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ABSTRACT

Background: Abrupt temperature decline to freezing temperature in late spring results in severe
damage to ginseng. Here we artificially applied freezing stress on ginseng and investigated the
damage effects on its growth and saponin contents.

Methods and Results: Freezing stress was applied on 2-year-old ginseng in the pots or 3-year-old
ginseng in the field. After 1 month of freezing treatment, the damage degree of the shoot was eval-
uated as ‘dead’, ‘damage > 50%’, ‘damage < 50%’, and ‘healthy’. Roots were harvested after 4
months, and the growth properties were examined according to the shoot damage degree. In both
experiments, there was a clear difference in root length, root diameter, and root weight in the order
of shoot damage degree. The correlation coefficient between plant height and root weight was
0.979, and the regression model was obtained as Y = 0.5211 x "%%X where Y is root weight and
X is shoot length (R? = 0.9947). Total saponin content was the highest in ‘healthy’.

Conclusions: Freezing stress in the early stage of ginseng had significant effect on root growth
according to the remaining leaf area. We assume that these results will help evaluating the damage
caused by freezing stress.

Key Words: Panax ginseng C. A. Meyer, Abnormal Climate Change, Damage Degree, Freezing
Damage, Late Spring, Saponin
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Fig. 2. Growth of 3 year-old

>50%

inseng after freezing treatment by ice-contact. (A) shoots after 1 weeks of freezing treatment, and (B)

roots after 4 months ogfreezing treatment. Numbers in the pictures are the damage degree. 1; Dead, 2; damage > 50%, 3;.

damage < 50%, 4; control.
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A4 HEle] FAeAtel= 42 Re, Rgl, Rf, Rbl,
Rg2, Rhl, Rc, Rb2, Rb3, RdS ZAlEA oW, REEFLS
ChromaDex (Irvine, CA, USA}Fe] AFS ARSI T

AN Aol = BAS S8 A4 B AlE 02 goll 70%
MeOH 2 m & #7islal 2 &3kst & 50T 30 & <t

2597 &3 5 4T, 13,000 rpmelA 15 £7F 94157
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C18 cartridgeE ©]&3tod HAZ F FZF2NL 045 /m

membrane filter2 ©]3}3fo] EXAE 2 ARSSIAY (Kim er
al,, 2010).
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Fig. 3. Degree of fine root development in ginseng root. 0; None, 1; little, 2; some, 3; plenty. The pictures of the 2-year-old ginseng
are presented because it shows a clear difference in fine root development than 3-year-old ginseng.

mé/min - 0.8 mé/min, ¥ == 50C, UV @E719 o3
< 203 nmE sRem A4S 3 column Halo RP-
amide column (4.6 mm x 150 mm, 2.7 pm, Thermo Fisher
Scientific Inc., Wilmington DC, USA)S ARE-3ISTH (Yu et
al., 2018).
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AF=Z A Hof 2ol TS
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Table 1. Growth properties of 2-year-old ginseng after freezing treatment.
Plant length Stem length Leaf length

Root length  Root diameter ~ Root weight

Damage degree (cm) (cm) (cm) SPAD (cm) (mm) ©
Dead nd” nd nd nd 9.8+0.5¢ 4.6+0.1¢ 0.69+0.02¢
> 50% 8.4+0.6° 2.9+0.2¢ 3.4+0.3¢ 24 4+1.9% 13.9+0.7¢ 4.8+0.1¢ 0.80=0.04¢
< 50% 12.0+0.8" 4.5+0.5" 4.5+0.2° 24.7+1.0° 16.1=1.4° 5.2+0.2° 1.21+0.08"
Healthy 16.6+0.5 6.8+0.2° 5.8+0.2° 21.3+0.6" 19.0+0.6 6.2+0.2° 1.84+0.07°
Control 17.6+0.32 7.2+0.22 5.8+0.1° 22.6+0.5% 18.6+0.6° 6.2+0.1 1.95+0.06

nd; not determined for the death. Data are means of = SE (n = 12 — 30). "Means within a column followed by the same letters are not
significantly different based on Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 2. Growth properties of 3-year-old ginseng after 4 months of freezing treatment by ice contact.
Plant length Stem length Leaf length

Root length  Root diameter ~ Root weight

Damage degree (cm) (cm) (cm) SPAD (cm) (mm) @
Dead nd” nd nd nd 16.1+0.7¢ 8.7+0.2¢ 3.1+0.2¢
> 50% 28.9+1.3b 14.2+0.7° 9.3+0.6" 34.7+0.6% 18.5=0.7° 10.5+0.4¢ 5.4+0.6°
< 50% 39.3+0.9° 19.5+0.7 12.7+0.3 32.2+0.5" 24.0+0.6 14.2+0.3" 11.8+0.5"
Control 40.7+1.2° 20.2+0.9 13.2+0.42 31.5+0.6" 23.7+1.0°7 16.1+0.5 14.3+0.9

nd; not determined for the death. Data are means of = SE (n = 27 — 45). "Means within a column followed by the same letters are not
significantly different based on Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 3. Growth properties of 3-year-old ginseng after 4 months of freezing treatment by cold-airflow from dry ice.
Plant length Stem length Leaf length

Rootlength  Root diameter ~ Root weight

Damage degree (cm) (cm) (cm) SPAD (cm) (mm) ©
Dead nd" nd nd nd 16.4+0.7¢ 8.4+0.2¢ 3.0+0.1¢
> 50% 25.2+1.7¢ 14.1+1 .4 6.4+0.6° 35.5+1.9? 20.5+1.3b 9.2+0.6° 4.2+0.9°
< 50% 34.2+1.4° 17.1+1.0° 11.0+0.6" 33.4+1.3% 19.5+1.3%® 12.3+0.6" 8.0+1.0
Healthy 38.5+1.1%  19.1x0.7%® 12303 32.0%0.6" 23.0+0.8 13.9+0.4° 11.9+0.8°
Control 39.6+1.12 20.1+0.6 12.9+0.3 28.9+0.5¢ 22.8+0.7% 14.4+0.3 12.6+0.6

nd; not determined for the death. Data are means of + SE (n = 6 — 40). "Means within a column followed by the same letters are not
significantly different based on Duncan’s Multiple Range Test (DMRT, p < 0.05).

AR Aslr] ojEsleornz A M= A% JAREY Table 4. Effects of freezing stress on the development of root

v AR ks e AT WU 50% tTko|L} 50% o)A system of ginseng.

3= AA BT (Table 3). Damage Number of secondary roots Fine root
FAAE T IE|=rt 45 24 AAE FolR| A, degree  |Lateral root  Side root Stolon 0-3)"

SPADE Z7lslaEd], Ssts 24, A4, 9] U7} Dead 1.7+0.1°  1.6+0.3* 0.1+0.1° 1.9+0.2°

2 2Jo)7} QYA SPADE Z715HAT) A|ahie] Lo 3 >50%  1.8+04® 13x0.5° 0.2%02" 2.3x02%

< 50% 2.1+0.1*  3.1+0.3*% 1.5+0.2° 2.8%0.1°

sl mlefste] 2 aoihtﬂ AP 50% ol AT, Healthy ~ 21%0.1° 3.5+04° 09+0.1° 2.7+0.1°

50% vl SSh, FEpe] 2% dETek viatslel A2 o 50501 415040 132010 26+0.1°
0 0 0 0 =] Wyt

24.3%, 33.8%, 63. 3A” :LE]J" 94.8% 0. 22252l W 9 YFine root; development of fine roots was scored from 0 (none) to 3

Al A el QS WkETl, 2 (side rooty?t T (plenty). Freezing stress was applied using cold-airflow from the dry

e 50% wlek S8l e} 50% o)A sl Alele] X ice. "Means within a column followed by the same letters are not
(stolon 50% PIRE ST 50% ol ST Apelel A significantly different based on Duncan’s Multiple Range Test (DMRT,

o|7} F2lsIth (p < 0.05) (Table 4). p < 0.05)
4. =4 Tloll elele] X[GHE AEEUY &bt

AEY HES W7 A A3 14 HefelM 2ALsE njuk ga)t £ 2 Zbzt 2.05%, 1.81%, 1.40%, 1.38%Ich
o} SFALEY e E P AEE /)2 231%% /FF = (Table 5).
gon, oo ® T, JARE, 50% ol ek 50% 7JE H=EE= RBI, Re, Rb2, Rb3, Rd, Rgl, Rh17} 4%
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Table 5. Ginsenoside composition in the roots of freeze-damaged 3-year-old ginseng. Freezing stress was applied using cold-airflow from

the dry ice.

Damage Panaxadiol (PD)

Total”

Panaxatriol (PT)
PD/PT?

rate Rb1 Rc Rb2 Rb3 Rd

Re Rgl Rf Rg2 R

(mg/g dry weight)

1. Dead

18.120.9° 3.69%0.26° 2.41+0.17° 2.26+0.14" 0.34+0.02° 0.61+0.03¢ 5.13£0.20" 2.48+0.13" 0.52+0.04° 0.67%0.05* 0.03=0.00° 1.05+0.05"

2.>50% 13.8+1.07 2.58+0.22° 1.78+0.17° 1.83+0.15¢ 0.28+0.02° 0.72+0.07¢ 3.60+0.28° 2.09+0.20° 0.43+0.04° 0.47+0.04" 0.02+0.00° 1.09+0.04°
3.<50% 1452119 2.76+0.27° 1.91+0.17° 2.03+0.179 0.29+0.03° 1.00+0.08° 2.59=0.15° 2.60+0.20° 0.92+0.06° 0.34+0.03° 0.02+0.00° 1.23+0.03
4. Healthy 23.1+0.9" 4.57+0.30" 3.04+0.20° 3.18+0.20° 042+0.02" 1.74+0.10° 3.7420.18" 4.79£0.17 1.09+0.10° 0.48+0.04° 0.07+0.01° 1.27+0.10°

Control

20.5+0.3" 3.78=0.11° 2.50+0.06" 2.33+0.04> 0.30£0.01° 1.21+0.04° 3.95+0.19" 4.85+0.37" 1.13+0.04* 0.43=0.00" 0.03=0.00° 0.98+0.07"

"Total; the sum off 10 kinds of ginsenoside presented in table,

2PD/PT; ratio of PD and PT. Data are means = SD obtained from three analytical repetition.

‘Means within a column followed by the same letters are not significantly different based on Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 6. Correlation coefficients between growth characteristics of freeze-damaged 3-year-old ginseng. Means of dead samples were

excluded because shoot data were missing.

Trait PHY SL? LLY SPAD RLY RD” RW?
PH 1 0.984™" 0.985™ -0.866" 0.804" 0.979™ 0.979™
SL 1 0.943" -0.891 0.867 0.969™ 0.983™"
LL 1 -0.849° 0.703 0.958™ 0.942”

SPAD 1 -0.684 -0.832° -0.860°
RL 1 0.900™ 0.9217
RD 1 0.994™"

FRW 1

YPH; plant height, #SL; shoot length, LL; leaf length, ARL; root length, ° 'RD; rootdlameter 'RW; root weight. Correlation was analyzed by SAS

Enterprlse Guide v7.13 and are 5|gn|f|cant at ‘p < 0.05,

TolA 7P =heH, Rest Re2e JLAIA 7P =30t
Panaxadiol?} panaxatriol®] H]& (PD/PT)S ¥Z279} 50% ©]
A Fe 7t Z4zE 1273 1.232F panaxadiol AlE°] O =
Yo, JARE, 50% °1d a7, thET7F 242 1.05, 1.09,
0.98% A= H|Z=at3dTh.

1Ak Fopd, Al Ay, A7), Auied Sl w
2 AR @] Ao} dir. BEQ FARCRs A2l A}
x4 ghego] =31, 3 X2 PDPT/F =4 (Lee ef al.,
1978; Eo et al., 2018; Chen et al., 2019).

Eg A Al o5 ALY §F L ALY B Ba
S A HEE SUlske AoE 4#A Tk (Oh et dl,
2014; Jiang et al., 2016; Zhang et al., 2021).

2 ArelMe et Al ggel 7P w3kt A
o Fgoz Amd FHol TS Qo F=
®50% vIRE st 50% o1 delTe
WE I AR vt A FHo)
o, A2 R A2 gk A 0

T AR F5EH

5. KIS M} Kol MR0| Az
Sal BAo] Z55 APRsh AP Yol B Hhsd
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‘p < 0.01 and “p < 0.001, respectively.

| o : 2
o] AAAAE AT (p < 0.01).
& 27 7378l dhall AT 22 0.804, 0.8675
YERI=E (p < 0.05) 9730l tisire Aa=r o Wk
=3 b (SPAD)YS A ASa Aehy S 25
of thal o] FAAATE JAF =AU} (p < 0.05) (Table 6).
Table 67 7o) Q14te] A% g @47kl AaaA7} =
& A wg- o]H A Adpetar AzbEnh Ao s
3k Qlate] 2w 2 lle Y= AdaATE ¥4
gk ol 22 e, o5 59 Kim 5 (2012)9] AollA
=4, 4%, 983 IEele AT 22 045, 0.54,
0.48°|30t}. 1eu B 71 37elA A el Aok A
o] Aate AejollME A EE G 2Ele AuAS
7F 22t 0708 B2 0.9072 3 174]7} + 4 w7 94+
ATt Mork ef al., 1981). ol& 2EHZA slollA A&o] A
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Table 7. Regression equation of root weight extracted from aerial growth characteristics.

) Power
Trait - 5 - 2
Equation R p Equation R p
PH" Y = 0.630X-12.403 0.9575 0.0001 Y = 0.521 x %08 0.9900 <0.0001
SL? Y = 1.420%X-15.467 0.9663 <0.0001 Y = 0.437xe""7 0.9755 <0.00071
LL? Y = 1.478X-6.697 0.8881 0.0015 Y = 0.780xe%21°X 0.9688 <0.0001
DPH; plant height, ¥SL; shoot length, JLL; leaf length
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Fig. 4. Relation between plant height and root weight. (A) Regression model of 3 year-old ginseng that treated freezing stress by cold-

Plant height (cm)

airstream using simple linear regression or exponential regression. Observed vs estimated value of root weight (= 0.5211 x
e 086%) “wheare X is plant height. Observed data were used from the Table 2 (B), 3 (C), 4 (D).

293l t} (Table 7 and Fig. 4A). & <
0.5211 x e*806=20] Shpam) v =

o} (R2= 0.9900, p < 0.0001).
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