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Abstract. Codonopsis lanceolata (S. et Z.) Trautv. is mainly cultivated in Korea and China as a medicinal crop. C.
lanceolata is difficult to produce plug seedlings in the summer, because C. lanceolata has a low germination rate and
is vulnerable to high temperatures. Cold treatment is effective in breaking dormancy of seeds and increasing the
germination rate. Shading cultivation can control the solar irradiance received by plants and reduce the damage by high
temperatures and strong light. This study was conducted to examine the appropriate cold treatment period for the
improving germination of C. lanceolata, and shading level during the summer seedling period. Cold treatment
experiments were conducted for 0 (control), 1, 2, 3, and 4 weeks at 4°C before sowing. In the shading experiment, C.
lanceolata was grown for 45 days with 0 (non-treatment), 45, 75% shading levels. Cold treatment for one week
significantly improved the germination energy. The plant height, leaf area, and fresh and dry weights of C. lanceolata
seedlings were significantly increased under the 45% shading level. Total root length, root surface area, and the number
of root tips were significantly higher in shading treatment (45 and 75%) than in non-treatment. The C. lanceolata
seedling’s compactness and Dickson’s quality index were the highest at 45% shading level. Therefore, these results
recommended sowing C. lanceolata after cold treatment for one week at 4°C, and 45% shading level could stably
culture C. lanceolata plug seedlings during the high temperature period.

Additional key words: compactness, Dickson‘s quality index, dormancy, germination, high temperature
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A 139 AF3E JH[Codonopsis lanceolata (S. et Z.)
Trautv.] SAHS 2022 59 14 Y of| FFrtol H Azt F4°C
9] A2 AA(R-A054GDA, LG Electronics Inc., Seoul,
Korea)ol] B3tk #1-&2|2] 7|7to]| wh2 Hlo} EAJS %
AFst7] 9181 2022 64 20 F5=rofl AN HY FAF
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Co., Ltd., Seoul, Korea) 500mg-L"' golo] 22 5571 %
B %o} 52 2o 105] o4k Al allct. o] %
B 9|©]|3(F1093, Daihan Sci Co., Ltd., Wonju, Korea) 2uj]
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Fig. 1. Changes in temperature and relative humidity during the
germination period of Codonopsis lanceolata seeds.
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Fig. 2. The relative spectral distributions of light used in a closed-type
plant factory.
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Fig. 3. Changes in light intensity (photosynthetically photon flux
density) as affected by different shading levels in the greenhouse
during cultivation period.
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Fig. 4. Changes in temperature and relative humidity in the greenhouse
during the 21-day cultivation period of Codonopsis lanceolata.
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1.4mg-L", MnSO4-4H,0 2.1mg L, ZnSO4-7H,0 0.8mg-L",
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Canada)& o} a1o] % Hej7lo], ) L, W 27, 2
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Table 1. Germination characteristics of Codonopsis lanceolata as affected by cold treatment periods.

Cold treatment Germination rate MGT* Tso’ GE* G
(week) (o) (day) (day) (o)

Control 73.3 ab’ 813 ¢ 63 b 40.7 b 105 b
1 80.3 a 6.00 a 47 a 59.7 a 17.1 a
2 69.3 b 697 b 6.0 ab 49.0 b 118 b
3 527 ¢ 587 a 44 a 40.7 b 105 b
4 337 d 620 a 53 ab 270 ¢ 6.1c

MGT, mean germination time.

*Tsp, time to 50% germination.

*GE, germination energy.

“GlI, germination index.

"Mean separation with in columns by Tukey’s test at p < 0.05.
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Ack(Fig. 3). 25% 2AZ SAT 24 Y7o Hat 7|22
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—25°C 2} T Ao |3FAtH Lee 5, 1992). 3 7L w24
o5 %5719] o}l Ele}2 He] thgo siglom, 5127
of .87t BBk o)4pe] 745t ol e FAjel ol
TG MR AEH AR QI3 B ALRA TR A
o= gieker)
S5 A1 o] W 1 320] 2450 2
HeION 3255 A8 i (Table 294 i 6). 243
A, BE, 7T S W AR 45% ARA A fe)
X A Ssisich AR TAzIst 45% AR
75% Helo] ula) £014 0.2 Folck. B o] % el Zol,
R, 19 e 4 e A ol Al Bk
AFE BT Table 3). %] Ft 479 S FH}
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a5t
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Fig. 5. Survival rate of Codonopsis lanceolata seedlings affected by
different shading levels at 45 days after sowing. Vertical bars
indicate standard errors of the means (n = 25). Tukey’s test at p <
0.05.

Codonopsis lanceolata (S. et Z.) Trautv
Sown: June 27,2022

Treatment: July 20,2022

Photo: August 10,2022

A
L

Control

Fig. 6. Growth of Codonopsis lanceolata seedlings affected by
different shading levels at 45 days after sowing.
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Fig. 7. Leaf area index (A), specific leaf weight (B), compactness (C), and Dickson’s quality index (D) of Codonopsis lanceolata seedlings aftected
by different shading levels at 45 days after sowing. Vertical bars indicate standard errors of the means (n = 11). Tukey’s test at p < 0.05.

Table 2. Shoot growth characteristics of Codonopsis lanceolata as affected by different shading levels at 45 days after sowing.

. Stem . . .
Shading (%) Plant height diameter Leaf length  Leaf width No. of leaves SPAD L/eazf area  Fresh weight Dry weight
(cm) () (cm) (cm) (/plant) (em/plant)  (mg/plant)  (mg/plant)
0 (control) 92 ¢ 1.57 a 32b 25Db 56 b 2948 b 15.61 ¢ 4427 b 68.6 b
45 163 a 1.58 a 42 a 31la 80 a 3371 a 35.06 a 9573 a 1413 a
75 139 b 128 b 340 26 b 82 a 3572 a 25.80 b 561.8 b 728 b
“Mean separation with in columns by Tukey’s test at p < 0.05.
Table 3. Root growth characteristics of Codonopsis lanceolata as affected by different shading levels at 45 days after sowing.
Shading (%) Total root length Surface area Average diameter  No. of root tips Fresh weight Dry weight
g e (cm) (cm?) (mm) (/plant) (mg/plant) (mg/plant)
0 (control) 186 b* 324 b 0.61 a 426 b 420 b 57b
45 470 a 845 a 0.63 a 1244 a 2110 a 13.1 a
75 515 a 6.58 a 041 b 1315 a 869 b 6.7 b

“Mean separation with in columns by Tukey’s test at p < 0.05.
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