P VEY 4R 2023, 44(3): 578588
Chinese Journal of Tropical Crops

REAEEEMEREE KRR BT S BHOEMN

%, FTE, 4WE, hFH, AZF, TEW, EAR, K&L, BEW
PP 342G P P eI 4 SRR A0 T 530023

W OE: LRER-FEEWAEFEREAEY, HSAASBERYRNEA "M AS” W35, HTIALRRIER
%Eﬁﬁﬁ,Aiﬁﬁﬁ%&%gamﬁﬁktﬂo%ﬁ,xi%@ﬁ\m%\ﬂﬁﬁm%lhgm 28 Wi 2 A
RARRGE . AR S AR M G A, e E R e AL R R 2 i A KA PR A W L TR
TCHEAERRRT . AT RGR e A RV Y S, BT N T 2R b 2R e b R E S AT R R B IR . AN
TR . R TR]E R A R AL B, BRSO A5 A B X 4 IR i A R RN B AT A R, DU B5E S g A K A
AR I K B S, WFGR 25 SRR, pH o 6.0 19 H AR [l iU FR 0 S /K BE I B AR 78 R . DGR o A 25 51
, ANRVEFRWAMT, SRl frk A gt Shkm . v mhse . R B, Bk E R bk T S B IR ARG,
%%iﬁﬁi%iﬁﬁmﬁméxﬁﬁﬁﬁim%% FERSEIRIE R 20~30 °C, JESEH A KGR 10~14 h, SGHRERE
100 pmol/(m?-s) 5 F F, S is4h i A K&y, HREM B2 it 3%, & THA k.
KR KM KA SRR
hESES: S$567.237 MERARIRAD: A

Effects of Different Hydroponic Conditions on the Growth and Total
Saponin Accumulation of Gynostemma pentaphyllum
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Abstract: Gynostemma pentaphyllum is an important medicine-food homology plant. It enjoys the reputation of ‘Southern
ginseng’ as it contains compounds of ginsenosides. As wild resources of G. pentaphyllum depleted gradually, artificial in-
troduction and cultivation of G. pentaphyllum has become an inevitable trend. However, due to soil irrigation, fertilization,
and pesticide use, problems such as unstable quality of medicinal materials and excessive heavy metal content in G pen-
taphyllum occur from time to time, which seriously affects its standardized cultivation and the quality and safety of me-
dicinal materials. Hydroponic production has the advantages of short cycle, high yield, no continuous cropping obstacles,
and can effectively avoid heavy metal pollution, so it is widely used in the production of various Chinese medicinal mate-
rials. In this study, G pentaphyllum seedlings were treated with different nutrient solution, temperature, light intensity
and photoperiod. After that, growth characteristics and accumulation of total saponins of G. pentaphyllum were examined
to obtain the most suitable hydroponics conditions, and thus provide reference and technical support for the large-scale
production and organic cultivation of G pentaphyllum. The results showed that Japanese Yamzaki formula with pH value
6.0 was the best nutrient solution for hydroponics of G pentaphyllum. Correlation analysis showed that under different
nutrient solution conditions, the total saponin content of single plant was highly positively correlated with plant height, leaf
length, leaf width, number of leaves, fresh weight per plant and dry weight per plant, indicating that the cultivation of
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high-biomass plants was the key of the cultivation of high-quality plants of G. pentaphyllum. Under variable temperature of
20 to 30 C, photoperiod of 10 to 14 hours of light per day, and light intensity of 100 pmol/(m’s), seedlings of G. pen-
taphyllum grew well and the total saponin content of the dry samples exceeded 3%, which was higher than the existing
standards. This study would provide a scientific basis for the realization of double precise control of production and quality
of G. pentaphyllum, and lay the foundation for the future research on large-scale production and quality standards of it.
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Tab. 1 Formula of four different nutrient solutions mg/L
o % %R Hoagland A 15§ H AR el i AR AR E ISR A
o Modified Hoagland Japanese Yamzaki  Japanese Garden for- South China Agricultural University
No. Salt
formula formula mula formula A for leafy vegetables
1 Ca(NOs),-4H,0 945 236 945
2 KNO; 607 404 809 322
3 KH,PO, 150
4 MgSO,4:7H,0 493 123 493 150
5 NH4H,PO, 115 57 153
6 CaS0,4-2H,0 750

x2 EFRERNELTREREA (FEFRKER)

Tab. 2 Common formula for nutrient micronutrient

(for each nutrient solution) mg/L
A
[E=) ko Y& JLE
No Compound Compound content Element content
' in nutrient in nutrient
solution solution

1 EDTA-NaFe(%#k 14%) 30.0 5.60
2 H;BO; 2.86 0.50
3 MnSO,-4H,0 2.13 0.50
4 ZnS0O,-7TH,0 0.22 0.05
5 CuS0,-5H,0 0.08 0.02
6 (NH4)6M07024 4H20 0.02 0.01

100 pmol/(m*s). 3856 200 pmol/(m?-s)] 514 Y
XTSRS, JERBISC TR A 25 °C, O
SRIE K 100 pmol/(m?s); SGHRSZIy R 41 K
25°C, JCJEMINER 12 hOBI/12 h 2BEE . AAk
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Tab. 3 Growth indexes of G. pentaphyllum under different
nutrient solution conditions

o, M . i .

G BT o P E3 il R

No Mortality 7 Plant Stem diame- Root
T rate/% Wilting height/cm ter/mm length/cm

rate/%

CK 0° o' 3.99+0.17° 1.51£0.07%" 4.23+0.37°
H, 8° 8¢ 4.60+0.56° 1.98+0.18"  6.05+0.54¢
H; 0° 4° 17.29+0.74° 1.79+0.16"° 5.74+0.75¢

Hy 24° 44°  4.2140.59° 1.71+0.15°¢ 4.63+0.28°

Se 12° 56" 4.02+0.28° 1.66+0.10"¢ 6.23+0.68°

S 0° 0f  14.03£0.69° 1.78+0.12" 7.79+0.68°
Ss 0° 8¢ 17.51£0.73° 1.60£0.06°* 9.66+0.45°
Ys 0° 0" 22.03£1.03* 1.79+0.07" 7.82+0.72°
Y; 49 0" 16.44+0.68" 1.64+0.14™% 577+0.55
Ys 49 8¢ 5.53+0.46° 1.36£0.07"  5.24+0.35%
As 0° 8¢ 18.68+0.61° 1.85+0.09" 10.45+0.57°
A, 0° 0" 17.04+0.54° 1.80+0.15" 12.44+0.76
Ag 0° 12° 10.17+0.83% 1.44+0.05°" 10.12+0.20°

s FSNEEE G AR NG FREFRIR AL PR 25 57 2 (P<0.05) .
Note: Different lowercase letters after the same column of data
indicate significant difference (P<0.05).

HE% 4 TRAE T, T O BRZE A - A 58
/N, A5 2.94 cm il 3.25 cm. i AN [E S 57
WIATH TR, Bk He. Hg M1 Se 2 4b, HJuT i (¢
P AR, o, A BB SR
Bk, PN 4.98 cm; Al Hy IRZ o Sy AbHE
R LR M Fr fe e, XIS 6.35 cm; Hy A Y,
W2 o ANAVE FRIAL PG W R Bed A 7E B 2 22 5
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Tab. 4 Leaf growth of G. pentaphyllum under different
nutrient solution conditions

g NN it i %
No. Leaf length Leaf width Number of
/cm /em leaves
CK 2.94+0.11° 3.25+0.10° 5.60+0.22°
Hs 3.06+0.17° 3.74+0.31° 4.90+0.43°"
H, 4.71£0.18"°  5.98+0.21® 9.80+0.49™*
Hy 2.97+0.20° 3.97+0.20% 4.20+0.39°
Se 2.87+0.16° 3.78+0.23¢ 4.40+0.31"
S; 4.65+0.19™ 6.35+0.15° 9.00+0.52%¢
Sg 4.5420.16™ 5.86+0.16° 10.00£0.63™
Ys 4.45+0.15° 5.74+0.25% 10.70£0.73"
Y, 4.44£0.18° 5.96+0.29" 10.00£0.39
Yy 3.52+0.18¢ 4.33+0.29¢ 8.30£0.63¢
As 4.85+0.17" 5.65+0.23% 9.90+0.55"°
A, 4.98+0.18" 5.36+0.27° 10.70£0.65°
Ag 4.65+0.20™ 5.43+0.24° 9.30+0.45"

s FFNEEE G AR NG RSN AL B R 25 5 B 2 (P<0.05) .
Note: Different lowercase letters after the same column of data
indicate significant difference (P<0.05).

M#E 5 WAL, 5XEMEL, PR He. Hg

FI1Se A1, HARE I W 3 0 25 46 v S0 IR fif o FD T
B H, Y B FRIAL B A 28 B i AR fif PR
T ERK, FYEDH R 1849.63 mg A
136.97 mg; A; HEFRMIKZ, S7. Ss. Y7. Ag
Ag BEFIFE 1500 mg PL L, T EHIFE 100 mg LU
o He. Hg Ml S¢ ¥ FRMAL B 1 28 B i 5N,
H He AbBEAY BARREE R | Se A1 Hg A0 BE Ay B ff B
AT E T XTI, R 3 R IR ioAmF
FL B EDE R,
212 AR ERRMNSKEEDGHZE N GF R
MK T RTLVE Y, NS IR SR 5 T 2RE
MRRIE 2R 0. Hh, Yo FRmMERiEMR
ARG Ty, DU A J55E B 3K 139.06 mg/(g-h);
HWKH S7. Yso A7 Fl Ag A0, O M IR 5588 i
TE 90 mg/(g-h)LA s T Se. Sy ARG LML AR &R
6 1A, 4359k 23.98 mg/(g-h) 1 33.65 mg/(g-h),
IR T X
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Tab. 5 Weight index of G. pentaphyllum under different

nutrient solution conditions mg

5 Bk ficf Kk T E

No. Fresh weight per plant Dry weight per plant
CK 370.03+11.10" 33.72+1.01"

He 342.52+10.28" 34.05+1.02"

H, 815.18+24.46" 95.06+2.85"

Hy 184.14+5.52) 18.36+0.55

Se 266.29+7.99' 30.66+0.92"

S, 1598.82+47.96° 117.45+3.52¢

Sg 1515.68+45.47° 107.26+3.22°

Yo 1849.63+55.49° 136.97+4.11°

Y; 1585.02+47.55% 119.42+3.58%

Yy 732.12+21.968 49.75+1.49¢

Ag 1644.50+49.33° 123.11+3.69°

A, 1784.05+53.52° 129.43+3.88"

Ag 1525.70+45.77% 103.72+3.11°

1 AR A A /NG SRR R Ab 2R R 22 5 i #( P<0.05 ),
Note: Different lowercase letters after the same column of data
indicate significant difference (P<0.05).
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CK He H; Hy S¢ S; Ss Y¢ Y; Ys Ag A; Ay
JKBEALFH Nutrient solution conditions
AFNG FREFRRAL R 22 5 W 3 (P<0.05) .

Different lowercase letters indicate significant difference among
treatments (P<0.05).

1 AEAERREFREZFHETERERREN
Fig. 1 Root activity of G. pentaphyllum under different
nutrient solution conditions

213 RARABRRSEBEELLHRENH A
ME 2A FTRVE W, AAE SR AL B 5 g B iE
SR ERER WAKEFRNGRE (CK) &
B E R 1.73%, 1 He. Hy. Yo AbPRIS 2R
MBI RN 2.00%, HA 2L Hy A0 H ) R
W ERE, N 240%. A, ZbBRM R & &
FART XTI AR PR S R e S X IR TG B
PE2E R . W TN [AE TR A 385 20 Bk bk 1

FAFEI o 22 5, PR OO 28 I s PR PR S B T A A T
TIFE . WK 2B ATHL, Y Ab B 4 Bk
BAF AR, 15 3.03 mg, W s T A, H
WH Hyo S Y7 H1 Ag 23R, Ho bk BB TR
2 mg UL, WEKXHE (CK). Hg. Hg. Se M Yg
Ab PR S BR SR R RIR, BT 1 mg.

- A

w

cd cod

(=2
&
T He
e

def def

B

TREG MR

Total saponin content in dry samples/%

PR

CK H¢ H; Hg S¢ S; Sg Ys A

JK 3% AL 3 Nutrient solution conditions

fg &= L
ﬂ sl ] 8
CK H¢ H; Hs Aq

Bk R BT R
Total saponin content in individual plant/mg
[\S)
T

7K 3% 4 FH Nutrient solution conditions
ANEVINE FhEFR R AL B ] 25 57 B 3 (P<0.05) .

Different lowercase letters indicate significant difference among
treatments (P<0.05).

B2 AREFRREFRFHTERETHEREEERE
REKBREFE
Fig. 2 Total saponin content in dry samples and total
saponin content in individual plant of G. pentaphyllum under
different nutrient solution conditions

XD FR AR AT AR SR BT R B, B iE
IR/ MU = /= N L SO o N L 0 3 G <
PREEHE . PR T8 S B IEA O (MCRBKT
0.9, P<0.01) (£ 6 ), Kk, FEL MK
B T e A A R AR AR R I T T B A R 1 G
L XK R A KA . SR
W Z R ATER G 4, A pH o 6.0 B H
A Pel 3 IR VR R S A i 2 R AR K S BB R Y
AR R, BB P RS IR
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Tab. 6 Correlation analysis of G. pentaphyllum under different nutrient solution conditions
J6h% bR EETT R KR £Vl R SN 5 MRE RS RREEE AR TE
Index Total saponin Plfmt ‘Stem Root Leaf Lgaf Number of qut Frc;sh D'ry
content height diameter  length length width leaves activity weight weight

HR R 1 0.961"  0.256 0.562" 0.907" 0.925"  0.9217 0.551 0.910™ 0.967"
PR 0.9617 1 0.326 0.594" 0.8917 0.884™  0.914” 0.421 0.871" 0.940™
el 0.256 0.326 1 0.191 0.160 0.178 0.047 —0.0032 0.092 0.196
i8N 0.562" 0.594"  0.191 1 0.742" 0.541 0.626" 0.199 0.757" 0.711"
RN 0.907" 0.891"  0.160 0.742" 1 0.929"  0.936” 0.433 0.910™ 0.952"
-5 0.925™ 0.884™  0.178 0.541 0.929™ 1 0.860™ 0.396 0.854" 0.909"
R 0.9217 0.914™  0.047 0.626" 0.936™ 0.860" 1 0.555" 0.911" 0.946"
LI ESEP)] 0.551 0421  —0.032 0.199 0.433 0.396 0.555" 1 0.541 0.523
B R 0.910™ 0.871"  0.092 0.757" 0.910™ 0.854™  0.911™ 0.541 1 0.975"
Bk 0.967" 0.940™  0.196 0.711" 0.952"  0.909"  0.946" 0.523 0.975" 1

e TR BEMIE (P<0.05) , TERPEEEMHL (P<0.01) ,

Note: " indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).

22 ARAXBEFENEHRELEIKREZETR
= 0b- Al
221 ARREABMMSUBEEAEARAELHFRREDY
e A IR B I R b S R 2 O R AR
PSR, JF R T O6JR A J REsm BE T L S0 . B
LT AILIE S, OEAER 8 h /16 h R
MER, S bk AR, (IR i
mTE L IR R, R E R T E Y BT
HAb G AL B, 10 h SEHE/14 h BAKE . 12 h 1R
/12 h BB 14 h YERE/10 h ZEIGS 3 ol 8 09 4k 2 %ok
GMEMR R . 22 R K mEsE L iR AR
PR G H e SRR T TG R PR

X TR T S B S EE, KU
8h JelR/l6h BEmFA B B BT &&= FHH
2.3%; 10h YEHE/14 h BAHE . 12 h OB IR/12 h 2ERE
14 h JGHE/10 h SRS A R 28 B 0 T4 o b s i
L 4.0%LL ., HASAbBE G B # 2

5 (B 3A ). Nk S5 1A, 10 h /14 h
F . 12 h EHE/12 h JRIE . 14 h JEHR/10 h JBEE 3
PG E AL B &7 T 8 h JEME/16 h SBESALFE
(E 3B), Kb, SRR A KSR HE B
SR BRI 10~14 ho

222 FRAABREMZBEARALLFRE
e RS ATLIE N, SRR X 2 s
KA B EMES . 7E 20 umol/(m?-s)F1 100 pmol/
(m>s) &M T, LR, “HEZELRE
PEZES ., R AR, i s, A
PRRAE K bR T EORE, LA 100 pmol/(m®-s)ih
PREL R, W 100 pmol/(m? )il A LK iE A=Y
A, MK 4A TTRLE N, SRR BEXT 2R
TR B R RO E R . ARk R
HHA, V100 pmol/(m*s)bFiim, HEES
F 20 pmol/(m?-s)H1 200 wmol/(m?-s)H G IRALFL
(4B ),

RT7T ARXEABEFHTRRENEKIER
Tab. 7 Growth index of G pentaphyllum under different photoperiod

AhFE B eyl MRS RN -5 R4 bk E Bk TE
Treatment Plant Stem diame- Root Leaf Leaf Number of Fresh Dry
height/cm ter/mm length/cm length/cm width/cm leaves weight/mg weight/mg
8h JEME/16 h M 22.03+1.03*  1.79£0.07°  7.82+0.72° 4.45+0.15°  5.74+0.25" 10.70+0.73" 1849.63+55.49° 136.97+4.11°
10 h GIE/14 h JBEE  20.24+0.59°  1.53£0.14°  12.33£0.44* 6.12£0.25"  5.94+0.12" 17.15+1.36" 4377452.62" 298.40+10.54°
12 h)6HE/12 h JBEE 20.09+1.21°  1.56£0.07° 12.26£0.54* 6.63+0.21°  6.05+0.20" 17.57+1.68" 4578+54.30" 307.73+13.44°
14 hOGME/10 h SBEE 19.97£0.62°  1.50£0.22°  12.34+0.12°  6.61+0.46"  5.99£0.31° 17.71£2.06"  4468+55.83" 309.37+11.47°

T FSEER G AN 5 B3R m A PR 22 5 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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Fig. 3 Total saponin content in dry samples and total saponin content in individual plant of G. pentaphyllum

under different Photoperiod

* 8 AENHEE TRRENEKIER
Tab. 8 Growth index of G. pentaphyllum under different light intensity

bk
Fresh
weight/mg

el L3S RS 58 AR
Stem diame- Root Leaf Leaf Number of
ter/mm length/cm length/cm width/cm leaves

B
Plant
height/cm

JERR AL B
Light treatment/
(umol-m?-s™)

R TE
Dry weight/mg

3585+53.22°
4578+54.30°
3756+58.76°

1.23£0.05°  10.74+0.53°  4.14+0.36°  5.80+0.14° 16.70+2.33°
1.56+0.07° 12.26+0.54" 6.63+£0.21°  6.05+0.20° 17.57+1.68"
1.20£0.11°  11.37+0.32°  6.58+0.31*  5.74+0.20° 15.30+2.47°

20 21.06+1.04*
100 20.09+1.21*
200 14.17+1.44°

240.13+14.83°
307.73+13.44°
253.57+12.56"

T FSEER G AN 5 B3R m A PR 22 5 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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ARG SFE R R AR PR 22 5 .3 (P<0.05)
Different lowercase letters indicate significant difference among treatments (P<0.05).
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Fig. 4 Total saponin content in dry samples and total saponin content in individual plant of G. pentaphyllum

under different Light intensity
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F130 °C ), L 25 CHI 30 CAb B A2 B s bR
PARREE MR TR S ERIRAMET, 20°C
/30 “C7AZ i Ab B 4 W Bk R L ARG L I R

B, NERTEE LA (B SA), LL20 T,

25 °C . 30 ‘C. 15 °C/25 ‘CHI 20 C/30 ‘CREHE &,
Hr 20 'C/30 CbFR AR, 35 5.26%. MR
HkFE (K 5B), VL 20 C/30 CRbPREE, A
16.96 mg, LA QM A K A RUR BRSO,
AN 20 C/30 CIEL i /KB 1 el T o
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Tab. 9 Growth index of G pentaphyllum under different temperatures

qb g PR =M (SIS RN 5 A PRk i bk T
Treatment Plant Stem diame- Root Leaf 'Leaf Number of Fresh .Dry
height/cm ter/mm length/cm length/cm width/cm leaves weigh/mg weight/mg
15°¢C 9.00£0.41°  1.65+0.07° 6.47+0.74° 5.96+0.28°  5.47+0.22°  10.50£0.70°  1837.6+14.92% 114.57+9.44°
20 C 11.44£1.39°  1.47+0.07° 10.83+1.89®®  7.39+0.26°  6.94+0.25°  9.10+0.84° 2224.4+22.71° 186.18+10.36°
25°C 21.06+1.04* 1.23£0.05°  10.74+0.53° 4.14£0.36°  5.80+0.14°  16.70+2.33°  3585+53.22°  240.13+14.83°
30 C 20.12+2.79* 1.40+0.09¢ 9.12£0.56™  5.98+0.32°0  5.48+0.29°  17.40+2.08" 3461.2+36.85° 287.48+5.63"
15°C/25°C 10.56x1.26°  1.90+0.10° 9.36£0.83™  6.5120.24°  5.77+0.26°  7.80+0.95° 2434+£44.32°  205.22+14.89"
20 °C/30 °C 21.21£1.79°  1.6120.08>  12.38+0.61° 6.79+0.22°  6.22+0.25° 18.30+1.54"  4790+69.40°  322.47+15.37°

TE: FFEER G AR/ NG 5 R R AL B 22 53 B 3% (P<0.05)

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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Different lowercase letters indicate significant difference among treatments (P<0.05).
5 TREBESFHTERRETHEREEFREREKRIAETE
Fig. 5 Total saponin content in dry samples and total saponin content in individual plant of G. pentaphyllum under
different temperatures
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