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Summary

Morphological development of forced tree peony (Paeonia suffruticosa) was observed in 17
Chinese and 3 Japanese cultivars (cvs) and the effects of pre-chilling on the growth 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 flower buds mainly grew during stages IV - VI, and stage VI was the longest showing the most
vigorous growth. Stages Il , IV and V were very 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 flowering, but 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 pre- chilling 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 responded
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 temperature for flowering in
the Chinese cvs.

The pre~ chilling decreased the stem length and foliage extension, but promoted the flower size
and advanced the flowering date. Non- flowering cvs had normal leaves developed a normal stem
and responded to pre-chilling as well as did the flowering cv. These results suggested that the
vegetative growth is somewhat independent of the generative growth.
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Introduction

Tree peony (P. suffruticosa), a famous ornamental
plant native to China, was introduced to Japan about
1300 years ago and has developed into a cv group
distinct from the Chinese originals since the Edo period
(1600-1867) (Cheng and Li, 1998). Recently, the
production of cut flowers and potted plants developed in
China and Japan and the forcing culture has become an
important way to grow the tree peony.

In China, forcing of tree peony was recorded as early
as in Sui (960-1279) and Ming (1368- 1644) dynasties
(Tang, 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 Prefecture
renowned for growing the tree peony. The forcing is
basically the release from bud dormancy, which is
caused by hormone application 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). However, there is no systematic
information on the development and growth of forced
tree peony, and effective forcing is confined to a
minority of cvs. Many other excellent cvs could not be
successfully forced.

For further improvement 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 flowering, was
divided into 8 stages, and the effect of pre- chilling
given at various stages on the growth was compared
between Chinese and Japanese cvs.

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 ‘Luo 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.
p 4 peony
Flowering date Flowering rate(%)
Cv groups and names®
_v & _v &

Zhao Fen 26 Dec. 23 Dec 100 100
Chinese Shan Hu Tai 27 Dec. 28 Dec. 67 83
ovs (1) Jin Pao Hong 28 Dec. 27 Dec. 67 83
Ceng Lin Jin Ran 6 Jan. 3 Jan. 83 100
Rou Fu Rong 4 Jan. 1 Jan. 83 67
Chinese Ma Lao Cui’ =V 3 Jan. 0 50

ovs (2)" Shou An Hong” 2 Jan. 25

Fei Yan Hong Zhuang’ 3 Jan. 40
Xiu Tao Hua -t - 0 0
Si Shou An -t - 0 0
Dong Fang Hong -t - 0 0
. Ying Luo Bao Zhu - - 0 0
S‘s"(’gfv Luo Chi Chun —u —u 0 0
Wu Zhou Hong - - 0 0

Zhi Hong” - 0

Hei Hua Kui" -t 0
Luo Yang Hong” -t -t 0 0
Japanese Renkaku 6 Jan. 4 Jan. 50 67
cv‘; Hohki 6 Jan. 5 Jan. 33 33
Shima Daijin 6 Jan. 29 Dec. 100 100

? Chinese cvs except ‘Luo Yang Hong’ were 3- year- old grafts and planted on 10 Nov.
Japanese cvs and ‘Luo Yang Hong’ were 2- year- old grafts and planted on 9 Nov.

¥ Not pre- chilled.
* Pre- chilled.

¥ Flowering (1), low- flowering (2) and non- flowering (3) groups of Chinese cvs.

Vv Related data were not cited.
! The flower blasted.

Pre—chilling Cold storage

Forcing

(=) in field for 10 days
(-)15°C for 10 days

4°C for 42 days

In heated glasshouse for 44-58 days

Pre—treating Storing Planting Flowering
18%or 19" Sept.  28%or 29" Sept. 9 or 10" Nov. Late Dec.—Early Jan.

Fig. 1. Protocol for the forcing of tree peony in 1998. (* Treatment date of Japanese cvs and Chinese ‘Luo Yang
Hong’; ¥ Treatment date of Chinese cvs except ‘Luo Yang Hong’).

Zhuang’, ‘Zhi Hong’ and ‘Hei Hua Kui’ had only the
control plot (Table 1). The protocol for forcing is shown
in Fig. 1. For the pre- chilling, the plants were kept at 15
°C for 10 days, during which the control was in a field.
After cold storage (4 °C) for 42 days, the plants were
planted in 24 cm (diameter) plastic pots filled with a
mixture of soil and barnyard manure (1:1, v/v) for
forcing in a heated glasshouse, 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 1 -1I .

Foliage extension, stem length and the diameter of the
flower bud was measured at stages IV - VI during which
the plants grew rapidly. The percentage of flowering
plants and cut-flower quality were investigated at the
flowering stage ( Vil ). 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
same way. From the percentage of flowering plants,
Chinese cvs were divided into 3 groups, (1) flowering,
(2) partially - flowering and (3) non-flowering. Only the
data of plants flowering at stage VI were used in the
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Fig. 2. Temperature in the heated glasshouse during the forcing
of tree peony (mean of 5 days, from 9 Nov., 1998 to 7
Jan., 1999).

comparative study of the Chinese cvs (1) and Japanese
cvs (Table 1).
Results
1. Morphological development of forced tree peony
and the classification of growth stages

Stage 1:Bud swelling. One day after transfer into a
glasshouse, the bud began to swell and the scale became
purple, green or from green to purple depending on the

cv (Fig. 3. A, B).

Stage II: Bud sprouting. Emergence of the leaf tip
from the scale (Fig. 3. C). In general, all leaves emerge
and extend simultaneously but, sometimes, the lowest
leaf grows dominantly and the leaf tip emerges first.

Stage II: Leaf emerging. The leaf has emerged en-
tirely, but the leaflet is still incurved and the petiole
clustered round the stem. A visible petiole is an impor-
tant feature to identify this stage (Fig. 3. D-I). There are
three types of cvs at this stage. (1) Flower-bud-enclos-
ing type: The flower bud is enclosed in the leaves
entirely (Fig. 3. D). (2) Flower-bud- exposing type: The
flower bud appears above the leaves apparently (Fig. 3.
E-H) and sometimes visible even at stage I. (3)
Partially flower-bud-exposing type: The flower bud is
partially covered by the leaves (Fig. 3. I).

Stage IV: Leaf unfolding. Petiole is unfolding or
opening outward, but the leaflet is still curved (Fig. 3. J,
K). The abortion associated directly with the per-
centages of flowering is observed in the structure of
flower. In the non-flowering Chinese cvs, the abortion
is observed in the anatomical structure, but the flower
bud is enlarged definitely (Table 2).

Stage V:Leaflet extending. The leaflets are unfold-
ing, from the base of the shoot up to the top (Fig. 4. L).

Stage VI: Bell-like flower: This stage starts as soon
as the uppermost leaf has unfolded (Fig. 4. M, N) and
includes most of the growth period of the leaves, stem

Table 2. Effect of pre- chilling on the foliage extension, stem length and flower- bud diameter

of forced tree peony (mean = SD, cm).

Growth stages
Cultivars® Pre- chilling
v \' VI VI v
Chinese - =7 123%+1.7 353+94 440+ 10.8 493 %125
evs (1) + — 137+20 36387 470%+104 483 % 85
Foliage Chinese - 4 133+ 38 33.1*6.6 —X 507+ 7.7%
extension cvs (3) + -7 125+ 43 324196 - 499 + 9.8¥
Japanese - -V 118+ 1.8 299+ 13 578 +83 59.1+ 83
cvs + -y 151+ 45 33.0x1.7 50.9 £ 2.7 572% 56
Chinese - 3.1£01 9.6+ 25 194 £ 34 235*21 239=% 20
cvs (1) + 32%+03 99114 194 £ 25 240+ 1.7 227% 1.6
Stem Chinese - 3.1x05 82*+35 159+ 4.1 —X 258 +16.3%
length s (3) + 33+05 81+35  157+34 —x 239+ 13.2%
Japanese — 38=*0.6 213*x5.1 271+52 347162 353 69
cvs + 45+0.1 176 £ 4.6 269+ 8.1 330+ 79 331+ 79
Chinese - 0.8+ 0.0 11£03  18%03  30%04 123+ 11"
cvs (1) + 0901 1.2+0.3 1.9+ 03 31£05 128 £ 1.17
Flower-bud  Chinese - 08=*02 09+ 0.1 1.0£02 —X —x
diameter cvs (3) + 09=*0.1 1.0*+02 1.1 +0.2 —X —X
Japanese - 09 *00 1702 23202 4002 18.1 £ 0.7¥
cvs + 1.0£ 0.1 19+ 04 27+04 39f0.1 184 = 1.5V

% See Table 1.

Y The leaf folded.

* The flower blasted.

W Measured on 29 Dec.
V¥ Flower diameter.
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Fig. 3. Morphological development of forced tree peony (1).

StageI : The bud swells and becomes purple (A) or green (B); Stage II :The bud sprouts with emerges leaf
tips (C); Stage I : The leaf has emerged with visible petiole. The flower bud is enclosed in the leaves (D),
flower bud appeared (E, F) and appears above the leaf (G, H), or covered partly by the leaf (I); Stage IV :The leaf
starts opening as the petiole grows (J), petiole opens to a normal angle but the leaflet is still incurved (K). Cvs: A,
E, G (Shima Daijin); B, D (Luo Yang Hong); C (Rou Fu Rong); F (Zhao Fen); H, K (Luo Chi Chun); I (Jin Pao

Hong); J (Ceng Lin Jin Ran).

and flower bud (Table 2). Enlarging flower bud appears
at the top of the pedicle or is bent down like a hanging
bell (Fig. 4. N).

Stage VI: Color appearance: The colorful petal ap-
pears at the tip as the flower-bud becomes loose and
soft (Fig. 4. O, P).

Stage VI: Flowering. From the start of the opening
(Fig. 4. Q) to the withering of petals.

2. Effect of pre-chilling on the growth of the Chinese
and Japanese cvs

1) Shoot: The shoot developed normally from stage I
to II in all plants flowering or not flowering. The pre-
chilling enhanced the growth in the Chinese cvs, but had
little effect on the Japanese cvs, even though the shoot
of the latter was longer than that of the former at stage Il

(Fig. 5).

2) Leaf: The leaflet grew at stage V, and the foliage
extension at stage VI became more than two times longer
than at stage V. It increased up to 10 cm in the Chinese
cvs and 20 cm in the Japanese cvs at stage VI, so that the
Japanese cvs finally exceeded the Chinese cvs (Table 2).
The pre- chilling promoted the leaf growth at stages V,
VI and VI in the Chinese cvs and at stage V and VI in the
Japanese cvs. However, the foliage extension at atage VI
was reduced by pre - chilling (Table 2).

3) Stem: The stem elongated mostly in stage VI. 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 cvs
after stage V so that it was about 10 cm longer than in
the Chinese cvs at atage VIl (Table 2).
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Fig. 4. Morphological development of forced tree peony (2).
Stage V : The leaflet is opening (L); Stage VI :Bell - like flower - bud all leaflets flat and enlarging (M, N);
Stage VIl : Colorful petals appear at the tips (O, P); Stage VI : Blooming (Q). Cvs: L, N (Ceng Lin Jin Ran);

M, P (Renkaku); O (Zhao Fen): Q (Shan Hu Tai).

4) Flower bud: The flower bud was clearly observed
at stage 1T , and continued enlarging through stage V to
VIL. 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 VI was
slightly variable. As compared with the Japanese cvs,
the Chinese cvs had smaller flower-buds and flowers,
and required less time and lower cumulative temperature
for flowering (Table 2, 4).

3. Effects of pre-chilling on the flowering and
cut-flower quality in the Chinese and Japanese cvs

Seventeen Chinese cvs were classified into 3 distinct
groups, (1) flowering group (5 cvs) that shows over 50%
flowering, (2).low-flowering 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 promoted the flowering, but not ‘Rou Fu Rong’,

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 Daijin’ flowered easily, but ‘Hohki’ did not.
Pre-chilling promoted the flowering of ‘Renkaku’, but
not that of other cvs (Table 1).

The cut-flower 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
extension and area of foliage in ‘Shan Hu Tai’ and
‘Ceng Lin Jin Ran’. The flower size and petal number
also varied with the cv but, as a whole, they were
promoted by pre-chilling. In the Japanese cvs, pre-
chilling inhibited the growth of leaves and stem, espe-
cially the total 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-flower quality was closely related to
the cv, and varied with the cv group or with the Chinese
or Japanese cvs. The Japanese cvs were superior to the

clearly reflected in the largest leaf (Table 3). The effect
of pre-chilling on foliage extension and foliage area
agreed almost entirely with that on the length and area
of the largest leaf in most cases (data not shown).

Chinese cvs in all the items, except for the petal number,
as compared and grew more vigorously.
In addition, the effect of pre- chilling on the leaf was

4. Effect of pre~chilling on the length of each growth
stage in the Chinese and Japanese cvs

In the Chinese cvs, the pre-chilling shortened the
stage 1 by one day, and did not affect the length of the
other stages, advancing the flowering date by one day.
However, in the Japanese cvs, pre-chilling did not
affect the early stages from 1 to I but affected the other
stages, complexly, advancing the flowering date by 3-4
days (Table 4). The Japanese cvs started growing at the
same time as the Chinese cvs, but flowered about one
week later than the Chinese cvs. Slow response to
temperature at the initial growth stages resulted in a
large requirement of time and cumulative temperature
2} for flowering (Table 1, 4).

Tr¢

—&—Chinese cvs (1) ()
[ —@—Chinese cvs (1) ()
—&— Japanese cvs ()
5} —8—Japanese cvs (+)

Length (cm)
r-S

Discussion

0 5 10 15 2 % 30 . L
1. Studies on growth stage and its significance

Days in greenhouse
Under the natural conditions, tree peony grows to

Fig. 5. Shoot length of forced tree peony. " flower in spring and each growth stage correlates with a

Table 3. Effect of pre- chilling on the cut- flower quality of forced tree peony.

Pre- Cut- flower Flower Foliage Largest leaf
Cultivars hilli
ChINg o1 (cm) FE(cm)® D(cm) PN* LN (cm) A(em?’ L(cm) W (cm) A (cm?y
Zhao - 249 482 138 560 82 7715 295 173 1522
Fen + 240 478 143 665 80 7353 290 160 1336
Shan Hu — 225 320 123 1168 80 4318 191 128 75.1
Tai + 200 364 135 990 94 5772 217 124 1001
Chinese Jin Pao - 243 478 118 688 63 5988 313 178 1449
cvs (1) Hong + 236 446 114 638 63 4937 302 154 1037
CengLin  — 214 512 109 448 80 5749 306 188  144.1
Jin Ran + 231 574 123 612 82 9122 318 173 1857
Rou Fu - 266 672 126 480 84 10982 358 205 2310
Rong + 230 555 126 515 78 9620 343 195 2067
M - 239 493 123 669 78 6950 293 174 1495
ean + 27 483 128 684 79 7361 294 161 1460
Ren- — 346 588 187 450 100 18564 370 225 3160
kaku + 334 581 193 420 93 13416 350 180 2331
Japanese Hobki - 426 675 181 850 160 28118 406 238 2711
cvs okl + 408 623 193 935 165 19161 375 215 2212
Shima -~ 288 510 174 85 103 14139 312 221 2168
Daijin + 251 512 167 673 107 12794 314 198 1908
M - 353 591 181 722 121 20274 363 228 2680
can + 331 572 184 676 122 15124 346 198 2150

% A: Area, D: Diameter, FE: Foliage extension, L: Length, LN: Leaf number, PN: Petal number, SL: Stem length, W: Width.
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Table 4. Effect of pre- chilling on the duration (days) of each growth stage and cumulative temperature (°C )
of forced tree peony (mean = SD).
_ Growth stages
Cultivars® [}T'T['
chilling I I m v A" VI v Total
D - 32%08 74+ 23 57 14 61t 10 81% 27 147+ 34 44% 29 496=* 45
. ays 20+08 62% 23 66% 14 S8+ 12 84+ 23 144+ 32 47+ 28 481% 44
Chinese
cvs(1) C 44148 999+253 759% 82 1033%x216 1357+386 2419+60.7 67.2+442 769.1 +68.2
+ 283199 878%198 772x121 958*176 1384+402 236.7+478 705+380 7378667
Davs - 3000 141* 04 80+ 1.8 108=% 0.8 43+ 12 141 14 29 16 573% 26
4 3000 142% 46 76=* 0S5 82+ 14 57+ 08 108+ 20 43 1.5 538+ 37
Japanese
cvs o - 413+00 1478* 83 12871243 1687137 766222 2101£342 529%+198 8260 =*20.1
+ 41300 156.1 £330 1262+t 89 1360+202 982+104 1694+39.1 658+226 7929210
% See Table 1.

certain phenological period. Imitation of natural temper-
ature conditions at each growth 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 diversity among cvs large, and no
acceptable criteria have been established to identify
most stages precisely. In this study, the development of
forced tree peony 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 occurring in each
stage, should be identical among various cvs, but
morphological features varied with the cv, which should
represent the characteristics of the cv. The leaves, stem
and flower bud, for example, at stages I, IV 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 1 to II, the
abortion associated with the percentage of flowering was
determined to a large extent. How to decrease or avoid
the abortion is an important subject in the forcing culture
of tree peony. The investigation of physiological
changes in early growth stages, especially the difference
between flowering and non-flowering cvs, may be
valuable to identify the cause of abortion. Stage I
should be studied in this respect. Stage VI, which is the
longest stage and at which most of the growth of the
leaves and stem occurs, is important to adjust the
flowering date by controlling cumulative temperature.
Stage VI , at which the flowering became inevitable and
the plant had a strong resistance 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 storage at this stage for 10-20
days in 2-4°C (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 VI and VI

2. Difference in the effects of pre-chilling on the
Chinese and Japanese cvs

Pre-chilling is effective in forcing Japanese tree
peony. It advances the sprouting and flowering date,
increase the percentage of flowering and improves cut-
flower quality (Aoki and Yoshino, 1984b; Aoki, 1992a,
b; Hosoki et al., 1984). However, there are no studies on
the effect of pre-chilling on the growth process. 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 flowering and decreased
the requirement of cumulative temperature to flower
(Table 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 (Table 2). At stages I to III, pre
- chilling accelerated shoot development in the Chinese
cvs but rarely in the Japanese cvs (Table 4, Fig. 5). At
stage V to VH, the effect of pre-chilling on the foliage
extension and stem length was more apparent in the
Japanese cvs than in the Chinese cvs (Table 2, 4). In
addition, the Chinese cvs grew early but their cut-
flower quality was inferior to that of the Japanese cvs
(Table 2-4). These results showed that the growth
mechanism in the Chinese cvs and Japanese cvs is
different and implied that the former had a lower tem-
perature requirement for sprouting and flowering (Table
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 (Table
2). In the non-flowering 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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