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Effect of Breeding Selection and Environmental Factors on Plant Height
and Node Number in Soybean
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Abstract: To analyze the effect of breeding selection on plant height and node number in soybean,141 soybean popular varie-
ties cultivated from 1949 to 2010, as well as three RIL populations were observed. The 141 soybean lines were divided into six
groups and were planted in 2010 and 2011 in Harbin;while three RIL populations were planted in Hulan and Harbin in 2012.
Plant height and node number declined from 1950’s to 1970’s, and increased in 1980’s, then declined from 1980’s to 2010’s.
There was significant difference in plant height between different planting years while not in node number. Plant height and
node number varied significantly between soybean varieties released in different breeding stages. Moreover, significant differ-
ence could be seen from plant height and node number between two planting locations in three RIL populations.
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The agricultural production had increased by the use of
new types of crops and new farming methods in 1960’
s,which was named as the green revolution. The char-
acteristic of this green revolution was the breeding and
widely cultivation of dwarf crop varieties such as dwarf
wheat and rice. The increased planting density of dwarf
varieties could enhance green leaf area per unit area,
enlarge population light energy capture , thus resulted in
improved seed number and seed weight as well as high-
er yield"'*'. The success in gramineous crops offered a
direction for yield improvement of soybean.

Node number, pod number and biological yield of
soybean were related significantly to plant height. Dwarf
plant with short internode length could enhance the
lodging resistance in soybean and keep the biggest har-

vest index by harvesting more seeds. So soybean breed-
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ers focused on decreasing plant height to increase soy-
bean yield>7'. Cooper resulted that soybean yield
could be increased by planting dwarf soybean varieties,
and released the first soybean variety Elf in 1977 and
other four soybean varieties, Caome, Pixie, Spirit and
Hobbit from 1979 to 1996, respectively. Furthermore,
many high yield records in soybean were reported with
those dwarf soybean varieties coupled with solid plan-
ted technologies and modern machines'® . Similar re-
sults were also reported in China. The highest yield a-
bout 5 955.0 kg-ha ™' was observed by cultivated semi-
dwarf soybean varieties Xindadou 1 and Shidadaou 1
with plant height of 76.3 em and 74.5 ¢m |, respective-
Iy,

Plant height is also an important trait related to eco-

condition. In particular region, suitable plant height
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could acquire more production in soybean. Some results
had been reported that soybean variety planted to fertile
soil should be dwarf, short internode length and kept
suitable nodes number with the most pods in main

stem( 10]

. The mechanism for high yield might be the
acquirement of more light energy and strong lodging-re-
sistance' """

Although relationship between yield and plant height
in soybean had been well documented ,fewer reports a-
bout the effect of breeding selection and environmental
condition on plant height and node number in soybean.
The clarification of these relationships could facilitate
the soybean production in farm condition. So the plant
height and nodes number of the soybean cultivars plan-
ted widely in different breeding stages and three RILs
planted in different locations were analyzed in present

study to 1) clarify the effect of breeding selection and

environmental conditions on plant height and nodes
number ;2 ) offer a theoretical direction for soybean pro-

duction.
1 Materials and methods

1.1 Plant materials

A total of 141 popular soybean varieties released from
1949 to 2010 in Heilongjiang province were collected,
and divided into six groups ( Table 1). Furthermore,
3 recombination inbred lines ( RILs ) including 148,
109 and 153 individuals derived from Hefeng 47 x Hei-
nong 37, Heinong 44 x Hefeng 47 and Dongnong 46 x
Kenjian 23, respectively, were planted to observe the
effect of different planting locations on plant height and

node number.

Table 1 Soybean cultivars in different breeding stages
Released year Cultivars Amounts

Before 1959 Jinyuan 2, Suihuasilihuang, Sunwudabaimei, Yuanbaojin, Zihua 2, Zihua 3 , Mancangjin, Fengshou 2, Jingshan- 10
pu, Fengshou 6

1960-1969 Heihe 3, Heinong 4, Heinong 6 , Heinong 7 , Heinong 8 , Fengshou 1, Mufeng 1 7

1970-1979 Hefeng 14, Hefeng 15 ,Heinong 10, Mushi 1, Nenfeng 2, Suinong 1, Suinong 2, Suinong 3 , Hefeng 21 , Heihe 4 10

1980-1989 Heinong 19, Suinong 4, Beifeng 2, Dongnong 37 , Hefeng 25 , Heihe 5, Heihe 6 , Hefeng 29 , Kenfeng 1, Fengshou 14
20, Hefeng 30, Heihe 7 ,Suinong 7, Suinong 8

1990-1999 Fengshou 10, Heinong 35, Heinong 37, Kennong 4, Hefeng 35, Suinong 10, Suinong 11, Heihe 14, Heihe 15, 17
Heinong 40, Suinong 12, Heihe 16 ,Dongnong 44 ,Heihe 17 ,Heihe 18 ,Suinong 15, Suinong 16

2000-2010 Hefeng 39, Hefeng 40, Heihe 23, Beijiang 91, Heihe 26, Kennong 18 , Suinong 17, Hefeng 43 , Heihe 27, Hei- 83

nong 43 , Kenjian 17, Kenjian 27 , Suinong 18 , Suiwuxing 1 ,Kennong 19, Heihe 30, Heihe 31, Heinong 46 , Ken-
jian 28 ,Suinong 14, Suinong 21 , Heihe 32 , Heihe 35 , Heihe 36 , Heinong 48 , Kangxian 4 , Hefeng 49 , Heihe 38,
Heinong 49 , Suinong 22 , Beidou 3, Beidou 5, Hefeng 50, Heihe 39, Heihe 40, Heihe 41, Kenfeng 16, Kenjian
7 ,Kennong 26, Suinong 23 , Suinong 28 , Beidou 10, Heihe 43 , Heihe 45 , Heihe 46 , Heihe 48 , Heinong 50 , Hei-
nong 51, Heinong 52 , Heinong 53 , Heinong 55 , Huajiang 4 , Kangxian 6 , Suinong 24 , Suinong 25 , Fengshou 25 ,
Beidou 14, Beidou 16, Beidou 19, Hefeng 53, Hefeng 54 , Hefeng 55, Hefeng 57, Heihe 49, Heinong 58 , Hei-
nong 60, Heinong 61, Heinong 62 , Heinong 64 , Heinong 66 , Heinong 68 , Kangxian 8 , Kenfeng 22 , Suinong 26,
Suinong 27 , Heihe 50, Heihe 51, Suinong 29 , Suinong 30, Suinong 31, Heihe 52, Heihe 53, Suinong 32

1.2 Experiment design

The 141 soybean varieties were planted at field trail
site of Northeast Agricultural University in Harbin in
2010 and 2011. Random block design with 2 replicates
was adopted. Rows were 3 m long and 0.6 m wide with
a mean distance of 5 ¢cm between plants. In 2012, the
three Fy recombinant inbred lines ( RILs ) that were ad-
vanced by single seed descent were planted at Harbin

and Hulan,respectively. Random block design with two

replicates was adopted. Three rows plots were used and
rows were 2 m long and 0. 6 m wide with a mean dis-
tance of 5 cm between plants.

1.3 Measure methods

Five plants in middle rows were selected to measure
plant height and node number followed the soybean
germplasm resource description criterion and data

standard.
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1.4 Data analysis

Data description, ANOVA analysis and correlation anal-
ysis were all calculated using Excel 2010 and SPSS
19.0 software.

2 Results

2.1 Plant height of soybean varieties widely culti-
vated in different breeding stages
Two significant changes could be observed by ana-lyz-

ing plant height of soybean cultivated widely in differ-

ent breeding stages. Firstly,the plant height of soybean
decreased significantly from 1950’s to 1970’s. The plant
height in average declined from 95.04 c¢m in 1950’s to
75.95 cm in 1970’s. Furthermore, the range of plant
height was the smallest in all the six groups with the
second plant height of 132 cm, suggesting that plant
height in different breeding stage were relatively high.
Secondly ,the plant height in 1980’s reached 84.4 cm,
then decreased again to a dwarf plant of 79 em which

didn’t change significantly until now(Table 2).

Table 2 Description of plant height of different breeding stages of soybean(cm)

Released year

e Before 1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2010 Average
Average 95.04 88.91 75.95 84.4 79.34 79.49 83.86
Std. 10.43 11.56 11.94 14.01 14.91 14.31 12.86
Min. 57 52 52 50 50 50 51.83
Max. 132 128 118 137 122 122 126.5
Range 55 66 56 87 72 72 68.00

ANOVA analysis for breeding stage, variety and
planting year of plant height was also conducted in

present study ( Table 3). Significant differences in plant

height were observed in different breeding stages, dif-
ferent varieties and planting years, suggesting that plant

height was a environment-sensitive trait.

Table 3 ANOVA analysis of plant height of different breeding stages of soybean

Breeding stages Varieties Years
Item
Between groups Within groups Between groups Within groups Between groups Within groups
Mean square 4.46 2.78 4523.84 1437.1 0.73 0.23
F 1.e1*" 3.15** 3.22%*

** .significant at the 0.01 level. The same below.
2.2 Node number of soybean varieties widely cul-
tivated in different breeding stages
Node number was correlated with plant height in soy-
bean and similar results were observed to plant height.
The node number decreased from 1950’s to 1970’s;

then increased in 1980’s and decreased again. Howev-

er,the range was smaller than plant height( Table 4 ).
ANOVA analysis for node number showed that node
number in different breeding stages and in different va-
rieties was different significantly. However, no signifi-

cant difference was observed in varied years( Table 5).

Table 4 Description of node number of different breeding stages of soybean (individual )

Released year

frem Before 1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2010 Average
Average 17.51 16.89 16.53 17.35 16.76 16.5 16.89
Std. 2.13 2.25 2.723 2.42 2.78 2.4 2.59
Min. 13 12 11 11 10 10 10
Max. 23 22 23 25 25 24 25
Range 10 10 12 14 15 14 15
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Table 5 ANOVA analysis of node number of different breeding stages of soybean

Breeding stage Varieties Years
Item
Between groups Within groups Between groups Within groups Between groups Within groups
Mean square 2.83 0.23 15413.38 1444.81 4.41 2.82
F 12.53"* 10.67 " 1.56

2.3 Plant height and node number of three RILs
planted in two different locations

To clarify the effect of planting location on plant height

and node number, three RILs were planted in Harbin

and Hulan in 2012. Different plant height and node

number in 3 RILs were shown in Table 6. The lowest

plant height was only 27 cm, the tallest plant height

reached 176 c¢m, and the range was 149 cmjthe least

node number was only 6 the most was 26, and the range
reached 20, suggesting that these three RILs were suit-
able for the analysis of plant height and node number.
Moreover, ANOVA analysis showed that plant height
and node number were both significantly different, sug-
gesting that different planting locations had a significant

effect on plant height and node number( Table 7).

Table 6 Description of plant height and node number of different breeding stages of soybean

Trait Range Min. Max. Average Std.
Plant height/cm 149 27 176 84.07 19.92
Node number 20 6 26 15.05 2.88

Table 7 ANOVA analysis of plant height and node number of different breeding stages of soybean

Plant height

Node number

Between groups

Within groups

Between groups Within groups

755.17

Mean square

F 2.33""

324.12 18.43 6.21

2.97**

2.4 Correlation analysis between plant height and
node number

Significant differences were observed among soybean

varieties released in different breeding stages and a-

mong three RlLs planted in two varied locations. The

correlation index were 0. 66 and 0. 69 ,respectively.
3 Conclusion and discussion

Dwarf plant suitable to soil condition could improve
yield in soybean. For example ,the sample of high yield
in soybean in China had been reported one by one
since ‘ Eighth Five-Year Plan’ , most of varieties in-
volved were semi-dwarf plants of 60-85 cm. Later, sol-
id-planted mode with semi-dwarf soybean was intro-
duced to Heilongjiang province, Northeast China in
1990°s and then formed the technology of high yield of
solid-seeded soybean. The key for the technology was
the application of soybean lines with 40-60 cm stem.
The yield could be increased 16% -22% when the
planting density was 400 000 individuals per hec-

tare''?. Similar results for plant height were shown in

present study. Though the plant height of soybean fluc-
tuantly changed, the overall trend was declining to
reach a suitably dwarf stem and gaining a high yield.

The soybean varieties released in different breeding
stages had varied plant height and node number. The
reason might be as follows. Firstly, there were six matu-
rity groups in Heilongjiang province , which needed dif-
ferent varieties with different plant height and node
number ; secondly, change of plant height was correlated
to the breeding goal in different breeding stages. In
1950’s, most varieties were high and thriving and
lodged when cultivated in farm, dwarf soybean lines
were bred to meet the need. So plant height declined
rapidly'"*’. However, in 1980’s, solid-seeded cultivated
mode was introduced and then semi-dwarf soybean va-
rieties were bred,so plant height declined again.

Plant height changed evidently between different
years and locations in present study. The reason was
that during the vegetative period , the weather, nutrition
condition in soil and cultivated technology could affect

plant growing of soybean. Cheng et al. reported that
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plant height of soybean was only 30-33 ¢m in drought
growing season while it could reach 84. 1 cm in the
growing season with ample rainfall. They concluded that
the most important factor was rainfall and second was
temperature' "', Similar result could be found in maize
that plant height of maize changed in different years
and further analysis showed that rainfall was the most
important influencing factor "’ .

Yield could be influenced by plant height and node
number in soybean. Some reports had showed that the
increment of plant height depended on the increment of

° suggesting that evident correlation ex-

node number''
isted between plant height and node number in soy-
bean. Similar results were showed in present study.
Correlation analysis between plant height and node
number was different significantly. However , few resear-
ches about node number were reported, more studies
should be conducted to clarify relationship between

plant height and node number to facilitate the breeding
of new soybean lines with high yield.
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