Korean J. Ginseng Sci.
Vol. 12, No. 2. 158— 163 (1988)

Effect of Some Growth Regulators on.Growth
Efficiency of Panax ginseng

Hoon Park, Jong-Hyuk Yoon and Mee-Kyoung Lee
Korea Ginseng and Tobacco Research Institute, Science Town, Daejeon 302-345, Korea
(Received November 19, 1988)

SREAZS £RWE 0[Xc BiE £RABHA HE

o OR-FEE-FRR
SORLB) NS48 B S PT
(19881 114 199 H+)

Abstract

P. ginseng seedlings treated with GA, 2,4-D and B-9 (N,N-dimethylsuccinamic acid)
were grown under dark. Growth efficiencies (E, = St/Ro, E, = St/(Ro-Rt), E, = (Ro-
Rt)/Ro where St. Ro and Rt are shoot weight, initial root weight and root weight at
time t. respectively) and other related factors and their interrelationship were inves-
tigated. E, and E, showed quadratic relation with temperature change while E, show-
ed negative linear relation. E, depended on more E, component than E, component.
The values of E, and E, are almost same. E, was greater than that reported previously
suggesting large variation between roots. GA greatly increased E, and E, in supraopti-
mum temperature range while B-9 greatly decreased E; in all temperature range and
E, in suboptimum range. Shoot weight showed highly significant positive linear cor-
relation with substrate amount in most cases of PGR and temperature and with res-
piration loss in some cases. Respiration loss showed significant linear correlation posi-
tively with E, and E, and negatively with E, only in suboptimal temperature range.

Introduction

The growth rate of Korea ginseng (Panax ginseng) is very slow. The reason seems
niot solely due to the low light intensity (about 5% of total solar radiation) under which
rinseng plants normally grow since photosynthetic rate” is about two third of rice
plant per leaf area bases.

High temperature decreased photosynthesis” but more severely retarded shoot
growth under dark.” Shoot growth efficiency (shoot weight produced per root weight
loss) from root under dark was very poor (37.5% at maximum) at optimum tempera-
ture and extremely low at high temperature. This such low growth efficiency was
pointed out as a potential factor for slow growth of ginseng plant.”
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Through this investigation we aimed to confirm the value of growth efficiencies at
various temperature, especially suboptimal temperature and to investigate the effect
of some growth regulators on growth efficiency, especially at supraoptimum tempera-
ture.

Materials and Methods

Plant: Overwintered ginseng seedlings were digged from the seed bed in early
April, washed lightly and weighed each root.

Growth regulator: Commercial GA, 2,4-D and B-9 (daminozide ; N,N-dimethylsuc-
cinamic acid) were purchased from market.

Growth temperature: Washed roots were immersed in each growth regulator solu-
tion (GA and 2,4-D were) 100 ppm, B-9 was 1000 ppm) for 10 minutes and wrapped
with wet cheese cloth, They were kept in dark incubator with 5°C temperature inter-
vals from 5°C to 30 °C for three weeks. Harvested samples were separated into shoot
and root, dried at 70 °C with forced draft oven and weighed.

Calculation of growth efficiencies and their relations with other factors: Efficien-
cies, E;, E, and E, were defined as follow. E, = St/Ro, E, = St/(Ro-Rt), E; = St/(Ro-
Rt)/Ro. Thus E, = E;-E,, where St is final shoot weight, Ro initial root weight and Rt
final root weight. Respiration loss is considered as the substraction of shoot weight
from substrate, that is, (Rm + Rg) = (Ro-Rt)-St where Rm and Rg are maintenance
and growth respiration, respectively. Linear, quadratic correlation and Duncan’s mul-
tiple range test (DMRT) were done when need for the relationship among growth effi-
ciencies and other factors.

Results and Discussion

Total shoot growth efficiency(E,) at various temperatures and with growth regula-
tors were shown in Table 1. In all treatments E, showed quadratic curve with tem-
peratures. Maxima appeared at 15°C indicating that optimum growth temperature is
15°C. B-9 greatly decreased E, comparing with control. High temperature affected E,
than low temperature did. Only GA significantly increased E, at high temperature

Table 1. Effect of growth regulators and temperature on total shoot growth efficiency(E) of P. ginseng
seedling grown wnder dark

Temp. 5 10 15 20 25 30
(°C) % DMRT % DMRT % DMRT % DMRT % DMRT % DMRT
. % 177 a 307 a 349 a 286 a 153 b 5.7 b

Cont: LMRT ¢ b ab b c d
. % 207 a 235 bc 352 a 313 a 231 a 9.1 a

GA DMRT b b a a b c
osp P 192 a 274 ab 353 a 314 a 140 b 6.3 b

""" DMRT ¢ b a b d d
% 140 b 200 ¢ 252 b 183 b 87 ¢ 69 ab

B9 DMRT < b a a d e

The different letters among temperatures or treatments indicate significant difference(p = 0.05) by DMRT.
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Table 2. Shoot growth efficiency(E,) at various temperatures with growth regulators in P. ginseng seedling

grown under dark

Temp. 5 10 15 20 25 30
(°0) % DMRT % DMRT % DMRT % DMRT % DMRT % DMRT
% 716 a 657 a 595 b 509 d 375 b 267 b
Cont- DMRT & b ¢ d e £
% 629 b 571 a 568 ¢ 561 b 472 a 278 b
CA DMRT a b b b b ¢
oup T 629 b 636 a 626 a 541 ¢ 359 b 325 a
’ DMRT a a a b c c
B9 % 579 ¢ 569 a 594 b 602 a 364 b 338 a
DMRT a a a a b b

The different letters indicate significant difference(p = 0.05) within temperature or growth regulators by
DMRT.

Table 3. Growth substrate efficiency(Eg) at various temperatures with growth regulators in P. ginseng

seedling grown under dark

Temp. 5 10 15 20 25 30
(°C) % DMRT % DMRT % DMRT % DMRT % DMRT % DMRT
Con. P 254 b 470 a 578 a 559 a 408 ab 217 b
DMRT ¢ b a a b c
GA % 33.1 a 47.2 a 62.3 a 55.4 a 49.0 a 34.1 a
DMRT b ab a a ab b
s4p 7 323 ab 456 a 578 a 581 a 387 b 205 b
’ DMRT ¢ b a a [ d
B9 % 243 bc 355 a 414 b 304 b 239 ¢ 210 b
DMRT d b a ¢ d d

The different letters indicate significant difference(p = 0.05) within temperature or growth regulators by
DMRT.

(25°, 30°C) than control.

The shoot growth efficiency(E,), shoot weight per substrate weight, was shown in
Table 2. E, showed linear decrease with temperature increase except B-9 which show-
ed quadratic tendency. Al growth regulators showed increasing effect on E, in high
temperature range. GA appeared most effective at 20 °C and 25°C while 2,4-D and
B-9 were most at 30 °C.

The growth substrate efficiency(E,), total substrate weight per initial root weight,
was shown in Table 3. All treatments showed quadratic relation with temperature.
Maximum E; appeared mostly at 15°C. Growth regulators mostly decreased E; in
high temperature range. Only GA showed the increased effect at 30°C. From the
above results only GA can be effective for the increase of growth efficiency under
high temperature environments. But only one concentration of each PGR was tested
in this time. The effect of other concentrations should be tested.

Simple correlations between growth efficiencies in various growth temperature
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Table 4. Simple correlation between growth efficiencies(E) in P. ginseng seedling treated with PGR

Efficiency E.E; E.E;3 EsE;3
Temperature(°C) 5.5  1520¢ 2030 515 1520¢ 20-30 515  15-20¢ 20-30
*® % % LE R 3 * Kk ok * % * % %k *® Kk ok kK x
Control ~0725 0668 0937 0979 0793 0967 -0.816 0.119 0850
GA 0.007 0670 0923 0745 0959 0883 -0.625 0437 0.663
24D 0.088 0772 0860 0945 0425 00954 -0.265 —0.169  0.700
* ok & * kK LR * k% *
B-9 0.089 -0394 0925 0905 0926 0830 -0251 -0484 0.562

n = 15(a; n = 10), *,**,***; p = 0.05, 0.01, 0.001

Table 5. Simple correlation between shoot growth(St) and substrate or respiration loss in P. ginseng seed-

ling treated with PGR

Substrate(Ro-Rt)

Resp. loss(Rm + Rg)

Temp.(°C)
515 15-202 20-30 515 15-20¢ 20-30
¥* k¥ * %k X * K % %
Cont. 0.984 0.927 0.941 0.446 0.547 0.719
GA 0.722 0.661 0.833 0.017 0.585 0477
* %k LR T ] ¥ ok %k
24D 0.996 0.876 0.960 0.138 0.886 0.225
B9 0.962 0.991 0.587 0.558 0.762 0.409

n = 15@; n = 10), *,**,***; p = 0.05, 0.01, 0.001

ranges were shown in Table 4. E, and E, showed significant positive correlation at all
temperature ranges in each growth regulator while E, and E, showed such correlation
only at high temperature range indicating the greater dependency of E, to E, than E,,.
The indications are that overall shoot growth efficiency per initial root weight is af-
fected more by the substrate availability than use efficiency of substrate for shoot
growth. But'E, contribution to E, becomes greater at high temperature range. Thus
the selection of growth regulator to overcome high temperature damage appeares to
be based on the effect on E, in high temperature range.

The relationship between shoot weight and substrate amount was shown in Table
5. There are highly significant linear relation in all temperature ranges in all growth
regulators tested. The relationship between shoot weight and respiration loss was
shown also in Table 5. There are positive trend but significant cases were very rare.
The positive trend with respiration loss suggests that maintenance respiration(Rm)
loss might be small in comparison with growth respiration(Rg). This result is well ac-
cordance with the little effect of Rm on shoot growth efficiency Ezm. The poor growth
at high temperature is not due to the respiratory consumption but the small substrate
amount that limits not only shoot growth but also respiratory substrate.

The relationship between respiratory loss and growth efficiencies was shown in
Table 6. Respiratory loss more affected growth efficiencies in low temperature range
where the shoot growth was poor.
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Table 6. Simple correlation between respiration loss(Rm + Rg) and growth efficiencies in P. ginseng treated

with growth regulators.

Efficiency E, E: O

Temp.(°C) 5-15 15-20¢  20-30 515 15-20¢  20-30 515 15204 20-30
Cont. 0780  -0.068 0556 -0.820 -0.147 0694 0885 0227 0337
GA 0314 0225 -0.027 -0.875 -0212 0393 0847 0355 -0.258
2,4-D 0.740  -0.365 069 -0581 -0.755 0820 0761 0356 0372

* LR ] LEE 3 & & %k
B-9 0.712 0938 -0.376 -0461 -0.302 0143 0851 0901 -0.659

n=15(@; n=10), *,**,***; p = 0.05, 0.01, 0.001

In optimal and suboptimal temperature range the respiration loss showed negative
correlation with shoot growth efficiency(E,) but positive correlation with growth sub-
strate efficiency(E,). Such results are well expected since respiration loss is included
into the total substrate but the shoot weight is the remainder from substraction of res-
piratory loss from total substrate. In high temperature range the respiration loss
showed positive correlation with E, and negative trend with E, indicating that sub-
strate amount must be high for the high E,. Even though respiration loss is greater and
that substrate limitation is more attributed to respiration loss in high temperature
range the respiration loss is not the main cause for substrate limitation.

Total shoot growth efficiency(E,) depends more on growth substrate efficiency(E,)
but in high temperature range the dependency of shéot growth efficiency from sub-
strate(E,) becomes greater. To overcome the high temperature damage on poor
growth certain growth regulator that can increase one or both E, and E; may be
usable. since GA significantly increased E, in high temperature range it is worthwhile
to evaluate the effect on E, at other growth stages or of other substrate such as photo-
synthates.
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