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Abstract: This study was carried out to investigate the relationship between endogenous polyamines (PAs) and floral bud 

differentiation in chrysanthemum (Chrysanthemum morifolium). In this study, PA content (free, bound, and conjugated) in apical 

buds, leaves, and roots changed appreciably during floral bud differentiation. PAs accumulated during series of processes such 

as floral induction, differentiation of floret primordia, and crown formation in apical buds; changes in PAs in apical buds may 

have a relationship with those in leaves and roots. The levels of free PAs and conjugated PAs [putrescine (Put) and spermine 

(Spm)] in apical buds rapidly increased during the initiation stage of floral bud differentiation, while free and conjugated spermidine 

(Spd) reached their highest levels at the stage of floret primordium differentiation. In the free, conjugated, and bound PA fractions, 

the changes in Spm content were negligible compared to those of Put and Spd throughout the experiment. These findings indicate 

that PAs participate in regulating the process of flower bud differentiation in chrysanthemum.
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Introduction

Polyamines (PAs) with low molecular weight, are poly-

cationic and nitrogenous growth regulators that exist in 

all living cells. The most common free PAs in plants are 

diamine putrescine (Put), triamine spermidine (Spd), and 

tetraamine spermine (Spm), with rare accumulation of long- 

chain PAs under special conditions (Buchanan et al., 2000; 

Martin-Tanguy, 2001). They exist in three forms in the 

cell: as free cations (free PAs), covalently bound to low- 

molecular-weight phenolic compounds such as hydroxycinnamic 

acids (conjugated PAs), and bound to macromolecules or 

membranes (bound PAs) (Rajam et al., 2004). It has been 

demonstrated that polyamines were translocated only in 

the free form (Antognoni et al., 1998). PAs are essential 

for cell growth and participate in numerous physiological 

processes (Igarashi and Kashiwagi, 2010). These compounds 

are fully protonated under physiological conditions and 

can react as polyvalent cations with numerous cell constituents, 

such as nucleic acids, ATP, specific proteins, and phospholipids. 

PAs play important roles in plants, such as promoting plant 

growth, inhibiting the activity of protease and RNA enzymes 

and increasing plant resistance and so on. And they also 

play important roles in floral bud differentiation (Aribaud 

and Martin-Tanguy, 1994) and pollen formation (Wimalasekera 

et al., 2011) in horticultural crops.

Plant flower bud differentiation is an important and complex 

process affected by many internal and external factors. 

The importance of polyamines in flower bud differentiation 

has been confirmed by numerous laboratory studies (Aribaud 

and Martin-Tanguy, 1994; Huang et al., 2004; Meijón et 

al., 2011; Wimalasekera et al., 2011). Endogenous PA 

concentrations in plants change dramatically during the 

transition from vegetative phase to reproductive (Applewhite 

et al., 2000; Aribaud and Martin-Tanguy, 1994; Davis, 

2009; Meijón et al., 2011; Wimalasekera et al., 2011). 
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Fig. 1. The stages of the floral bud differentiation of Chrysanthemum morifolium ‘Jinba’. A: The vegetative stage; B: The initiative 
stage of floral bud differentiation; C: The initial stage of involucre primordia differentiation; D: The final stage of involucre 
primordia differentiation; E: The initial stage of floret primordia differentiation; F: The final stage of floret primordia 
differentiation; G: The initial stage of crown formation; H: The metaphase stage of crown formation; I: The final stage of 
crown formation. Abbreviations: fp: Foliage primordia; gp: Growing point; bp: Bract primordia; b: Bract; lfp: Ligulate flower 
primordia; lf :Ligulate flower; tfp: Tubular flower primordia; tf: Tubular flower. The figure size: 17 cm. Magnification: 28-30 
times.

Conjugated PAs have been shown to play a key role in 

floral development (Martin-Tanguy, 1997) and be of particular 

significance for regulation of PA concentration (Bagni and 

Tassoni, 2001).

Chrysanthemum is one of the best-known flowers world-

wide. The floral bud differentiation of chrysanthemum 

associated with endogenous hormones (Feng and Yang, 

2011), endogenous PAs (Aribaud and Martin-Tanguy, 1994), 

environmental factors (Yang et al., 2006), carbohydrates 

(Lang et al., 2008) and so on. Regarding the role of 

polyamines in flowering of chrysanthemum, Aribaud and 

Martin-Tanguy (1994) described changes in PAs in apical 

buds and proposed that some polyamines may be involved 

in regulating floral initiation. Since that report, the function 

of PAs metabolism in chrysanthemum remained an outstanding 

question. 

Chrysanthemum morifolium ‘Jinba’, a short-day plant, was 

used as the study material, to study the dynamic changes 

of endogenous PAs of chrysanthemum during floral bud 

differentiation process, attempted to learn the effects of 

the metabolic mechanism of PAs to the floral bud differen-

tiation and to identify the relationship between flower bud 

differentiation periods and endogenous PAs.

 

Materials and Methods

Plant Growth Conditions and Sampling 

The experiment was carried out in a greenhouse at the 
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Table 1. The bud differentiation of every period of Chrysanthemum morifolium ‘Jinba’.

Sampling time
Numbers of apical buds reached at each differentiation stage

I II III IV V VI VII VIII IX

May 15 10

May 18  6 4  

May 21  1 5 4

May 24 1 8 1  

May 27 2 8   

May 30 1 6 3  

June 2 1 6 3  

June 5 2 7  1  

June 8 2 6 2

June 11 3 7

June 14 1 9

I - IX: I: The vegetative stage; II: The initiative stage of floral bud differentiation; III: The initial stage of involucre primordia 
differentiation; IV: The final stage of involucre primordia differentiation; V: The initial stage of floret primordia differentiation; 
VI: The final stage of floret primordia differentiation; VII: The initial stage of crown formation; VIII: The metaphase stage of 
crown formation; IX: The final stage of crown formation. From the first day of shading, 10 apical buds were collected every 
three days to observed and recorded the flower bud differentiation process. The number in table mean that how many apical 
buds at this stage on that day. For example, the number 10 in black are all at stage I on May 15. Blanks in the column mean 
that no apical buds were found in the stage on that day.

Shandong Agriculture University, China, from 6 April to 

14 June 2012. Chrysanthemum morifolium ‘Jinba’, a short-day 

plant, was used as the study material. The temperature 

of the greenhouse ranged from approximately 18 to 30. 

Rooted cuttings of chrsyantehmum, ‘Jinba’ were grown 

under long-day conditions in the greenhouse. Short-day 

treatment (SD, 10 h light/14 h dark) began on 15 May 

2012 (6:00 PM) when plants were approximately 55 cm 

tall. Day length was shortened by shading from 6:00 PM 

to 8:00 AM the following day. The plant materials analysed 

in this experiment were collected on the day of the photo-

periodic treatment (15 May, 8:00 AM), and then one sample 

was collected (with 3 replicates) every 3 days until 14 June. 

The sample materials collected included apical buds (with 

two lobes that had not fully expanded and were approximately 

1.5 cm long), functional leaves (the 3rd and 4th fully 

expanded mature leaves from top to bottom), and roots (root 

tips, about 1.0 cm long) of 10-20 plants. After determination 

of fresh mass, the samples were frozen in liquid nitrogen 

and stored at -80°C for analysis of PAs and oxidase activity. 

PA titres and oxidase activities were taken for analysis 

at 5 major stages as follows: (1) the vegetative stage; (2) 

the initiative stage of floral bud differentiation; (3) the 

stage of involucre primordia differentiation; (4) the stage 

of floret primordia differentiation; and (5) the stage of 

crown formation.

Observation of Flower Bud Differentiation 

From the first day of shading, 10 apical buds were 

collected every three days and preserved in FAA stationary 

liquid. We observed and recorded the flower bud differen-

tiation process which was subdivided into 9 stages as 

described below with a stereoscopic microscope (OLYMPUS, 

SZX10-1131; Japan) (Fig. 1 and Table 1). 

Extraction and Measurement of PAs

We monitored the production of three PAs, putrescine 

(Put), spermidine (Spd), and spermine (Spm) (Fig. 2). Benzoyl 

chloride and PA standards were obtained from Sigma-Aldrich 

(Shanghai, China; imported from USA). 

Free, conjugated, and bound PAs were extracted and 

analysed by the method described by Zhou and Yu (2010).

Statistical Analysis

All data were analysed and presented as means SE of 

three replicates using SPSS software (ver. 17.0, Chicago, 

USA), and differences among means were determined by 

Duncan’s multiple test.
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Fig. 3. Changes in the concentration of free (A), conjugated 
(B) and bound (C) polyamines [putrescine (Put), spermidine 
(Spd) and spermine (Spm)], and total PAs in apical buds 
of Chrysanthemum morifolium ‘Jinba’ during different floral 
bud differentiation stages. The number 1-5 means the stages 
of floral bud differentiation: Stage 1: The vegetative stage; 
Stage 2: The initiative stage of floral bud differentiation; 
Stage 3: The stage of involucre primordia differentiation; 
Stage 4: The stage of floret primordia differentiation; Stage 
5: The stage of crown formation. The same as below. Within- 
graph means followed by the same small and capital letters 
are not significantly different by Duncan’s multiple range 
test at p < 0.05 and p < 0.01, respectively. Vertical bars 
represent mean ± SE (n = 3).

Fig. 2. Separation of standard mixture of biogenic amines 
[putrescine (Put), spermidine (Spd) and spermine (Spm)] 
as benzoyl chloride. Concentration of the amines was 25 
mg･kg

-1
 in the acetonitrile solution for injection.

Results

Changes in PA Levels in Apical Bud

Content of free, conjugated, and bound PAs changed 

appreciably during floral bud differentiation (Fig. 3). The 

highest free and conjugated Put and free Spm content were 

observed during stage 2, while free and conjugated Spd 

reached their highest levels at stage 4. Free Spd was the 

predominant PA at stages 4 and 5, representing 69-70% 

and 86-88%, respectively, of the free-PA pool. Spm was 

not detected at the stage 1. Content of bound Spd were 

much higher than those of bound Put and Spm throughout 

the process of floral bud differentiation despite a steady 

decrease as differentiation progressed. Bound Put and Spm 

changed more or less in parallel, in contrast to the trend 

in free Spd. Free Put reached its lowest level at stage 5; 

content of free Put, Spd, and Spm were higher during the 

entire period of floral bud differentiation (stage 5) than 

during the vegetative stage (stage 1).

During floral bud differentiation, content of free Spd 

and free and conjugated total PAs changed in parallel, and 

respectively reached their highest levels at the stage 2 

and stage 4, as well as, content of the conjugated total 

PAs higher than free PAs (Fig. 3). 

 

Changes in PA Levels in Leaves

The highest concentration of free Put in leaves was 

recorded during stage 1 (Fig. 4). Free Spm and Spd con-

centrations were highest at stage 4 and the concentration 

of Spd was significantly higher than that of Put or Spm 

at this stage. During all of the other stages, concentrations 

of free Put were higher than those of free Spd and Spm. 

Conjugated Put predominated during the entire period of 

floral bud differentiation. The concentrations of bound Spd 

were significantly higher than those of Put and Spm from 

the initiative stage until the end of floral bud differentiation 

(Fig. 4).

Free and conjugated total PAs decreased at stage 2, and 

the content of free and conjugated total PAs lower than 

the vegetative stage during floral bud differentiation.  
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Fig. 5. Changes in the concentration of free (A), conjugated 
(B) and bound (C) polyamines [putrescine (Put), spermidine 
(Spd) and spermine (Spm)], and total PAs in roots of 
Chrysanthemum morifolium ‘Jinba’ during different floral bud 
differentiation stages. Within-graph means followed by the 
same small and capital letters are not significantly different 
by Duncan’s multiple range test at p < 0.05 and p < 0.01, 
respectively. Vertical bars represent mean ± SE (n = 3).
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Fig. 4. Changes in the concentration of free (A), conjugated 
(B) and bound (C) polyamines [putrescine (Put), spermidine 
(Spd) and spermine (Spm)], and total PAs in leaves of 
Chrysanthemum morifolium ‘Jinba’ during different floral bud 
differentiation stages. Within-graph means followed by the 
same small and capital letters are not significantly different 
by Duncan’s multiple range test at p < 0.05 and p < 0.01, 
respectively. Vertical bars represent mean ± SE (n = 3).

Changes in PA Levels in Roots 

In roots, free Put, Spd, and Spm changed more or less in 

parallel during the entire period of flower bud differentiation, 

showing an initial decrease at the initiative stage and 

reaching a peak at differentiation of involucre primordia 

(Fig. 5). A decrease was again observed until differentiation 

of floret primordia, followed by an increase at stage 5. 

After short-day treatment, the content of the conjugated 

Put and Spd rapidly decreased during the initiative stage. 

Bound Spd concentrations were significantly lower during 

floral bud differentiation (< 2.1) than during the vegetative 

stage (> 5.9) (Fig. 5). 

Throughout the whole experiment, free and bound total 

PAs changed in parallel, and had the significantly lower 

content at stage 2 and stage 4 (Fig. 5).

The Changes in Ratio of Put/Spd and Put/(Spd + Spm) 
during Floral Bud Differentiation

During physiological differentiation, free and conjugated 

Put/Spd and Put/(Spd + Spm) changed in parallel first 

increased and then decreased, while conjugated and bound 

Put/Spd and Put/(Spd + Spm) changed in parallel during 

morphological differentiation (Table 2). Free and bound 

Put/Spd and Put/(Spd + Spm) reached their highest levels 

at stage 3, and conjugated Put/Spd and Put/(Spd + Spm) 

reached their highest levels at stage 2 (Table 2). 

Discussion

Metabolism of Endogenous PAs in Chrysanthemum during 
Flower Bud Differentiation 

Polyamine regulation of floral bud induction, initiation, 
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Table 2. Changes of Put/Spd and Put/(Spd + Spm) of chrysanthemum during floral bud differentiation

Floral bud 
Differentiation stages

Put/Spd Put/(Spd + Spm)

Free Conjugated Bound Free Conjugated Bound

1 0.41 cC 0.56 cdC 0.19 bBC 0.41 bB 0.55 cC 0.15 bB

2 1.25 bB 2.20 aA 0.11 cD 0.76 aA 1.01 aA 0.10 cC

3 1.38 aA 0.65 cBC 0.30 aA 0.79 aA 0.49 cCD 0.22 aA

4 0.40 cC 0.43 dC 0.13 cCD 0.38 bB 0.40 dD 0.11 cBC

5 0.04 dD 0.86 bB 0.21 bB 0.03 cC 0.70 bB 0.11 cBC

Within-graph means followed by the same small and capital letters are not significantly different by Duncan’s multiple range 
test at p < 0.05 and p < 0.01, respectively. The number 1-5 means the stages of floral bud differentiation: Stage 1: The vegetative 
stage; Stage 2: The initiative stage of floral bud differentiation; Stage 3: The stage of involucre primordia differentiation; Stage 
4: The stage of floret primordia differentiation; Stage 5: The stage of crown formation.

transition, and development has been assessed by various 

researchers. Some authors suggest that PAs could be 

components of floral stimulus (Caffaro et al., 1994; Havelange 

et al., 1996), while others maintain that PAs influence 

transport of a floral stimulus (Applewhite et al., 2000). 

In this study, the rapid increase in the free-Put pool in 

apical buds during stage 2 illustrated its importance to 

initiation of floral bud formation. This result was contrary to 

the findings of Aribaud and Martin-Tanguy (1994), possibly 

because of differences in the study species, temperature, 

or other factors. However, the content of Put remained low 

(even lower than that at stage 1) from the differentiation 

of the involucre primordia until crown formation. Therefore, 

the role of Put was to promote induction or initiation of 

the bud, and that low content of Put were beneficial for 

floral bud morphodifferentiation. Sood and Nagar (2004) 

reported that, high free Put and Spd concentrations were 

associated with early stages of flower development, and 

a steady increase in conjugated Put, Spd and Spm was 

observed during entire period of flower development, which 

was different with our results, possibly because of differences 

in the study species, temperature, or other factors. Tarenghi 

and Martin-Tanguy (1995) reported that α-difluoromethy-

lornithine (DFMO), an inhibitor of Put synthesis, decreased 

PA contents in strawberry and inhibited flowering, which 

could be restored by exogenous application of Put.

PAs might be transferred from leaves to floral buds and 

inflorescences during the early stages of flower development 

(Caffaro and Vicente, 1995). Our results showed that, the 

content of free and conjugated total PAs in apical buds 

during stage 2 increased rapidly and reached their highest 

levels, significantly higher than those of the other stages; 

while free and conjugated total PAs in leaves and three 

fractions total PAs in roots were decreased. We speculate 

that, after short-day treatment, conjugated and bound PAs 

transformed to free PAs in leaves and transport to apical 

bud, causing abundant PAs accumulate in apical buds where 

it promoted floral bud differentiation. Studies on chrysanthemum 

(Aribaud and Martin-Tanguy, 1994), soybean (Caffaro et 

al., 1994), and tobacco (Cabanne et al., 1981) pointed to 

the possibility of transport of PAs from young developing 

leaves to flower buds at the early flowering stages.

According to the findings discussed above, we considered 

that increased contents of free PAs and conjugated PAs 

(Put and Spm) were involved in regulating flower induction 

in C. morifolium ‘Jinba’, whereas bound Spd, which was 

the highest in the vegetative phase, was more important 

for vegetative development.

During differentiation of floret primordia, free and conju-

gated Spd in apical buds and free Spd in leaves reached 

its highest level, the total PAs increased, indicated that high 

content of free and conjugated Spd were might advantageous 

to initiation and formation of floret primordia. There may 

be a process of Put and Spm transformed to Spd at this 

stage, what causing Spd accumulate in apical buds.

Different with our results, Tarenghi and Martin-Tanguy 

(1995) reported that conjugated Spd was the predominant 

amide during the earliest stages of floral differentiation 

in strawberry. Spd has been noted as a marker for flower 

induction in many plants (Fiala et al., 1988; Huang et al., 

2004). Spd- and Spm-deficient Arabidopsis mutants showed 

early proliferative arrest of apical inflorescence meristems 

(Hanzawa et al., 2000). In contrasts, Caffaro and Vicente 

(1995) confirmed that Spd was not involved in flowering 

induction in Glycine max. Wada et al. (1994) suggested 

that application of exogenous Spd did not promote flower 

bud differentiation of Pharbitis nil ‘Kidachi’. Studies on 

Arabidopsis thaliana revealed that the addition of Spd 
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Fig. 6. Metabolism of endogenous polyamines [putrescine (Put) 
and spermidine (Spd)] in Chrysanthemum morifolium ‘Jinba’
during flower bud differentiation.

promoted flowering when conditions were suboptimal 

(e.g., SD), but inhibited flowering under more optimal 

conditions (Applewhite et al., 2000); thus there may be 

an optimum level of PAs with respect to flowering. Thus, 

flowering induction by PA appears to vary among species. 

During floral bud differentiation, conjugated PAs accu-

mulated and became the predominant form until crown 

formation, consistent with the findings of Aribaud and 

Martin-Tanguy (1994). The important role of conjugated 

PAs during floral bud differentiation has been assessed by 

researchers, for example, high content of conjugated PAs 

were associated with the onset of floral bud differentiation 

and floret primordia formation (Dumas et al., 1981); in 

a study of azaleas, the vegetative bud contained mostly free 

PAs while floral buds showed higher content of conjugated 

forms (Meijón et al., 2009); furthermore, the appearance 

of conjugated PAs, previously shown to be markers of 

flowering (Martin-Tanguy, 1985), the same with our experi-

mental results.

 

The Changes in Ratio of Put/Spd and Put/(Spd + Spm) 
during Floral Bud Differentiation

In our study, the higher ratio of free and conjugated 

Put/Spd and Put/(Spd + Spm) was beneficial for the 

induction or initiation of the bud, while the higher ratio 

of free and bound Put/Spd and Put/(Spd + Spm) was 

advantageous to initiation and formation of floret primordia. 

A high ratio of Put/Spd has been proposed to indicate 

active cell division, whereas the decrease in the ratio 

indicated cell enlargement (Bachrach, 1973). 

In conclusion, high content of free and conjugated PAs 

were advantageous to the onset of floral bud differentiation 

in chrysanthemum, and that high content of free and 

conjugated Spd were advantageous to initiation and formation 

of floret primordia. After short-day treatment, PAs in 

leaves and roots might transport to apical bud, causing 

abundant PAs ccumulate in apical buds where it promoted 

floral bud differentiation (Fig. 6). During floral bud differen-

tiation, conjugated PAs play important role. There are 

some relationships between floral bud differentiation and 

the ratio of Put/Spd and Put/(Spd+Spm). 
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