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Flowering indicates the transition from vegetative to reproductive growth, 

which is an important phase change in angiosperm. In the transition, a 

combination of endogenous and environment cues induces floral development 

(Simpson and Dean 2002). Flower induction is defined as the morphogenetic 

transition of stem cells in apical- and lateral-central meristems into differentiated 

floral buds (Bangerth, 2009). In cultivated fruit trees, flower induction is a vital 

determinant of success in commercial orchards because of its influence on the 

quantity and quality of fruits (Buban and Faust, 1982; Link, 2000). Horticultural 

procedures including branch bending are applied to promote flower induction. 

Branch or shoot bending has long been established and widely used as a 

horticultural intervention to enhance flowering and increase fruit in high-density 

pear and apple orchards (Lin et al., 1990; Goldchmidt-Reischel, 1997). However, 

it varies with genotype and time of bending (Lauri and Lespinasse, 2001), as 

well as with the angle of bending and duration of bending time (Colaric et al., 

2007). In Japan, joint tree training system was established to achieve a high 

production in high density orchards. However, the changes of phytohormones 

and flower bud development under joint tree training system have not been 

clarified. 

 

Flowering in fruit trees  

Flowering in fruit trees comprises physiological and morphological 

stages controlled by internal factors (i.e. genotype and endogenous hormones) 

and external or environmental factors (Hanke et al. 2007). Phytohormone 

signaling regulate suites of morphogenic processes, influence on the transition 
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to reproductive phase. The effects of phytohormone appear positively or 

negatively in plant depending on the type of phytohormones and growth 

condition (Davis 2009). Environmental factors exert inductive effects by the 

changes in phytohormone levels; therefore, flowering is usually associated with 

hormonal changes (Campos and Kerbauy 2004). Wilkie et al. (2008) showed 

that flower initiation in tropical fruit trees such as mango responses to an 

environmental stimulus, whereas in temperate fruit tree flowers are initiated 

autonomously. The overall mechanism remains unclear, but there is strong 

evidence suggests that phytohormones play a central role in flower induction 

and differentiation (Jiang et al. 2010). 

 

Phytohormone signals and regulation of flowering  

Phytohormones are classified into gibberellic acids (GAs), auxin, 

cytokinins (CKs), ethylene, abscisic acid (ABA), brassinosteroids (BR), 

jasmonates and salicylic acid (Bajguz and Tretyn 2003). The effect of 

phytohormones on plant development and the regulation of flowering varied 

between plants, in which inducing flowering in one while having the opposite 

effect in another species (Galvao and Schmid 2014). 

For GAs, more than a hundred GAs were indentified in plant. Only small 

of them are thought to function as bioactive form including GA1, GA3, GA4 and 

GA7. In the GA metabolism pathway, GA12 is converted to a bioactive GA4 

through oxidations on C-20 and C-3 by GA20-oxidase (GA20ox) and 

GA3-oxidase (GA3ox), respectively. GA12 is also a substrate for GA13-oxidase 

(GA13ox) for the production of GA53, which is a precursor for GA1 and GA3 in the 
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13-hydroxylated pathway (Yamaguchi, 2008) (Figure 1.1). Endogenous GAs 

influence a wide variety of development process. In reproductive development, 

GA can affect the transition from the juvenile to the mature stage, as well as 

floral initiation, sex determination, and fruit set (Taiz and Zeiger, 2002). The field 

of flowering time in model plant (Arabidopsis) has been organized to four 

pathways, with the vernalization and photoperiod pathways mediating the 

response to environmental cues and autonomous and the GA pathways acting 

largely independently of these external signals (Mouradov et al. 2002; Dornelas 

et al. 2007). Taiz and Zeiger (2002) also indicated that, flowering is influenced by 

environmental factors, such as photoperiod and nutritional status, and these 

environmental effects may be mediated by GA. GAs affects to promote flowering 

in long-day and biennial plants (Gocal et al. 2001), whereas in other plants 

including fruit trees, they inhibit it (Goldberg-Moeller et al. 2013). 

 

 

 

 

 

 

 

 

 

Figure 1.1 GA biosynthetic and catabolic pathway in plant, modified from 

Yamaguchi (2008) 
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Auxin plays an important role in basically all aspects of plant 

development. IAA has been reported to induce cell elongation in stem and 

leaves, and increase photosynthesis activities in plants. In lentil, IAA showed 

beneficial effect on flower retention and subsequently on yield (Khalil et al. 2006). 

In the regulation of flowering, auxin signaling component regulated flower by 

interaction with GA. It was shown that auxin delay flowering by reduced 

expression of GA biosynthesis gene, which would result in a reduction of 

bioactive GA in Arabidopsis (Mai et al. 2011; Galvao and Schmid 2014).  

CKs comprise a class of plant phytohormones obtained from adenine 

that were first indentified as factors controlling cell proliferation (Galvao and 

Schmid 2014). In addition to the control of cell division, CKs are involved in other 

events during plant life cycle, for instance photomorphogenesis and regulation of 

organ growth (Kieber 2002). Similar to GA, CKs signaling seems to regulate 

flowering both in leaves and at the shoot apical meristem through the homologue 

genes of FLOWERING LOCUS T (FT) and SUPPRESSOR OF 

OVEREXPRESSION OF CO 1 (SOC1) (Bonhomme et al. 2000). Cytokinins 

have been shown to participate in the regulation of numerous aspects of plant 

development including initiation of buds, flowering, abscission and yield by 

enhancing the cell expansion (Morris et al. 1990). 

Ethylene plays an important role throughout the entire plant life cycle, 

from germination and photomorphogenesis to senescence and fruit ripening 

(Galvao and Schmid 2014). Ethylene has either a positive or negative effect on 

flowering, depending on the species analyzed. For example, in mango and 
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Arabidopsis, ethylene has been shown to repress flowering, while it induces 

flowering in pineapple (Taiz and Zeiger 2002; Wuriyanghan et al. 2009). 

Moreover, ethylene signaling might act to decreased active GA1 and GA4 while 

increased their precursor in GA biosynthesis (Achard et al. 2007).  

ABA is a phytohormone that plays a prominent role in adaptation to 

environmental stress in plant. ABA has been reported to play a role in flower 

induction and differentiation (Liu et al. 2007), while the regulation of ABA 

biosynthesis is responsive to many and varied environment or development 

cues (Osborne and McManus 2005). ABA acts as a repressor of flowering in 

Arabidopsis (Domagalska et al. 2010), while it has been reported that ABA had a 

positive effect on flowering in long-day plant (Riboni et al. 2013). Besides, ABA 

acts as a transcriptional repressor of some GA-regulated genes (Hoecker et al. 

1995).  

Changes in endogenous phytohormone levels influence flower induction 

(Martinez-Fuentes et al. 2004). A low concentration of auxin and GA were 

observed during flower induction in Chtysanthemnm morifolium (Jiang at al. 

2010). Goldberg-Moeller et al. (2013) found that spraying GAs during flower 

induction reduces the percentage of flower buds formed in citrus. In 

chrysanthemum, a reduction in indoleacetic acid (IAA) content occurs during 

cessation of shoot tip growth after flower induction, leading to flower 

differentiation (Jiang at al. 2012). In general, GAs inhibit flower induction, which 

is consistent with the reported large decrease in GA3 level during the flower 

induction stage (Koshita et al. 1999; Jiang at al. 2010). Documented cases show 

that GAs may directly affect molecular events in the apical bud to determine 
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whether the shoot apices are programmed for vegetative or reproductive growth 

(Hisamatsu and King 2008). 

Among the main five classical phytohormones, it was found that the 

signaling of Auxin, ethylene, and ABA are tightly interconnected with GAs. 

Therefore, it is possible that other phytohormones control the flowering indirectly 

by modulating GA biosynthesis and signaling (Galvao and Schmid 2014).  

 

Branch bending and j oint tree training system  

Exogenous or environmental factors, such as temperature and 

photoperiod, and stress conditions also influence flower induction (Valiente and 

Albrigo 2004). Branch or shoot bending is a type of mechanical stress commonly 

used by commercial growers to increase flower bud number. In Japanese pear, 

IAA and GA were decreased while CK and ABA were increased by bending (Ito 

et al. 2001). Recently, the ójoint tree training systemô was introduced in Japan for 

Japanese pear to replace conventional training systems that suffered from 

reduced tree vigor and dwarfing with increasing tree age (Seki et al. 2008; 

Shibata et al. 2008). The joint tree training system is achieved by grafting the 

apical leader of scaffold branches of one tree onto the bent portion of the main 

stem of a neighboring tree in a row of three or more trees. The joint tree training 

system can achieve a high yield more precociously than that attained under a 

conventional training system in Japanese pear (Shibata et al. 2008). Recently, 

this system has been applied to the other fruit trees such as apple, Japanese 

plum, peach etc. In óKiyoô Japanese plum, this system was utilized to replace the 

traditional training system that trees are old causing to decreased fruit 
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production. It was found that under joint tree training system not only enhanced 

fruit production in early year but yield per area was higher than traditional 

training system, moreover, this system can reduce the cost of labor because the 

time for manage such as pruning, pollination, fruit thinning and fruit covering less 

than the individual bending trees (Hirai et al. 2013). Now, this system is in 

interesting for farmer in Japan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 .2 The joint tree training system that has been done in apple (A), 

Japanese pear (B), and Japanese plum (C). 

A 

B 

C 
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Japanese plum  

Oriental plum or Japanese plum (Prunus salicina) were first discovered 

in China but largely cultivated in Japan (Westwood 1978). In 2012, growing area 

is about 3,150 ha in Japan, main production area is Yamanashi, Nagano, 

Wakayama, and Yamagata prefectures which about 934, 411, 303, and 245 ha, 

respectively (MAFF 2014). óKiyoô and óTaiyoô are 2 main cultivars that have good 

taste and big fruits (Hirai et al. 2013). óKiyoô Japanese plum (Prunus salicina 

Lindl.) is a triploid (2n=3x=24) cultivar that bears large fruit (@ 200 g) (Obayashi 

et al. 2009). Plum flowers initiate in lateral buds of both current season shoots 

and new growth on older spurs, initiation occurs mostly in late summer. One to 

three flowers without leaves are produced in each flower bud (Westwood 1978) 

(Figure 1.3). In recent years, óKiyoô Japanese plum has become increasingly 

popular on account of the large fruit and good fruit quality (total soluble solids of 

Ó15° Brix). However, the production of this cultivar is hampered by its inherently 

low fruit-set rate being a triploid non fertile cultivar. Jun et al. (2010) reported a 

low fruit set in óKiyoô of only 2.5% and 7.0% after pollination with the diploid plum 

óHollywoodô and óSimkaô, respectively. Further, the incidence of fruit drop is very 

high at 95.5% within 56 days after full bloom linked to poor pollen germination 

(Obayashi et al., 2009).  
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Figure 1 .3  Plum flowering habits: lateral unmixed flower buds on two-year and 

older spurs; the inflorescence is a few-flowered fascicle. Apricot: fruit buds on 

one-year and older wood; flowers are solitary. Both species have perigynous 

flowers with a single pistil (Westwood 1978). 
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Objectives  of this study  

According to reviews, shoot bending and the joint tree training system 

are predicted to improve flower induction and result in increase fruit production in 

óKiyoô Japanese plum. Nevertheless, little is known on the changes in 

phytohormone levels and flower bud differentiation of óKiyoô plum, especially 

under a joint tree training system with shoot bending. 

So, the objective of this study was to examine the effects of joint tree 

training system and bending on flowering, shoot growth, endogenous 

phytohormone levels and the expression of phytohormone related genes. We 

next characterized the dynamic changes of phytohormones, bud development 

and gene expression levels on flower induction period under joint tree training 

system. 
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The effect of joint tree traini ng system on endogenous 

phytohormone  levels and flowering  

 

 

  



13 

 

2.1 Introduction  

The joint tree training system was first introduced in Japan, this system 

is accompany between branch bending and three or more trees joined together. 

The advantage of these system is not only for saving labor cost but also for 

establishment of orchard in short duration with achieving a high yield in the early 

year and uniformity of fruiting distribution and fruit quality (Shibata et al. 2008). 

However, the changes of phytohormones level and flower induction had been 

studied only in bending effect. Ito et al. (1999) reported that shoots bending 

decreased IAA and GA4+7 but increased ABA and CK contents in lateral buds, 

resulting in enhanced flower induction, possible that GAs and IAA inhibit 

flowering, while CK and ABA promote in Japanese pear. There are several 

studies about the effect of GAs on flowering, it was found that GAs promote 

flowering in annual and long-day plants (Christiaens et al. 2012; Sumanasiri et al. 

2013; Zhang et al. 2013), however GAs are considered as a flowering inhibitor in 

fruit trees such as apples, plums and loquat (Cao et al. 2001; Gonzalez-Rossia 

et al. 2006; Reig et al. 2011). In the view of this, GAs are very interesting 

phytohormone for investigation the effect of bending and joint tree training 

system on flowering. However under the joint tree training system which is a new 

technique of training system in Japan, the changes of endogenous 

phytohormone has not been clarified. 

In this study, simultaneous analysis of phytohormones was 

accomplished by ultra-performance liquid chromatography-electrospray 

ionization-tamdem mass spectrometry (UPLC-ESI-MS/MS). This method was 

used for its high sensitivity, resolution and speed. No chemical derivatization of 
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analytes is required and interference from co-extracts is greatly reduced by 

using the selected-ion reaction (SIR). Hou et al. (2008) and Susawaengsup et al. 

(2011) also used UPLC-ESI-MS/MS in phytohormone analysis for these 

reasons. 

 óKiyoô Japanese plum was used as the model, in which trees are 

suffered from low fruit set because of the cloneôs sterility linked with poor pollen 

germination (Jun et al. 2010). We hereby present evidence that the joint tree 

training system could improve the quantity and quality of flower induction in 

'Kiyo' plum. Besides, the relationship between phytohormone levels and shoot 

growth and flowering would be verified. So, the objective of this chapter is to 

examine the effect of joint tree training system on flowering, shoot growth and 

endogenous phytohormone levels. 

 

2.2 Mater ials and m ethods  

2.2.1 Plant material s 

Japanese plum óKiyoô (Prunus salicina Lindl.) were planted in pots (15 L) 

and maintained in the orchard of the Agricultural and Forestry Research Center 

of the University of Tsukuba, Japan. The main trunks were bent and joined in 

2008, and allowed to establish for next 5 years. In 2012 and 2013, the joint 

group (lateral branch-bent, and main trunk-bent and joined 3 trees together) 

where characterized in terms of shoot growth, flowering rate and fruit setting rate 

vis-a-vis bent group (main trunk and lateral branch were bent, but not joint), and 

control group (upright trees, lateral branch not bent) (Figure 2.1). Young leaves 

of new shoot were collected from these groups in July and August 2012 for 
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phytohormone analysis.  

 

2.2.2 Phytohormone e xtraction and analysis  

Young leaves from new shoots were snap frozen and pulverized in liquid 

nitrogen and stored in -80oC until used for analysis. Plant materials (@200 mg 

FW) were extracted with 2 mL MeOH/H2O/HCOOH (15:4:1 v/v/v) using alizarin 

as internal standard. After dispersion and mixing with a homogenizer 

(POLYTRON PT-MR2100, Kinematica AG, Littau/Lucerne, Switzerland) for 3 

min, the mixture was centrifuged at 20,000 x g for 15 min (Suprema 21, TOMY, 

Tokyo, Japan). The resulting supernatant was then passed through a Sep-Pak 

plus C18 cartridges (Waters, Milford, MA, USA), evaporated and reconstituted 

with 1 M HCOOH to 5 mL. Phytohormones were extracted using an Oasis MCX 

column (Waters Corp., Tokyo). The column was washed with 5 mL of 1 M 

HCOOH followed by 2 mL of 80% MeOH to elute GAs and ABA. The eluent was 

filtered through a Millex-LG 0.2 µm PTFE filter and the filtrate was analyzed in 

UPLC-ESI-MS/MS. GA and ABA were separated in a BEH C18 column (1.7 µm, 

2.1 mm X 50 mm) using a reverse phase Acquity UPLC, with 0.05% acetic acid 

in MeOH as solvent A and 0.05% acetic acid in water as solvent B in a linear 

gradient elution program: 0 min: 10% A; 0.97 min: 30% A; 8.26 min: 60% A; 9.7 

min: 100% A, and held for 2.8 min at a flow rate of 0.62 mL min-1. For data 

collection during UPLC MS/MS analyses, the capillary voltage was 2.2 kV, the 

source temperature was 120°C, the desolvation temperature was 450°C, the 

desolvation gas flow was 900 L hī1, and the cone gas flow was 50 L hī1. During 

each UPLC injection, the mass spectrometer was set to collect data in the SIR 
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mode using electrospray ionization in negative ion mode. Table 2.1 shows the 

mass products used and the retention times of the phytohormones analyzed. 

 

2.2.3 Assessment of shoot growth, flowering, and fruit setting  

The number of new shoots (long new shoots), and shoot elongation 

were recorded at the end of the growing seasons in 2012 and 2013. Flowering 

was assessed by counting the number of flower clusters per tree in 2013. 

Flowers were pollinated with the pollen of óHollywoodô diploid plum. Fruit set was 

recorded on July in 2012 and 2013. 

 

2.2.4 Statistical analysis  

The computation and statistic analysis were done on Duncanôs multiple 

range test (DMRT). Significant differences among groups were determined at p 

< 0.05. Data are presented as the mean ± standard error (SE). 

 

2.3 Results  

2.3.1 Phytohormone  analysis  

The levels of endogenous phytohormones hereby presented are from 

young leaves collected in summer 2012 (July and August). Bioactive (i.e. GA1, 

GA3, and GA4) and the other GAs (i.e. GA5, GA6, GA8, GA19, and GA20) were 

analyzed, but GA5 content in the leaf samples appear to be lower than the 

detection limit.  

In July, leaves from joint trees and bent trees were significantly lower 

concentration of bioactive GA1 (0.53 and 0.33 ng/gFW) but higher level of ABA 
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(4.22 and 4.03 ng/gFW) compared to the control which revealed 1.16 ng/gFW of 

GA1 and 3.24 ng/gFW of ABA contents. Bioactive GA3 tended to show lower in 

joint trees and bent trees which about 10.86 and 10.91 ng/gFW, respectively. It 

was found that concentration of GA4 of joint (14.14 ng/gFW) appeared 

significantly lower than bent tree (25.40 ng/gFW) and both of them were 

significantly lower than control (33.48 ng/gFW). Whereas the other GA8, GA19, 

and GA20 revealed the highest levels in bent-joint, in which GA20 was found the 

significant differences followed from joint trees, bent trees and control, 

respectively (Figure 2.2 A). 

In August, the concentration of GA3 and GA4 in joint trees and bent trees 

were significantly lower than control. In which, GA3 in joint trees, bent trees and 

control showed 3.42, 4.66 and 6.94 ng/gFW, and GA4 showed 0.41, 0.61 and 

1.49, respectively. GA1 was not significant found but joint trees (5.67 ng/gFW) 

and bent trees (6.06 ng/gFW) tended to showed lower concentration than the 

control (6.93 na/gFW). The level of ABA in joint trees showed significantly higher 

than bent trees and the control. For GA19, joint trees showed the highest level, 

followed by bent trees and the control, respectively. The level of GA8 in bent 

trees revealed the highest followed by the control and joint trees, respectively. 

The other GA6 and GA20 were not significantly found between treatment groups 

(Figure 2.2 B). 

The comparison of the phytohormone contents on samples taken in July 

and August, the concentration of bioactive GA1 was increased, while GA3 and 

GA4 were decreased in the August samples. ABA content was not changed. The 

inactive GA8, GA19 and GA20 were increased, but GA6 was decreased in August. 
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2.3.2 Flowering and fruit setting  

Bending and joint tree training system appear to promote flower 

induction with the average number of flower clusters per tree two folds higher in 

joint (88 clusters/tree) and bent (87 clusters/tree) trees relative to the control (42 

clusters/tree) (Figure 2.3A).  

Average fruit set in 2012 was significantly higher in joint (0.44 fruits/tree) 

and bent (0.33 fruits/tree) (Figure 2.3B). These rates further increased to 2.67 

and 1.00 fruits/tree in joint trees and bent trees, respectively albeit statistically 

insignificant (Figure 2.3C). Control trees bore no fruit in both seasons.  

 

2.3.3 Number of new shoots and shoot length  

The average number of new shoots per tree was not significantly 

different across treatment groups both in May 2012 and 2013 (Figure 2.4A and 

B). On the other hand, the average length of shoots in both bent and joint trees 

are significantly shorter than the control. The shoot lengths of bent trees and 

joint trees did not significantly differ in 2013, but in the control group shoot length 

was doubled of those in bent and joint groups (Figure 2.4C and D).  

 

2.4 Discussion  

The low level of bioactive GAs such as GA1, GA3, and GA4, with high 

level of ABA in young leaves from new shoot of joint trees and bent trees in July 

and August (Figure 2.2 and Table 2.2) is consistent with the study of Wang et al. 

(2010) who also showed low level of GAs, and high ABA content in apple buds 
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after shoot bending compared to those from shoots that were not bent.  

The decline in GA3 and GA4 levels but escalate of GA1 in all treatment 

groups in August, Jiang et al. (2010) reported that the fluctuations in 

endogenous phytohormone levels depending on the stage of flower 

development suggesting their different roles at specific stages. In Satsuma 

mandarin, flower bud formation was inhibited by high GA1/3 content in October, 

but the high IAA and ABA content in December increased the percentage of 

leafless inflorescence and the number of flower buds per node (Koshita et al., 

1999). Consistent with our study that content of ABA in joint trees and bent tree 

were higher than control, may resulting in number of flower and fruit showed 

higher than control. A low endogenous GA concentration favors flowering over 

vegetative growth in fruit trees (Bangerth, 2009). Similarly, mechanical stress by 

shoot bending was reported in which influences to promoted early flower 

induction in bougainvilla (Liu and Chang, 2011), óBoskoopô apples (Sanyal and 

Bangerth, 1998), and óLe-Conteô pear (Sherif, 2012), with the latter also 

achieving a higher fruit set were indicated. 

The vigorous vegetative growth of the control is not surprising due to its 

aforementioned high concentration of bioactive GAs. In this study, shoot length 

in joint group and bent group showed significantly lower than control. It related 

with the concentration of bioactive GAs of those two treatment groups that 

appeared lower than control. Similar in cotton, the elongation of fiber was low in 

GA-deficit phenotype (Zhou et al., 2014). 

The concentration of GA20 showed the highest level compared to the 

other GAs in July and August. Dubois et al. (2011) reported that GA20 also 
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showed the highest concentration in rice compared to GA1, GA8, GA19, GA29 and 

GA53. In the report concentration of GA20 was about 4-fold higher than GA19. 

Moreover, they also found that GA8 and GA9 tended to have high level in flooding 

stress condition. In our experiment, concentration of GA8, GA19 and GA20 in joint 

and bent groups (mechanical stress) tended to be higher than that in control. 

However, GA8, GA19, and GA20 might be related to GA1 content, since GA19 and 

GA20 are the precursors of GA1, and GA8 is a product of the deactivation from 

GA1 (Yamaguchi 2008). Consequently, gene expression of encoding enzymes 

GA2ox and GA3ox in the GA biosynthetic pathway will be analyzed in next 

experiment. And also the differences between joint group and bent group was 

found in GA8 and GA20 of joint showed higher level in July, but lower than bent 

trees in August may possible from regulation of GA3ox and GA2ox. Moreover, 

we found the differences of joint trees and bent trees in bioactive GA4 in July. 

However, we could not exactly find the relationship that indicates the differences 

among joint trees and bent trees except the tendency of number of fruit per tree 

in joint that revealed higher than bent trees. Consistent with Hirai et al. (2013), 

who reported that under joint tree training system could produce yield per area 

higher than under stand-alone trees.  

In the term of flowering and fruit set, bent trees and joint trees showed 

higher than control. Whereas, the average length of new shoots in both bent 

trees and joint trees showed shorter even the average number of new shoots 

per tree was not different among treatment group. It should be noted that the 

trees in the joint group and bent group of the present study both have bent 

trunks and horizontally bent branches. Rates of flower induction, fruit set, and 
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shoot elongation between these two groups were practically identical which 

may imply the possible major influence of bending, or the horizontal growth of 

branches, rather than joint. Nevertheless, joint tree showed significantly affect 

different from bent, stand-alone trees on the level of GA4, GA8 and GA20 that 

supposing the regulation under joint tree training system revealed some 

differences compared to stand-alone trees. However, only vertical branches of 

stand-alone non bent trees were observed in this experiment, the different of 

angle shoots on the same tree, and development of floral bud were not 

clarified yet. So, the development of floral bud and the contribution bending 

and branch growth orientation to flower needs further assessment.  
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Table 2.1  Mass products and retention times of phytohormones investigated in 

SIR mode 

 

Endogenous 

hormone 

Molecular weight Mass product Retention time 

(min) 

GA1 348.40 347.0 1.7 

GA3 346.38 345.0 1.6 

GA4 332.40 331.3 5.6 

GA5 330.38 329.0 3.2 

GA6 346.38 345.0 2.0 

GA8 364.40 363.0 1.0 

GA19 362.43 361.0 4.3 

GA20 332.40 331.0 3.4 

ABA 264.00 263.2 2.3 
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Control          Bent          Joint  

(Non bent stand-alone tree)  (Stand-alone bent tree)  (Bent and 3 trees joined) 

 

 

Treatment 
Branches 

Bent 

Main trunk 

Bent 

Trees 

Joined 

Control X X X 

Bent O O X 

Joint O O O 

 

Figure 2.1  Treatment of the óKiyoô plum trees (above). The detail on the 

differences of bending and jointing management of each treatment groups was 

described in table (below). 
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Figure 2.2  Phytohormone concentrations in young leaves of óKiyoô plum 

sampled in July (A) and August (B) 2012. 

Vertical bars represent the mean ± SE (n = 3).  

Different letters above the bars indicate a significant difference at 5% level 

(DMRT). 
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