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Effects of Plant Growth Regulators on the Growth 
and Tannin Accumulation in a Medicinal Plant, 

Geranium thunbergii 5IEB. et ZUCCo 

Surin NILSAMRA:--.1CHIT*, Koji OGAKI**, Kaoru ASHIDA * and Mamoru SlJGl~O* 

SYNOPSIS 

G ranium thunbergii was treated with three kinds of plant growth regulators. Abscisic acid 
(ABA) at 10-3, 10-', 10-5, and 10-6 M, ethephon at 100, 200, and 300 ppm, and gibberellin A, (GA3 ) 

at 50, 100, and 200 ppm were applied two months or one month before harvest in November 1992. 
Dry matter production and tannin concentration in leaves were determined. ABA and ethephon 
applications one month before harv st only a little decreased the dry weight of aerial parts, and 
these applications two months before harvest greatly reduced it. Application of 1O-":V1 ABA one 
month before harvest increased the tannin concentration in leaf blades more than that of control. 
Whereas, ethephon treatments one month before harvest decreased the tannin concentration. GA, 
treatments increased the number of leaves, but the tannin concentration was slightly decreased. 

INTRODUCTION 

Plant growth regulators are very important agents in the integration of developmental activ
ities, and they also are involved in the plant response to the external physical environment. The 
capacities of each substance may control many physiological processes. I) Thus, we examined the 
effect of different plant growth regulators on the growth and accumulation of tannin in a 
medicinal plant, Geranium lhzmbtrgii. Understanding how plants respond to various plant growth 
regulators may be useful to elucidate the mechanism of responses to various environmental 
conditions in this medicinal plant. 

MATERIALS AND METHODS 

Plant material and cultivation Geranium lhzmbergii plants were grown by the same method 
as mentioned in our previous paper, were used in this study. In May 1992, thes> two plants were 
transplanted into a rectangular plastic pot 15 cm wide, 32 cm long, and 14 cm deep, filled with a 
mixture of vermiculite and sandy loam soil (1: 1 ; v/v). All plants were grown in a plastic 
greenhouse and watered twice or three time a week. 

Experimental procedures Abscisic acid (ABA) at 10-', 10-', 10-5, or 10-' M, gibberellin A, 
(GA3 ) at 50, 100, or 200 ppm, and ethephon at 100,200, or 300 ppm were used. These all solutions 
contained 0.1% Tween 20 surfactant. In September these solutions were sprayed to the plants of 
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one group and the same treatments were conducted on another group in October. The total 
volume of 25 ml per plant was applied to run off on the whole plants in the evening. Control plants 
were sprayed with clean water. 

Measurement of plant growth All plants were harvested in November. The above-ground 
parts of plants were cut at the soil surface level. The numbers of leaves and mature pods were 
counted. To avoid mature pods cracking with subsequent loss of number, pods were harvested 
as soon as they turned to be brown or black, assumed to reach full maturity. Immature pods were 
also counted at harvest time. Dry weight of plants were weighed after oven-drying at 40·C for 72 
h. 

Assay of tannin concentration The tannin concentration was determined in leaf blades on 
the one-year-old stems, and on the new shoots emerged from the stems. Dried samples were 
grounded into a fine powder. The powder samples (I50 mg) were extracted with 10 ml 60% 
acetone. The amount of tannin in extracts was determined by the colorimetric method of Okuda 
and co-workers. 2

) The tannin concentration was expressed as a percentage of the original dry 
weight. 

Statistical analysis Results were given as the means of three repeated experiments. Statisti
cal analysis was based on a completely randomized experimental design using a Stat Flex 
statistical analysis package (View Flex Company, Toky03»). 

RESULTS 

Figure 1. shows the dry weight of aerial parts of the plants sprayed with the growth regulators 
in September and October. ABA had little effect on the dry weight except at 10-3 :vi in October 
and at 10-6 !'vi in September and October. The dry weight of plants were sprayed with the 10-3 

!vI ABA in October was decreased to 64% of that the control. Application with 10-6 !'vi ABA 
significantly decreased the dry matter production regardless of the application time, the differ
ence was 23-25% less than that of control. 

The dry weight was significantly decreased by spraying with ethephon in October. Ethephon 
at 300 ppm treatment in October reduced the dry weight to less than 50% of the control plants. 
However, spraying with ethephon in September did not affect the dry weight of aerial parts. Leaf 
chlorosis appeared on the leaves of plants 2-5 days after spraying with ABA and ethephon. The 
ethephon caused the tip burn at the same time. Any GA3 treatments did not affect the dry weight 
of aerial parts. 

The number of leaves per plant affected by plant growth regulators are shown in Fig. 2. The 
plants sprayed with ABA did not show any significant difference from the control. However, 
spraying in Octobt'r tended to decrease the leaf number more than treatments in September. The 
plants sprayed with ethephon in October had leaves ~'!~69% fewer than that of control, those 
sprayed with 300 ppm having the fewest leaves. However, spraying with ethephon at 200 and 300 
ppm in September increased significantly the number of leaves about 55-129% more than in the 
control plants. Most GA 3 treatments increased the leaf number to I-fold of the control. 

The number of pods was little affected with ABA treatments (Table 1). Ethephon treatments 
restrained the pod setting Crable 2). Spraying with GA, in September decreased the pod number. 
Moreover, pod development was delayed by spraying with GA 3 in October. the number of 
immature pods increased compared with that of control (Table 3). 

Spraying with ABA at 10-6 !vI in October increased the tannin concentration in leaf blades to 
about 105% on the one-year-old stems, and 110% on the new sboots (Fig. 3). Other ABA 
treatments had little effect on the accumulation of tannin within different leaves. Ethephon 
treatments suppre sed the tannin accumulation. Especially, spraying with ethephon in October 
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Fig. 1	 Effects of plant growth regulators on dry weight of a rial parts spraying in ptember 
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Table 1. Number of pods in the plants sprayed with abscisic acid one month or two 
months after applications 

Number of pods per pot (n=3)
Treatment conc. 

mature immature total 

Control 68.3 3.2 71.5 

one monthll 10-3 M 51.0 3.0 54.0 

10-' M 53.8 1.7 55.5 

10-' M 47.3 1.7 49.0 

10-< M 54.7 0.2 54.8 

two months') 10-' M 60.2 2.5 62.5 

10-' M 70.0 0.7 70.7 

10-' :vl 65.0 1.5 66.5 

10-< M 49.3 2.8 52.2 

all ns 

ns, not significant. 
A) after applications. 

Table 2.� :\umber of pods in the plants sprayed with ethephon one month or two 
months after applications 

Number of pods per pot (n=3) 
Treatment conc. 

mature immature total 

Control 68.3 a 3.2 cd 71.5a 

one month l
) 100 ppm 60.2 ab 0.0 d 60.2 ab 

200 ppm 38.5 bc 0.0 d 38.5 bcd 

300 ppm 30.8 cde 0.0 d 30.8 cde 

two monthsl
'� 100 ppm 33.0 cd 7.5 b 40.5 bc 

200 ppm 15.3 cdef 14.3 a 29.7 cde 

300 ppm 0.7 f 7.0 be 7.7 e 

Means with different letters in the same column show significant differences by Duncan'� 
s multiple range test at p=0.05.� 
I) after applications.� 

Table 3.� Number of pods in the plants sprayed with gibberellin A, one month or two 
months after applications 

Number of pods per pot (n=3)
Tr atment conc. 

mature immature total 

Control 68.3 a 3.2 bc 71.5 a 

one month" 50 ppm 43.2 b 6.3 be 49.5 abc 

100 ppm 39.3 b 11.0a 50.3 abc 

20[] ppm 48.3 ab 11.2a 59.5 ab 

two months"' 50 ppm 35.7 b 6.7 b 42.3 bc 

JOClppm 37.8 b 2.2 c 40.0 be 

ZOO ppm 33.7 b 2.2 bc 35.8 c 

Means with different letters in the same column show significant differences by Duncan' 
s multiplt, range test at p=O.05 
., after applicati'lI1s. 
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Fig.3� Change' in tannin cuncentriltiun in I af blade on th 011 -year-old tern , and un the 
new shu t· (B) spraying with absci ic acid in 'ptember (clo d bar), 0 tuber (dolt d 
bar), and contrul (open b;Jr ) 
Rars repr nt means :D uf thre I' pli 'ates. 

led to a large decrea e in tannin cone ntration on the new. hoots which was 21-27% Ie than that 
of control (Fig. 4). Change in tannin concentration by GA3 treatm nt had a little decrea 'e (Fig. 

5) 

DISC SION 

The spraying with ABA and eth phon b fore harv . t suppr d the dry weight of aerial parts 

in G rail iI/III Ihl/llb rgii. Ethephon treatments one month before harvest in particular damaged 

the leave and shoot tip. which decreased the dry wl'ighl. This wac; presumably due to either that 

G ranilln! tlumb rgii is very sensitive to ethylt·ne. or the concent ration oi ethephol1 used in thi 

study was to high. This indicat that ethephon an not be used practically for the usefuln 
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Fig.4� Chang in tannin oncentration in leaf blades on the one·year·old tems l. and on the 
new shoot (B) spraying with ethephon in septemb r (closed bar). october (d tled 
bars). and control (open bars) 
For details. see the I gend of Fig. 3. 

of this plant because there is a danger of reducing markedly the plant growth. Mattoo and Suttle" 

extensively review d the inhibitury effects of ethylene on v g tative shoot growth. The dry 

weight of the plants treated with thephon in eptember was little affected. This result was 

resulted from the increao-e in the number of leav{'~ on newly emerged shoots. Our findings showed 

that GA~ treatments enhance dry weight production, either by increasing the number of leav s, or 

elongation of the stems ldata not shown). Pankov') reported that GAJ promotes the v getative 

growth of strawberry plants. 

Response of the pod development to plant growth regulators varied. ABA treatment did not 

affect the number of pods, but ethephon treatments dl.-'ereased it. The timing of GAJ application 

influenced the development of pods. Spraying with GAJ in September reduced markedly the 

number of pods, and the treatments in October delayed pod maturity. These findings suggested 

that the effect of plant growth regulators on the reproductiv dey lopment of GeraniulII Numb y. 
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F r details. se the legend of Fig. 3 

gii dep nds on the kind of regulator. or the time of application. 

Sprayin~ with ABA at 10-e M in October had a beneficial eff ct which incr ased the tannin 

concentration. AHA which is considered to be a str hormone may be related to the tannin 

accumulation in this plant. Aurisano e[ al. e) suggested that the ABA action involv s plant in the 

development of tol rance to various stress conditions. Plant growth is mildly inhibited under 

stress regim n Inhibition of plant ~rowth under SOIll stre conditions. mar be related to 
increased tannin concentration. 

Ethephon treatment· reduced th tannin accumulation in th plants with mark dly decreasing 

the dry weight. Cvikro Ii et al. 81 suggested that ethephol1 elevat S the accumulation of phenolic 

acids in alfalfa in vitro. \-lO\ ev r. th y howed that ethephon enhanc s transiently the total 

contents of phenolic acids that are metabolized during subsequ nt 5-6 days. Ethephon as a 

ethylene-releasing agent, increa es r pi ration. induce enzyme activity, and m difie Illt'tabolic 
activiti s.') 
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GA3 treatments caused the little increase of plant dry weight, but reduced tannin concentration 
in the leaves. Since various conditions which stimulate plant growth showed reverse responses 
to impair tannin accumulation, the reduction in tannin concentration may be related to the 
promotion of plant growth. 

The results of this study indicated that the plant growth responses to regulators is different. 
Dry matter production wa slightly suppressed by ABA but markedly by ethephon treatments in 
this study, when'as G \3 treatments stimulated number of leaves. Therefore, application of 10-5 

M ABA one month before harvest was appropriate method to increase the tannin concentration 
in leaves with mild str ss effects. 
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植物成長調整剤が薬用植物,ゲンノショウコ,

の成育とタンニン生産に及ぼす影響

スリン ニルサムランチット･尾垣 光治 ･

声田 巻 ･杉野 守

要 約 か月前処理区では著しく減少させられた｡ジベレリ

高等植物の成育に対して顕著な影廿を及ぼすこと ンは特に 2か月前処理区で英数の増加をうながし

が知られている 3種類の成長調整剤,アブサイシン た｡策のタンニン含丑については,ジベレリンとエ

酸 く --1~ I ehpo) 4ABA)10 3 0 6M,エスレ),(tehn スレル処理区では対照区よりも,それぞれおよそ1

100-300ppmおよびジベ レリン (GAS) 50-200 および27%減少したが,低浪度 (10~8M)の ABAの

ppmの濃度範園の溶液を本植物の収樺 lか月前ま 収種1か月まえ処理区では約 5-10%の増加がみら

たは 2か月前に植物全体に噴賭した｡収穫後植物の れた｡したがって,このような植物調節剤の利用に

成育血および葉のタンニン合点を測定した｡ あたっては,薬剤浪度と噴好時期,などの十分な検

それらの結果.ABAとエスレルの 1か月前処理 討が必要であろうC

区では無処理区に比べて植物体乾iftがわずかに,2


