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Extended Abstract

Background: Green pea (Pisum sativum L.) is the fourth most important legumes in the world,
which is consumed as dry, green, and fodder peas. It is an annual, self-pollinating, and diploid (2n
= 2x = 14) plant that is widely cultivated as a garden and field crop throughout the temperate
regions of the world. Although this plant has been cultivated in Iran for a long time, few studies
are available on the genotypes collected in Iran and their characteristics and genetic diversity.
Between 2005 and 2009, there was a program to collect the vegetable genotypes of the country
with the efforts of researchers and experts from all over the country aiming to preserve the native
populations. The accessions in the country have been severely eroded due to the desire of farmers
to cultivate foreign cultivars, and many of the accessions in the vegetable collection of the gene
bank are unique; hence, it is not possible to find these accessions in the country anymore. These
accessions are usually adapted to the weather conditions, pests, and diseases of the country and
are very important in the development of sustainable cultivation. In green peas, foreign cultivars
are most welcomed by farmers. Therefore, the accessions of the green pea collection of the Gene
Bank are of special importance.

Methods: In this study, 63 green pea accessions, along with five commercial varieties Utrillo,
Wando, Mr. Big, Alderman, and Rondo, were cultivated and evaluated in seven blocks in an
augment design in the research field of the National Plant Gene Bank of Iran (Seed and Plant
Improvement Institute) in 2020-2021. Each accession was cultivated in a 2-meter line with a row
distance of 60 cm and a plant distance of 10 cm. Then, 38 agronomic and morphological traits
were evaluated according to the UPOV descriptor in traits related to leaves, flowers, pods, and
seeds. The Shannon index (H") was used to determine the diversity of qualitative traits. Data were
analyzed using SPSS and SAS statistical software, and the correlation was calculated using
Pearson's method. The genotypes were grouped using cluster analysis.

Results: According to the results, the highest coefficient of variation (CV) in quantitative traits
is respectively for the peduncle length between the first and second pods (1.30 cm) and the spore
length (0.85 cm). The lowest CV was obtained for the standard petal width (0.14 cm) and the total
length of the petiole, including tendrils (0.15 cm). The highest Shannon's coefficient in qualitative
traits was observed in the density of flecking stipules (1.33), stipule size (1.09), and pod curvature
(1.04). The lowest Shannon's coefficient was observed in having leaflets (0.09). The strongest
positive correlation was obtained between the weight of one-hundred seeds and the length and
width of the pod, as well as between the length and width of the pod.

The principal component analysis showed that the first four components included 65% of the total
changes. In the first component, which accounted for 33% of the observed changes, the most
important traits affecting this component were one-hundred dry seed weight, length, and width of
pods. The second component justified 15% of the data changes and had a strong and positive
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relationship with the leaflet length and the petiole length. The third component justified 10% of
the data changes and had a strong and positive relationship with the length from the peduncle to
the first pod and the number of seeds per pod. The fourth component accounted for 7% of the
observed changes and had a strong and positive relationship with the length of the distance from
the length between the first and second pods and the stipule length from the axil to the tip.

In cluster analysis, the genetic accessions were classified into seven separate groups, respectively,
8, 26, 6, 1, 2, 13, and 12. The grouping of genetic accessions was independent of their
geographical origins. The different genetic accessions of the investigated green peas had a wide
range of morphological characteristics, which indicates the high genetic diversity of this crop.

Conclusion: The results showed a range of 32 days in the number of days to flowering, a range
of 90 cm in the plant height, and a range of 24 g in one hundred seed weight. In this research,
genetic accessions 38, 79, 83, and 82 were the earliest flowering genotypes, genetic accessions
Mr. Big and 81 had the largest pod length, and genetic accessions 81 and 83 had the largest pod
width. Genetic accessions 80, 82, and 58 had the highest one-hundred seed weight. Many genetic
diversities were observed in the characteristics of the type of bracket and the margin of the stipule
in an Iranian accession; thus, it seems necessary to include these characteristics in the international
descriptor of green peas. In this study, a high genetic diversity was observed among green pea
accessions in the country, and this diversity can be used in breeding programs to obtain cultivars
compatible with Iran's cultivation areas.
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Collection province Country of origin ;Sglss e(; Entry Collection province O(;lri g?rll ° ;ngg e? Entry

Azarbaijan sharghy IRN 50 35 Unknown IRN 230002 1
Azarbaijan sharghy IRN 51 36 Unknown IRN 230003 2
Azarbaijan sharghy IRN 52 37 Yazd IRN 1 3
Azarbaijan sharghy IRN 53 38 Mazandaran IRN 2 4
Azarbaijan sharghy IRN 54 39 Yazd IRN 4 5
Azarbaijan sharghy IRN 55 40 Mazandaran IRN 5 6
Azarbaijan sharghy IRN 56 41 Lorestan IRN 7 7
Azarbaijan sharghy IRN 57 42 Golestan IRN 9 8
Kohkiloyeh & Boyerahmad IRN 58 43 Azarbaijan sharghi IRN 10 9

Azarbaijan sharghi IRN 60 44 Azarbaijan sharghi IRN 11 10

Kerman IRN 61 45 Yazd IRN 12 11

Gilan IRN 67 46 Yazd IRN 15 12

Sistan & Balochestan IRN 68 47 Markazi IRN 17 13

Sistan & Balochestan IRN 69 48 Hamedan IRN 18 14

Sistan & Balochestan IRN 70 49 Hamedan IRN 20 15

Sistan & Balochestan IRN 71 50 Khorasan shomali IRN 21 16

Sistan & Balochestan IRN 72 51 Khorasan jonubi IRN 22 17

Sistan & Balochestan IRN 73 52 Sistan & Balochestan IRN 33 18

Sistan & Balochestan IRN 74 53 Sistan & Balochestan IRN 34 19

Sistan & Balochestan IRN 75 54 Sistan & Balochestan IRN 35 20

Sistan & Balochestan IRN 76 55 Sistan & Balochestan IRN 36 21

. NZ 77 56 - RUS 37 2

_ Nz 78 57 - RUS 38 23

. Nz 79 58 - RUS 39 24

. Nz 30 59 - RUS 40 25

. Nz 31 60 - RUS 41 26

. Nz 8 61 - RUS 42 27

. Nz 83 62 - RUS 43 28

. Nz 84 63 - RUS 44 29

S edy - Utrillo o4 - RUS 45 30

Gbs ady - Wando 65 Ghazvin IRN 46 31

G ady, - Mr. Big 66 Azarbaijan sharghi IRN 47 32

b edy - Alderman 67 Alborz ) IRN 48 33

s pdy, - Rondo 68 Markazi IRN 49 34

g 7525 RUS 5 jgs 1528 NZ o5l IRN
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Average rainfall Average temperature Min. temperature Max. temperature
1 152 8.1 222 02209°
April
10.5 21.1 132 28.2 Codged))
May
114 26.3 17.9 347 ob 5
Jun
15 28.8 20.7 36.9 5
July
0.1 28.0 20.0 359 30
August
0 26.2 185 339 25
September
0 18.3 10.7 25.9 R
October

UPOV Joallygs 3o (583955 olS ) (oS’ Slao (2bj)l =Y Joio
Table 3. Evaluation of quality traits in green peas according to the UPOV descriptor

characters state oo oy Trait Céwo
55 A 3l Plant: anthocyanin coloration FEEJ u"l“"u*’l

1. Absent 2. Present
3l Aoyl Leaf: leaflets o558y

1. Absent 9. Present
Soiiler A S ¥ lasgio B Sa8 ¥ SosS ey N Leaflet size Sy plo

1. Very small 2. Small 5. Medium 7. Large 9. Very large

1. At the middle or slightly toward base 2. Moderately toward base 3.
strongly toward base

698 Jlms A (698 .Y Lawgio B 1S 05 Jl b 5l N
1. Absent or very weak 3. Weak 5. Medium 7. Strong 9. Very strong

SHp ¥ hwgie b (S
3. Small 5. Medium 7. Large
0338 Hlwy A 03583 .V Laugio O oSy, ¥ b,\lfl)i S )
1. Very sparse 3. Sparse 5. Medium 7. Dense 9. Very dense
o bk Vaw 0 ¥ )
1. One 3. Two 5. Three 7. Four and more
R bl G ¥ (S)g0 ¥ (F)pe b e
1. White with pink blush 2. Pink 3. Reddish purple
Sz ¥ oS ¥ s 4 blo p)S Y did )
1. White 2. Whitish cream 3. Pink
M wed aday A lawgie wgd V)3 yog8 B edliuy] Lawgie ¥ oabiw] by )
1. Strongly raised 3. Moderately raised 5. Level 7. Moderately arched 9.
Strongly arched
o2 Y hwgio & S50 Y
3. Narrow 5. Medium 7. broad
045 3,5 ¥ oals Y S )
1. Acuminate 2. Acute 3. Rounded

3.¥ 5l )
1. Absent 2. Present
PR RSN
1. One 2. Two
Blo ¥ (glabais )

1. Pointed 2. Blunt

S o A (998 Y Lawgle ¥ o5V o5 (S L Lol pue )
1. Absent or very weak 2. Weak 3. Medium 7. Strong 9. Very strong
oasld o ¥ (i) ¥ (ol wilgiol ¥ pan N
1. Ellipsoid 2. Cylindrical 3. Rhomboid 4. Irregular
& blo gloged & (sl ogrd B 5o,8 4y bilo (gloged ¥ 20yl Y 5)5 .Y jew )
o
1. Green 2. Yellow 4. Orange 4. Reddish brown 5. Brown 6. Brownish
green
Al
1. Absent 9. Present
S gy 5l o, YL diwg SSyen
1. Same color as testa 2. Darker than testa

Leaflet: position of broadest part

Leaflet: dentation

Stipule: size

Stipule: density of flecking
Maximum number of flowers per
node

Color of wing

Color of standard

Shape of base of standard

Width of upper sepal

Shape of the apex of upper sepal
Bracts near the flower

The number of pods in the

inflorescence

Pod shape of the distal part

Curvature of pod
Seed: shape

Color of cotyledon

Marbling of testa

Hilum color
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Figure 1. Collection areas of genetic green pea accessions in Iran
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Table 4. The variance analysis results for evaluated traits in green pea controls

b 4l Jsb

I 5 o> Jsh

% b il . S)ledsS Jsbo A am ot
S sl b il Sy ) o Jsb s Jib shrovi
Total length o5y Stipule S lgdsS S S NSt =Sy Sis g 15 lio
of the Petiole length : f Leaflet = The weight &5 SO
etiole g length from Stipule Stipule width Leaflet of 100 dr (df .0.
inlz:lu ding ftli?emﬁtrlés li):f!lé(t) the axil to width length length seeds Y
tendrils or tendril the tip
0.69™ 1.1 0.009™ 0.03™ 0.046" 0.06™ 0.009 ™ 0.08™ 6 Block Sl
30.7" 11.1m 1.70™ 1.06™ 1.52" 0.36" 0.29™ 0.84™ 4 Ag:];ﬁil
0.16 11.3 0.007 0.03 0.03 0.049 0.022 0.013 24 u“‘il;‘r):(;fua’
32 85.1 1.89 48 3.03 8.5 4.49 3.84 “‘f*(’;\;”*"
b a8l ;)
RSk, sl Sl b B )ujjo o oy
S A5 &g glis) G h Thelength sl b )bl (ope s WESPR IR
Number of or Pl ﬁﬁ ')h Pod J:ﬁ; 1 Ttﬁ f from the Spur The width &l )‘S"“Oé‘v
seeds per Nltlmger ofi(rilays ant height od wi engOd o peduncle to length of standard () .0.
po 0 tlowering the first
pod
0.23™ 5.33m 4.6™ 0.02™ 0.08" 0.04" 0.003 ™ 0.01™ 6 Block sl
21" 667.2° 269.97 0.39" 36" 0.95™ 059" 0.003™ 4 A&';;;ﬁi'
0.26 1.03 27 0.010 0.07 0.06 0.01 0.006 Rl
9.8 241 3.9 578 2.82 224 159 38 “‘f*g\;“*"

oy Oy S b alas Mo (+/AD cm) jaul Job o (VY-
b dBlo Job o (+/VF cm) 5kl (o,e Slas jd ol s
Opld o ps oy i b odmline (~/\6 cm) Koo )"]
sl VYY) SladsS blas s law p 48 Olas 4
S b odmlie (V+F) BMe slios] 5 (V/+R) S )lgb65

A odalin (~/~‘\) 098 48y sy (el (o o
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Table 5. Descriptive statistics of measured traits in green pea accessions

OI)M 9 dml .\\)‘).g(a

Olpl Lo (2L ()5 Sl (58950 (sladiged (55 g5 (o)

S5y33956 (clbdiges ;D odd (6,5 0jll Clbo huogi slooslel =0 Jgi>

o=l o Sl b
s e e oSl ey T S il oo
Shannon Coc%ﬁfcwnt Mode  Mean  Variance )SE Raﬁ; Maximum  Minimum Traits
index Variation _
0.55 - 0 - - - 1 1 0 Al 5 S0 pilas 31
Plant: anthocyanin coloration
_ _ _ _ o5 )aS
0.09 1 ! 1 0 Have leaflets
_ _ _ _ S ple
0.43 3 2 3 3 Leaflet size
- - - - 45 2 s Cand Cundy
0.92 2 3 3 0 Position of the broadest part of leaflets
_ _ _ _ a5 apdls
0.98 1 9 ? 0 Leaflet dentation
1.09 - 5 - - - 4 7 3 SlabeS plo
Stipule size
- _ _ _ S JosS bl s
1.33 1 8 9 1 Stipule density of flecking
_ _ B _ S5 ol
0.68 1 ! 2 1 Number of flowers
_ _ _ _ Ju Sy
0.80 1 2 3 1 Wing color
B ~ - B 3wkl 5,
0.60 1 3 4 ! Standard color
] ] ] i 5 il a4y JS
0.73 3 6 7 ! Shape of the standard base
] ] ] i S ol VL Cnnd o
0.73 2 2 3 1 Width of the upper sepal
0.71 - 2 ; ) . 2 3 | S pels ligh s o) UK
Shape of the upper sepal apex
_ B B _ s sl
0.69 0 ! 1 0 Bracts near the flower
B ) ) . o3 S 55 M oluws
0.68 1 ! 2 ! Number of pods in the inflorescence
_ ) ) B M Sy S
0.67 2 ! 2 1 Shape of the distal part of pods
AMe Ll
1.04 1 ) . B 4 3 ! Curvature of pods
_ ) B } s S
0.60 2 ! 2 ! Seed shape
2 Li;)
0.67 1 5 6 1 Cotyledon color
B B B ~ SN Aoy (392 (S0
0.55 1 8 9 1 Marbling of testa
_ ) ) B 4l K,
0.57 1 ! 2 1 Hilum color
i i (8) Sus abs o yjg
033 20.7 460 6.8 2 34 10 The weight of 100 dry seeds
- 0.21 S 300 041 064 45 45 0 (em) x5 Jylo
Leaflet length
_ ) (cm) 455y 20
0.28 1.96 0.29 0.54 33 33 0 Leaflot width
- 0.23 - 453 103 102 47 7.5 2.8 (em) SlpsS Jsb
Stipule length
- 0.29 - 257 55 074 3.1 45 1.4 (em) Slp295 oy
Stipule width
0.22 - 3.6 0.65 0.8 41 5.8 17 (om) &8l b Sy | S)lgdsS Jobo
Stipule length from the axil to tip
(em) 425 3 (g b 2Bl 51 Jgbo 1505 oo
- 0.24 - 33 0.62 0.79 5 5 0 Petiole length from the axil to the first
eaflet or tendril
(cm) Sy 31 b &8lo Job
- 0.15 - 13.4 3.8 1.95 9.8 173 7.5 Total length of the petiole including
tendrils
_ ) (cm) > lxbl (5 e
0.14 1.92 0.07 0.27 1.3 2.5 1.2 Standard width
- 0.85 - 073 038 062 28 28 0 (om) sgew! Jsb
Spur length
(cm) B (gl b bl 51 Jgbo
- 0.54 - 2.68 20.8 1.44 6.4 6.7 0.3 Length from the peduncle to the first
PO
(6m) GYe ype90 b gl dlols Jgbo
- 1.30 - 0.66 0.73 0.86 2.5 25 0 Length between the first and second
pods
Gy @l slass
0.17 5.47 0.91 0.95 4 7 3 Number of seeds per pod
- 0.30 - 625 357 189 715 1 3.5 (em) S Jobo
Pod length
_ . (em) S 550
0.27 1.29 0.12 0.35 1.5 22 0.7 Pod width
- 0.33 - 594 3889 197 90 110 20 (cm) &y )
Plant height
- 0.17 - 41.0 5025 7.1 32 53.0 21 5 5,5 b 59, ol

Number of days to flowering
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Table 6. Green pea accessions Cluster analysis of based on the investigated quantitative traits

095
Cluster olio
idn s o ke Py £33 Jsl Traits
Seven Six Five Four Three Two One
(g) Sus b s (59
1.51 1.85 1.90 2.80 2.40 2.18 2.69 The weight of 100 dry seeds
(em) 45y Jsbo
3.02 2.92 2.70 3.00 2.88 3.07 3.10 Leaflet length
Sy P
1.70 1.90 1.75 2.00 2.03 2.03 2.19 Leaflet width (cm)
(em) 5 Jp355 Jsb
4.37 4.10 4.50 3.00 4.33 4.70 5.23 Stipule length
(em) o5 oS 0
2.49 2.38 2.50 2.30 2.33 2.56 3.28 Stipule width
(cm) il b S5 j1 S lgssS Jsbo
3.28 3.59 3.50 2.50 3.58 3.74 3.95 Stipule length from the axil to tip
(cm) S 5s o3dgl b 48l 51 5 p0n Jobo
3.57 3.28 3.80 2.50 3.52 3.13 3.18 Petiole length from the axil to the first leaflet or tendril
(cm) Koy B16 Lo Jobo
13.15 14.02 13.90 7.50 13.08 13.49 13.34 Total length of the petiole including tendrils
(cm) 5)lsbkwl o ,e
1.77 1.80 1.70 2.10 2.07 1.99 2.05 Standard width
(em) jspel Jsbo
0.68 0.84 1.45 0.00 0.25 0.75 0.83 Spur length
(cm) BMe gl b 4Bl 31 Jobo
3.08 3.17 5.00 0.40 2.55 242 1.96 Length from the peduncle to the first pod
(cm) G (093 b sl alols Jobo
1.28 0.51 1.25 0.00 0.22 0.69 0.16 Peduncle length between the first and second pods
Gy ,dy sl
7 5 6 5 5 6 6 Number of seeds per pod
(cm) éMe Jgbo
491 5.30 5.65 6.80 7.07 6.62 8.04 Pod length
(om) BMe 5.0
1.04 1.23 1.10 1.40 1.50 1.34 1.51 Pod width
(cm) @, £lis)|
86.67 69.08 106.00 20.00 51.17 49.23 3525 Plant height
40.85 DS £955 b g, Dl
45.08 41.50 21.00 27.33 44.50 37.00 Number of days to flowering
12 13 2 1 6 26 8 903 315

Number of accessions
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Figure 2. The cluster analysis dendrogram of the studied traits in green pea accessions from 2021 to 2022
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Table 7. Correlation coefficients between investigated traits in green pea accessions from 2021 to 2022

al a2 a3 a4 a5 a6 a7

a8

a9 al0 all al2 al3 al4 al5 al6

a2 0.1

a3 0.3%* 0.8%*

a4 0.4%* 0.3% 0.4%*

a5 0.6%* 0.3** 0.5 0.7+*

a6 0.3%* 0.4%* 0.4%* 0.7+* 0.6%*

a7 -0.1 0.5%* 0.4%* 0.1 0.1 0.1

a8 0.1 0.2 0.2 0.2 0.2 0.2 0.3%%*
a9 0.6%* 0.2 0.3* 0.5%* 0.5%* 0.4%* 0.0
al0 0.1 -0.1 0.0 -0.1 0.1 0.0 0.0
all -0. 3% -0.1 -0.1 -0.2 -0.2 -0.1 0.2
al2 0_(;** -0.2 0_4** -0.3* 0_3_** -0.2 -0.1
al3 0.8%* 0.0 0.3* 0.6%* 0.6%* 0.5%* -0.2
al4 0.7%* 0.2 0.4%* 0.5%* 0.6%* 0.5%* 0.1
als 0_5'** 0.0 -0.3% -0.2 -0.1 -0.1 0.2%
al6 0_3'** 0.0 -0.1 0.0 -0.1 0.0 0.1
al7 0.2 -0.1 -0.1 0.0 0.1 0.2 -0. 3*

0.0
0.3*
0.3*
-0.1
-0.1

0.0

0.2

0.1

0.1

-0.1
02 03*

04w 01 0.1

0.7% 01 03*% (e

0.6%* 00 02 (e O8%

Qqe 02 0403 oG g
03* 01 0.2 03* 02 -06* 02
0.3* 0 0 0.1 0.2 0.1 0

-0.1
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Table 8. The results of principal component analysis for agronomic traits in green pea genotypes
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Figure 3. The diagram of principal components for the evaluated traits in green pea accessions from 2021 to 2022
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Figure 4. The observed genetic diversity in the flower color of green pea accessions available in the National Plant
Gene Bank of Iran
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Figure 5. The observed genetic diversity in the inflorescence length in the accessions - from the right side, the

inflorescence is shorter than the stipule, the inflorescence is longer than the stipule, — and the inflorescence is the
same size as the stipule.
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Figure 6. Observed genetic diversity in the shape, margin and spots on the stipule
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Figure 7. Observed genetic diversity in the number of flowers per inflorescence
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Figure 8. The observed genetic diversity in the bracts of green pea accessions - some bracts are placed on the spur

and some bracts are directly connected to the inflorescence. This trait was not available in the descriptor, and

according to the observation of accession 47, this (‘irait must be included in the international Pisum sativum L.
escriptor.
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Figure 9. In this sample, the spure length was more than 5 cm.
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Figure 10. The observed genetic diversity in the shape, margin, and spots on the green pea leaflets
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Figure 11. The observed genetic diversity in the shape, length, width, curvature, and shape of the end of the pod of
green pea accessions
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Figure 12. Observed genetic diversity in the seed shape, size, and color of green pea accessions
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