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ABSTRACT

Background: The biological responses of crops can be more accurately studied by measuring leaf
temperatures instead of monitoring the surrounding atmospheric temperatures. This study analyzed
the correlations between ginseng leaf temperatures and microclimate factors to determine the opti-
mal light transmittance rate of shading.

Methods and Results: The correlations between the ginseng leaf temperature and microclimate
factors, such as the light intensity and temperature within the shading structure, were analyzed at
light transmittance rates of 10% and 6%, and changes in leaf colorization, photosynthetic effi-
ciency rates and root weights were measured. The rise in the leaf temperature was significantly
positively related to the internal temperature, while the rise in the internal temperature was signifi-
cantly positively related to the light intensity outside the shading structure. The colorization degree
and photosynthetic rate of leaves were 36.3 and 1.948 pmol-m-s', respectively, at 6% light inten-
sity, and 26.1 and 1.730 pmol-m-s™', respectively, at 10% light intensity, equating to an 8.6%
increase in the root weight at 6%.

Conclusions: To lower ginseng leaf temperatures and increase their photosynthetic rate and root
weight, the amount of light transmitted inside the shading structure should be adjusted to 6%.

Key Words: Panax ginseng C. A. Meyer, Leaf Temperature, Light Intensity, Photosynthesis, Photo-
synthetic Photon Flux Density

1% Qo] 2 IIE WA g AujE WHow =3
15 cm o]k BAF 21z, 79 - 84 TZ27190 18% - 20%2]

1% (Panax ginseng C. A. Meyer)?] A& 2% 20C EE fR9) FEE 10% o3tz A= Hhyo] By
-25C, FFLE 10,000- 15,000 lux, EF FEFFS 18%- AU} (Lee et al, 2010).
20%7} 33t Ao ® BIETt (Bailey, 1990; Park er al., e S7H mEEe] Al Ao WEE Fof At
2008; Lee et al, 2010). @A A+ 2dst2 sl 22 &) a2 s Fol7] 9%k A7F ol dE ul, <14k )

7} Astel v, 344 5 F

2 ZEe] gkl Ha 1%004 7H SEES] Al 1990 el a7k WiRE gkl

o 30% 74 Ao S} (Jha et al, 2014). 37HH 10% F3=]= Polyethylene (13} PE) 2% (Z1:543)0] A}
U L1271 30T o)Al A elite] 7. Fae we £HAL, 2000d0ls Fgako] 20% EabEls= 23R 7 A
735 69 25 10%7F TAEH (Lee e al, 2010), 319 Lo olyg FE=F Fie kel £ Sl =80l

A w=At (Panax quinguefolius L)2] 258 33%7F 744" A (Jang et al., 2019). 22} ZFR|e] Tl 1.&
ok 3k (Jochum et al., 2007). aiE w571 Slsh sizh Wie] Fgol 5%31 e
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Aol FHzo] ol§E7|% ATt (Lee ef al, 2013). ©]&]e]
A%t o] HslE AAATE At e 54 AEe] &
Al Zgol FHE T VAT FF et AFEIE
31Tt (Lee ef al, 1999; Jang et al, 2019). 3HA|RF 259k
=

o W AR T w7Vl that A A
AE oldel si7td WFe] B, &= B 555 2Hske

Aol =g o] g Eoigirt.

e 7] sl wet F27d (eurythermic)
2374 (homeothermic)>- 2 H3}slH, 21&E2] ¢l Hd
e FAB] S8l t7] w0t e EAE
gtk wEbA ti7]e] REREE SAstodr s AEe] AeF
S &3] AT 4 gltk (Noffsinger, 1961; Mellor et
al., 1964; Upchurch and Mahan, 1988; Michaletz et al,
2016).
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Al E7GgL
03'47"N 127° 22'22"E)ll $1=]38}ct.
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A= udE 462 (37°
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=

A, Bake
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E 0
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ol FdHom A3 30 AL FY 29S =3
CJAE Al 8 30 1A SOl 6 MRS A5k
=74 7] (LI-6400 TX, Li-COR Inc., Lincoln, NE,
USA)E ol&3dte] FFES SHsIsT

B4 24 274L flow rate 500 pmols™, CO, 400
pmol-m=2-s7!, ¢1F e 300 pumolm>s~!, & =48 block
LxE 30CE AAst] o4 104 - 24 114] Aol =4

Al
R

g

I



Vak o 4l

Fig. 1. Difference in the light intensity transmitted inside the sun screen depending on additional cover height adjustment. Right;
10% light intensity, left; 6% light intensity. The arrow indicated the height of the additional cover.

ek 108 5Yo A 3 7b (4.86 m)S FEsle] A B d 9 A - 25 7A] Aol (]} 71 BRke] LN
A AATE Fet FEAN e A7RA BA712] gt B 1098.5 pmolm s F7H WRE fYEE 3
239 zolE ARSI (RDA, 2012). o+ FHS 3506 umolm2-s'o] o Q) ZEF tiv] 30.9%

7} 7 WRR A= A& A st iR %
4. SHEM T STt AlAete] dE F oA ol E2 FEE U

A% Aol BA AHgle SAS 4 37X (SAS v9.2, ERlen oA 10A7H] ZF WAt 24 114%E ot
SAS Institute Inc., Cary, NC, USAYE A3l si7 - Al Z7k67] AlFsle] % 1A 71 =2 3 Uepd &

f

QR F, F7H UlFe] 2%, = 2 57 AL Akl A8 sk Bedel B FY FEih olHE a7t
FaAE EAsEH. i A58 3 fd HES Jang 5 (2019)9] Ryelw
FAHA = Pearson®] 2 E/FAAIT (Pearson’s correlation A3

coefficient)& ©|-&3t] o3& H7I8ISIth. F3&o] 94 SEjubEte] a7HES T WEko] A1 1200009, ol
T, FIEE 2 20 MIAE TS Student’s rtests FSF 180 cm, FZFo] 110 cm - 100 cm F2e] AAA si7bE 2
o] foldE AT 2 Q8] AFe] AT dEawe] JFo s dE 9 o
wel F3e] sy AEdoz vehdt) b vty v

2yt o A the] 34 s7kEe dakFe]l dEF ¢ 2 8AIFE AA18]

Z7hele] F 2ol Azl WMo vehd F AR o
1. S RO W2 SR Y 2ol Aalol AN W) sk B Felth. £94 a7l Aajae] 48

¢

w5} 3} 2] wREQ ol FRe| W] A el el
Qo) ) WEE PE 34 2 A FU e o QPR o} WEae] Fae] gl Bl Fg7te] 7

S o] FS Fig. 2A9F 2t ol wiet a7 =] FEEe] Aads 44 A
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Fig. 2. Monthly changes in light intensity inside the sun
screen to light mtensitz) control. A; light intensity inside
and outside the shade before the light intensity control.
B; light intensity in June. C; light intensity in August. IAS;
inside light intensity of artificial shading structure, OAS;
outside igight intensity of artificial shading structure. PPFD;
photosynthetic photon flux density.

2Jo]7] wjiFolt} (Stathers and Bailey, 1986).

FA2S 6% 10%2 24 F 699 71y Wi 3]
ztol= Fig. 2B9F ). 699] 9% F%=> 9083 pmolm
s1e eI 6% 27l st uiRel FEe 412
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pmol-m2-so]em 10% 9] B 72.7 pmolm s
o|AT}. 8€¢] 9 FFES 6109 pmol-m sl O™ 6%}
10% =4 ZH2he] a7k R2e] 37k 359 pmolm s
19} 47.9 pmol-m=-s7! ©]AT} (Fig. 20).

g 8 T ol slivke R AER e dAF Hule
FEFS -] AR FEEE o 71231 At
e FASIGCE WhH 8ol Aed diele veRtA] o
skom 32 37t fAReE HEelint. o]H g o] 8
S Ert SAE AUHA 7 WREE FYEs o
Zro] golzl oz ArhETt
2. S22l Xjojof HE IV WY 2% ¢=9| Big)
548 6% ATA 699 24 A7 9t dl7FE YR
o 257 23.1CY of g2 F#7]2H} 0.5C o ¥
7re] 7H WE Ha &57) 266CY of 4 09
UTh FFE 10% 28T 739 24 AIZE BRt s

Wi 5= 23.0C 9 o) g2 H7)Het 03T
shory 7kl YR Hag 257} 266CY W g2 05C
skokt} (Fig. 3A and Fig. 3B).
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8] & 6% AT 24 AT B U 250 ¥
7 262C, F7F W 2571 284C 9 v 422 747 0.1
T Utk 538 10% @A 24 A7k 700 Bt
25 77F 26.1C9} 283CY o) HFL2 0.1C9} 03C &
Skt} (Fig. 3C and Fig. 3D).

38 10% AT 69 o] szt UiR 2xe
178C -185CE A7 d&o] Al&sE o4 7A1HH

27} Wab] ARsle] A 124] - 9F 3A7H 283C -

204C7} fAEA 0, dEo] AFEE oF MFH AAME]
57} Soprin) sl s7H iR 2o dod 68

FU3 Aot} (Fig. 4A and Fig. 4C).

Yun 5 (20202 Hwoke] 28 AsAlTE 71 819l
A ST t7] =S G9] Al o] Atiar
3T o] olx AR FTel| wE 7] k0] e
A2 7] ABFAIZE B7] (Lee et al, 2020), 7
o IZA U (Park, 2011)0IX %= HA AT £ A =
Fig. 3% Fig. 45 A9l vlud A F=Fe] ol a7
Wie] t7] 2% AsA71AL dsE t7] 2= o8 4
2o ks AS & 7 AUtk

48 10% AT 692 25 44, 882 2%
A P20 2 (©18F Ligmp, — Awpm)’t 001 =
™ (Fig. 3B and Fig. 3D) o|uj7} £]F-9] FaFo] F43]
AR = A719F sYet Alioltt (Fig 4B and Fig. 4D).
& 6% ZATFIME 692 2% SAN Limp — Agpm
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Fig. 3. Monthly chanﬁes in leaf temperature (Ltemp.) and the air temperature (Atemp.) inside the sun screen by light intensity. A
and C; 6% light intensity zone in June and August, B and D; 10% light intensity zone in June and August.
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Fig. 4. Monthly changes in the inside air temperature (Atemp.) and outside light intensity by light control. A and C; 6% light
intensity zone in June and August, B and D; 10% light intensity zone in June and August. PPFD; photosynthetic photon flux
density. OAS PPFD; photosynthetic photon flux density of outside light intensity of artificial shading structure.

Alell t7] 2=9F g2 zlol7t 0o] HATh (Fig. 3A and 7] 8Ye] 73} ERE AEF A0 ko7 olito] Ay
Fig. 3C). 28} FFo] Wolxe ARk 9F 34 (Fig. 4 7 2] Astd Zlew FAdT &5 2%, 33 529
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yun 5 (1993) Q3tApulel] lo] e} §f &=
7} 5 GAR FEEE Q5 4x]l] o] HolAE KAl
AFSIATE Hyun 5 (1993)2 dEo] A== Al7blA B
EAPE gol sz Al 7k W 7125 Holx)7] A&k
ot Bt dE o] WolRZI7EA] et Akl Ha
s17] wjizoll vehhs d2delekal &kt
Q14ke] 2o th7] 2&e} xfelrt =X
olghs 5%k 27doA A7t Hom s
, H=e] F gA18E 647 ARgsl] flsl
o g FFol & o] FoR|A] ot <14k Ao
A7) WEolth & OE olFE /MUY (Park, 2011),
& (Seo et al, 2018)% E7] (Lee et al, 2020) 5 &
9l ol EAlsh shel gol dArte] AHA] JFe WA &
7] wiiEell AAAQ He g2o] wrh ey Mk 9ol
AP A si9Ige] §I7] el Het 7] &%
o] Zpo]7} A2 Holt}

A7 Aw o] Wzte] MHRore F4h BARGL thR
of oz ¢¢] =7} FHe thr] LERTE Yolxltial Hil
H QA Th (Curtis, 1936; Mellor et al, 1964; Martin et al.,
1999). 9] 25w tf7] 2% FEAE-S sk Wzte] |
2o W} Liemp, — Awepm”/F AL 0] 2}01—‘3— o]-g-ste] AL
%’ 7_15_31_ /\H )\E;,ﬂ/\ =5
Aeml ZI7F F55 252] S feldttt (Mellor er
al., 1964).
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UL Bsieint. o]#dh olf= &l ERe] BApgZYo] o]

FORA] 47] wZoln g she-2oflA] AfujE o] ofzke] &=
EAlgFo]l 00 7M7) wWiEoltd (Upchurch and Mahan,
1988). Qe -2k fARSE vk 2SSl 7ol A Aful =]
7] wizel] ofke] HAREZto] 2 o] Ro|R]A] Ol At 7}
EI FEo] ofsy] wjitol] ofzke] 14F 29 Asprt v
Aoz ket

H2AH] (bowen ratioy= 7] F<9] é}oéoﬂ o}
£ ol&3st ti7] T FEF EI WS
olth. HAIH]7} FolAH A e] H]go] AR o]=
2k} Zdbo] AAElE= ZAo] Hu). Statherset Bailey (1986)
T34 a7F Wi-e F7F BavE 308 w9 Eriar
Fdeh. ol a7k WFellM o] Satat Fdo] ghakebA &
o gle 2Holgke A & ok ol9ol= Hid
o= Qlaf At 2xrt T °]E‘:]' wol Fkto] vt

, UEES 7] Rt 5o }04 FHAY 2=l A
=7] wjZo|t} (Stathers and Bailey, 1986; Bailey, 1990). 5=
ofzke] AutEA} sli7he mlEL o) FE wA A

Fslal sz Wil AAEoR ok sizhd Wi %7

o rlr :

2, ofo

K

ﬁﬂl SHOPA|A] ghobr] Ul @ ot
3. £ Aol WE sV WF 0P|zl Sz

7 e FEES 6%z 23 Ay vyl &
A7} G229 s B4 45, 92 87 Ui 7]
o] AAAFE 69 0976 (p < 0.01), 88E 0978 (p <
0.01yS YeRNASL, a7 Wi 7123 o5 Fafe] =i
TE 642 0903 (p < 0.01), 88L 0917 (p < 0.0H)CE
frolst Aol daaAE Bk

7 e T3S 10%E 23 Ag)Te] Jea) 6
7H W7 7128] AT E 692 0.986 (p < 0.01), 8¥
0.980 (p < 0.0D)eIR, a7 W 713 o5 Fakol AF
HAFE 692 0906 (p < 0.01), 8¥2 0916 (p < 0.01)
o2 Fo3 o HAAAE BTk (Table 1). wEhA] <%
Feyol STt wet a7k WiFe] xUt ASELL o=
I3l Apke] H2o] EolAlE Ao FAHAUTH

F23 s -0.885 (p < 0.0DE -9 A#S Yt
wieith. a7k Wi-e] Adlsss FHE AlQsial otle
AEEE 100% 7P7He o2 t)7] o $Re X3l
BE YeRIATE (Fig. ).
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Table 1. The correlation between monthly leaf temperature (Ltemp.) in the 10% and 6% light intensity zone and external light intensity
(ELI), internal light intensity (ILI), internal air temperature (Atemp.), internal wind speed (WS) and internal humidity (RH).

Sources Light transmittance ELI ILI Atemp. Ltemp. WS RH
ELI - 0.766" 0.906™ 0.892" -0.167 -0.898™
ILl 0.912" - 0.708™ 0.708" -0.074 -0.554"

Atemp. 10% 0.91 6:’ 0.880’: - 0.986™ -0.077 —0.892:

Ltemp. 0.919” 0.883™ 0.980” - -0.071 -0.885”
WS 0.359™ 0.372" -0.012" 0.446" - 0.098
RH -0.840™ -0.742" -0.883" -0.894" -0.493" -

ELI - 0.932” 0.903™ 0.881” 0.015 -0.875™
ILI 0.916" - 0.865" 0.814" 0.134 -0.782"

Atemp. 6% 0.917" 0.849™ - 0.976" -0.008 -0.837"

Ltemp. 0.899™ 0.847" 0.978™ - -0.090 -0.839™
WS 0.295™ 0.262° 0.403™ 0.399™ - -0.837
RH -0.861"" -0.801"" -0.906™ -0.917" 0.403" -

Data investigated at June (above diagram) and August (below diagram). Significant difference by Pearson
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correlation analysis ("p < 0.01).

o vx 2= 9Jo
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Table 2. Differences in leaf color, photosynthetic efficiency and
root weight of ginseng in the 6% and 10% light intensity

zones.
Leaf color Photqsynthetlc Root weight
Treatment (SPAD) efficiency ©
(umol-m2-s7) 5
6% 36.3£3.3 1.948.0+0.5 82.2+18.3
10% 26.1%+5.4 1.730.0x0.6 75.1x£21.0
t-value  -8.404" 0.615™ -2.862"

Values are means + stand deviation, Significantly different according
to Student’s t-test (p < 0.05 and “p < 0.01), ns; non significantly.
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