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Article Info ABSTRACT
Article type: Background and Objectives: Green beans are vegetables that have been
Full Length Research Paper  cyltivated and consumed in Iran for several years. Despite the importance
of green beans as export products, there has not been much focus on the
Article history: ggnetic di.versity of the green bear) germplasm avai!able in the country. The
Received: 08.28.2023 aim of this study was conducted in order to investigate the agronomic and
Revised: 10.10.2023 morphological characteristics of 67 different genetic samples of green
Accepted: 12.12.2023 beans collected from different provinces of the country 1400 at the research
farm of the National Plant Gene Bank of Iran, located in the Karaj Seedling
and Seed Breeding Research Institute.

Keywords:

Cluster analysis, Materials and Methods: In the first year (2020-2021), 67 genetic
Correlation, accessions of green beans were cultivated and regenerated. In the second
Green pod, ) year (2021-2022), the genetic accessions of green beans were grown and
Morphological traits evaluated using an augmentation design along with four controls (Sanri,

Valentino, Arian, and Sepehr), and 29 agronomical and morphological
traits were investigated, including traits related to leaves, flowers, pods,
and seeds. The data were analyzed using SPSS and SAS statistical
software, and the genotypes were grouped using cluster analysis while
calculating correlations.

Results: The highest coefficient of variation (CV) was assigned to plant
height (70%), seed weight per plant (47%), number of pods per plant
(40%), and among the investigated qualitative traits, Shannon's index was
the highest in pod curvature traits (1.28), seed color (1.23) and cross-
section shape of pods (1.17) were observed, respectively. There was a
significant correlation between most measured traits. The greatest
significant correlation was observed between pod length, number of seeds
per pod, weight of ten green pods, and seed weight of a single plant with
the number of pods per plant. In cluster analysis, the studied accessions
were divided into five main cluster.

Conclusion: The results of this study showed that different green bean
genotypes had a wide range of morphological characteristics, indicating the
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diversity and high genetic potential of this product. In this study, genotypes
2, 26, 128, 127, 58, and 129 were the earliest flowering genotypes at 42 d.
Genotype 11 and 123 had the highest weight of ten green pods compared to
other genotypes and controls. Genotypes 30 and 33 had the highest seed
weight per plant, and genotype redmag had the longest pods. Sanri cultivar
and accession 129 had the highest number of flowers in a raceme and
accessions 30 and 34 had the highest number of pods in a raceme. Based on
the issues mentioned above, it is concluded that there is significant
diversity among the investigated green bean populations, and it is possible
to use this diversity in breeding programs.
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Table 1. The evaluated green bean accessions in this study.
AQ}QULA.:: &)JTC""’")E"J L;)JI@;-A.UG,.A 45‘,4.;0)&.2 6)}I@>ULLW1 L;)JTC"*?A‘UQ‘”
number accession  Collection province  Collection area  number accession  Collection province Collection area
1 sy il 45 Olgas! Olgaol
Yazd Unknown Esfahan Esfahan
5 S u.a:'r.i»lﬁ 46 [,\LZ.AJJS ua:r.ﬁ..«b
Yazd Unknown Kordestan Unknown
3 e Ol aseial 47 Slws S O/ sbl s
Azarbaijan gharbi Unknown Kordestan Najaf abad/tiran
4 e Ol aseial 8 Slws S =
Azarbaijan gharbi Unknown Kordestan Sanandaj
s Sy il 49 5 Ol =
Yazd Unknown Azarbaijan sharghi Sanandaj
6 S5 asial 51 b Ol 33,85=0g 0
Yazd Unknown Azarbaijan sharghi Marivan/javroude gharbi
i U WY Ol S W
10 B R 52 J 5, Ll
Unknown Unknown Kerman Mianeh
1 o IS 553 53 A O3l &l
Ghazvin Ghazvin/eghbal Azarbaijan gharbi Maragheh
1 s Olaml 3 Sl 54 s Ol il
Azarbaijan sharghi Ahar Azarbaijan gharbi Unknown
13 B O3 A 55 s b3 a5l el
Azarbaijan sharghi Marand Azarbaijan gharbi Oroumieh/nazlochaye
Azarbaijan sharghi Marand Azarbaijan gharbi Oroumieh/nazlochaye

1- International Union for the Protection of New Varieties of Plants
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Continue Table 1.
5 5 L] L«.\:J T . T - 5 5 L] Lb*:l T . T -
M::m;er Soslper Ol Soslperr el M::m;er Soslpeer Ol Sosl e ke
- Collection province Collection area p Collection province Collection area
accession accession
16 Bt b3 S P 3 S 57 s Olml3 Sl LS V4l
Azarbaijan sharghi Tabriz/khosroshahr Azarbaijan gharbi Oroumieh/bakshlo chai
. St O3l s 55 53 A O3] 03]
Azarbaijan sharghi Tabriz/khosroshahr Azarbaijan gharbi Oroumieh
18 s S 112 o oSt
Ghazvin Ghazvin/alamot Ghazvin Takestan
19 NS sl /s 113 NS NS
Ghazvin Ghazvin/alamot Ghazvin Ghazvin
20 SF el 115 B BEETSYNES
Markazi Unknown Ghazvin Ghazvin/roudbar
- B Ol 3] el 117 3 s
Azarbaijan sharghi Unknown Ghazvin Ghazvin
26 Sl Slal e S /3 i 119 EEEE 3 2l ol
Khorasan shomali Bojnourd/garmkhan Mazandaran Sari/narmabdosar
- s s s 120 Olews S A 2035 g
Ghazvin Ghazvin/roudbar Kordestan Sanandajlja\{roude
sharghi
28 i sy s 121 Okws S S0l 5 0
Ghazvin Ghazvin/roudbar Kordestan Marivan/negel
29 R BLETSYRESE 122 Okws S 7015 50
Ghazvin Ghazvin/roudbar Kordestan Marivan/negel
Olbws S 25 g b e Ol eyl
30 Sanandaj/javroude 123 . . .
Kordestan - Azarbaijan gharbi Oroumieh
sharghi
Azarbaijan gharbi Salmas Azarbaijan gharbi Miandoab/shahaindeg
34 s Ol 3 Sl iS4y | 126 i Ol S&
Azarbaijan gharbi Oroumieh/bakshlo chai Azarbaijan gharbi Khoye
35 i Ol 3 Sl shiSy e 127 ool L g
Azarbaijan gharbi Oroumieh/bakshlo chai Fars Sivand
i Sl e L s el sl
36 . . Piranshahr/mangore 128 - . .
Azarbaijan gharbi gharbi Azarbaijan gharbi Oroumieh
37 i Ol 3 BER\PNIRTH 129 i Ol A gl
Azarbaijan gharbi Naghadeh/soldoz Azarbaijan gharbi Oroumieh
38 s Ol s Sl iS4 sl Aryan el el
Azarbaijan gharbi Oroumieh/bakshlo chai control Control
39 s Ol BERUPWINTH redmag Otz 5k 5 Oltonn il
Azarbaijan gharbi Naghadeh/soldoz Sistan and Balochestan Unknown
20 s Ol BERUPWINTH sepehr Jals Aals
Azarbaijan gharbi Naghadeh/soldoz Control Control
m s Ol 59 g /005 sunray dals als
Azarbaijan gharbi Naghadeh/soldoz Control Control
42 el s eSS Sl fod Valentino L L
Kohkiloyeh boyerahmad Naghadeh/soldoz Control Control
Olgaws! ol Sl Ol s iials
43 Olie . whitemag ) A S
Esfahan Naghadeh Sistan and Balochestan Unknown
Olgins! n L L
44 oo bl sepehr - »
Esfahan Boyrahmad Control Control

Yo
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Table 2. Evaluation of quality traits in green bean according to UPOV descriptor.

o Aoy Trait Cio
Characters state
s2L L s S0 (acute) 55 S Y (absent) S 6L
Shape of distal part (sdp) e Sy K
(truncate) =3l .v (acute to truncate)
(ong) .k v (medium) La.. ;e .0 (Short) oG S ¥ seed length ok dsk
(green or greenish) ;.. a4 Ll 5. Y (White) aiw )
slsed 1 (beige) 5 .0 (yellow) 5,5 ¢ (@rey) .Sl X Seed main color S ol K5
(black) iw A (violet) [iis A (red) ;.5 v (brown)
(circular to elliptic) 58 G ss2s .Y (circular) 53 )
. i it . Shape of median longitudinal \ .z
Lz .0 (Kidney-shaped .4 (elliptic A S o e
- ° y-shaped) st & (Elliptic) s 2 section of seed (smlss) kS g
(rectangular)
sloses & (beige) 5 ¥ (yellow) 5,5 .Y (grey) xSl ) Predominant secondary color e &
(black) K. v (violet) iy 2\ (red) 5.5 .0 (brown) seed f
(pinkish white) 5,50 4 kb aie ¥ (White) i ) y
. . Flower color K,
(violet) i & (PINK) 5,50 ¥
(climbing) e, .Y (dwarf) sl .\ Growth plant (Gp) oS s
(present) s,ls .Y (@bsent) sl .\ stringiness on ventral suture S

L e 0 (Weak) s X (absent or very slight) oS k=)

(very strong) s = 4 (strong) 5 v (medium)
(CONVEX) = XY (s-shaped) |<zS .Y (concave) ,ais )

Fraes b gsan Y (narrow elliptic) KoL gan )
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(eight-shaped) JLiA .0

(absent) s, .+ (present) s,ls .\

Degree of curvature (dc) e slil axs
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: o S IS
Shape of cross section (scs)
e
Pod design SN s b
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Table 3. The result of variance analysis of evaluated traits in green bean controls.
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£ £
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bl el
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Table 4. Statistical parameters of measured green bean accessions in genebank collection.

S
x X §
33 Y s = a
18 92 s 3¢ 28 & 1o 4 S g y
s .2 18 GE 38 vy 3 F 2E 2 E e
] W s s S 14 LN £ i
%‘ g "L S » S 3 3 g S Traits
2 5 )L M
b=
<]
o
e S I
0.73 - 7 - - - 7 7 0 e S g5
Shape of distal part of pod
0.60 - 3 - - - 2 5 3 b
Seed length
0.59 - 5 - - - 4 5 1 Pt S
Shape of median longitudinal section of seed
0.16 - 1 - - - 1 2 1 S K5 sl
Number of seed color
j |
1.23 - 6 - - - 8 9 1 okl S
Seed main color
} R
0.25 - 0 - - - 9 9 0 sh 22
Predominant secondary color seed
0.20 - 0 - - - 1 1 0 s op
Pod design
T
0.51 - 1 - - - 3 4 1 S
Flower color
oS s
0.57 - 1 - - - 1 2 1 o
Growth plant
0.64 - 0 - - - 1 1 0 e
Stringiness on ventral suture
s glel
1.28 - 3 - - - 8 9 1 S sl
Degree of curvature
117 - 2 - - - 3 4 1 I b S S
Shape of cross section
e S o
- 0.31 - 085 0067 026 16 16 0 (om) e S5 d e
Length of pod distal
& N z ‘ -
- 0.26 - 7.9 46 21 8.3 12 417 0 JE sl
The number of flowers in raceme
S
- 0.16 - 9.1 22 149 71 122 51 m) S Jskb
Leaf length
- 0.16 - 73 13 114 49 95 46 em) Sz o250
Leaf width
- 0.19 - 27 025 050 357 5 143 €M) S s b
Petiole length
T
- 0.33 - 82 721 268 140 16 2 em) 31 J5 I
(Inflorescence length)
cm) UM
- 0.20 - 114 5.5 2.3 19.45 274 7.95 em) oie J b
Pod length
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Continue Table 4.
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x 1 §
3 3 1 = =5 )
12 72 s 3s 38 b5 3o 45 4 E y
s ,8 38 8 &8 49w 35 2E 3 E
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H s 22 > : ) > =
2 H )L ol
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(&)
M) LS
- 0.16 - 096  0.02 0.15 0.9 155 0.5 em) S 22
Pod width
s s NG s
- 0.22 - 238 027 0.52 25 35 1 3 e S
Number of pods per raceme
. e sl
- 0.40 - 3298 1712 1308 670 7Ll 41 G2 B ol
Number of pods per plant
S s s sl
- 0.33 - 505 286 169 12 15 3 A s ol sl
Number of seeds in a pod
- 0.22 - 435 93.9 9.7 49.8 76.5 26.8 e e 05
The weight of ten green pods
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Plant height
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Number of days to flowering
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| N
- 0.24 - 258 382 6.2 375 4995 125 (@) b 4s 05

(Weight of one hundred seeds)
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Table 5. Green bean accessions Cluster analysis of based on the investigated quantitative traits.

gy es S plex oS pswesS ps2055 Jiles S
0.8 1.0 0.8 0.9 0.8 em) S S5 sk
T Length of pod distal
& . 5 g 1 -
6.0 6.7 6.5 76 8.4 e J8 sl
The number of flowers in raceme
cm) S
8.3 7.8 6.6 9.4 9.9 m) S - Jse
Leaf length
cm) S, 2
6.5 5.6 6.1 7.4 78 €M) S 2 252
Leaf width
cm) S
2.8 24 2.3 27 2.6 (€M) S e d 2
Petiole length
6.7 78 76 8.8 8.4 (em) o318 I
T Inflorescence length
cm) v
115 9.3 8.7 10.9 10.9 emy e J b
Pod length
oM Gise
11 1.0 11 0.9 0.9 em e 22
Pod width
. NS St
2.0 18 2.3 2.4 26 02 I sl
Number of pods per raceme
5 > e sl
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Number of pods per plant
5.7 40 46 5.0 5.0 S 2 4l 2l
* Number of seeds in a pod
402 36.8 419 42.0 482 e B 02 03
The weight of ten green pods
cm) & 4 sl )|
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plant height
WS 5y 56 5, sl
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Number of days to flowering
N« eSS L4 0
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Seed weight of one plant
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25.0 19.5 226 26.7 26.4 Q) s 4o 055
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Fig. 1. Dendrogram of quantitative traits by using ward’s method in green bean accessions.
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Fig. 2. Diversity of shape, color, seed size of green bean accessions of gene bank collection.
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Fig. 3. Genetic Diversity of the raceme length in the gene bank green bean accessions:
a) the raceme is 19 cm and b) raceme is 4 cm.
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Fig. 4. Genetic Diversity of the flower color in the gene bank green bean accessions: a) purple flower and
b) white flower.
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Fig. 5. The observed genetic diversity in plant height of green bean accessions from the National Plant Gene
Bank of Iran: a) the climbing type and b) the bushy type.
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Table 6. Correlation between traits in green bean accessions of gene bank.

g 3 3 3 9 = g 2 3 5 g ‘3 3 a o |
1 al
1 01 a2
1 04" 02 a3
1 07" 047 -000 a4
1 02 047 013 002 &5
1 -008 03" 03" 057 007 a6
1 021 016 009 047 -003 -02¢ a7
1 01 -005 019 -03° 057 022 047 a8
1 03" 002 018 017 021 03 03 -019 a9
1 017 -003 -002 -00 -015 008 -006 016 -03 al0
1 013 011 03" 07" 001 047 008 047 002 06" all
1 04" 004 -011 04" 06 02 002 001 005 -004 016 al2
1 016 020 006 -03 047 014 -03 009 047 047 037 013 al3
1 00 -010 001 -011 -004 06" 002 -007 005 -01 -009 -012 -005 al4
1 002 -007 008 03" 06° 020 -02° 03* -000 001 025 025 013 03" al6
1 03 00 019 03 03 03° 03 05 01 006 -021 04" 047 037 057 a7

oo @8 e b AT (31 IS b 6 oS s Jsb @5 WS, e Bd S, b @3 i s S sl @2 (e Sy Jsb al

sliss ald oy pli ) Al3 e SYE 03 035 A12 (Ve 5y b slue ALl Wp 5y OO slass A10 s s OV slaes A9 (e

Gl Ao 035 al7 W L 05 alk ‘Jm,&f@r’:u;})

al: Length of pod distal, a2: The number of flowers in raceme, a3: Leaf length, a4: Leaf width, a5: Petiole length,
a6: Inflorescence length, a7: Pod length, a8: Pod width, a9: Number of pods per raceme, a10: Number of pods per plant,
all: Number of seeds in a pod, al2: The weight of ten green pods, al3: plant height, al4: Number of days to flowering,
al6: Seed weight of one plant, al7: Weight of one hundred seeds
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