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Abstract

Panax ginseng seedlings were grown at various temperature regimes from 15 to 30°C
for 19 days under dark and the linear relationship between various regrowth efficiencies
and thermal stress indices, cumulative superoptimum temperatures corrected with fac-
tors. Gross growth efficiency(shoot weight / root weight loss) was 37.5% at the optimum
temperature 15°C/15°C, and 12.3% at the highest temperature, 30°C/30°C while net
growth efficiency (shoot weight + Sm)/ (root loss-Rm), which corrected by maintenance
respiration for shoot(Sm) and root(Rm) was 39.6% and 16.7 at optimum and highest
temperature respectively. All growth efficiencies showed negative correlations
(p = 0.001) with all thermal stress indices and negative(p = 0.001) with shoot growth(St).
When growth temperature difference in a day was nil or above 15 °C growth efficiency
decreased greatly. Thermal stress indices showed negative correlation with root dry mat-
ter loss(RDL) but positive with Rm. St showed positive correlation with RDL. Thermal
stress appeared to inhibit substrate supply for shoot growth resulting in the extremely
low growth efficiency comparing with other crops that seems to be main rate limiting
factor of slow growth. Thus it is necessary that growth efficiency and thermal stress
must be elucidated in terms of metabolic pathway.
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Table 1. Various definitions of growth efficiency and thermal stress index

Growth efficiency Thermal stress index
Sign Definition Sign Definition
E, 100-St / (Ro-Rt) TSI-1 X (T-op)t
E, 100-St / (Ro-Rt-Rm) TSI-2 X (T-op)f-t

f =1 when (T-op)<OP
f = 2 when (T-op)=>=OP
E, 100-(St + Sm)/ (Ro-Rt-Rm) TSI-3 add 3°Cx 24 hrs =72
when 20/20, 25/25, 30/30,
5°C x 24 = 120 when 30/ 15 to TSI-2
E4 100-So/Ro TSI4 2 (AT-f-1)
f=1 when AT = 20-15
f=225-20,f=3: 30-25
Es 100-St/ Ro TSI-5 f=1,2,4 in TSI-3
TSI-6 add 10 x 24 when 30°C/15°C
add 5 x 24 when 20/20, 25/25,
and 30/30 to TSI-5

So, St, Sm: Shoot weight at first day and t days, loss by maintenance respiration
Ro, Rt, Rm: Root weight at initial and t days, and loss by maintenance respiration
T: temperature, OP: optimum temperature 15°C, t: hours
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Table 2. Effect of temperature on the shoot growth and root weight decrease of Panax ginseng during 19

days after germination under dark

Temperature ( 9 hrs) 15 20 25 30 20 25 30 25 30 30

°O) (15 hrs) 15 20 25 30
Root weight
at start* 1.078 0.962 0.936 0.842 0.962 0.854 0.992 0.937 1.013 0.900
(Fresh.g/plant)

Fresh weight o 0t 0.684 0.634 0.643 0.558 0651 0.621 0.698 0762 0.625 0.753

at harvest Shoot 0.741 0.748 0.477 0.272 0.576 0.390 0.332 0.298 0.346 0.109
(g/ plant)
Water Root 824 848 834 826 847 829 838 825 80.8 83.0

Content(%) Shoot 919 925 90.8 889 923 91.2 89.1 89.9  90.1 88.0
Dry 0.500 0.583 0.411 0.309 0444 0.320 0.318 0.225 0.283 0.101
Fresh 1.083 1.180 0.742 0.487 0.885 0.628 0.476 0.391 0.554 0.145

Shoot/ Root

*Water content 74%
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Table 3. Dry matter loss and maintenance respiration (rm)

Temp.  (9hrs 15 20 25 30 20 25 30 25 30 30

(°0) (15 hrs) 15 20 25 30
Root dry
57.1 61.6 56.0 55.5 604 523 56.0 453 41.8 453
matter loss(%)
Total dry

35.7 39.1 379 41.7 42.8 36.9 42.0 33.0 41.4 39.7
matter loss(%)

rm(CH;0 mg/g-day) 2258 2.487 3.078 5.240 2.868 3.459 5.798 4.445 7.247 8.434

Table 4. Various thermal stress indices and growth efficiences calculated for P. ginseng grown at various
temperature regimes under dark

Temp. ( 9 hrs) 15 20 25 30 20 25 30 25 30 30
(°C) (15 hrs) 15 20 25 30
TS 360 405 450 495 480 525 570 600 645 720
TSI-1 0 45 90 135 120 165 210 240 285 360
TSI-2 0 45 90 270 120 165 345 240 420 720
TSI-3 0 45 90 390 192 165 345 312 420 840
TSI-4 0 45 135 270 120 210 345 360 495 720
TSI-5 0 45 135 315 120 210 390 360 560 840
TSI-6 0 45 135 555 240 210 390 480 560 960
E, 37.5 36.4 324 248 29.1 29.3 250  27.3 23.8 12.3
E,; 38.8 37.5 340 271 30.3 31.3 289 305 27.2 15.5
E;3 39.6 38.3 349 284  31.0 322 304  31.8 28.9 16.7
E, 1.15t 1205 0.979 0.759 0.950 0.831 0.776 0.676 0.725 0.315
Es 214 224 18.1 13.8 17.6 15.3 14.0 12.3 12.9 5.56

TS: cumulative temperature, TSI: Thermal stress index, E: Growth efficiency, as in Table 1.
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Fig. 1. Effect of temperature on the shoot growth efficiency, shoot weight / root weight loss.
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Table 5. Linear correlation between growth efficiency(E) and thermal stress index(TSI)

TS TSL-1 TSI-2 TSI-3 TSI-4 TSI-5 TSI-6
E; -0.923 -0.923 -0.973 -0.986 -0.954 -0.95% -0.974
Ex -0.890 -0.890 -0.957 -0.981 -0.928 -0.936 -0.963
E; -0.876 0.876 -0.947 0.973 0915 -0.923 -0.954
Es -0.941 -0.941 -0.936 0.951 -0.955 -0.946 -0.960
Es -0.956 -0.956 -0.93% -0.951 -0.95% -0.950 -0.962

*: significant at p = 0.001
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Fig. 2. Relationship between gross growth efficiency(shoot growth/root loss) and thermal stress index
(cumulative superoptimum temperature corrected with various factors) in Panax ginseng grown under

various temperature regimes.
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Fig. 3. Relationship between shoot growth(g dw/plant) and shoot growth efficiency, 100x(shoot growth/
root weight decrease), in Panax ginseng.
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Table 6. Linear correlation between shoot growth(St), percent dry matter loss of root(PRL) or total plant
(PTL) and thermal stress index(TSI) or growth efficiency(E)

TSI E
1 2 3 4 5 6 1 2 3 4 S

dok ok kkkk *kkk ko Es i l] (333 kpkk k% kkk L3 L2 ok ek
St -0.908" -—0.887" -0.013" —0.509" -0.896 -0.933" 0946 0.935 0929 0.978 0977
Aok o e ok te L1 Eeitd Ak k% kR xkkk (331 (331 L3338
Rm 0918 0.573° 0533 09677 0978 0.536 -0.929 -0.898 -0.879 -0.889 -0.898
RL 0383 0688 067" 0¥t 0318 -0713 o688 o064l 0633 o083 083
PTL 0.150 0297 0294 0.178 0.220 0248 -0.335 -0.354 -0.352 -0.107 -0.118
=x¥% xxk % * . gionificant at p = 0.001, 0.01, 0.05 and 0.1

|
x
- 4 8

RL = 61.56-0.051T
r =-0.833(p =0.01) —~
~ Rm = 1.657+0.0174T 4 6

r =0.913(p = 0.001)
501 _ J

Root Dry Matter Loss(%)
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Fig. 4. Relationship between thermal stress index(cumulative superoptimum temperature) and root dry matter

loss or maintenance respiration in P. ginseng grown at various temperature regimes under dark.
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Table 7. Correlation between shoot growth(St), root dry matter loss(RL;,RL,), percent total dry matter
loss(PTL) or that of root(PRL) and maintenance respiration (Rm)

st RL, RL, PTL(%) PRL(%)
314
RL, 0.8
RL, 0.547" 0.367°
PTL -0.137 0.285 0.160
23 L3384
PRL 0.785 0.339 0.859 0.470
b33.4 L& *
Rm -0.830 -0.518 -0.708 0.339 -0.602

RL; = Ro-Rt, RL; = Ro-Rt-Rm, PRL = 100RL;/Ro
PTL = 100/RL,/St)/Ro, Ro: Initial root weight
waaw wnn ks # - Significant at p = 0.001, 0.01, 0.05 and 0.1
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