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INTRODUCTION

In Korea, the first soybean [Glycine max (L.)
Merrill] variety was ‘Jangdanbaekmok’ produced by sepa-
rating domestic soybean variety by pure line isolation in 
1913, and the first hybrid variety was developed in 1969 
characterized with high yield and resistant to mosaic 
virus.  Until the 1970s, soybean varieties were developed 
in order to increase yield, and in the 1980s, mechaniza-
tion-adaptive varieties were developed in response to 
the declining labor force in rural areas.  In the 1990s, the 
WTO (World Trade Organization) was launched, for this 
reason the goal of developing new varieties were diversi-

fication of uses and enhancement of quality.  Since the 
2000s, the goal of breeding has been diversified into high 
quality, functional food with variety of uses according to 
demand or user preference, resistance to insect damage 
and high-value added product, leading to the 178 varie-
ties developed until 2014 (Lee et al., 2015).

The plant type of soybean is affected by the cultiva-
tion conditions, but it is also very important to know the 
characteristic of the variety.  The variation in plant type 
of soybean shows a significant difference in the photo-
synthetic rate and also has a great influence on the yield 
(Haile et al., 1998; Wells et al., 1982).  Soybean is geneti-
cally very diverse and has been classified in many differ-
ent forms, mainly by the characteristics of the main stem 
and branches (Nakamura et al. 1981; Watanabe et al.  
1975; Nagata 1950; Ariga 1943).  In addition, the charac-
teristics of leaf-related features in relation to plant type 
differ by variety, and classifications of these characters 
have been reported (Kim et al.  2008).  

Sawada (1988, 1992) proposed a leaflet shape index 
(LSI) to distinguish the shape of the leaflet.  LSI is the 
ratio of the length and width of the leaflet.  He classified 
the Japanese soybean varieties as broad leaf type with 
LSI of less than 2.6 and narrow-long leaf type with more 
than 2.6.  Zheng & Chen (1980) investigated 478 wild 
type soybeans (G. soja) collected from Jilin Province of 
China, and classified them into four categories for leaflet 
shape (ovate, long ovate, lanceolate and linear), and 
three types for leaflet (small, intermediate and large) 
according to the area of the leaflet.

Leaf type of soybean was reported to have a signifi-
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cant relationship with the seed number per pod and seed 
size.  Jeong et al. (2012) reported that narrow leaflet 
soybean varieties tend to have more seeds per pod than 
broad leaflet varieties because thus the leaves are thick 
and the leaf area ratio is high, and more substances 
related to photosynthesis will be made per unit leaf area 
(Dornoff & Shibles, 1970; Lugg & Sinclair, 1981).  The 
leaf area ratio means the leaf area to the dry weight of 
the plant which can be used to show the relative growth 
rate as a result of the net assimilation rate per unit area 
of the leaf surface.  The relative growth rate helps us to 
understand the relationship between photosynthesis and 
production ability of plants (Cho et al., 1994).  

Genetic resources used for developing variety 
include modern varieties, breeding lines, ecotypes, 
domestic varieties, wild types, and weed types (Boller & 
Greene, 2010; Maxted et al., 2008).  Among them, mod-
ern varieties are very close genetic distance, but have 
excellent characteristics, and they are widely used as 
crossing parent.  There are several methods of classify-
ing the genetic diversity and relationships of various 
varieties and genetic resources into clusters by using 
multivariate analysis (Park et al., 2014), biochemical 
isozyme (Han et al., 1999), and coefficient of parentage 
(Zhou et al., 2002; Jong et al., 1999).  Multivariate analy-
sis is a method to classify morphological traits objec-
tively and synthetically.  Unlike classification by a few 
traits, several traits are considered simultaneously in 
selecting various practical uses of breeding as well as 
evaluation of breeds or genetic resources (Nielsen & 
Munck, 2003; Ennis et al., 1982).  Studies on classifica-
tions of varieties and genetic sources by multivariate 
analysis has been reported including corn (Park et al., 
2014; Choi, 2010), strawberries (Kim et al., 2009), and 
plum (Choi et al., 2014).  Soybean was reported by Lee 
et al.  (1999), Kim et al.  (1999), Cho et al.  (1994), and 
Guh et al.  (1983), Salami (2013), Malik (2011), and 
Oliveira et al.  (2010).  In recent years, methods of using 
DNA markers have also been used for agricultural 
researchers (Gosh et al., 2014; Kim et al., 2006).  
Therefore, this study was conducted to identity the 
characteristics and variations of leaf-related characters 
that make up the plant type of soybean varieties devel-
oped from 1913 to 2013 in Korea, and to classify these 
varieties as basic data for soybean breeding programs.

MATERIALS AND METHODS

A total of 172 varieties of soybean utilized for sauce 
& paste (81 varieties), bean sprout (53), cooking with 
rice (24), vegetable & early maturing (14) were devel-
oped from 1913 to 2013 in Korea (Table 1).  On May 28, 
2014, the cultivation of soybean varieties was imple-
mented at the field of Chungbuk National University.  
The experiment was set up in a randomized complete 
block design with split-plot design in three independent 
replications.  The fertilization rate was N: P2O5: K2O = 3: 
3: 3.4 kg/10a and other cultivation management was 
based from recommendations of Rural Development 
Administration (RDA).  

The leaf length, leaf width, leaf length/width ratio, 
leaf thickness, leaf area, leaf dry weight, leaf area ratio, 
petiole length, and petiole weight were investigated dur-
ing the R6 stage by which the central leaflet of the sec-
ond leaf from the top of the plant was selected to meas-
ure leaf characters.  The leaf length, leaf width, leaf 
length/width ratio, and leaf area were measured using 
LI-3100, leaf thickness were measured using Digital cali-
per (CD-15CPX).  The leaf dry weight and petiole weight 
were measured after drying for 48 hours in a dryer at 
70℃.  Other investigations were conducted in accord-
ance with the criteria for evaluation of plant genetic 
resources (Rural Development Administration, 1985) 
and descriptors for soybean (IBPGR, 1984).

Statistical analyses were performed using SAS 
System for windows (release 9.2; SAS Institute, Cary, 
NC, USA).  Data were analyzed using PROC GLM (gen-
eral linear models) procedure and means were separated 
on the basis of Duncan multiple range test (SAS 
Institute, 2007).  Significances were set at the 5% level.  
After performing the Principal Component analysis 
(PCA), the cluster analysis was performed using the 
Complete Linkage Cluster method by means of the main 
component score.

RESULTS AND DISCUSSION

Variation of leaf-related characters
The variation of the leaf-related characters of devel-

oped varieties is shown in Table 2 and Fig. 1.  Based on 
the result of the 172 varieties, the average leaf length was 
13.15 cm ranging from 6.48 to 17.67 cm.  The average leaf 
width was 7.26 cm with a range of 2.49 to 12.13 cm.  The 
mean of leaf length/width ratio was 1.89 ranging from 1.16 

Table 1.  Number of soybean varieties classified by released year and breeding organization used for this experiment

Released 
year

Breeding organization
Total

RDA* ARES  University Institute Company

Before 1980 18 - - - - 18

1980s 17 - - - - 17

1990s 40 3 - - - 43

From 2000 to 2013 64 9 13 3 5 94

Total 139 12 13 3 5 172

*RDA: �Rural Development Administration, ARES: Agricultural Research & Extension Services, Institute: Korea 
Atomic Energy Research Institute
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Fig. 1.  �Frequency distributions of leaf length (A), leaf width (B), length/width ratio (C), leaf thickness (D), 
leaf area (E), dry weight (F), leaf area ratio (G), petiole length (H) and petiole weight (I) in 172 
Korean soybean varieties.
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to 3.01.  IBPGR (1984) classified leaflet shape by means 
of leaf length/width ratio, the range of the leaf length/
width ratio of 1.8 or less was classified as oval leaf type, 
classified under ovate leaf type has a range of 1.9 to 2.1 
while lanceolate leaf type has a range of 2.2 or more.  Kim 
et al.  (2008) reported that the leaf length/width ratio, 
based on IBPGR, was classified as oval with LSI≤2.0, ovate 
with LSI 2.1~3.0 and lanceolate with 3.1≤LSI.  The per-
centage of oval, ovate and lanceolate leaf types among 
cultivars were 78.7%, 17.0% and 4.3%, respectively, while 
wild soybean accessions were 40%, 15.4% and 4.4%, 
respectively (Kim et al., 2008).

The mean value of leaf dry weight was 63.37 g (a 
range of 6.39 to 101.96 g).  The mean of leaf area ratio 
was 0.98 (a range of 0.21 to 2.08).  The average length of 
petiole length was 25.47 cm (a range of 6.30 to 38.80 cm).  
The mean value of petiole weight was 0.49 g (a range of 
0.11 to 1.19 g) (Table 2).  Nakamura et al. (l994) reported 
that leaf shape of ovate is good for securing leaf area of 
early growth but it is advantageous for majority due to 
high growth rate, but it causes over luxuriant growth and 
light interception defect in the late stage of growth, and 
Leaf shape of lanceolate is advantageous in light intercep-
tion of the community and lodging resistance, but it is dis-
advantageous in securing leaf area at the early stage of 
growth.  The reason for the high yielding ability and lodg-
ing resistance of recently developed varieties is that they 
have the merits of intermediate between ovate and lan-
ceolate.

The coefficient of variation of the leaf characteristics 
of Korean soybean varieties was 15.27% in leaf length, 
23.59% in leaf width, 24.01% in leaf width ratio, 16.67% in 
leaf thickness, 32.65% in leaf area, 20.35% in leaf dry 
weight, 37.02% in leaf area ratio, 21.9% in petiole length, 
and 47.18% in petiole weight (Table 2).  Kim et al.  
(2008) reported that developed soybean varieties from 
1913 to 2000 has the largest variation in the leaf-related 
characters, followed by the large variation of petiole angle 
and the leaflet length/width ratio.

Among the leaf-related characters of the 172 varie-
ties, “Cheongyeol 1” variety showed the maximum leaf 

length, while the minimum was “Haessal”, the maximum 
leaf width was “Saeol” and the minimum was “Gangil”, the 
maximum leaf length/width ratio was “Aga 8” and the min-
imum was “Geomjeongsaeol”, the maximum leaf thickness 
was “Tawon” and the minimum was “Seonam”, the maxi-
mum leaf area was “Gipung” and the minimum was 
“Haessal”, the maximum leaf dry weight was “Daeyang” 
and the minimum was “Haessal”, the maximum leaf area 
ratio was “Chungbukbaek” and the minimum was 
“Gangil”, the maximum petiole length was “Sangsu” and 
the minimum was “Gangil”, and lastly, the maximum peti-
ole weight was “Daeyang” and the minimum was “Haessal” 
(Table 3).

The mean leaf length of 68 soybean varieties ranged 
from 13 to 15 cm.  The shortest length, which ranges from 
6 to 10 cm, was observed in 11 varieties.  Majority of the 
varieties (93) exhibited narrow leaf width which meas-
ured from 5 to 8 cm, while 11 varieties showed wider leaf 
which measured from 11 to 14 cm.  A total of 89 varieties 
showed the most common leaf length to width ratio, 
which was less than 1.8, and the remaining few varieties 
showed a much higher ratio value at 3.0 or more.  The leaf 
thickness value, which ranges from 0.12 to 0.15 mm was 
commonly found in 90 varieties while 0.18 to 0.2 mm 
thickness was only observed in 5 varieties.  The leaf area 
ranging from 40~70 cm2 was observed in 97 varieties, 
while the remaining 7 varieties displayed a 100~120 cm2 
leaf area.  The leaf dry weight varies from 0.7 to 1.2 g in 91 
varieties and 1.7~2.3 g among 6 remaining varieties.  The 
leaf area ratio ranged from 60 to 90 in 87 varieties and 0 
to 30 in only one variety.  Petiole length ranging from 20 
to 30 cm was observed in 112 varieties, while 0 to 10 cm-
long petiole was observed only in 3 varieties.  Nakaseko 
(1988) reported that short petiole length of the plant type 
improved light penetration in the community.  The range 
of petiole weight was 1.0 to 1.3 g in 6 varieties and 
0.4~0.7 g was mostly observed in 79 varieties (Fig.  1).

The leaf length and leaf width as well as petiole 
weight and leaf dry weight had positive correlation, while 
leaf width and leaf length/width ratio were negatively cor-
related (r=–0.7563) (Fig 2).

Table 2. Maximum, minimum, mean and coefficient of variation (CV) of leaf-related characters in 172 Korean soybean varieties

Statistics
Leaf length

(cm) 

Leaf 
width
(cm) 

Leaf length/
width ratio

Leaf 
thickness

(mm)

Leaf area
(cm2) 

Leaf dry 
weight

(g)

Leaf area
 ratio

Petiole 
length
(cm)

Petiole 
weight

(g)

Max. 17.67 12.13 3.01 0.20 108.80 101.96 2.08 38.80 1.19 

Min. 6.48 2.49 1.16 0.08 10.82 6.39 0.21 6.30 0.11 

Mean 13.15 7.26 1.89 0.13 59.57 63.37 0.98 25.47 0.49 

S.D. 2.01 1.71 0.45 0.02 19.45 12.90 0.36 5.58 0.23 

C.V(%) 15.27 23.59 24.01 16.67 32.65 20.35 37.02 21.90 47.18

Table 3. Varieties with maximum and minimum values of leaf-related characters in 172 Korean soybean varieties

Statistics
Leaf

length 
Leaf 

width 
Leaf length/
width ratio

Leaf 
thickness

Leaf
 area

Leaf dry
 weight

Leaf area 
ratio

Petiole
 length

Petiole 
weight

Max.
Cheong
yeob1

Saeol Aga 8 Tawon Gipung Daeyang Chungbukbaek Jangsu Daeyang

Min. Haessal Gangil Geomjeongsaeol Seonam Haessal Haessal Gangil Gangil Haessal
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Principal component analysis
As a result of the analysis of the principal compo-

nents using the nine leaf-related characters, the 
obtained eigenvalue and the contribution of each princi-
pal component are shown in Table 4.  The contribution 
of the main component to the total was 50.2% for the 
first main component, 20.5% for the second main com-
ponent, 14.2% for the third main component.  The clus-
ter classification is performed by selecting only the prin-
cipal components that explain the variation of the data 
among the nine principal components, and generally 
determines the number of principal components with an 
eigenvalue of 1 or more (Janmohammadi et al., 2014).  
Therefore, principal component analysis of nine leaf 
characters revealed that the cumulative contribution 
from the first to the third main component was 84.9%, 
and it was possible to classify Korean soybean varieties 
only with the three main components.  The first main 
component showed a high positive correlation with all 
components except for leaf length/width ratio and leaf 
area.  The second main component showed negative cor-
relation with leaf length/width ratio, leaf thickness and 
leaf dry weight, and positive correlation with leaf width, 
leaf area, leaf area ratio and petiole length.  The third 
main component showed negative correlation with leaf 
width, and positive correlation with leaf length and leaf 
length/width ratio (Table 5).

Clustering of 172 soybean varieties
As a result of cluster analysis using the first to third 

main components, 172 Korean soybean varieties were 
divided into 6 clusters based on average distance 1.5 
(Fig. 3).  The total number of varieties is classified as 66 

A

C

B

D

Fig. 2.  �Relationship between leaf-related (leaf width and leaf length; A, Leaf length/width and leaf width; B, 
petiole weight and petiole length; C, leaf dry weight and petiole weight; D) characters in 172 Korean 
soybean varieties.

Table 4. �Eigenvalues and contribution obtained from principal 
component analysis in 172 Korean soybean varieties

Eigenvalues of the Correlation Matrix

　Principal
　component

Eigenvalue Proportion (%) Cumulative (%)

Prin 1 4.519 50.2 50.2

Prin 2 1.849 20.5 70.7

Prin 3 1.280 14.2 84.9

Prin 4 0.605 6.7 91.7

Prin 5 0.427 4.7 96.4

Prin 6 0.187 2.0 98.5

Prin 7 0.089 1.0 99.5

Prin 8 0.021 0.2 99.7

Prin 9 0.019 0.2 100

Table 5. �Correlation coefficients between leaf–related characters 
and principal components in 172 Korean soybean variet-
ies

Characters
Principal component

Prin 1 Prin 2 Prin 3

Leaf length (cm) 0.643**       0.148 0.675**

Leaf width (cm) 0.903** 0.205**      -0.291**

Leaf length/ width ratio -0.535**      -0.151 * 0.819**

Leaf thickness (mm) 0.247**      -0.817**      -0.081

Leaf area (cm2) 0.946**       0.162*       0.048

Leaf dry weight (g) 0.886**      -0.354**       0.04

leaf area ratio      -0.188*    0.896**      -0.06

Petiole length (cm) 0.619** 0.368** 0.223**

Petiole weight (g) 0.916**      -0.06       0.06

*, ** �Significant at the level of 0.05 and 0.01 probability, 
respectively.
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(38.4%) in cluster I, 8 (4.7%) in cluster II, 8 (4.7%) in 
cluster III, 25 (14.53%) in cluster IV, 2 (1.2%) in cluster 
V, and 63 (36.62%) in cluster VI.  About 75.1% of the 
total number of varieties belong to cluster I and VI.  The 
cluster I had above-average values for all of the leaf-
related characters, meanwhile cluster II had the smallest 
leaf thickness of 0.11 mm, with the highest leaf area ratio 
of 80.36.  The cluster III had the smallest leaf width of 
1.5, and the leaf thickness was the largest at 0.17 mm.  
The cluster IV had the largest leaf width ratio of 2.7, and 
the other leaf-related characters were less than average.  
The cluster V had the lowest value among the clusters 
except for the leaf length/width ratio, leaf thickness and 
leaf dry weight.  The cluster VI had the highest value in 
all of the traits except leaf length/width ratio, leaf thick-
ness, and leaf area ratio (Table 6).

There were 12 (7.0%) varieties developed before the 
1980s in the cluster I, 2 (1.2%) varieties in the cluster II, 
and non to the cluster III and V, 3 (1.7%) varieties in the 
cluster VI.  In the 1980s, 11 (6.3%) varieties were found 
in the cluster I, 1 (0.6%) variety was included in the 
cluster II, and 5 (2.9%) varieties were included in the 
cluster VI.  In the 1990s, there were 12 (6.9%) varieties 
in the cluster I, 1 (0.6%) variety in the cluster II, 7 
(4.0%) varieties in the cluster IV and 19 (11.0%) varie-
ties in the cluster VI.  Since 2000, there were 31 (18.0%) 
varieties in the cluster I, 4 (2.3%) varieties in the cluster 
II, 17 (9.9%) varieties in the cluster IV, 2 (1.2%) varieties 
belonged to the cluster V 36 (20.9%) varieties belonged 
to the cluster VI, comprising about 54.7% of the total 
varieties developed since 2000 (Table 7).

No cultivars were found in III and V clusters that pro-
duced before 1980, and no cultivars in 1980s were 
included in III, IV and V, and none of the cultivars of 1990 
belong to cluster V.  Varieties that are released after the 
2000s were included in each cluster.  Comparison of leaf 
characters contents based on utilization types showed 
that sauce & paste belong both in clusters I and VI, bean 
sprout in I and VI, cooking with rice in I, and vegetable & 
early maturing in VI.  Growth and leaf–related character-
istics or traits are poor in cluster V and is good in cluster 
VI.  The soybean varieties of Korea were distributed in 
clusters I, II, IV, and VI before 1980, but they were widely 
distributed in whole clusters since the 1990s.  This is 
because various varieties were developed after the mid–
1990s, with the aim of breeding diversification and qual-
ity upgrading in response to the international opening 
(Kim et al.  2006).

The cluster is classified by utilization type as shown 
in Table 8.  In the cluster I, 36 (20.9%) varieties were for 
sauce & paste, while 17 (9.9%) varieties for bean sprout, 
9 (5.3%) varieties for cooking with rice, and 4 (2.3%) 
varieties for vegetable & early maturing were included.  
The cluster II and III did not include any kind of vegeta-
ble & early maturing, while cluster IV contained 4 
(2.3%) varieties of sauce & paste and 21 (12.2%) varie-
ties included for bean sprout, and for cooking with rice 
and vegetable & early maturing variety did not include 
any cluster.  In the V group, 2 (1.2%) varieties were for 
sauce & paste, while 32 (18.6%) varieties for sauce & 

Fig. 3.  �Dendrogram classified by complete linkage cluster based 
on principal component scores in 172 Korean soybean vari-
eties.
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paste, 8 (4.5%) varieties for bean sprout, 13 (7.6%) vari-
eties for cooking with rice, and 10 (5.8%) varieties for 
vegetable & early maturing were included in the cluster 
VI.  By the utilization type, the varieties for sauce & 
paste were distributed in cluster I, the varieties for bean 
sprout were distributed in clusters I and VI, the varieties 
for cooking with rice were distributed in cluster VI, and 
the varieties for vegetable & early maturing were distrib-
uted in cluster VI, respectively.  

Based on the coefficient of parentage, soybean varie-
ties in the United States and Canada were low in genetic 
diversity (Gizlice et al., 1993), (China (Cui et al., 2000) 
from and Japan (Zhou et al., 2002)) and soybean varie-
ties were high in genetic diversity.  Li & Nelson (2001) 
reported that the genetic diversity of Chinese soybean 
varieties was higher than Korea and Japan soybean vari-
eties.  Chinese soybean varieties are genetically distinct 

from Korean and Japanese soybean varieties, and soy-
bean varieties between Korean and Japanese were 
closely genetically related.  Jong et al. (1999) analyzed 
75 varieties of soybeans developed in Korea until 1998 
on the basis of coefficient of parentage, and found that 
genetic diversity was high.  Kim et al. (2006) classified 
99 varieties of Korean soybeans developed until 2002 
into seven groups by SSR markers, and reported that 
Korean soybean varieties had relatively high genetic 
diversity.  These results are related to the genetic diver-
sity of soybean varieties.  In this study, we explored the 
variation of leaf-related characteristics of 172 soybean 
varieties in Korea from 1913 to 2013 and classified them 
into varieties by multivariate analysis to schematize the 
flexible relationship.  This study will be useful for infor-
mation on the genetic diversity and flexible relationship 
of Korean soybean varieties.

Table 6. �Mean values of leaf-related characters of each cluster classified in 172 Korean soybean varieties

Characters

Cluster

MeanI II III IV V VI

(n=66) (n=8) (n=8) (n=25) (n=2) (n=63)

Leaf length (cm) 12.75 9.15 10.61 13.42 6.53 14.48 11.15

Leaf width (cm) 7.21 5.16 7.15 4.95 2.93 8.63 6.05

Leaf length/width ratio 1.80 0.18 　　 1.5 2.73 2.29 1.71           1.7

Leaf thickness (mm) 0.12 0.11 　　  0.17 0.14 0.17 0.14 0.14

Leaf area (cm2) 56.06 30.30 45.81 41.52 11.07 77.11 43.64

Leaf dry weight (g) 0.83 0.39 　　   0.96          0.7 0.99 1.32 0.85

leaf area ratio 69.03 80.13 47.35 61.18 29.33 59.21 57.70

Petiole length (cm) 26.15 18.48 20.22 22.55           6.4 28.13 20.33

Petiole weight (g) 0.42 0.21            0.32          0.31 0.13 0.71 0.26

Table 7. �Number of varieties of each cluster classified by released years in 172 Korean soybean varieties

Released 
year

Cluster

TotalI II III IV V VI

(n=66) (n=8) (n=8) (n=25) (n=2) (n=63)

Before 1980 12(7.0) 2(1.2) - 1(0.6) - 3(1.7) 18(10.4)

1980s 11(6.3) 1(0.6) - - -   5(2.9) 17(9.9)

1990s 12(6.9) 1(0.6) 4(2.3)   7(4) - 19(11) 43(25)

Form 2000 to 2013 31(18) 4(2.3) 4(2.3) 17(9.9) 2(1.2) 36(21) 94(54.7)

Total 66(38.4) 8(4.6) 8(4.6) 25(14.5) 2(1.2) 63(36.7)     172(100)

( ): Percentage of varieties belongs to each cluster to a total of varieties.

Table 8. �Number of varieties of each cluster classified by utilization types in 172 Korean soybean varieties

Utilization
Type

Cluster

TotalI II III IV V VI

(n=66) (n=8) (n=8) (n=25) (n=2) (n=63)

Sauce & paste 36(21) 3(1.7) 4(2.3) 4(2.3) 2(1.2) 32(18.7) 81(47)

Bean sprout 17(9.9) 4(2.3) 3(1.7) 21(12.2) -   8(4.6) 53(31)

Cooking with rice   9(5.2) 1(0.6) 1(0.6) - - 13(7.6) 24(14)

Vegetable &
early maturing

  4(2.3) - - - - 10(6) 14(8)

Total 66(38.4) 8(4.7) 8(4.7) 25(14.5) 2(1.2) 63(36.7)     172(100)

( ): Percentage of varieties belongs to each cluster to a total of varieties.
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