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Nutrient absorption of Sinopodophyllum Hexandrum and its relationship
with the accumulation of medicinal components
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GAO Sufang, WANG Huizhen, ZENG Cuiyun
(College of Pharmacy, Gansu University of Chinese Medicine, Lanzhou, Gansu 730000, China)

Abstract; The changes of agronomic traits, dry matter accumulation, nutrient elements, and medicinal com-
ponents of Sinopodophyllum hexandrum were studied to clarify the nutrient absorption law of S. hexandrum and its
relationship with the accumulation of medicinal components. Taking 3-year-old S. hexandrum as the research
object, the agronomic traits, dry matter accumulation, nutrient elements, and four kinds of medicinal components
in roots were determined at different growth stages. The results showed that, (1) The agronomic traits of S. hexan-
drum showed an increasing trend with the growth period, and the dry matter accumulation showed a ¢ slow-fast-

slow’ rule with the growth period. (2) The demand for nitrogen and potassium fertilizer was large during the growth
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period, and the accumulation of 11 nutrient elements was in the order of nitrogen > potassium > calcium > phos-
phorus > magnesium > iron > sulfur > manganese > boron > zinc > copper. The accumulation of nitrogen, phos-
phorus, and potassium in the aboveground and underground parts reached a high level at 150 days after emergence.
(3) The changes of podophyllotoxin, quercetin, and kaempferol accumulation in roots were basically the same,
showing a trend of increasing first, then leveling off, and then increasing. The accumulation of 4’-demethylpodo-
phyllotoxin increased first and then stabilized. The accumulation of the above four kinds of pharmacodynamic com-
ponents reached the maximum value ( P<0.05), which was 130.79, 3.16, 4.37 mg, and 4.30 mg per plant, re-
spectively. (4) Nitrogen, phosphorus, potassium, and boron promoted the accumulation of effective components.
Nitrogen, potassium, and boron were significantly positively correlated with quercetin content ( P<0.05). Phos-
phorus was significantly positively correlated with quercetin and kaempferol content ( P<0.01). Nitrogen was signif-
icantly positively correlated with kaempferol content ( P<0.05). Potassium and boron were significantly positively
correlated with podophyllotoxin content ( P<0.05). Boron was significantly positively correlated with 4’ —demethyl-
podophyllotoxin content( P<0.05). Calcium and iron inhibit the accumulation of medicinal ingredients. Calcium was
significantly negatively correlated with 4’—demethylpodophyllotoxin content ( P<0.01) and podophyllotoxin content
(P<0.05). Tron was significantly negatively correlated with podophyllotoxin, quercetin, and kaempferol content ( P
<0.05). In summary, the uptake activities of pectin calcium and the vigorous growth period (90~ 150 d) of S. hex-
andrum are the most critical period for dry matter accumulation and nutrient accumulation. The order of absorbing
macro elements is nitrogen, potassium, and phosphorus, and boron is also a key trace element affecting quality. It
is suggested that macro elements should be applied in the vigorous growth period, and boron should be applied in
the leaf-increasing period (30d~90 d). The content of medicinal components reached its maximum value during
the withering dormancy period, so the optimal harvest period is from late September to mid-October.

Keywords: sinopodophyllum hexandrum; nutrient elements ; nutrient absorption pattern; medicinal components ac-

cumulation ; harvest period

Bk JL-E [ Sinopodophyllum hexandrum ( Royle )
Ying | J/NEERL ( Berberidaceae ) Bk JL-E J& ( Sinopodo-
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Table 1 ~ Agronomic traits of aboveground parts of Sinopodophyllum hexandrum in different growth stage
B I Bk KA RS PR T AR RIS AP AL i o
. Fih t/ Days after Plant height Plant width Leaf area Petiole length  Petiole diameter Aboveground
TTOWHL stage transplantation/d /cm /cm /cem? /cm /mm fresh mass/g
H
. 30 7.35+2.31¢ 8.74+2.83¢ 18.08+6.25d 6.96+2.08¢ 1.29+0.15b 1.24+0.61c¢
Period of emergence
14 -1 60 9.38+2.51¢ 8.96+1.50¢ 28.90+6.44d 7.77+2.10c 1.61+0.27b 1.39+£0.35¢
Leaf-increasing period 90 15.15+£2.55b 16.13+2.62b 47.20+14.71c¢ 11.45+2.20b 2.27+£0.42a 3.25+0.94b
HE s - 1Y 120 17.92+2.52h 15.39+2.18b 52.80+8.98¢ 11.52+2.16b 2.30+0.91a 4.27+1.25b
Vigorous growth period 150 23.0424.38a 25.35+5.44a 72.88+11.75b  11.79+2.59b 2.44£0.47a 9.13+2.62a
WESILY 180 16.95+2.89h 16.61+5.22h 118.48+30.52a 18.74+4.18a 1.56+0.27b 1.39+0.34¢

Withering dormancy period

T : SN[ /NG R 7R Ak B ) 22 5 4838 ( P<0.05) . T I,

Note: Different lowercase letters within the same column indicate significant differences between treatments ( P<0.05). The same below.

®2 AREBEHAMRILEH TR REMK

Table 2 Agronomic traits of underground parts of Sinopodophyllum hexandrum in different growth stage

P BT BoRUa K 2R iiSN A AR B B 7S i
G Etjh t/ Days after Stem base Root length Root thick Number of Single root fresh Whole plant fresh
rowt slage transplantation/d  thick /mm /cm /cm roots/ 5k mass/ g mass/ g
i
. . 30 4.83+1.58cd 9.02+1.73e 1.42+0.36¢ 11.10+4.65¢ 2.17+0.88d 3.95+1.88d
Period of emergence
1 - 1Y 60 4.58+0.56d 14.41+4.11d 1.70£0.39¢ 11.60+2.72¢ 3.21+1.26d 4.59+1.55d
Leaf-increasing period 90 6.37+0.86bc 16.85+3.88cd 2.11£0.33b 17.20+1.55b 6.76x1.94¢ 10.00+2.76¢
I %A= - 1 120 7.45+£1.27b 19.66+3.84bc 2.11+0.45b 17.90+3.87b 9.44+3.55¢ 13.66+4.52b
Vigorous growth period 150 9.75+0.98a 20.21+3.65ab 2.17+0.31b 22.70+4.24a 12.40+4.22b 21.53+5.52a
R
WK 180 9.83+2.68a 23.50+2.55a 2.68+0.33a 23.36+4.57a 18.77£5.35a 20.16+5.35a

Withering dormancy period
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0.05). The same below.
B1 BILETFHRMRRENDTEL

Fig.1 Dynamic changes of dry matter accumulation in Sinopodophyllum hexandrum
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Withering dormancy period
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Fig.2 Dynamic changes in nitrogen content and its accumulation of Sinopodophyllum hexandrum
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Fig.3 Dynamic changes in phosphorus content and its accumulation of Sinopodophyllum hexandrum
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Fig.4 Dynamic changes in potassium content and its accumulation of Sinopodophyllum hexandrum
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Table 4 Content of essential elements in the shoot and root of Sinopodophyllum hexandrum at different growth stage

ZEIEPN 18

AT A TR RRFB AL 5 B i
Growth stage Days aft.er Plant part Ca Mg S
transplantation/d
I 20 HE#B Root 13.15£0.09a 4.29+0.06ab 1.92+0.06b
Period of emergence Hi 3 Shoot 10.30+0.03f 2.04+0.03e 1.48+0.05a
60 FRHE Root 8.60+0.02b 3.43+0.06f 1.97£0.04b
1 -1 b 3 Shoot 20.24+0.06¢ 2.71+£0.03d 1.39+0.02b
Leaf-increasing period %0 HRFE Root 5.82+0.09f 3.90+0.08e 1.82+0.07cd
Hh 1#8 Shoot 24.10+0.04b 2.85+0.02b 1.16+0.02d
120 HEHEE Root 7.69+0.07c 4.20+0.08bc 1.77+0.05d
HE A K 3 3 Shoot 24.80+0.04a 2.79+0.01c¢ 1.22+0.02¢
Vigorous growth period 150 B Root 7.31+0.05d 4.10+0.01d 1.90+0.03bc
Hh |#B Shoot 14.80+0.07d 1.96+0.02f 1.22+0.03¢
Al R 180 HEB Root 7.27+0.06e 4.38+0.01a 2.22+0.02a
Withering dormancy period b E3% Shoot 14.50+0.02¢ 3.36+0.05a 0.64+0.02¢
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1.00, f#iJCEK Fe : Mn : Cu : Zn : B AL E LLIAE
B B, O 254.25 0 8.30 ¢ 1.00 = 1.58 : 2.71,
Jr bt AR B R LRI (F 6) .

2.4 BB HEZHAE

MR b R 3 3R B AR R 2 s s
Uk A I A AL IX RIFE 0.31% ~ 2.24% 2 JH],
4'-EWRARGR FNRIN G B T1R0E
i R AT SRS S B 4 - LR
F#ERLISL, =38 & e Z ORI 5 25 5 T3
BT (P<0.05) . Bl A A=K 0 SE 22k L AR
RETER MM R | L2 R & 1 S8 b gk
AR RIS I 5 T 22 1R 1 i A2
fla# 4 - LM RHABGRH R S HEE LM
— B4 RARONS R R B TR ZE IR B KME
(P<0.05) ,%r5%1°4 130.79 .3.16 .4.37 .4.30 mg - £&~'

25 EBRTEESRZERRARK S HEXED
HTHRAFARKREFR TR S/ 5K ZEME
AR B 23808 4 22 [B) 8 AH 1, 2R A Origin K44, DA
11 M FRITE 13 PR ZHIR 4 Fh 2308 55 0 AR
i, 1T Person AHICHE AT, 45 R UL 6, KiEITTHR
REME R LA &, ZRILRHL AR B, ik
PR B S e R IE A DG K R (P<0.05) , B
TCR S LA By RSO MR | PR e
iR IEAOC R (P<0.01)  FITR S
RERE R AN E EHE(P<0.01); FEIT
EEULRS 4 -EWRARR 2 E A (P<
0.01), 5 RHHZR 2 W3 MM X (P<0.05) ; il
TTEMES RAZTRET &N EFEML(P<
0.01) 8kt E SR A28 E A C(P<
0.05) (K 6),
26 EFENEEREMERBRAYASEIAXERE
WEFTCR SR AR B 238 o7 33F— 4 iF
FTBALAERA, @y ZouhlH R, DUEFRTTR
S AR AR SR 2RO A AR S R AR
AT ZICH A WA 0T, LA T A X R A A

(K5), FRER ARG BBV B2 8 B &, g
x5 HILEAREENSM EHMRBHMETRSE
Table 5 Content of trace elements in shoot and root of Sinopodophyllum hexandrum at different stage
e RS B Fe i Mn B 7n # Cu T
th st ) - P . . ko ! . -1 . -1 . kol « ke !
Growth stage tansplantation/d Plant part /(g-kg™) /(mg-kg) /(mg-kg) /(mg-kg') /(mg-kg)
i 30 HREB Root 1.61+£0.02a 40.93+0.14¢ 8.73+0.08d 8.11+£0.08a 2.74+0.01f
Period of emergence Hb_| 3 Shoot 0.64+0.00f 28.42+0.14f 10.23+0.24b 8.28+0.08b 19.04+0.08e
60 R Root 1.40+0.03b 45.04+0.42b 9.18+0.06¢ 4.71+0.07f 4.22+0.01e
iyl Hb_[-#R Shoot 1.56+0.01b 64.88+0.99b 9.23+£0.02¢ 5.91+0.06d 26.87+0.09d
Leaf-increasing period 90 R Root 1.17+0.01c 29.28+0.03f 7.56+0.31e 5.75+0.01e 15.91+0.05a
b 3R Shoot 1.43+£0.00c 62.24+1.29¢ 6.48+0.25¢ 4.82+0.03e 29.72+0.09d
120 R Root 0.95+0.01e 38.22+0.68d 12.83+0.22a 7.33+0.06d 9.64+0.06d
% A - 3 Hi ¥ Shoot 1.13+0.01d 58.76+0.93d 5.96+0.13f 4.41+0.03f 44.79+0.18a
Vigorous growth period 150 R Root 1.11+£0.01d 48.64+0.34a 12.60+0.30a 6.91+£0.06¢ 12.32+0.03¢
Hb 17 Shoot 0.88+0.01e 47.34+0.90e 7.67+0.24d 6.33+0.08¢c 32.71+0.13b
i ZEPRA 180 HEHB Root 0.87+0.01f  34.09+0.24e  11.740.18b  7.94%0.05b 14.54£0.11b
Withering dormancy period Hi ¥ Shoot 9.21+£0.09a  221.23+0.96a 25.94+0.42a  10.52+0.13a 14.79+0.11f
®o6 HILEAREEHHERTRRERL
Table 6 Nutrient element accumulation ratio of Sinopodophyllum hexandrum in different growth stage
HEFH o IE K S K Ca: Me: N
Growth stage Days after transplantation/d N:PoK:Ca:Mg:S Fe s Mn: Cus Zn < B
T Period of emergence 30 12.73; 1.13 : 4.01 : 6.87 : 2.09 : 1.00 172.98 : 470 : 1.00 : 1.11 : 0.76
a1 60 9.23. 0.81 : 4.00 : 6.35 : 1.78 : 1.00 287.37 : 9.98 : 1.00 : 1.83 : 1.99
Leaf-increasing period 90 12.32: 1.45: 6.04 : 5.90 : 2.19 : 1.00 221.13 : 6.61 : 1.00 : 1.32 : 3.43
HF 8 K 31 120 15.19 : 1.95 : 6.28 : 7.01 : 2.36 : 1.00 148.82 : 6.41 : 1.00 : 1.69 : 2.62
Vigorous growth period 150 15.78 : 2.09 : 6.70 : 5.49 : 2.05 : 1.00 155.23 : 7.16 : 1.00 : 1.66 : 2.67
-
WESIRd 180 14.97 : 2.39 : 5.08 : 4.36 : 2.16 : 1.00 274.68: 7.90 : 1.00 : 1.69 : 1.74

Withering dormancy period
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Fig.5 Dynamic changes in the content and accumulation of medicinal components in roots of Sinopodophyllum hexandrum

4'- H 98 H 3 & 4'-demethylpodophyllotoxin
Hit B % Quercetin

% 2 # Podophyllotoxin

11 Z5 I Kaempferol

Pk i@ Plant height

Pk i Plant width

I 4% K Petiole length

I 4% 4l Petiole diameter

I 1 B Leaf area

ZXBEF0HL Stem base thick

& Root length

R #l Root thick

H %1 Number of roots

=M 7 i Whole plant fresh mass
R B )5 & Single root fresh mass

M I 350 62 )5 1 Aboveground fresh mass
P2 Yield

e = Al = P IFIRTE P<0.05 il P<0.01 K25 83,

1.0
08

5

06 2

=

(5]

S

04 2

2

=

02 B

15

(5]

00 &

2

s

—02

W&

04X

z

1=

=}

—0.6 £

s

= :
—0.8

BN o

Ca Mg S Fe Mn Cu

T i JG % Mineral element
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Fig.6 Correlation between agronomic traits, medicinal components, and mineral elements content of Sinopodophyllum hexandrum
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Table 7 Stepwise regression model of agronomic traits, medicinal components,

and mineral elements of Sinopodophyllum hexandrum

iH EVEpiyi P R F1H P1H
Item Regression equation Adjusted R>  F value P value
BRES Plant height Y=-16.674+23.371X +3240.597X,, 0.969 79.146 o
FRIE Plant width Y=-0.561+19.503X 0.591 8.227 -
ZEFFRM Stem base thick Y=2.751+15.080X, 0.848 28.791 -
H%L Number of roots Y=2.273+18.612X, 0.792 20.013 s
R Root length Y=38.314-177.374X,, 0.924 61.528 * %
HHL Root thick Y=3.766-14.623X ., 0.855 30.372 *
A RAE i Whole plant fresh mass Y=-1.528+47.612X, 0.778 18.564 *
AR T i Single root fresh mass ¥=9.056+48.269X, -35.310X, 0.995 454.061 .
FEi Yield Y=-20.042+349.601X, 0.892 42.478 -
4'- LW YL FHZE 4'-Demethylpodophyllotoxin Y=0.108-0.061X, 0.819 23.633 -
YLF1# % Podophyllotoxin Y=1.709-10.463X,,+1018.681X,, 0.983 143.996 .
Wit i % Quercetin Y=0.027+0.106X,-33.935X 0.973 89.763 ®
1L Z5E Kaempferol Y=0.004+0.136X, 0.951 97.986 ok

xRl 43 HIFRIRTE P<0.05 il P<0.01 K BEHIE, X B4 T TR EED BT E M3,

Note: * and * * indicate significant differences at the P<0.05 and P<0.01 levels, respectively. The bottom right letter of X represents the type of

mineral element.
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