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ABSTRACT

CHA, Jong Whan (Dept. of Biology, College of Education, Seoul National Univ-
ersity.) Effect of gibberellin on the growth and internal components of Astragalus
sinicus L. Kor. Jour. Bot. V{4) : 1-5, 1962,

The effect of GA on the growth as well as on the internal components of the
leaves of Astragalus simicus L. under the soil culture was investigated. The result
has indicated that small variation in the relative concentration of GA treated on the
leaves shows a marked influence on the internal components of the plants.

The increase of growth was associated with increasing intensity of GA. Chlorophyll
and carotene contenls in the leaves were depressed wilh increasing concentration of
GA. It was noticed that the growth was promoted with the decrease of the contents
of chlorophyll and carotene. In contrast the ascorbic acid in the leaves treated with
GA decreased in proportion to the degree of the concentration of GA. Carotene
content varied with chlorophyll, although the ratio of chlorophyll io carotene was
not so high as the results obteined by Beck and Redman'®. Chlorophyll and
ascorbic acid values with respect to growth differed greatly during the two experim-
ental periods. The chlorophyll content was found highly significant in this experim-
ent. As the concentration of GA was increased, it was noticed that there was a
reduction of anthocyanin, sucrose, and reducing sugar contents. The anthocyanin
content was not so high in this study as in the resulls obtained from the corn by

Jacob Strans®,
INTRODUCTION

Ever since the discovery of gibberellin (GA), its effect has been investigated with much interest in
Japan and more recently in the western countries. In the previous paper of the author(3), the effects
of GA on the growth and internal components of some vegetable plants were studied. In the present
paper, however, other plant samples were cxamined. The following experiments with Astragalus sinicus
L. have been designed to investigate the effects of GA on the nutrition of the plants grown on a selected
scil under favourable conditions. The stated plant, Astragalus simicus L., was chosen for the study on
the ground that it is not only the mosl important green manure crop but also a familiar edible plant in
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Korea.

MATERIALS AND METHODS

The seeds were sown two times on 17 June and on 30 July 1960 respectively in pots filled with loam.
After germination the seedlings were thinned, leaving uniform seedlings in each pot. The plants were
timely watered, each time up to the field capacity, so that a favourable moisture in the soil might be
maintained. Two weeks after germination, the seedlings of each pot were treated with different concent-
rations of GA, spraying sufficiently on all leaves every four days, five times altogether. Three days alter
the last treatment, the plants were used for the first experiment. The pH value of the soil solution
indicated 6.2-6.6, The concentrations on GA used were O(control), 0.1,1,10,50 and 100 ppm respect-
ively. The second experiment in which all procedures were the same as in the first, was performed 3
weeks after the first. A portion of the plant was harvested from each series and details of appearance,
the fresh and dry weights were recorded. The growth was checked every week. The method of
determination of the ascorbic acid, the chlorophyll and the carotene contents was the same as that of the
previous paper of the author®. For quantitative determination of the anthocyanin pigments, the tissue
was removed from the stems and the leaves, weighed and placed in a flask. 2% HCl in 95% ethanol
(v/v) was poured over the tissue and the mixture permitted to steep in it for 4 hours at room tempera-
ture. And then, the tissue was removed by filiration and the pigment was exiracted two times with
fresh solvent. This procedure was repeated. The volume of the combined extracts was determined and
30ml_was used to determine the relative pigment concentrations. A electro-photometer with a green filter
(525) was used for this purpose. The photocolorimeter reading was substituted in the formula that
Thimann and Edmundson® ™ used for the pigments in Spirodela to give relative pigment concentration.
P.U./g stands for the pigment units per gram of tissue in 30ml of the extract.

For the sucrose and the reducing sugar estimation, 5 grams of the fresh weight was weighed before

the determination was made. Then the sucrose and the reducing sugar were delermiined by the Schaffer-
Sornogyi’s method @,

RESULTS

lOomm The height was measured periodically once a week.

Fig. 1 represents a part of the measurement made the
day hefore the second experiment. Plants of each series

grew upiformly, and it was further observed that the
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growth was promoted as the concentration increased.

The treatment caused the color of leaves somewhat
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pale, but chlorosis was not apparent. Fig. 1 represents
the relationship between growth and concentration. In
. . . root growth, however, the effect of GA +was not

0 0-1 L 10 50 100 PPM  eyident. Fresh and dry weights were determined in
Fig. 1 Rclation of growth and gibberellin

concentration. terms of aerial parts. High concentration tends to result
in increased fresh and dry weights. But the leaf-area did not correspond to the GA concentration. The
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chlorophyll content was decreased with the increase of GA concentration. But the plants of the first
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series showed considerably higher chlorophyll content than those of the second series. GA promotes linear
growth of the plants, but this had nothing to do with photosynthesis of chlorophyll. The carotene content
of the plants grown under varicus treatments varied remarkably. As the concentration of GA increased,
there was a reduction of carotene content. The carotene content was higher in the plants of the first
series than in those of the second. Table 1 also shows that there was always considerably more chlorophyll
present than carotene. Deleano™® and investigators found that changes in the content of carotene in the
willow and soy bean advance parallel with the changes in the content of chlorophyll, and consequently
the ratio of yellow and green pigment remains constant. According to Beck and Redman the content of
chlorophyll, on an average, was 36.5 times greater than that of carctene. In this study the result shows
no similar relationship, but the content of chlorophyll, on an average, was only about 12.5 times greater
than that of carotene. The comparisons did show, however, that the distribution of carotene paralleled
with that of chlorophyll. The content of ascorbic acid of plants in this experiment was also reduced with
the increasing GA concentration(Table 1). It was also noliced that the ascorbic acid content increased
with the time. That is, the content of the ascorbic acid was higher in the leaves of plants in the second
experiment than those used in the first experiment. The ascorbic acid of reduced and oxidized forms was
not affected by GA concentration or the time of its application. With the increase of the GA concentration
the content of anthocyanin, sucrose, and reducing sugar was decreased, as Table 2 shows. In the first
experiment quantitative analysis of the anthocyanin, sucrose, and reducing sugar content was not made.
The results of pigment production correspond to these obtained by Thimann et al for Spirodela. Jacob
Straus also recognized a similar condition as in this experiment. The increase in pigment does not appear
to be commensurate with the increase of sugar content. The pigment content was not so high in this

study as that obtained by Jacob Straus with com.

Table 1. Effect of concentrations of gibberellin in soil culture on the Table 2. Effect of concentrations of
contents of chlorophyll, carotene and ascorhic acid(in mg/100g the gibberellin in the soil
fresh weight) of Astragalus sinicus L. culture on the contents of

anthocyanin, sucrose and re-

Chlorophyll Carotene Chlorop- Total Reduced Oxidized ducing sugar (in 1g fresh we-

hyll/Ca- Vitamin Form Vi- Form Vi-

rotene C tamin € tamin C ight) of Astragalus sinicus
"0 ppm 215.35  17.20  12.5  20.13  11.95  8.18 Lo
0.1 # 224.20 16.95  13.2 20.13 16.35  3.78 Antho-  Sucrose Reducing
Ist 1 214.76 17.20 12.5 20. 85 12.71 8.14 cyanin Sugar

10 i 219,48 16.70 13.1 19.50 15.98 3.52
50 1 209.45 16.13 13.0 18.24 12.58 5.66
100 ro 204.14 16.55 12.3 18.87 13.08 5.79 0.1 780wnw T.710 3.6un

0 ro 217,27 16.15 13.4 20.76 15.72 5.04 1 v 61.5n T.6m 3210
0.1 » 198.85 16.13 12.4 20.13 15.10 5.03
2nd 1 o 191.16 15.53 12.3 21.39 11.32 10.07
10 1r191.75 15.20 12.6 19.50 13.83 5.67 50 w# 72.6 v 6.8 1w B3.5/0
50 1 163,82 14.55 11.3 19.50 12.58 6.92
100 o 172.90 15.08 11.5 18.87 15.10 3.7

0 ppm 79.5P.U. 7.8mg 4.0mg

0 » 76.5 1 7.8 nmn 3.3 1w

100 »n b6.4 7.2 7 3.2 n

DISCUSSION

The data presented in the preceding section show that slightly varied concentrations of GA sprayed
on the leaves of Astragalus sinicus L. tended to reduce the amounts of chlorophyll, carotene, ascorbic
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acid, anthociranin, sucrose, and reducing sugar. Besides, a rapid, often remarkable, lengthening of stems
or internodes and an increase in height were observed. Namely, the GA treatment promoted the growth,
while the concentrations of the stated components were thereby decreased. In other words, the growth
rate did not correspond to the content of chlorophyll and carotencid pigments in the plant. Such relatio-
nship would not agree with those results obtained by Beck aud Redman that all emergy involved in
growth processes would be introduced to the plants through the cetalytic activity of chlorophyll. Carotene
serves direclly as a growth promoter. These experiments show that the content of chlorophyll is probably
irrelevant to the growth of the plant. These results indicate no direct relationship between elongation of
cells and photosynthesis in the presence of chlorophyll. In order to evaluate the interrelationships among
the internal components guantitativelv, the data obtained in these experiments were analyzed statistically;
(vt Total sum squared, (degree of freedom 11); I(y®)e: Ratio of variance of GA. concentration,
(degree of freedom 5); I (yDh: Ratio of variance of the period on samgle collection, (degree of freedom
1); ¥(y®)e: Variance on error, (degree of freedom 5), The staiistics show that the variations of the

Table 3. Relation of various components of Asiragalus sinicus chlorophyll contents in the plants between-

L. to different trcatment of gibberellin. two periods were found to be significant,

Dependent variable St IGe  Sh S although no significant differences were

Components . S
P . e e evident between the concentralions. The

Chlorophyll Ts019 233 %15.70 121 b
) ropl T (st
Carotonc 0.181  *(2.80 1458 0.043 c. orophyll content of the plants treated
Total Vitamin C G.306 *G., 822 2.221 o0.224 with GA was less than that of those plants
Reducing form V-C 32.61 1.50 0.02  2.61  grown under non-treatment of GA. Yabuta
Suerose 44.9 0.u85 - - . 49 4 biai _—
| 9z tained s resy
Redaeing Sugar 0.8 0,136 _ B 'E\. al. s.o obtained similar results as
Anthoeyamin 124.5 6.14 _ — in this experiment. It was also noticed that
* ; Significant at the 1% lovel the relation of chlorophyll contént to the
* ; Significant at the 5% level. concentration of GA ireated was more

evident in later stage of growth. According to Sideris and Young ® the content of chlorophyll in the
leaves of Ananas comosus was reduced remarkably toward the end of the growing period. This is in
agreement with the belief that the conditions reducing the development of chlorophyll are concomitant
with the senility of leaves. Carotene content in the leaves treated with GA varied in paraliel with that
of chlorophyll. The GA treatment seems to have a direct effect on carotene content. Bernstein et al.®
recognized a similar condition as in this experiment when they found that although the leaves of different
ages had nearly the same carotene concentration the concentration in the oldest leaves was lower than
in the other age groups.

The content of total ascorbic acid influenced the concentrations of irestment to 2 high degree of
significance. Bernstein et ol stated that average ascorbic acid values differed greatly during different
seasons. The differences in the amount of ascorbic acid between the first and second experiments may
be explained by the fact that ascorbic acid is produced in greater amounts in leaves of great vigor than
in immature leaves. The phase of distribution of ascorbic acid in leaves suggests that certain phases of
metabolism rather than amounts of chlorophyll in these tissues are responsible for their ascorbic acid
content. As in the results by Ergle @, there szems to be no relationship between the stated components
and growth rate. Wittwer et al. ™ found that, although dry matter and inorganic substances in

Kentucky Bluegrass were not changed with GA treatment, the growth was promoted thereby. The
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content of anthocyanin, sucrose, and reducing sugar was not investigated to compare in relation to the
growing period. Although not significant, differences were evident between the concentrations. According
to Jacob Straus, it was suggested that the synthesis of anthocyanin was possible when the stored
carbohydrate was consumed. It was shown in this experiment that the contents of carbohydrate and
anthocyanin pigments increased simultaneously. But, the increase of pigments does not correspond to that

of sugar content.
I should like to express my sincere thanks to Prof. Kim Choon Min for his invaluable advice and

encouragements. Thanks are also expressed to Prof. Lee Min Jai, Prof. Lee Woong Jik, Prof. Chung
Young Ho, Prof. Hong Soon Woo, and Dr. Kim Kil Whan for their kind help in preparing the

manuscript.
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