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Characterizing the Effects of Microclimate on the Growth of Ginseng Seedlings
using Multi-layer Bed Production Facilities

Myeong Hwan Jang’, Seung Han Kim, Yangae Choi, Do Yeon Won and Im Soo Kim
Punggi Ginseng Research Institute, GBARES, Youngju 36052 Korea.

ABSTRACT

Background: The growth process of ginseng seedlings is very important in producing good quality ginseng. This study was carried
out to investigate the effects of different microclimates on the growth characteristics of ginseng seedlings in a multi-layer bed facil-

ity.

Methods and Results: Ginseng seedlings were cultivated in a three-layer bed facility. The air temperatures on the first and second
floors were similar, while that on the third floor was about 1 - 4 C higher than that on the other floors. The vapor pressure deficit
(VPD) was higher inside than on the outside of the facility, and that on third floor was the highest in the multi-layer bed system. The
photosynthetic rate, chlorophyll fluorescence, and growth characteristics of ginseng seedlings did not significantly differ among the
three floors. The yield of ginseng seedlings was the highest at 721 g/1.62 m’ on the first floor.

Conclusions: It was found that microclimate plays an important role in growing ginseng seedlings in multi-layer bed facilities, and
therefore proper environmental control is important. In addition, producing ginseng seedlings using multi-layer bed facilities is a
technology that is expected to provide a way to overcome climate change and stabilize ginseng production.
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The front part of the multi-layer bed facility
appearance of the 1st (B), 2nd (C) and 3rd (D) floors
where the ginseng seedlinﬁs were grown. The house

structure was made into a lightweight steel beam and the
multi-layer bed facility was constructed using a 50 ?
sandwich panel. The 1st and 2nd floors supplemented by
28 w fluorescent lamps.
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25 25C9 7oA 7t TR 3 74 SAsISH
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Table 1. Physico-chemical properties of bed soil”.

Species Unit Value

pH (1:5) 5.11

EC dS/m 0.55

NO;-N 18.50

NH,-N (mg/ € ) 104.80

Av. P,Os 57.60

K 1.10

f\(i\ag Ex. Cation (cmoly/ ¢ ) 1(2);8

Na 0.90
Solid phase 10.80+0.40
Gaseous phase (%) 16.90+0.10
Liquid phase 72.40+0.40
Wet bulk density 0.21+0.00
Dry bulk density mg/m’ 0.15=0.00
Particle density 1.14x0.04

"The bed soil that was a commercial soil was composed of peat moss
and pearlite in a ratio of 7 : 3 (v/v). Values are presented as means +
standard deviation (n = 3).
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g EA]de] WE Y5 22 WHsl= Fig 33 2t
WA sl A= ANbE o R | Fo] 2 F, 3 T Hihe

493

45

(A)
—_
8 st 2nd —+-3rd —Outside
® 35 -
=
=
=
]
@ =
o 25
E
@
-
815
[
<
5
45
—
%)
F 35
=
3
=
3
025
E
[
-
215 +1st « 2nd —-3rd —Outside
@
<
5
2\ o o > o o > o o > o o > o - > o -
e B R e i
§ F 3|g = 3g=3gF=3g=3E =S
Apr May June July Aug Sep
Month

Fig. 2. Changes of air temperature in multi-layer bed
system. The changes of average air temperature
(A) and maximum air temperature (B) from April
to September were measured by a data logger.
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Fig. 3. Changes of soil temperature in multi-layer bed
system. The changes of average soil temperature
(A) and maximum soil temperature (B) from April
to September were measured by a data logger.
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Table 2. Characteristics of photosynthesis in ginseng seedling.
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o A Ye] FvFm k2 A& o 434 AAEE 9
u] 33l (Lee et al., 2014) =& 3 ZAMA 2)Eo] H|AYE
2 AEH 2EF 2 =2EH AU PGS FvFmel 7
27F B2 59 4&2] HZ Fv/Fm ¥9E 0.79 - 0.840] A3
Sl webA] Zo|7h ATkAL sHATH (Kycko er al., 2018).

D}iﬂﬂt*w W BAF AL Al A Wi B3 a1 ok

EY2E FHY F A= JAANFFH HAFE] Bl Fo/
= 357,22 374, 3 Z 402 AEE FoFel 2}
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Treatments Sub-stomatal Transpiration rate Photosynthetic rate Chlorophyll content
CO, (ppm) (mmol-m=2-s~" (zmol CO,m™2-s7") (SPAD index)
1*floor 296.00+10.00* 0.32+0.05% 1.15+0.25° 26.40+1.60%*
2" floor 287.00%+9.00° 0.27+0.07% 1.01+0.22% 26.60=1.30°
3" floor 285.00+3.00° 0.34+0.02% 1.31%+0.06° 25.00+0.30°

Values are presented as means * standard deviation (n = 3). *Mean within a column followed by the same letters are not significantly different

based on the Duncan’s Multiple Rage Test (DMRT, p < 0.05).
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Table 3. Characteristics of chlorophyll fluorescence of ginseng seedling.
Treatments Fo" Fm? R Fm/Fo Fv/Fm
1% floor 11,346+1,222° 39,870+8,073° 28,523+8,955° 3.57+0.96° 0.700.09%*
2" floor 13,330+2,468° 49,254+4,595% 35,924+2,169° 3.74%0.38° 0.73+0.03%
3 floor 14,478+7,232° 50,706=+2,488" 36,228=+7,271% 4.02%1.57¢ 0.72+0.14°

YFo; minimum fluorescence in dark-adapted state, ?Fm; maximum fluorescence in dark-adapted state, *Fv = Fm-Fo (maximal variable
fluorescence). Values are presented as means = standard deviation (n = 5). *Mean within a column followed by the same letters are not
significantly different based on the Duncan’s Multiple Rage Test (DMRT, p < 0.05).

Table 4. Growth characteristics of the underground parts in ginseng seedling.

Root Root Root

Rhizome

Rhizome Yield of usable

Treatments length diameter weight length diameter Ha(L(iIgrfw)ess seedling
(cm) (mm) (g-plant) (mm) (mm) (g'1.62m™)
1* floor 14.1+0.6° 5.8+0.1% 1.1£0.0% 6.7+0.0° 3.9x0.4° 1.9£0.17 721.0£7.0%*
2" floor 14.8+0.4° 5.9+0.2% 1.2+0.1° 6.6+0.4% 4.0=0.2° 1.9+0.0° 692.0+9.0°
3"floor 14.4+0.4° 5.6+0.1° 1.1£0.1° 6.1x0.8" 3.6+0.3° 2.0%0.2° 395.0+13.0°

Values are presented as means = standard deviation. *Mean within a column followed by the same letters are not significantly different based on

the Duncan’s Multiple Rage Test (DMRT, p < 0.05).

Fig. 8. Underground

arts of ginseng seedlings in the
multi-layer bed facilities. The first floor is on the left,
the second floor is on the middle, and the third floor
is on the right.
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