ax,3
3 St b
Mean squares &l v
NPP NB PH SFP DM DF df
Lses
571.15** 15.60™ 82.51**  12.76** 216** 322.66** 1 B
Environment
Loy 1SS
84.79 16.24 25.45 3.01 0.80 2.97 4
Rep/Env
116.25™ 20.21** 13.54™ 1.08™ 2.94** 3.66** 15 e
Genotype
47.11™ 6.86™ 10.41™ 1.89** 1.40** 1.97** 15 Genotypex
Environment
ot
56.44 5.48 7.53 0.59 0.42 0.64 60
Error
(Ao ,3) D ess 2
24, 11.7 10. 2.78 0.70 1.24
66 6 0.96 V%

Gy o pls ol NPP (¢ 3 glaarls sliws :NB w5 CL&J)! PH s 0us 55 0555 Jsb SFP  Sue, 6 55, DM (a8 G 55, :DF

*k * ns

MJ)\)OJLQJ}‘CEMJAJBL;'MU‘)L;'MJ;%JJA{ 9

"™ Non Significant, *Significant at P<0.05, **Significant at P<0.01
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Table 4, continued

MS ol e Sl e
0 S is b
HI BY SY TSW NSPPL  NSPP ‘5;; sV
Lo
0.02%*  62299.11** 11717.64**  15.64*  3323.73**  (.02%* 1 o
Environment
Lo 3 I S
0.001 97.34 97.91 4.00 427.41 0.02 4 SRR
Rep/Env
0.01**  3657.95%*  733.27**  11.13**  899.97"  0.03** 15 e
Genotype
0.01**  2510.49**  533.09** 5.60*  512.86"  0.02** 15 Genotypex
Environment
Lo
0.000 7.41 3.90 2.92 465.64 0.01 60
Error
3 Q‘ 2 s
4.39 1.29 3.21 4.61 38.60 5.41 (o2) Sl o 12

CV%

el el HE 5 S50 5 Slas BY s 5 Sles SY ils 50 055 TSW w5 55 s slaws :NSPPL ls s &l sl ‘NSPP

Aoy ) 50 Jlal Cla.dﬁjbd'.u QI3 pas o S S F*,% ns
"™ Non Significant, *Significant at P<0.05, **Significant at P<0.01
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Table 5- Correlation matrix of the studied traits in 16 bitter vetch genotypes for non-stress environment
DF DM  SFP PH NB NPP  NSPP NSPPL TSW  SY BY HI
DF 1
DM ** 78 1
SFP  **076 -0.20 1
PH 039 -040 0.16 1
NB 014 -0.19 004 -0.08 1
NPP 015 -0.11 012 -0.34 0.49 1
NSPP  -0.22 -0.04 034 -018 061" 054 1
NSPPL  -0.10 -0.14 000 -0.45 047 073" 059 1
TSW 010 037 028 -031 032 019 069" 037 1
SY 026 -026 014 -031 056 0647 058 077" 043 1
BY 027 -030 0.07 -0.08 053 043 044 063" 011 0797 1
HI 018 -0.13 018 -0.32 032 056  0.44 049 054" 067" 009 1
Wy 3 el slias NPP ¢ 5 glaasls slias NB w5 3 PH s 04z 5 o555 Jsb SFP ( S G 55, DM ( sS' G 55, :DF
el el HE 5 0550 5 Slas BY wls 5 Sles SY ils 50 055 TSW w5 55 €ls slaws :NSPPL ls s &l sl ‘NSPP

Aopz ) 50 Jlail mha 53 s gme 5 ST

" Non Significant, *Significant at P<0.05, **Significant at P<0.01

O3 Lty T (gl @l g8 35 VN s asdllas 5550 Dl WU { PR B PP
Table 6- Correlation matrix of the studied traits in 16 bitter vetch genotypes for the stress environment

DF DM SFP PH NB NPP  NSPP NSPP TSW SY BY HI
L

DF 1

DM  0.69” 1

SFP 030 047 1

PH 051"  -024 029 1

NB 032 010 026 065 1

NPP  -0.73" -051" 021 064" 034 1
NSPP  -0.44 -010 0.38 0767 058 0.67" 1

NSPP  -048 -025 025 074" 043 075" 0.83" 1
L

TSW 058" 048 006 041 063" 054 039 061" 1
53'% -0.04 001 008 039 032 031 060" 081" 049 1
BY 032 001 044 043 010 036 031 057 028 041 1
HI 0.13 003 -021 018 034 012 049" 0507 034 078" -022 1

Wy s el s NPP (e 5 laaslis slaws NB s 3 PH s 04z 5 o555 Jsb SFP ( S, G 55, DM ( sS' G 55, :DF
el el HE 5 0550 5 Slas BY il 5 Sles SY ils S50 055 TSW 5 55 €ls slaws :NSPPL wls s &l sl ‘NSPP

Aoy ) 50 JL&.CLM)J)'Q‘;.}J%JSQ**j*
" Non Significant, *Significant at P<0.05, **Significant at P<0.01
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Table 7- Path analysis in non-stress conditions

é’ﬁ“&b‘“}s& ‘_»L.«f«w,:é;\ P .
Total correlation with indirect effect by direct effect Variable
yield NSPP NPP TSW
0.43 0.05 0.10 - 0.27 TSW
0.64" 0.04 - 0.05 0.54 NPP
0.55" - 0.28 0.18 0.08 NSPP
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Table 8- Path analysis in stress conditions

3Skes b S Soses s & s 8 s B
Total correlation with indirect effect by direct effect Variable
yield NSPP NPP TSW
0.49 0.27 -0.21 - 0.43 TSW
0.31 0.47 - 0.23 -0.39 NPP
0.60" - -0.26 0.17 0.69 NSPP
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Table 9- Varimax rotated factors for the studied traits in non-stress environment

b ke
Factors
= 1 2 3
Traits

DF -0.17 0.93 -0.21
DM -0.35 0.82 0.30
SFP -0.04 -0.61 0.69
PH -0.34 -0.65 -0.15
NB 0.70 -0.05 0.17
NPP 0.77 0.04 0.13
NSPP 0.60 -0.02 0.66
NSPPL 0.88 0.13 0.13
TSW 0.24 0.31 0.83
\% 0.89 -0.06 0.19
BY 0.81 -0.18 -0.06
o35 JasEigen value 4.47 2.50 1.45
(4e9) k15 Variance (%) 40.65 22.76 13.17
(oot =Ll 40.65 63.41 7659

Accumulative variance (%)

g 3 ol slaws NPP o 3 slaesls slas NB w5, gl PH il 04z 55 o555 dsb SFP S, b 55, DM (a8 G 55, :DF
el el HE 5 G5 5 s BY s 5 Shae :SY ils la 055 TSW w5 )3 4ils slaas :NSPPL pls 53 s sl ‘NSPP
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Table 10- Varimax rotated factors for the studied traits in the stress environment

Factors s Jels

1 2 3 4
DF -0.91 -0.02 -0.21 -0.26
DM -0.87 -0.01 0.01 0.45
SFP 0.04 0.02 0.24 0.92
PH 0.39 0.38 0.59 0.29
NB 0.12 0.12 0.93 0.06
NPP 0.74 0.36 0.27 0.20
NSPP 0.24 0.53 0.61 0.28
NSPPL 0.37 0.82 0.34 0.18
TSW 0.51 0.39 0.47 -0.14
sY -0.07 0.93 0.25 -0.06
BY 0.25 0.59 -0.18 0.58
+35 s Eigen value 5.35 1.89 1.19 1.01
(4e,3) -l Variance (%) 48.67 17.24 10.84 9.20
(o o=l 48.67 65.91 76.79 85.96

Accumulative variance (%)
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Figure 1- Ward dendrogram for clustering the bitter vetch genotypes under non-stress conditions
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Figure 2- Ward dendrogram for clustering the bitter vetch genotypes under water deficit stress conditions
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