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Summary

This study was undertaken to clarify the growth and development of flower bud
in herbaceous peony and the effect of chilling period on the flowering of forced
herbaceous peony.

The leaf number increased from June 20(at the beginning of investigation) to
September 28, but no differentiation of bracts was found. Sepals were observed at
the first 10 days of October, the differentiation of petals from the middle 10 days of
October, stamens from the middle 10 days of November and pistils from the last 10
days of November.

The longer the chilling period, the longer the length of flower bud was. No
relationship was found between chilling period and the diameter of flower bud. No
increase in petal number was recognized during chilling.

The earlier the planting date, the earlier the sprouting and flowering were. The
number of days from planting to flowering was shortened with increasing chilling
period. The cumulative temperature from sprouting to flowering was almost
constant regardless of chilling period. The flowering percentage in plot 1 (chilling
at 4°C for 30 days) was the highest (67%), but it did not reach 809 (the base limit for
commercial production). The cut-flower quality was good in all plots and was not
affected by chilling period.

Introduction

Herbaceous peony (Paeonia lactiflora Pall.) belongs to Paeonia and it is very
close to tree peony. Herbaceous peony plant is so easy to be treated during winter
that forcing and retardation culture have often been carried out. In case of tree
peony, there are a number of reports on flower-bud differentiation (1, 2, 3, 4),
forcing (1, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15) and retardation (12, 15). However, in
herbaceous peony, there are few reports on flower-bud differentiation (16), forcing
(17) and retardation (17), and cultivation on forcing, etc., has been carried out,
depending on experiential technique. Therefore, the more detail investigations are

anticipated.

In this paper, the growth and development of flower bud in herbaceous peony

are dealt with.
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In forcing or retardation, 2-year-old plants after division are generally ﬁsed.
However, plants just after division were used in this investigation, and relationship
between forcing and duration of chilling treatment was also investigated.

Materials and Methods

Paeonia lactiflora (single flowered, wild type) was produced in Kamihonjocho
(Experimental Farm, Shimane Univ.) and used for the observation of the growth
and development of flower buds. P. lactiflora cv. ‘Sarah Bernhardt’ plants were
produced in Nihgata Prefecture and used just after division for forcing.

1. Flower-bud differentiation.

Flower buds were sampled every 10 days from June 20 to December 17, 1990.
They were observed under a stereomicroscope to determine the floral stage. The
diameters of outer bud and flower bud were measured before and after removing
scales. The number of leaves and petals were also measured.

2. Fbrcing.

The treatment plots were as follows: chilling at 4°C for 30 days from October
3 to November 2, 1990 (plot 1); for 40 days to November 12, 1990 (plot 2); for 50 days
to November 22, 1990 (plot 3); for 60 days to December 2, 1990 (plot 4); for 70 days
to December 12, 1990 (plot 5).

All plants were covered with wet sawdust during chilling. The growth and
development of flower buds from 5 plants of each plot was measured before and
after chilling.

All plants were planted after chilling in 27cm plastic pots (2 plants per pot and
6 pots per plot) filled with soil and barnyard manure (1:1, v/v). These plants were
cultivated at about 14°C for 5 days and then transferred into heated plastic film
greenhouse. Average temperatures (every 5 days) during forcing were controlled in
a range of 17 to 18°C (Fig.1).

Sprouting and flowering were determined to be the times when the top of bud
just appeared from soil and the tip of petals just appeared from the sepals, respec-
tively.

Cut-flower weight, flower stem length, flower diameter and weight, petal
number, leaf size and stem weights were measured at anthesis.

Results and Discussion
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Table 1. The growth and development of flower bud in Paeonia lactiflora (wild type).

Sampling__ 0uerbud Number Floverbud?  Flover  Number Number Flower-bud differentiation
i of pj 7 of of
(mai:t/;y) Dlz;:me)ter Lith leaves DITESM Le(:;;)th Dlz:;ter L?:f)th spal  petal Leaf Sepal Petal Stamen Pistil
6/20 3.4 2.1 3.7 — — — — — — 000000
6/30 4.1 2.9 42 - - — — — — 000000
7/10 5.9 6.1 56 — — — — — — 000000
7/20 6.2 7.5 6.7 — — — — — — 000000
7/30 65 7.6 7.0 — — — — — -
89 72 7268 — - - — — —
8/19 85 9.2 6.7 — — — — — — 000000
8/29 7.9 10.3 6.9 — — — — — — 000000
9/8 82 12.1 7.2 — — — — — — 000000
9/18 8.2 12.1 7.7 — — — — — — 000000
9/28 8.3 155 7.6 — — — — — — 000000
10/ 8 8.7 153 87 1.0 0.9 — — 2.1 — 000 000
10/18 9.4 15.2 9.3 2.0 2.0 0.5>0.5>5.0 0.5 @ 00 000
10/28 9.3 15.2 9.2 2.5 3.3 0.9 1.1 5.0 3.2
11/ 7 9.7 20.9 8.8 3.2 5.0 1.2 1.4 5.0 8.2
11/17 10.5 20.8 9.0 3.5 5.8 1.7 2.4 5.0 12.3 00000 ¢
11/27 10.9 22.0. 9.0 3.3 6.2 1.8 2.5 5.0 13.8 0000 O [}
12/ 7 9.9 21.6 9.3 3.6 6.9 2.1 3.2 5.0 14.0 000 [ ] ([ ]
12/17 10.6 21.2 9.0 3.7 7.2 2.0 3.4 5.0 14.2 000 000

z Measured after removing scales.
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Fig.2. The growth and development of flower buds in Paeonia lactiflora (wild type).
These pictures are samples on July 10(A), Oct. 28(B) and Nov. 27. (C),
respectivly.

L: leaf; Se: sepal; Pe: petal; st: stamen; Pi: pistil.
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Table 2. The growth and development of flower buds during ~ of wild type), the differentiation

chilling in Paeonia lactiflora cv. ‘Sarah Bernhardt’. of bracts were not clear, but
Cilng Outer bud Flower bud® Number sepals were observed at the first
perid  Diameter  Length Diameter Length of 10 days of October, indicating

(days) (w) (w) (w) (m) petals that flower-bud initiation had

0" 802 1392 188 1.6sc 2.3a  2ready begun The differentia-
30 83a 12.9a 2.15ab 1.95bc 3.%a tion of petals was observed from
40  8.7a 13.6a 2.26a 2.0lbc 2.6a  the middle 10 days of October,
50  8.2a 13.5a 2.06ab 2.34ab 3.0a  Stamens from the middle 10 days
60  8.1a 14.3a 2.30a 2.36ab 1.6a  of November, and pistils from
70  8.4a 13.7a 2.22a 2.60a 4.8a  the last 10 days of November

z Measured after removing scales. (Fig.2).

¥ At the start of chilling (Oct. 3, 1990). A few petals were observed

* Means of 5 plants, separated by Duncan’s multiple gt Qctober 3 (at the start of
range test, 5% level.

chilling). The longer the chilling
period, the longer the length of
flower bud was. No relationship was indicated between chilling period and diame-
ter of flower bud. No increase in petal number was also recognized during chilling
(Table 2). In ‘Sarah Bernhardt’, differentiation of petals had already begun at the
first 10 days of October (at the start of chilling). The difference of floral stage
between ‘Sarah Bernhardt’ and wild type plants may be caused either by growing
condition (Nihgata and Shimane) or by the difference of cultivar.

Table 3. Effect of chilling period on the flowering of forced Paeonia lactiflora cv. ‘Sarah Bernhardt'.

Number of

Chilling ~ Planting Sprouting Flowering days from Cumulative temp. (C + days) Flowering
Plot  period date date date planting to Planting to Sprouting to  Planting to  Percentage
(ay)  (month/day)  (month/day)  (month/day) ﬂ‘(’(;‘a‘;rs'g sprouting  flowering  flowering  (4)

30 1172 11/19e* 1.710e  69a 271 882 1,153 67
40 11,712 11,728d 1./18d  67ab 263 869 1,132 33
50 11722 12/ 4c¢ 1.7/25c  64b 186 890 1,076 17
60 1272 12.713b 2/1b 6l 168 869 1,037 17
70 12,712 12./20a 2.710a  60c 125 920 1,045 42

Gl o W N =

z Means of sprouted or flowered plants, separated by Duncan’s multiple range test, 5% level.

Table 4. Effect of chilling period on the cut-flower quality of forced Paconia lactiflora cv. ‘Sarah Bernhardt’.

Flower'  Weight Flower Number Largest leaf Total leaves  Veight

stalk ot ———— of . Petiole - of
lngth  flower Weight  Diameter Length ~ Width Area  Weight  Area o

length ) ,
I I A B B

Chilling
Plot  period
(days)

30 60.6b 47.3a 20.5a 12.0a 263a 22.6b 20.1a 7.0b 140a 16.5a 709a 10.3a
40 60.6b 44.3a 19.8a 11.5a 297a 23.1b 21.3a 6.5b 14la 15.7a 737a 8.8a
50 70.5a 47.4a 17.4a 11.5a 238a 28.3a 22.5a 9.8a 166a 18.2a 860a 10.5a
60 64.5ab40.8a 16.3a 11.5a 285a 25.8ab 22.7a 9.3ab154a 14.9a 710a 8.8a
70 64.5ab41.8a 18.2a 12.4a 266a 25.5ab 22.4a 8.3ab158a 14.5a 67la 9.la

(S VU N

* Means of flowered plants, separated by Duncan’s multiple range test, 5% level.
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In tree peony, flower-bud initiation, the time when sepals are observed, was at
the first 10 days of July by Hosoki et al. (4), or at the last 10 days of July by Aoki
and Yoshino (6). Therefore, the flower-bud initiation in herbaceous peony is fairy
later than that in tree peony.

In case of tree peony, the growth and development of flower bud were observed
during chilling at 4°C for about 50 days (unpublished). In herbaceous peony, judging
from an increase in petals, the growth and development of flower bud were not
recognized during chilling. It seems that the flower-bud differentiation and blooms
of herbaceous peony plants rapidly proceed after planting.

Plants in plot 1 (the earliest planting) were the earliest in sprouting (Nov. 19)
and flowering (Jan. 10). On the other hand, plants in plot 5 (the latest planting) were
the latest in sprouting (Dec. 20) and flowering (Feb. 10). The number of days from
planting to flowering was shortened with increasing the chilling period: plants in
plot 5 were the shortest (60 days) and plants in plot 1 were the longest (69 days).
There were negative correlations between the chilling period and the number of
days from planting to flowering and between the chilling period and cumulative
temperature from planting to sprouting and to flowering.

The cumulative temperatures from sprouting to flowering were nearly con-
stant, 870°~920°C-day (Table 3). In forced tree peony, the cumulative temperature
and number of days from sprouting to flowering gave almost similar values within
the same cultivars (1). Therefore, the results of forced herbaceous peony agreed
with those of forced tree peony.

The flowering percentage in plot 1 was the highest, 679, but it did not reach
809 (the base limit for commercial production). Those of plot 3 and 4 were the
lowest, 17%.

Cut-flower qualities (flower diameter, petal number and leaf area, etc.) were
not affected by chilling period. Plants with lots of stamens were few, and stamens
remarkably changed to petals. Some plants had more than 300 petals (Table 4).

In tree peony, it is well known that the number of days from planting to
flowering is shortened with increasing chilling period (1). The same tendency was
also recognized-in this investigation. However, the effect was small, and flowering
percentage or cut-flower quality was not improved. It seems that chilling at 4°C for
30 days is sufficient for forcing in ‘Sarah Bernhardt’. In the case of chilling for 30
days (plot 1), the flowering percentage was the highest of all plots, but it did not
reach 809%. In forcing of herbaceous peony, 2-year-old plants after division are
usually used. On the other hand, poor plants just after division were used in this
investigation, and then flowering percentage was lowered. For such cultivars of
tree peony, as being difficult for December shipping with 2-year-old grafted plants,
good results were obtained by use of 3- year-old grafted plants treated with top and
root pruning at the previous year (11). If one-year-old herbaceous peony plants
treated with root pruning after division are used, December shipping may be quite
possible.

It was estimated on the basis of the present study that, if the number of days
from planting to flowering is 70 days for December shipping by using ‘Sarah
Bernhardt’, chilling should be carried out at 4°C for 30~35 days from September 10
and planting, on October 10~15. However, a relationship between plant age or
flower-bud stage and forcing is remained to be investigated in future.
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