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                                Summary

  Morphological deyelopment of  foTced tree peony (Paeonia st{fi)'uticosa) was  observed  in 17
Chinese and  3 Japanese cultivars (cvs) and  the effects  of pre-chilling on  the gTowth and
development in the Chinese and  Japanese cv groups were  compared.

  The  development from bud swelling  to flowering was  divided into 8 stages. The  leaves, stem
and  fiower buds mainly  grew  during stages IV - IIE , and  stage  VI was  the longest showing  the most
vigoTous  growth. Stages M  , IV and  V  were  yery  complicated  in morphology  and  varied  with  the
cv, but could  be identified easily  by  the leaf development,

  The  pre-chilling promoted the  growth and  advanced  the fiowering, bllt the stage  sensitive  to
the chilling in the Chinese cvs  differed from that in Japanese cvs, which  indicated the existence  of

different growth mechanisms.  The  preLchilling was  effective  at  the early  stages in the Chinese
cvs,  but at  the later stages  in the Japanese cvs. The  Chinese cvs  grew  more  rapidly and  Tesponded

to low temperature  at an  earlier  stage,  but their cut  flower quality was  inferior to the Japanese cvs.
These results corresponded  to a  smaller  requirement  of cumulative  temperatuTe for flowering in
the Chinese cvs.

  The  pTe- chilling decreased the stem  length and  foliage extension,  but promoted  the fiower size
and  adyanced  the flowering date, Non-flowering cvs  had normal  leaves developed a normal  stem

and  responded  to pTe-chilling as  well  as  did the fiowering cv. These results  suggested  that the
vegetative  growth is somewhat  independent of the generatiye growth.
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Introductien

  Tree peeny (Il sutl}uticosa),  a  famous ornamental

plant native  to China, was  introduced to Japan about

1300  years ago  and  has develeped into a cv  group
distinct from the Chinese originals  since  the Edo period
(1600-1867) (Cheng and  Li, 1998). Recently, the

production ef  cut  fiowers and  potted plants developed in
China and  Japan and  the foTcing culture  has become  an

important way  to grow  the tree peeny.
  In China, forcing of  tree peony was  recorded  as early

as  in Sui (960-1279) and  Ming  (1368-1644) dynasties
CT'ang, 1989) and  now  a hundred thousands of plants per
annum  are forced for the New  Year  and  Spring Festival.
In Japan, the forcing of  tree peony is rather  popular
among  growers in Daikon Island of  Shimane lkefecture
renowned  fOr growing the tree peony. The  forcing is
basically the release  from bud dormancy, which  is
caused  by hormene  applicatien  or  natural  low temper-
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ature  in China (Jiang and  Zhao, 1996)  and  by cold

storage  combined  with  pre-chilling or  chemical  treat-

ments  in Japan (Aoki and  Yoshino, 1984a, b; Aoki,
1992a, b; Hosoki et al., 1983, 1984, 1992; Hosoki and
Kimura,  1996). Hewever, there is no  systematic

infbrmation on  the development and growth of  forced
tree peony, and  effective  forcing is confined to a

minority  of  cys.  Many  other  excellent  cvs  could  not  be
successfu11y  fOrced.

  For further improyement of  the forcing, it is necessary
to explore  the basic development and  growth rules  in
forced tree peony, In this study  the morphological

development from bud swelling  to floweTing, was

divided inte 8 stages,  and  the effect  of  pre-chMing
given at various  stages on  the growth was  compared

between Chinese and  Japanese  cys.

            Materials and  Methods

  Two- or  three-year-old  grafts of  16 Chinese and  3
Japanese cvs  were  collected  from Daikon  Island of

Shimane Pref. in Japan, and  a Chinese cv  
`Lue

 Yang
Hong' was  imported directly from Luo-yang  City of
China. They were  divided into pre-chilled (+) and

control (-) plots, each  of  which  consisted of  6 plants.
However,  Chinese cvs  

`Shou
 An  Hong', `Fei

 Yan Hong
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Table 1.Effect of pre- chilling  on  the flowering of  forced tree peony.

Cv groups  ancl namesZ
Nowering date Floweringrate(%)

-y
+x

y
+I

ChineseCvs(1)W

Zhao FenShan
 Hu  Tai

Jin Pao Hong

Ceng Lin  Jin Ran

Rou Fu Rong

26 Dec,27
 Dec,28
 Dec,

 6 Jan.

 4 Jan.

23 Dec.28
 Dec,27
 Dec.

 3 Jan,

 1Jan,

10067678383 100'838310067

ChineseCVs(2)W
Ma  Lao CuiV

Shou An  HongV

Fei Yan  Heng  ZhuangV

 -v2Jan.3

 Jan.

3 Jan. o2540 50

ChineseCVS(3)W

Xiu Tao  Hua

Si Shou  An

Dong  Fang Hong

Ying Luo Bao Zhu

Luo Chi Cbun

Wu  Zhou Hong

Zhi HongV

Hei Hua  Kui"

Luo Yang  Hong"

lllluuuuuuu uuuuuv

u

ooooooooo oooooo

o

Japanesecvs
RenkakuHohkiShirnaDaljin6 Jan.6

 Jan.6
 Jan.

4 Jan,5
 Jan.29
 Dec,

5033100 6733100

t
 Chinese ovs  exoept  

`Luo

 Yang  Hong' were  3- year-eld grafts and planted on 10 Nov.

 Japanese  cvs  and  
`Luo

 Yang  Hong' were  2- year- old  grafts and  planted on  9 Nov.
Y
 Not pre- chilled,
X
 Pre- chilled.
"
 Flowedng  (1), low- flowering (2) and  non-  fiowering (3) groups of Chinese cvs,

"
 Related data were  not  cited.

"
 The flower blasted.

Pre-ch"ling Coldstorage Forcing

(-)infieldfor1Odays
(-･)15eCfor10days

4℃ for42days inheetedgiesshousefor44-58days

Pre"treeting Storing PlarTting Ftowering

L
  18t or 19' Sept 28Zor 29' Sept or orlor  Nev. Late Dec.-Eariy Jan.

Fig. 1. Protoco1 for the forcing of  tree pcony in 1998. e Treatment date of Japanese cvs  and  Chinese 
`Luo

 Yang

    Hong';  
Y
 Treatment  date of  Chinese cvs  except  

`Luo

 Yang  Hong').

Zhuang', `Zhi
 Hong' and  

`Hei
 Hua  Kui' had only  the

control  plot (Tal)le 1). The  protoco1 for forcing is shown

in Fig. 1. For the pre- chilling,  the plants were  kept at 15

℃  for 10 days, durjng which  the control  was  in a field.

After celd  storage  (4 ℃) for 42 days, the plants were

p}anted in 24 cm  (diameter) plastic pots filled with  a

rnixture  of  soil and  barnyard manure  (1:1, v!v)  for

forcing in a  heated glassheuse, where  the temperature
was  recorded  at 40 cm  above  the pots (Fig. 2).

  The morphological  development of  forced plants was
observed  in detail from bud swelling  to blooming and

was  divided into 8 stages  as will  be described later

(Results 1). Shoot length was  measured  at stages  I - M  ,

Foliage extension,  stem  length and  the diameter of  the

flower bud was  measured  at  stages  Iv -v[[ during which

the plants grew Tapidly.  The percentage of  flowering

plants and  cut-flower  quality were  investigated at the

flowering stage  ( vrI ). The date of the beginning of  each

stage was  also recorded. All measurements  were  done
for individual plants, the mean  was  calculated  for each

cv  and  then for cv  groups. Duration  and  cumulative

temperature during each  stage were  determined in the

sarne  way.  From  the percentage of  flowering plants,
Chinese cvs  were  divided inte 3 groups, (1) fiowering,
(2) partially- flowering and  (3) non-  fiowering, Only the

data of  plants flowering at stage  M[ were  used  in the
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iage extension  at atage  vr[

was  reduced  by pre- chilling  CTable 2).

 3) Stem: The  stem  elongated  mostly  in stage  vr . Pre-

chilling inhibited weakly  the stem  growth and  its effect
was  clearer  in the Japanese cvs  than in the Chinese cvs.

The stem  had elongated  more  rapidly  in the Japanese ovs

after stage  V  so  that it was  about 10 crn  longer than in

the Chinese cvs at atage  va Crable 2).
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fig. 4.  Morphological  development  of  forced tree peony (2).
Stage V : The leaflet is opening  CL); Stage VI :Bell-  like flower- bud al1 leafiets flat and  enlarging  (M, N);
Stage vr : Colorfu1 petals appear  at the tips (O, P); Stage IMI : Bloeming  (Q), Cvs: L, N  (Ceng Lin Jin Ran);
M, P (Renkaku); O  (Zhao Fen): Q  (Shan Hu  Tai),

  4) Flower bud: The  flewer bud was  clearly  observed

at stage  M,and  continued  enlarging  through  stage  v  to

WE , Pre-chilling slightly  increased the size  of  the flower
bud and  flower, enhanced  the development of  the flower
bud and  advanced  the flowering date. In the Japanese
cvs,  however, flower-bud diameter at stage  va was

slightly  variable.  As cornpared  with  the Japanese cys,
the Chinese cvs  had smalleT  flower-buds and  flowers,
and  required  less time and  lower cumulative  temperature

for flowering (Table 2, 4).

3. Etfects ofpre- chilling  on  the flowering and

  cut-flower  quality in the Chinese and  Jbpanese cvs

  Seventeen Chinese cvs  weTe  classified  into 3 distinct

groups, (1) flowering group (5 cvs)  that shows  over  50%
fiowering, (2>low-fiowering group (3 cvs)  that shows

less than 50%  flowering and  (3) non-  flowering group (9
cvs)  with  entirely  blasted (Table 1), in group (1), pre-
chilling  prornoted the flowering, but not  

`Rou

 Fu Reng',

in which  the percentage of flowering was  rather de-
creased  by pre-chilling. In group (2), pre-chilling
improved the flowering of  

`Ma

 Lao Cui', but the effect
of  pre- chilling  on  

`Shou
 An  Hong' and  

`Fei
 Yan  Hong

Zhuang' was  not  investigated. Pre-chilling had no

effect  on  the flowering of  group (3). Japanese `Renkaku'

and  
`Shima

 Daljin' flowered easily,  but `Hohki'
 did not.

Pre-chilling promoted the flowering of  
`Renkaku',

 but
not  that of  other  cvs  (Table 1).

  The  cut-flewer  quality was  estimated at flowering

(Table 3), The effect  of  pre-chilling varied  among  the

Chinese cvs.  (1). Pre-chilling tended  to inhibit the

growth of  leaves and  stem  as a whole,  but increased the

extensien  and  area  of  foliage in `Shan

 Hu  Tai' and
`Ceng

 Lin Jin Ran'. 1[he flower size  and  petal number
also  varied  with  the cv  but, as  a whole,  they were

premeted by pre-chilling, In the Japanese cvs,  pre-
chilling  inhibited the growth of  leaves and  stem,  espe-

cially the tetal leaf area,  and  enlarged  the flower de-
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creasing  the number  of  petals. Thus, the effect of  pre-
chilling  on  the cut-  fiower quality was  closely  related  to
the cv, and  varied  with  the cv  group or with  the Chinese
or  Japanese ovs,  The  Japanese cvs  were  superior  to the

Chinese cvs  in al1 the items, except  for the petal number,

as  compared  and  grew more  vigorously.

  In addition,  the effect  of  pre-chilling on  the leaf was

    7

6

5Gef4ps3

2

1O
 5 10 15 co 25

              I}ays in greenhouse

   fige 5. Shoot length of  forced tree peony,

so
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clearly reflected  in the 1argest leaf Crable 3). The  effect

of  pre-chilling on  foliage extensien  and  fbliage area
agreed  almost entirely  with  that on  the length and  area

of  the largest leaf in most  cases  (data not  shown).

4. Effect ofpre-chilling on  the length ofeach growth
  stage  in the Chinese and  Jbpanese cus

  In the Chinese cvs,  the pre-chil1ing shortened  the

stage  I by one  day, and  did not  affect  the length of  the

other  stages, advancing  the fiowering date by one  day.
However, in the Japanese cvs,  pre-chilling did not

affect the early  stages  from I to m  but affected  the other

stages,  complexly,  advancing the fiowering date by 3-4
days CI'able 4). The Japanese cvs  started  growing at  the
sarne  time as the Chinese cys,  but flewered about  one

week  later than the Chinese cvs.  Slow response  te

temperature at the initial growth stages  resulted  in a
1arge requirement  of  time and  cumulative  temperature

for fiowering (Table 1, 4).

                Discussion

1, Stttdies on  growth stage  and  its signptcance

 Under the natural  conditions,  tree peony grows to
flower in spring  and  each  growth stage  cerrelates  with  a

Tab]e3.Effect ofpre-  chilling on  the cut-  flower quality of  forced tree peony.

Cultiyars
 Pre-chillingCut-fiower

Mower Foliage Largestleaf

SL(cm)Z FE(cmYD  (cmYPNZ LN(ern)! A(ern2)Z L(cm)t W(cm)Z A(cm2)Z

ZhaoFen

+

24.924.048,247.813.814,356.e66.58,28,O771,5735,329.529.017,316,O152.2133,6

Shan HuTai

+

22.5oo.o32,O36,412,313,5116.899.08,O9,4431.8577,219.121.712,812,475,1100.1

Chinesecvs(1)Jin PaeHong

+

24.323.647,844,611,811,468.863.86,36,3598.8493.731.330.217,815,4144,9103,7

Ceng LinJin

 Ran +

21.423.15L257,410,912,344.861.28,O8,2574.9912,230.631.818,817,3144,1185.7

Rou  FuRong

+

26.623.067,255.512,612,648.051.58,4  1098,2

7,8 962.035.834.320,519,5231.0206,7

Mean
+

23.922.749,348,312,312.866.968.47,87,9695.0736,129.329.417.416,1149,5146,O

Ren-kaku

+

34.633.458,858,118.719,345.042.010,O  1856.4

9.3 1341.637.035.022.518,O316.0233,1

Japancscovs
Hohki

+

42,640,867,562,318,119,385.093.516,O  2811.8

16.5 1916.140.637.523.8215271.1221.2

ShimaDaljin
+

os.825,151,O51217.416.786.567.310.3  1413,9

10.7 1279.431,231.422.119.8216.8190.8

Mean
+

35.333.159,157,218.118.472.267.612,1  2027,4

12.2 1512,436,334,622.819,8268.0215.0

Z

 A: AreE, D: Diameter,  FE: Foliage extension,  L: Length, LN: Leaf number,  PN: Petal number,  SL: Stem length, W:  Width.
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Table4.  Effect of  pre- chil1ing  on  the duration (days) of each  growth  stage  and  cumulative  temperature  (℃  )
of  forced tree peony (mean ± SD).

CultivarszPre
 -chilLing Growthstages

I ll m rv v vr ve Tota1

Chinesecvs(1)

Days+3.2
 ±  O.82.0
 ± O.87.4

± 2.3 5,7± 1,4

62 ± 2.3 6,6 ± 1.46.1

 ±

5.8 ±

1.0128.1 ± 2.7

8.4± 2.314.7

±  3.4 4.4±  2.9 49.6±  4.5
14.4± 32  4.7± 2.8 48.1 ±  4.4

℃
+44.1

± 4.8 99.9± 2S.3 75,9 ± 8.2

28.3 ± 9.9 87.8 ± 19.8 77.2 ± 12.1103.3

 ± 21 .6
95.8 ± 17,6135.7

 ± 38.6 241.9 ± 60,7 67.2 ± 44,2 769.1 ± 68.2

138.4±402  236.7± 47.8 70.5 ± 38,O 737.8 ± 66.7

Japanese
  cys

Days+3.0
± O.O 14.1 ± O,4 8.0 ± L8

3.0± O.O 14,2± 4,6 7,6± O.510.8

±

8,2±

O.81,44.3 ± L2
5.7± O.814.1

± 1.4 2.9± 1,6 57.3 ± 2,6

10,8± 2,O 4.3 ± 1.S S3.8 ± 3,7

℃
+41.3

± O.O 147.8± 8.3 128.7± M.3
41.3 ± O.O IS6.1± 33.0 126.2 ± 8.9168,7

 ± 13,7

136,O ± 20.276.6

± 22.2 210.1 ± 34.2 52,9± 19.8 826.0± 20,1
982 ± IO.4 169.4± 39.1 65.8± 22.6 792.9 ± 21,O

Z
 See Table 1,

certain  phenological period, ImitatiQn of  natural  temper-
ature  conditiens  at each  grewth stage is the foundation
of  the forcing culture  of  tree peony in China (Yu, 1980;
Jiang and  Zhao, 1996). Based chiefly  on  the flower-bud

growth, we  divided the growth into several  stages,  but
the morphological  diyersity among  cvs  1arge, and  no

acceptable  criteria have been established  to identify
most  stages  precisely. In this study,  the development of

forced tree peeny from bud swelling  to flowering was
divided into 8 stages  and  the morphological  criteria

based on  the developmental events  were  described for
each  stage.  The developmental events  occuning  in each
stage,  should  be identical among  various  cvs,  bllt
morphological  features varied  with  the cv,  which  should

represent  the characteristics  of  the cv. TIhe leayes, stem
and  fiower bud, for example,  at stages  m,rv and  v  were

very  complicated  in morphology.  However, because
each  developmental stage  has distinguishable morpho-

logical features, we  can  identify these stages  easily,

  During the shoot  development from stage  I to M, the
abonion  associated  with  the peroentage of  fiowering was

determined to a 1arge extent.  How  to decrease or ayeid

the abortion  is an  important subject  in the forcing culture
of  tree peony. The investigation of  physiological
changes  in early  growth stages,  especially  the differenoe
between flowering and  non-fiowering  cvs,  may  be
valuable  to identify the cause  of  abonion.  Stage m

should  be studied  in this respect.  Stage vr, which  is the
longest stage  and  at which  most  of  the growth of  the

leaves and  stem  oocurs,  is important to adjust  the

flowering date by controlling  cumulative  temperature.

Stage va , at which  the flowering became inevitable and

the plant had a  strong resistanoe  to coldness, is feasible
for storage  of  the plant at a lower temperature  to meet

the needs  of  the market  for shipping  date, The plants can

flower normally  after stoTage  at  this stage  fOr 10-20
days in 2-4 ℃ (Jiang and  Zhao, 1996). Therefore,
another  important subject  in controlling  the flowering

date to meet  the demand  of  the market,  is further studies
on  stage  vr and  vr.

2. Dijference in the qffects ofpre- chitling  on  the

  thinese and  .lapanese  cvs

  ke-chilling is effective  in forcing Japanese tree

peony. It advances  the sprouting  and  flowering date,
increase the peroentage of  fiowering and  improves cut-
fiower quality (Aoki and  Yoshino, 1984b; Aeki, 1992a,
b; Hosoki et al., 1984). Howeyer, theTe are  no  studies  on

the effect  ef  pre-chil1ing on  the growth preoess. This
study revealed  the effect of  pre-chilling at various

growth stages, and the difference in the effect  between
the Chinese and Japanese cvs.

  Pre-chilling promoted the fiowering and  decreased
the requirement  of  cumulative  temperature to fiower

CIiable 1, 4), but the effect  of  pre-chilling on  the growth
process in the Chinese cvs  was  somewhat  different from
that in the Japanese cvs  CI"able 2). At stages  I to M, pTe
-chilling

 accelerated  shoot  developrnent in the Chinese
cvs  but rarely  in the Japanese cvs  CI'able 4, Fig. 5). At
stage  V  to NMI, the effect  of  pre-chilling on  the foliage
extension  and  stem  length was  rnore  apparent  in the
Japanese ovs  than in the Chinese ovs  (I]able 2, 4). In
addition,  the Chinese cvs grew early but their cut-

fiower quality was  inferior to that of  the Japanese cvs

(Table 2-4). These results  showed  that the growth
mechanism  in the Chinese cys  and  Japanese cvs  is
different and  implied that the former had a  lower tem-
perature requirement  for sprouting  and  flowering CI"able
4),

  Pre-chilling affected  the growth of  generative and

vegetative  organs  in different ways,  The stem  length and
foliage extension  were  decreased by pre-chilling, but
the flower size  and  flowering date were  promoted CI"able
2). In the non-fiowering  group of  Chinese cvs,  in
addition,  the flower blasted entirely,  but the leaves and
stem  grew and  developed normally  and  the response  to
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pre
−
chilling 　was 　the　same 　as　in　the　flowering　group　of

Chinese　cvs．　These　resUlts　suggested 　that　the　vegetative

growth　 is　 somewhat 　 independent　 of　 the　 generative
growth．
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中国および日本ボ タ ン の 促成における発育と予備冷蔵効果の 比較

成　倣雲 ・青木宣明 ・劉　政安

島根大学生物資源科学部　690− 1102　松江市上本庄町 2059

摘　 　要

　中国ボタ ン 17品種と日本ボ タ ン 3品種 に お け る促成時

の形態学的発達を観察 し，日中ボ タ ン間の予備冷蔵効果

を比較検討 した．

　芽膨張期か ら開花期ま で は 8生育ス テ
ージ に分け られ

た ，葉 ， 茎 ， 花芽の 生長は主に IV期か らW 期で ，　 VI期は

最 も長期間で ， 生育量 は最大 で あ っ た．皿，IV
，　 V 期 は

品種 に よ り形態学的に最 も複雑で あ っ た が ，葉の 生長に

より簡単に 区別 で きた．

　予備冷蔵は，生長を促進 し開花を早めたが，ス テ ージ

に対す る作用 は 日中ボ タ ン 品種間 で異な り，異な っ た生

長メ カ ニ ズ ム を有す る こ とが 示唆さ れ た．予備冷蔵は 中

国ボ タ ン 品種に対 して は初期 の ，また 日本ボ タ ン に は そ

れ よ り遅い ス テージに 影響を及 ぼ した ．中国 ボタ ン は温

度に対 して よ り敏感 で ，初期 に 早 く生長 し た が，最終的

な切り花形質は 日本ボタ ン に劣 っ た．こ の こ と は開花ま

で の 積算温度が少な い こ とと
一

致 した．

　予備冷蔵は茎長や葉の 伸展を減少させたが，花の 大 き

さ を増 し，開花日 を早 め た．未開花品種は 正常な葉や茎

の 生長を し，予備冷蔵 の 影響は開花品種 と同様で あ っ た．

　以上 の結果か ら，芽膨張期か ら開花期の 間で は，茎長

の 生長と花の生長は比較的， 独立状態に あ る こ とが示唆

され た ．
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