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ABSTRACT

Background: Abnormal climate change induces many environmental disasters, including flood-
ing. Panax ginseng C. A. Meyer is highly sensitive to waterlogging, but the experimental
approaches to understanding the mechanism are relatively scarce.

Methods and Results: Waterlogging was applied to 2-year-old ginseng plant in July under artifi-
cial conditions for 1, 2, 3, and 5 days at two different water levels: above the soil surface [WA(+)]
and below the rhizome level [WA(-)]. Growth properties and photosynthetic characteristics were
measured during waterlogging, and in the recovery period after waterlogging had stopped. Shoot
death was evident in ginseng plants that were treated with WA(+) for 5 days. Growth inhibition in
root diameter and root weight were severe when waterlogging lasted more than 3 days, and when
the water level was above the soil surface. Chlorophyll fluorescences, F,/F, was significantly
decreased during the recovery period in WA(+) for 5 days. Photosynthetic rate and stomatal con-
ductance were influenced after waterlogging, depending on waterlogging duration and water lev-
els.

Conclusions: The degree of damage to ginseng upon waterlogging was dependent on the duration
and water level. These results will be helpful to understand the waterlogging response of ginseng,
and suggest that photosynthetic characteristics can be used as an indicator of damage from water-

logging.

Key Words: Panax ginseng C. A. Meyer, Chlorophyll Fluorescence, Environmental Stress, Fine
Root, Photosynthetic Rate, Waterlogging
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MY - 2R - Eels
Adale A% H, A2 54, F5 5 vt 2 ¢

T7F OEA vepdt), B3 YT R A28
a7t o @ol EAsh, Mg 717h 9, 2%, vl 546
w2t = @2 Y (Gu and Kuk, 1996; Horchani and
Aschi-Smiti, 2010; Lee ef al., 2010; Putnam et al., 2017,
Ploschuk ez al., 2018; Kim, 2019).

Agojafe] ol Tl 712l A e B A7F K
P = FATse] F8 AJS BEY Ak Aol YRl
Fo} (Kang et al, 2010; Fukao et al, 2019; Kim, 2019;
Pan et al, 2021). At ¥5e 380 AFS £33, 1 4
I A A B2, S ATP o= Aso] s
JIAFSHAl Eok olvRx] BES 918 siT # (glycolysis),
&= & (alcohol fermentation), ZAF W& (lactic acid
fermentation) 5°] SF2E ST F AAT, Ar|Hoz=
lactic acid, alcohol, aldehyde & 3l B&3} AJrA E3
H,0,9] 4202 w7} Fal= L JIALSHA €} (Pan et al.,
2021). 2 9] EF Ash-shd A ] stz Qs dAskes H3t
W7R] S, R F Alsh, 5EEH] §4 TR dkleR
2Rg-gitkal deA vk (Kang er al., 2010).

C14F (Panax ginseng C. A. Meyer)> WA 2 B2 &
7H Al ool A=, S |171A] 2 FaolA] 4
d - 6 A7k AujEch Addze] FAE FolERE Ajso]
P Joll Folsh=t o]Fol| Slolut sloke] FAdS F7t
2 o]FojR)A] et Fot T 69 WA XXl ASHE
o] o] A7fo] &=, o]F 79 - Y= W] & H
g7t JSHo =2 o]FofZn

Egriol] ke =l miA= 4

¥e)

ol A== 6 7 Al AR

o = How ool
3t Aot 71709 79

%
2

- 89 ZrEko] Hdol Mg wAY wr)Zke] 1Y 200 mm
olate] L7t e dole @G FEko] wo] TAasht

50% el wie o] SvketkaL
aEg 7Y - 890 F= WAEe

T} (RDA, 2018).

A5E el A%, 5

%, B0l 4RGPS Fo) 4T A3 AME FRH
€.
Qe W B/ B HES F5E 30 on olvh

A VLS, QA BTlelNE et g 39Ut Bk
FE EOVF EE A A 7Rl 2ols ¢ A, B
uhsh Z92 Qls) A ejo] F5EE Adsie e A2
uoh o Azshch Qlake A%l s Sls) A A%
Aol Aufsh=d], H S0 ARl FEIF of= 9] =Au
B7PE 53 Aok meh vt e 864 Al o
EE =2 o] Ayl 13840l =aL vk

ArvelE Haslsta oo o =
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(Kim et al., 2015a), 3l FAR7NA Aol A5l o3t
A7t AE vp YA (Kim et al., 2015b), sl
gk AAAR] R Btk 2 A7e AFHL

28 T U ey ek
2 AL SIS JAEH e AxE vda}
2ol 202190l FRYElGAT) HIE s Aguks A
alo] FEAELS 10% W2 &t B4 AAls 490 st
Rom A Age 79l e, 789 Hd2EE 263
+ 44Coh.

O\ (Panax ginseng C. A. Meyer) AHIE 23+ SE=
ol : vERA : Hulo]EE Fulo] HIZ 70 : 25 : 0.5
o] vg=E &EFstal = EH] (Sammani, NongHyup, Seoul,
Korea)s EJE 100 £ 3 0.67 kg *2|sted A|Zskic). <l
N4 EHEE EY ETS 857 oBEAR AEE B
A 91.4%, UAl 6.6%, FE 2.0%= Auk B AES] 7}
7tk 98 st (- 974 33.0 em, o] 29.3 cm)l] EFF

£ 18 cm Eo|2 B § 55Ut Ho|=F sHET 6 7H¢]
AE BALS ROz A 92 EYS 2.5 m 99
ot 7 AP 4 WHRo 2 AL EYGe] 15% - 20%
(viv)el EAl Attt

Bk} A7) (EC)Z A7H oz xAlelET
B2 Qe R SHdo] AT Adste] 69 olF
&= 6.00mM KNO;, 1.50mM Ca(NO;),.4H,0, 0.38 mM
MgS0,.7H,0, 0.75 mM KH,PO,, 038 mM Mg(NO;),.6H,0
2 FAE G (12 Lpotye 1 3] Mt A8 T8 F
EY olglsd S A% A3 Table 13 Zth

1.

]

AEE

2. 85 Xl
A A7 w2 gees vwslr] s A¢ HE o,
1, 2, 3, 5 A7+ A2 skAch
5 9 AgTE WA JARAA JAE FEYC] 22 2ol
HES Si9lth 29 F5 [WAHRE 35 917 33.7 o,
i =e)

=0] 333 cm ko] ¥d-S Za AJET sHES o] A8l
S A% 9 2 7k Aok AR AS [WAQRE HE
=717} 7}E 48 cm, A2 32 cm, Eo] 15 cm Q] AbApol] vl

b SRS 2 4 9 F uE 2 ol she) o
FX9] EolE Alltete] F97F =5 2 em o] F
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Table 1. Soil chemical properties in each treatment after 14 days of drainage.
T pH EC OM NO, P,0O5 Ex. Cation (cmol*/kg)
reatment .
(1:5) (dS/m) (g/ks) (mg/kg) (mg/kg) K Mg Na Ca
Control 6.56 0.17 16.7 2.34 72.0 0.07 0.97 0.13 5.18
1D 6.34 0.14 16.1 0.07 73.4 0.07 0.97 0.14 5.13
WA(4)" 2D 6.42 0.15 18.9 0.01 70.0 0.07 0.97 0.13 5.06
3D 6.51 0.16 17.3 0.05 73.2 0.07 0.94 0.13 5.01
5D 6.37 0.14 21.6 0.39 78.6 0.08 1.00 0.12 5.41
1D 6.37 0.21 17.5 4.72 81.1 0.06 0.9 0.15 4.91
WAL 2D 6.69 0.16 16.8 4.76 73.6 0.05 0.8 0.13 4.49
3D 6.66 0.18 15.6 4.87 89.3 0.06 0.86 0.13 4.72
5D 6.71 0.18 19.2 2.84 90.5 0.06 0.91 0.15 4.89

"WA(+); water level at 2 cm above the ground, ?WA(-); water level at below the rhizome

A A 0L wiede] SHE Wom Fo] 35 W A
= itk
3. W= A

e F AgS B3 Yo] AlEAY Abeke Al Hay
= BTt Fell & Fola thy] o Fro] T
2 ek A T8 F 2 77 A F FEske] Aaht
o] g 27, o, ele] g, AxF, dEE =
Abatsiet

L HERE S xedele] 7P 71 SIAE Akt
AL, 2L 7P FAE AR FAE A B
o] g Feie Setoz Adsle] Hrg skt (0: §l
- 3 S A e AETY S0 23S ol A
A7 AARAL ASHRTE 172 o) Foisti om ARl
AL, 4 vHEg AJgolN A BE Aol the Het
S AT (n = 12 - 24). AXTE A W] AIRE

o N

FAA AxFTE et 4 wiEe] g HtS FeIdich o
4 g2 A (SPAD-502Plus, Konica Minolta Inc.,
Tokyo, Japan)E ol&-3to] ZAF3IgIT). Q14 Bale] 27 Aw
£ =435 ¢J8] H5F2HE 10 mm - 15 mm o}l FES 2
E4A187] (TA1, Lloyd, Ametek Inc., Largo, FL, USA)
olg3le] AT S,

=
= =
1= A At wij
FY e 3 3 AR 954
2% (leaf clipo& 20 27+ A=
% Handy PEA+ (Hansatech Instruments Ltd., King’s
Lynn, England)S o]l 54 &3S S4IIL 717190
2] A FE= photosystem 112] YA (maximum quantum
yield, F/F, )& ZASIAT

3

41

FPE F2 24 104 - 1249l 7P 2 AGelM =
A}el3 2™ portable photosystem (Li-6800, LI-COR Bio-
sciences, Lincoln, NE, USA)YS ©]-83} survey W02 ¢
S B F 90 = -120 & Foll SAA. B S8 A
HEZRE & 3 =5:5 LED %2 200 umolm=s™! 215199
3, A 259k CO, w=E 77 25T} 400 pmol-mol-o]

O -1
Art.
5. A2
FAEALS SAS v9.2 (SAS Institute Inc., Cary, NC,

USA)S ©o]-&3le] ANOVA #2412 43 - DMRT (Duncan’s
Multiple Range Testy2 ©]&3td 5% <ol feldS A
A3t (p < 0.05).
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2 (Panax ginseng C. A. Meyer)2] 4= THE
1o e XEE S w A B Al BE AT
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Zro] Aol Wl WAH) 5 d7ollx wA
WS Qo] o] HX7] AlAEI=t, vl
7 4 Foe 5T & gS =2 AEAT (Fig 1A
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T o2 e ot slE HET F AU
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Fig. 1. Damage on the shoot and root after waterlogging for the different duration and water levels. Lost of green color and tugor
of shoots at 7 days after drainage of waterlogging for 5 days (A) at 2 cm above the soil surface [WA(+) 5D] and (B) at below the
rhizome [WA(-) 5D]. (C) Roots of ginseng at 14 days after drainage. WA(+); water level at 2 cm above the soil surface, WA(-);
water level at below the rhizome during waterlogging, Con; control.

vl 14 o 3 FEksle] S-S AR W WA 52 o1 WA 3 9FE 0.17 g O 2 7P Yk T o)
TFE AT BT AR, ofE Ale AT AsE Hl 73.9%10T (p < 0.05).

S WAMH) 1 €7F 1374009 g2 7P =9 WA(H) A=A g (SPAD)S I F85 AFolE WAMH) 5 Y+
2 479t WA 3 U77F 27 1144010 g 1.13+£0.07 & AshA A7) g F Zolzk QIART, Alzke] Ao
g o2 A7 SAA Zol7t AT (Table 2). WM 71xF  wEh A F97F & H27EC] SPADE At o
< WA 1 €79 WAR) 1 9771 027 g0 & 7P =% Al S7kske A4S BT (Table 3). HF AL A tix7¢

Table 2. Damage rate and growth properties of ginsengs after waterlogging for different duration and water level. Damage rate and growth
properties were measured 14 days after drainage.

Treatment SDR” sw? RL” RDY RW” FRD? SDW? RDW' Hardness
(%) (g/plant) (cm) (mm) (g/plant) 0-3) (g/plant) (g/plant) (N)
Control 0.0+0.0¢ 1.20+0.06* 12.0£0.5° 7.6+0.3® 2.60+0.15® 2.5+0.1° 0.23+0.01* 0.71+0.04*®> 23.3+0.8°

1D 0.0£0.0Y 1.37£0.09° 10.8£0.5® 8.2%0.3® 2.51x0.17®® 2.6+0.2* 0.27%£0.03* 0.75=0.06* 21.5%+0.6
2D 5.0%0.07 1.14%0.10° 10.6+0.6™ 7.6+0.2® 2.18%0.15" 2.0+0.2> 0.2320.04® 0.65+0.06 23.6+0.7°
3D 53.5%14.8" 1.13£0.07* 7.7=0.3¢ 7.3%0.3°> 1.87%0.12° 0.9£0.3° 0.17+0.03" 0.45+0.08° 22.2+0.9°
5D 100.0+0.0* nd'™m nd nd nd nd nd nd nd

1D 0.0+0.0 1.34+0.05* 11.8+0.4* 8.5+0.2* 2.79+0.13* 2.8+0.1* 0.27+0.01* 0.77%0.01** 21.0%1.0%
2D 0.0+0.0¢ 1.32+£0.07° 11.2+0.5® 8.4+0.3" 2.58%0.17 2.7+0.1° 0.25%+0.02* 0.71%0.04* 21.5+0.9°
3D 0.00.0° 1.34x0.07* 10.0=0.3" 8.2+0.2% 2.42+0.10" 2.8+0.1* 0.26+0.01° 0.63=0.04* 21.7+0.9
5D 33.8%+6.9° 1.27+0.09° 9.2+0.7° 7.3+0.3" 1.98+0.12° 0.9+0.1° 0.23+0.02® 0.59+0.06> 21.7+0.8

"WA(+); water level at 2 cm above the ground, ?WA(-); water level at below the rhizome, *SDR; shoot damage rate, “SW; shoot weight, *RL;
root length, ®RD; root diamter, "RW; root weight, ®FRD; fine root development (0; none - 3; abundant), “SDW; shoot dry weight, "”RDW; root
dry weight, ""nd: the damage was so severe that it could not be investigated. Values are means + standard errors (n = 12 - 24). "Different letters
within a column are significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05).

WA(+)"

WA(_)Z)
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Table 3. Change of SPAD after waterlogging for different durations and water level.

Treatment Before WA Dr. 1d Dr. 8d Dr.¥ 12d Final
Control 32.0+0.6 31.2+1.3% 33.5+1.2° 30.5+0.0" 32.4+0.8°
1D7 30.8+1.8" 28.6+2.3" 28.9+0.0" 31.4+0.6™
2D 31.8+1.2% 29.4+1.0° 30.7+0.0" 31.5+0.9"
WA(_HU ab b b ab
3D 31.7+1.5 26.1+2.5 28.2x0.0 30.80.9
5D 28.1+1.7° 19.5+2.0° nd? nd
1D 32.7+1.6" 31.3+1.4° 33.6+0.0° 32.6+0.8°
WA 2D 34.7+1.4° 29.4x1.0" 30.3x0.0" 30.7x0.7%
3D 30.7+0.9% 31.3%1.0° 31.1+0.0" 31.420.5%
5D 32.7+1.3% 30.2+0.7% 28.6+0.0° 30.00.3

PWA(+); water level at 2 cm above the ground, WA(-); water level at below the rhizome during waterlogging, 'Dr.; day after drainage, “nd: the
damage was so severe that it could not be investigated. Values are means + standard errors (n = 5). "Different letters within a column are
significantly different by Duncan’s Multiple Range Test (DMRT, p < 0.05).

WA() 1 D77} 3249 32602 =43, WA(H) 3 I7¢)
WA() 1 477} 718 2kont 30.87 30.002 tizref &
zto] S HolX] YT} (Table 3).

o] JEFoRE JEL A e T3] gA B
EAolt} (Florez-Velasco et al, 2015; Fiorentini et al.,
2019). WA(+) 5 g9} o] IXE oloA]& AHf dE4A
AaTr FEERAT, HE AN G54 TR o)E Al
QJshH & Wsrt gtk o= WA A E
oA AU M JFe
FEiskA] ko Ao e
U Y5 st s 30] 7| o s A

elo] S-S ZARINS W WA®H) 5 I B )
7} @ol Xgdslo] T4 2hE F glAY TN Holld
T} (Fig. 10). &2 tix=77} 120 ecm 2 7P A= 3
T dFet F7F =245 A7 2 mm olEke] Al
root)°] Bo] AAx|e] el Aort FojESH, 4% A4
S A YeRE AAEQC) (Table 2 and Fig. 1C). 234
WA+ 3 A9 232
WA(-) 5 L7} South

2739 749 WA 1 479 WA 2 LollA] 82 mm =
gzTEg o, WAH) 3 479 WA() 5 9+ AS,
73 mz 7P WEked izt vt e F xkele §l
At} (Table 2).

252 2RI RRIE WA 1 977 7P =0} 2.79
£ 0.13 gollom, txTHT} =3UTh (Table 2). WA(H) 3
A9l WA(-) 5 U= ZH2F 187 + 0.12 g 1.98 = 0.12
g2 thET ti¥] 73.1%%}F 76.9%Itt. AXFE A5E
AR WA 1 771 7P =9kem, WA+ 3 o<}
WA(-) 5 477 7P woksd iz div] 242 63.4%,

77 mz2 7P SOk o ®
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83.0%33t}.
79 - By Z7pt doju= A7|Z, o] A7)

5 &
Aol Fasitt. dxte AE 717k
BoF FE 1 3] A b, WA 1 979 WAMH)
1 Y7 JAF 2EHEE AR Ego] i3] E& 5
afo] tizET) ] Hdiel] fefsiid o= AzbEr) o

Hlt)7lol] A 7Fe] 739 gl =] "k
Harel UdX|gtt (RDA, 2018).

A2 B &ollA i3 Rt S8 '8, 3
w27 A~A"ET St} (Reid and Petrie, 1991; Fujita et
al, 2021). B A% WA+ 3 D72 WA(-) 5 7=
Alze] ggto] EH3ltt (Table 2 and Fig. 1C). SAIHL
2 g7t 27t glAT WAH) 1 L7 WAQ) 2
AP E F o 7hs HZES U1} vlus) I3 g
ghek 43S 1Al

Azt AEw el #Agle] Mgkl xjol7t
(Table 2). 3lH77E Faigh Qs 2ARIGS wx

o

o
5

= e dHr AuolA 4SS Qb Wle] BRde) 1k
5|

i
p

s}
=

B 24} AN FHHOR TR 5 D57} 3 Y
g A&HAE W Fsh7t B FesEom, A5 £97}
We AT A% S Btk w19 -

g Age] FL Holglnh. ol W A4 B ABe
so] Aol Ego] HS Ao FHE} U] Rt
F5 A7t Basi,
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Fig. 2. Effects of waterlo&ging for the different durations and
water levels on the maximum quantum vyield (F,/F).
WA(+); water level at 2 cm above the ground, WA(-);
water level at below the rhizome during waterlogging,
Dr.; days after drainage, Con; control. Each point
represent means = standard errors (n = 5). "Different
letters at a certain time point are significantly different by
Duncan’s Multiple Range Test (DMRT, p < 0.05).
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(o)
£ 0.04 I ab >0 ab
- ab
(%)
0.02 A1 1p b
b
0.00 T T : . \
Before WA Dr.1d Dr.8d Dr.12d

(B)

o
i 19 & WA 5 979 F/F thx7ol Blsf o
stetetl ot 0.800 oo R FEsilon, e ATt
79k 2pol7F QAATH (Fig. 2). M= 7 4 F WA(+)
T F/Fp 05202 A GoFL WAH) 3 E7=
76002 7haEidith vl 14 4 Folle tiE2T7F 0.8200 2
7P =%e™ WA 3 L7k WA 3 €= 0.800 ©]3f
2 27k ol 212 BATH (p < 0.05). F/F2 2nk
Aoz vl 1 Y Fol ZG3AS WRrhs At Aol
3L iR ST (Fig. 2).

BEA T A2 oy 3 2Eg 2 gk EE A
B=m ol ofsf FAagithe Zlo] BAEATH (Smethurst
et al., 2005; Florez-Velasco et al., 2015; Betancourt-Osorio
et al., 2016; Fiorentini e al., 2019). Kim & (2015a)0] *
ARE QIste] M4 WHSoME JEA ¥ ko] AaE &
Zaided e A7 7I1elv 5 & ZAE A7
o] Fx wslt},
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Fig. 3. Effect of waterlogging for the different durations and water levels on the photosynthetic rate (Py; A, B) and stomatal
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errors (n = 4). "Different letters at a certain time point are significantly different

0.05).
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y Duncan’s Multiple Range Test (DMRT, p <



QI F== maHol ok

9 A= g W WA®+) 5 et o] Isli7h F5ig
757} opEh FUFg late] Huls) A= ALg-ep]ol
E olyriaL Akdnh siukshd AE#XS Ade Yol &
Tofele 2EHS s S 0R wgT 5 glofof 3
e, s 1Y Foll= WA 5 U7 FJF, W3} Zo] =
A kem, WA() 5 47 WA®H) 3 o749 A% <%
T AS A7k EHSAAT FF,e Tk IA] th2A)
ottt e ue M) 9FE F U ds e A%
7} Basitial dekdd

a
Hg
=]

Sl e e SN
33} 2ol B S4e

ZA
a3 2
Hlo o

S H3ih ko= wig
2polE WAL Al7ke] Aol wet a3
AT (Fig. 3A and 3B). Wi+ 1 & &
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A EFE= 0,058 prolm*s 2 Gl Aol A
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WA(-) 2 9 02 FgAo] st 3 d7F 445
B SEUF aska, Ag v 28E st
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o] xo} A A IEFHUARE AL Ao HT AL Al
=7 a2z 40.4%9F 42.7% T (Fig. 3A, 3B and
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=5

S

T 8 d Foll= F43] ozt thA] 3lEHe s B
At

B et SRR 2 93 FE UE AEE (g)
T 3 Sxof fARE Y-S B (Fig. 3C and 3D).
i 1 A F tiRe IR QlE 71E AEETF AE AR
o} 2A S7RelET ol dre] YFoE Bk WA() 1
A7t WA(H) 1 €, WAH) 2 d7% ti=79f Hsst 4

T2 37FIARE, WA() 2 g7 A A3 visssi] iz
T thH] 57.6%0 HEZT WA 3 €79 WAH) 3 9,
WA(-) 5 9T, WA 5 97 2% Ag ARTHE 7hhske
HAAZE Bk HE A A 7S AEEE WA 1 Y
T, WAMH) 2 d, WA | IF7F tix+ div] zhz)
82.2%, 77.5%, 76.7%% Thi Zasldom, WA+) 3 d+-9F
WA(-) 5 L 2H2 42.5%, 34.3%2 3l 2lo]2 BTt
(Fig. 3C, 3D and 4B).

e T (hydraulic conductance)s ZAA|A B
o] FREFY 7 Ar=EE ZA4AAIY (Aroca et al,

2012; Rasheed-Depardieu et al., 2015; Fujita et al., 2021).
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= 48 U By =
7% A} sk kst 59 0] A olFol
A A ol BY S= % BN, SRR 7

&3t} (Boyer, 1970; Ryu ef al., 1996).

B AFoME WA 3 L7 WA 3 I+, WA S
AT, WA(H) 5 47 SolMle 7IedEErt A A= & &
8] st CO,0l wwol dgslA %ot FHE HxE
GolHe o=z e 53] v 1 A Fole= ¢
) A=A FF T g2} A5 A7l 2
7F fReng, 7lgHAEEe} oY mE P S A
o)L WE=A = Fafl tht dSA =N L8t
Eof Helrt.

e HE ZAMIA HEZH (apoplasti] CO, % (C
7F thz7-¢} Blaste] 2 ztel7) glld AR 4S54 = 4
&, 98 ¥ e ToF WdE o (Fig. 4C and
4D), ThHE 99, = Fd 719 AR AR] &S el E
H 7} 9t} (Bansal and Srivastava, 2015; Ploschuk et al.,
2018).
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Fig. 4. Percentage of final (A) photosynthetic rate, (B) stomatal

conductance, (C) intercellular CO,, and (D) F,/F,, at
drainage after 12 d (A, B, C) and 13 d (D) of drainage
of waterlogging for different durations and water
depth. WA(+); water level at 2 cm above the ground,
WA(-); water level at below the rhizome during
waterlogging, Dr.; days after drainage, Con; control, D;
day or days of waterlogging, Values are means =
standard errors (n = 4 — 5). "Data with different letters on
the columns represent significant difference according to
the Duncan’s Multiple Range Test (DMRT, p < 0.05).
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