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Sophora japonica cv. jinhuai is the best Chinese Flos Sophorae Immaturus variety with high medicinal and 
economic values. Generally, Sophora japonica harvests once a year. However, Sophora japonica cv. jinhuai 
harvests twice a year. This study targeted the flowering mechanisms of Sophora japonica cv. jinhuai by 
investigating the changes of endogenous hormones in the flower bud differentiation process to explore the 
important scientific foundation in the production of Sophora japonica cv. jinhuai that harvests twice a year. The 
contents of indole acetic acid (IAA), gibberellin (GA3), zeatin riboside (ZR), and abscisic acid (ABA) in vegetative 
period, flower bud stage, budding period, full flowering stage, and fruit stage of flower bud differentiation of 
Sophora japonica cv. jinhuai were determined by using enzyme-linked immunosorbent assay (ELISA). The 
hormones’ actions of the above different stages were analyzed and compared to each other for further exploring 
the process of flower bud development (FBD) of Sophora japonica cv. jinhuai. The results showed that, in the 
process of flower bud differentiation period, from low to high, the endogenous hormones’ contents in the first 
and second harvest times were: ABA > IAA > ZR > GA3. The content of ABA was the highest one among the four 
endogenous hormones at each stage, which could promote flowering. Low content of IAA might promote flower 
bud initiation, while GA3 inhibited flower formation. Low level of IAA/ABA ratio (0.374), GA3/ABA ratio (0.073), 
(IAA+GA3)/ZR ratio (1.887) could promote the transformation of Sophora japonica cv. jinhuai from vegetative 
growth to reproduction development during flower bud differentiation period. The results provided a solid 
theoretical basis and technical guarantee for the development of Sophora japonica cv. jinhuai planting industry 
in northern Guangxi area. 
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Introduction 
 
Sophora japonica L, whose unopened buds are 
called Flos Sophorae Immaturus, is a perennial 
deciduous tree of Papilionoideae, Leguminosae. 
It can be used not only as medicine, but also as 
tea. In addition, it can be used as building 
materials and has ornamental value [1]. Flos 

Sophorae Immaturus is a characteristic Chinese 
herbal medicine enriched of Rutin, Flavine, and 
other chemical components [2]. China's most 
high-quality Flos Sophorae Immaturus is 
produced in northern Guangxi. The Sophora 
japonica cv. jinhuai in northern Guangxi area is an 
excellent tree species bred from P. japonica. 
Most Flos Sophorae Immaturus in China is 
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harvested only once a year. With the 
development of industrialization, farmers pay 
more and more attention to the growth state of 
Sophora japonica cv. jinhuai and the situation of 
flowers. During the planting, some farmers found 
that the Flos Sophorae Immaturus appeared the 
second harvest period after branches of Sophora 
japonica cv. jinhuai were broken in the first 
harvest, which made the farmers considering 
cultivating two harvest cycles a year. However, at 
present, the flowers of the secondary sophora 
rice are sparse or even unable to be hung. It is 
difficult to form a yield, and the maturity seasons 
of the secondary flos sophorae are inconsistent. 
The basic reason is the lack of knowledge about 
the flower bud differentiation and the formation 
mechanism of secondary sophora flower bud. 
Flower bud differentiation is the basis of 
flowering, fruits, and yield. The first growth cycle 
is from April to July, while the second growth 
cycle is from July to October. In order to fully 
germinate the flower buds for the second 
growth, 3-4 leaves at the top of the branches 
need to be cut off after the first growth cycle of 
harvest. However, the production of the second 
cycle has been low [3]. A previous study showed 
that pruning in winter could promote growth, 
while pruning in summer could promote flower 
bud formation [4]. Endogenous hormones are 
important factors affecting flower bud 
differentiation and morphogenesis [5], which 
play the important roles in plant growth and 
development [6]. The levels of endogenous 
hormones and their ratios in plants also play 
important physiological roles in flower bud 
differentiation. Williams reported that inhibiting 
vegetative growth before flower bud formation 
was beneficial to the formation of flower buds, 
which was the premise of flower bud formation 
[7]. Vegetative growth is the basis of 
reproductive growth, which is contradictory and 
interdependent to reproduction development 
[8]. At present, most studies on Sophora japonica 
cv. jinhuai focused on genetic diversity, 
cultivation techniques, selection of fine varieties, 
germplasm resources investigation, extraction of 
active ingredients, nutritional ingredients, and 
content determination [9-13]. There is no report 

on the comparison of endogenous hormones’ 
changes in the first and second growth cycles of 
Sophora japonica cv. jinhuai. The synthesis and 
function of plant endogenous hormones are 
closely related to plant physiological growth. 
Wang, et al. demonstrated that reasonable 
fertilization could keep the balance of 
endogenous hormones in plants [14]. Nitrogen 
has great influence on root growth and zeatin 
riboside (ZR) synthesis. Wang, et al. also reported 
the seasonal variation in rooting of the cuttings 
from tetraploid Locust in relation to nutrients 
and endogenous plant hormones of the shoot, 
indicating that the reproductive growth of 
sophora japonica was closely related to the 
changes of endogenous hormones [15]. This 
study compared the dynamic changes of 
endogenous hormones in each period of flower 
bud differentiation in the first and second growth 
cycles of Sophora japonica cv. jinhuai to explore 
the causes for the low yield of Flos Sophorae 
Immaturus and provide a scientific theoretical 
basis for improving the quality of Flos Sophorae 
Immaturus in the first and second growth cycles, 
species conservation, and artificial regulation of 
flowering. 
 
 

Materials and methods 
 

Collection of plant leaves  
The sampled Sophora japonica cv. jinhuai were 
from Guangxi Institute of Botany (Guiin, Guangxi, 
China) (110°18'E, 25°04'N, altitude 175 meters). 
The plants were growing in a mild subtropical 
monsoon climate with the annual average 
temperature of 23°C, rainfall of 1,949.5 mm, 
frost-free period of 300 days, and sunshine of 
1,680 hours. Healthy plants with the same age 
and similar growth cycle in the plantation (three-
year-old tree) were selected. 20 grams of fresh 
and pest-free Sophora japonica cv. jinhuai leaves 
were collected at vegetative stage, flower bud 
stage, budding stage, full flowering stage, and 
fruit stage during the two growth cycles of the 
year, respectively. Three groups of samples were 
collected for each growth stage. All the samples 
were stored at -20°C.  
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Extraction and determination of endogenous 
hormones 
1.0 g of the leaf samples was homogenized with 
2 mL of 80% methanol in a mortar under the 
condition of ice bath. The homogenate was 
rinsed with 2 mL of extracting solution, and then, 
was placed at 4°C for 4 hours before 
centrifugation at 3,500 rpm at 4°C for 8 mins. 1 
mL of supernatant was re-added into the 
precipitate, stirring well, sitting at 4°C for 1 h, 
followed by centrifugation at 3,500 rpm at 4°C for 
8 mins. The supernatants of both centrifugations 
were combined, and blow dried with nitrogen in 
a 45°C thermostatic water bath. After passing the 
supernatant through a C-18 solid phase 
extraction column, 2 mL of sample diluent was 
used for endogenous hormones determination 
by using enzyme linked immunosorbent assay 
(ELISA) kits (Shanghai Hepeng Biotechnology 
company, Shanghai, China) for abscisic acid 
(ABA), indole acetic acid (IAA), zeatin riboside 
(ZR), and gibberellin (GA3). The OD450 values of 
the standard and each sample were measured by 
using Biotek ELX808 microplate reader (Agilent, 
Santa Clara, CA, USA). The content of each 
endogenous hormone was calculated according 
to the standard curve.  
 
Statistical analysis 
The data were statistical analyzed by using 
Microsoft Excel 2007 (Microsoft, Redmond, WA, 
USA). The data were expressed as the mean ± SD. 
The graphs were developed by using Origin 2015 
software (Guangzhou Origin Software Co., LTD, 
Guangzhou, Guangdong, China). 
 

 
Results 

 
Dynamic changes of endogenous hormone 
contents in leaves of Sophora japonica cv. 
jinhuai in the first and second growth cycles 
The endogenous hormone contents in the first 
and second growth cycles were the same 
sequence as ABA > IAA > ZR > GA3. The content 
of ABA was the highest among the four 
endogenous hormones at each stage in both 
cycles. However, in the first growth cycle, ABA 

demonstrated a trend of increasing first and then 
decreasing with a peak of 5.928 µg/g of leaves at 
the budding stage, while the content of IAA 
showed a trend of decreasing first, then 
increasing, and then decreasing with the highest 
peak of 5.835 µg/g of leaves at the budding stage 
too. The content of ZR showed a fluctuant 
pattern with increasing first and decreasing at 
the end, and the peak of 1.966 µg/g of leaves at 
full flowering stage. The content of GA3 displayed 
a trend of increasing first, then decreasing and 
then increasing with the peak of 0.513 µg/g of 
leaves at the budding stage (Figure 1). In the 
second growth cycle, ABA content firstly 
increased and then decreased, then increased 
slightly, and finally decreased again with peak of 
6.455 µg/g of leaves at the flower bud stage, 
while IAA content showed a trend of increasing 
first, then decreasing, and increasing again with 
the peak of 4.915 µg/g of leaves at the flower bud 
stage too. The content of ZR demonstrated a 
rather great fluctuation with a trend of 
decreasing first, then increasing, and then 
decreasing with the peak of 4.489 µg/g of leaves 
at the budding stage. The content of GA3 
decreased first and then increased with the peak 
of 0.897 µg/g of leaves at the vegetative stage 
(Figure 1).  
  
Comparison of each endogenous hormone in 
the first and second growth cycles 
(1) Abscisic acid (ABA): 
The changing trends of ABA contents in the first 
and second growth cycles were different. Before 
the budding stage, the content of ABA in the first 
growth cycle was increasing, while it showed a 
trend of increasing first and then decreasing 
before the budding stage in the second growth 
cycle. After the budding stage, the changing 
trends of ABA contents in the two growth cycles 
were basically the same in a downward trend. In 
general, the content of ABA in the second growth 
cycle was higher than that in the first growth 
cycle. The peaks of ABA in the two growth cycles 
were different. The ABA contents reached the 
peaks at the budding stage and flower bud stage 
in the first and second growth cycles, respectively, 
with the significant changes in the contents.  
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Figure 1. Changes of four endogenous hormone contents in the first and second growth cycles of Sophora japonica cv. jinhuai. 

 
 
(2) Indole acetic acid (IAA): 
In the first growth cycle, the content of IAA 
decreased slowly at first, then increased sharply, 
and reached the peak at the budding stage, and 
finally decreased again. The content of IAA was 
the highest at the budding and the lowest at the 
flower bud stage. In contrast, in the second 
growth cycle, the content of IAA began to 
increase sharply and reached peak at the flower 
bud stage. After that, its content decreased 
slowly, and there was a slight increase after the 
full flowering stage. During the first growth cycle, 
the content of IAA was the lowest at flower bud 
stage and the highest at budding stage. In the 
second growth cycle, the content of IAA was the 
lowest in vegetative stage and the highest in 
flower bud stage. The content of IAA in the flower 
bud stage of the second growth cycle was higher 
than that in other stages of second growth cycle, 
which indicated that low content of IAA could 
promote flower bud formation, while high 
content of IAA could inhibit flower bud formation 
during flower bud differentiation (Figure 1). 
 
(3) Zeatin riboside (ZR):  
During the first growth cycle, the content of ZR in 
the first three periods did not change much. After 
the budding stage, the content of ZR showed an 

increasing trend and reached the peak at the full 
flowering stage. After that, the content of ZR 
decreased and reached a minimum at the fruit 
stage. In the second growth cycle, the content of 
ZR decreased significantly at first, then increased 
significantly after the flower bud stage, and 
reached the peak at the budding stage. After that, 
the content of ZR decreased sharply and then 
slowly, and reached the lowest value at the fruit 
stage. In contrast, although the peak time of ZR 
content was different in the two growth cycles, 
which were full flowering stage and budding 
stage, the lowest content was the same in fruit 
stage. In addition, the content of ZR at flower bud 
stage and fruit stage in the two growth cycles 
were similar. In summary, the content of ZR in 
the second growth cycle was higher than that in 
the first growth cycle, which indicated that the 
increase of ZR content would promote flower 
bud development (FBD) (Figure 1). 
 
(4) Gibberellin (GA3): 
During the first growth cycle, the content of GA3 
increased slowly and reached the peak at the 
budding stage. After that, it fell slowly and finally 
rose slowly. During the second growth cycle, the 
content of GA3 through the first four stags 
showed different degrees of decline, among 
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which the degree of decline from flower bud 
stage to budding stage was the smallest, while 
from flower bud stage to full flowering stage was 
the largest. The content of GA3 was the lowest at 
full flowering stage and the highest at vegetative 
stage. The content of GA3 in the second growth 
cycle was higher than that in the first growth 
cycle, which indicated that GA3 inhibited flower 
formation (Figure 1). 
 
Endogenous hormone ratio changes  
(1) IAA/ABA ratio 
The changing trend of IAA/ABA ratio was 
different in the two growth cycles. The result 
showed that the ratio of vegetative stage : flower 
bud stage : budding stage : full flowering stage : 
fruit stage in the first and second growth cycles 
were 0.600 : 0.374 : 0.984 : 0.513 : 0.472 and 
0.343 : 0.761 : 0.670 : 0.544 : 0.703, respectively. 
During the first growth cycle, the ratio of IAA to 
ABA decreased first, then increased, and finally 
decreased again. The ratio was the highest at 
budding stage and the lowest at flower bud stage. 
After reaching the highest point at the budding 
stage, the next two stages were in a downward 
trend. From the budding stage to the full 
flowering stage, the ratio decreased significantly, 
and the downward trend slowed down after the 
full flowering stage. During the second growth 
cycle, the ratio of IAA to ABA increased first, then 
decreased, and finally increased slowly. The ratio 
was the lowest at vegetative stage and reached 
the peak rapidly at flower bud stage. After the 
flower bud stage, the ratio decreased slowly. 
After the full flowering stage, the ratio raised 
slowly again. The results indicated that lower 
IAA/ABA ratio was beneficial to flower bud 
differentiation (Figure 2). 
 
(2) ZR/ABA ratio 
The changing trend of ZR/ABA ratio was different 
in the two growth cycles. The result showed that 
the ratios of vegetative stage : flower bud stage : 
budding stage : full flowering stage : fruit stage 
were 0.260 : 0.237 : 0.148 : 0.338 : 0.062 and 
0.747 : 0.191 : 0.895 : 0.212 : 0.158 in the in the 
first and second growth cycles, respectively. In 
each growth cycle, the ratio changed more 

frequently. In the first growth cycle, the ratio of 
ZR/ABA slowly increased from vegetative stage to 
flower bud stage, then slowly decreased to 
budding stage, then increased to full flowering 
stage and peaked, and finally decreased to fruit 
stage. In the second growth cycle, the ratio 
decreased sharply from vegetative stage to 
flower bud stage, then increased sharply to 
budding stage and peaked, and finally kept 
declining. The ratio dropped to the lowest value 
at the fruit stage (Figure 3). 
 
 

 
 
Figure 2. The change of IAA/ABA ratio at different stages of first and 
second growth cycles. 

 
 

 
 
Figure 3. The change of ZR/ABA ratio at different stages of first and 
second growth cycles. 
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(3) GA3/ABA ratio 
The result showed that the ratios of vegetative 
stage : flower bud stage : budding stage : full 
flowering stage : fruit stage in the first and 
second growth cycles were 0.076 : 0.073 : 0.087 : 
0.053 : 0.062 and 0.200 : 0.139 : 0.162 : 0.061 : 
0.154, respectively. During the first growth cycle, 
the ratio of GA3/ABA increased slowly and 
reached the peak at the budding stage, then the 
ratio decreased slowly to the full flowering stage, 
and finally increased slowly. The ratio was at the 
lowest in vegetative stage and at the highest in 
budding stage. During the second growth cycle, 
the ratio of GA3/ABA decreased rapidly at first, 
and then increased slowly. After the budding 
stage, it decreased rapidly to the full flowering 
stage, and reached the lowest point before rising 
rapidly. During this growth cycle, the change of 
GA3/ABA ratio was greater than that in the first 
growth cycle. The ratio was the highest in 
vegetative period and the lowest in full flowering 
period (Figure 4). 
 
 

 
 
Figure 4. The change of GA3/ABA ratio at different stages in the first 
and second growth cycles. 

 
 
(4) (IAA+GA3)/ZR ratio 
The result showed the ratios of vegetative stage : 
flower bud stage : budding stage : full flowering 
stage : fruit stage in the first and second growth 
cycles were 2.600 : 1.887 : 7.222 : 1.676 : 8.630 
and 0.727 : 4.721 : 0.930 : 2.859 : 5.441, 

respectively. During the first growth cycle, the 
ratio of (IAA+GA3)/ZR changed frequently, 
showing a “W” shape change. The ratio 
decreased from vegetative stage to flower bud 
stage. After that, it increased first and then 
decreased during the flowering stage. Finally the 
ratio rose again after the fruit matured and 
reached the peak at the fruit stage. In the second 
growth cycle, the ratio of (IAA+GA3)/ZR showed 
a trend of “up-down-up”, which increased from 
vegetative stage to flower bud stage, then 
decreased to budding stage. After that, the ratio 
increased rapidly and peaked at the fruit stage. In 
contrast, in the first growth cycle, the lowest 
value of (IAA+ GA3)/ZR ratio appeared in the 
flowering stage, while the second growth cycle 
appeared in the vegetative stage. In both growth 
cycles, the ratio peaked at the fruit stage (Figure 
5). 
 
 

 
 
Figure 5. The change of (IAA+GA3)/ZR ratio at different stages in the 
first and second growth cycles. 

 
 

Discussion 
 
Flower bud differentiation is a physiological and 
morphological marker for the transition from 
vegetative growth to reproductive growth [16]. 
The content and balance of endogenous 
hormones in plants are closely related to the 
formation of flowers [17-19]. Studies have shown 
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that plant flower bud differentiation was the 
result of a combination of nutrients and 
endogenous hormones, which were controlled 
by internal genetic genes [20]. In this study, the 
content of IAA in the second growth cycle was 
higher than that in the first growth cycle. In the 
first growth cycle, the content of IAA decreased 
from the vegetative stage to the flower bud stage, 
and then increased with the flowering, showing a 
trend of rising-declining. During the second 
growth cycle, the content of IAA peaked at the 
flower bud stage. The results showed that the 
low content of IAA promoted the development of 
flower buds, and the high content of IAA 
inhibited the inoculation of flower buds. Studies 
have shown that low levels of IAA were also 
required during the floral initiation phase of 
jujube [21]. Wang, et al. found that high level of 
ZRs, low level of GA1/3 and IAA were needed in 
the flower bud differentiation period of cherry by 
studying the content of endogenous hormones 
[22]. 
 
ABA has both promoting and inhibiting effects on 
flower formation. ABA inhibits flower formation 
by inducing dormancy of growth points, while, on 
the other hand, ABA and GA have antagonistic 
effects, so that the branches stop growing, which 
eventually allows starch and sugar to accumulate 
and promotes flower formation [23]. In addition, 
ABA is considered to be an important hormone 
for promoting flowering [24] and may indirectly 
affect flower-bud induction [25]. This study 
showed that the increase of ABA content could 
promote flowering. Zeng, et al. believed that the 
reasons for ABA promoting flowering were as 
follows: (1) after the branches stopped growing, 
ABA could accumulate cytokinin at the growth 
point, and (2) it could promote the accumulation 
of starch [26]. 
  
In the first growth cycle, the content of GA3 was 
the highest at the bud stage and increased 
significantly in the flower bud differentiation. 
However, the GA3 content was decreased at the 
developmental stage. In contrast, during the 
second growth cycle, the content of GA3 reached 
the highest level in the vegetative stage, and 

decreased sharply in the full flowering stage. It 
can be concluded that GA3 has inhibitory effect 
on flower formation. The study of Wu, et al. 
showed that during the litchi FBD the content of 
GA3 lowered constantly [27]. In addition, Cao, et 
al. found that, in the process of apple FBD, the 
content of GA3 in the terminal bud of spurs which 
could blossom decreased over the time [28]. 
 
The formation of flower is the result of 
interaction of various endogenous hormones. 
The ratios of IAA/ABA, GA3/ABA, and 
(IAA+GA3)/ZR decreased during flower bud 
differentiation of Sophora japonica cv. jinhuai, 
which were beneficial to the transformation from 
vegetative growth to reproductive growth and 
the formation of flower buds. Most studies 
suggested that, under the action of hormones, 
floral genes were out of the repressed state. So 
that, the genetic information was expressed, and 
the flower bud differentiation was started [26]. 
The formation of flowers is a very complex 
process, which is affected by various factors. The 
flowering process can be summarized as nutrient 
accumulation, the activation of flowering genes, 
the formation of flower morphology, and the 
synthesis of new proteins [29]. Flower bud 
differentiation is a series of complex processes 
involving multiple factors and multi-step 
regulation. This process is an accumulation 
process from quantitative change to qualitative 
change [30]. By analyzing and comparing the 
endogenous hormones of flower bud 
differentiation in two growth cycles, the changes 
of endogenous hormones in each stage were 
clarified, which was important to improve the 
yield and quality of Sophora japonica cv. jinhuai. 
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