W R R K F F AR, 2025, 42(3): 433443 https://zIxb.zafu.edu.cn
Journal of Zhejiang A&F University DOI: 10.11833/j.1ssn.2095-0756.20240461

SI A ERI5E, SRATHT, 5K SCH, S5, SERZ 7 5 i 500 A2 ACRAR P B2 R 7 1 Ak BB i L (D). Wi VRO 22741,
2025, 42(3): 433—443. WANG Yuqi, ZHANG Qiangian, ZHANG Wenzhuo, et al. Response of yield and tetrahydropalmatine
content of Corydalis yanhusuo to canopy density and litter treatment of Chinese fir forest[J]. Journal of Zhejiang A&F University,
2025, 42(3): 433—443.

3E HA R = F0 qa BT F2 K PR B0 B FE 0 5 4 Ab 2 B i) iz
EWF, Kurar', KXE, @arrv, BmA, BRAE, FAE
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322300)
WE: [ A6 ] WAHTH RS = Eff 2R RE ARG AT BB MLy 5, Hth RS B3EFEE
AT RBRE AR R IE, | &k ] YA K Cunninghamia lanceolata AT T 3 MNRIBALE (T4, KES
Fo 235 30) 09 2h AL IE A & Corydalis yanhusuo AT %, RRARXA F LXK, WAAAEAY (FH. F. 1K) 8
BRI (BE. FR)NERRFERRAEAF—ERARCEREIHNY AL EHRE, [LR] LA RRE
ThRENRCERELXKZANMAE., AEMFBHEREAERNY AEE (P<0.05). FHRAEZYN, AN EN%
1, P RBREZZHWm, PR RLERESHN ZERAY, BEZRAEH, 3 REBASWER KL = FfLd
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Response of yield and tetrahydropalmatine content of Corydalis yanhusuo to
canopy density and litter treatment of Chinese fir forest

WANG Yugqi', ZHANG Qiangian', ZHANG Wenzhuo', YU Yefei?, LU Qiangfeng?,
TENG Qiumei', LI Yongchun'

( 1. College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;

2. Dapanshan National Nature Reserve Administration of Zhejiang Province, Pan’an 322300, Zhejiang, China)

Abstract: [Objective] This study, with an investigation into the response of yield and active component
accumulation of medicinal plants to the regulation of forest canopy density and litter treatment, is aimed to
provide theoretical basis for the regulation of light intensity and nutrient content of medicinal plants in
simulated cultivation. [Method] Corydalis yanhusuo, a medicinal plant under Chinese fir (Cunninghamia
lanceolata) forest plantation, was first selected as the research object before two-factorial split plot design was
employed to explore the impact of three canopy density treatments (high, medium and low) and two litter
treatments (removal and mulching) on the yield and active accumulation component of Corydalis yanhusuo.
[Result] The yield of tuber and tetrahydropalmatine content of C. yanhusuo were significantly affected by

canopy density, litter and their interaction with the yield decreasing when the litter was removed and the

Weke Hi: 2024-07-26; &[0 HI: 2024-10-18

HEWH . ERARFIEILESRIIE (32071742); #WiilA SETRFEE ARV I E ST H (2021-2-004); #iiL
BB ERERIE S E (R 202102, &Rk 202203)

YEH /. EFFF (ORCID: 0009-0002-2108-8454), M AR xR AEAWF5E . E-mail: 13906822746@163.com. i 15 1E
#: ZKF (ORCID: 0000-0002-4304-9264), #(4%, 1, NFH-IEHMAED I RELE SN . E-mail:
ycli@zafu.edu.cn


mailto:13906822746@163.com
mailto:ycli@zafu.edu.cn
https://www.hyyysci.com
https://doi.org/10.11833/j.issn.2095-0756.20240461
https://doi.org/10.11833/j.issn.2095-0756.20240461
https://doi.org/10.11833/j.issn.2095-0756.20240461

434 WroIL R R K A R 20254E 6 H 20 H

tetrahydropalmatine content increasing with the increase of canopy density. The yield and tetrahydropalmatine
content of the three treatments did not show a consistent pattern with the increase of canopy density when litter
was covered. According to the radar map, the best planting scheme was to remove litter at low canopy density.
Plant biomass, soil organic carbon and soluble nitrogen contents were the important factors affecting tuber
yield, while net photosynthetic rate, soil available phosphorus and organic carbon contents were the important
factors affecting tetrahydropalmatine content. [Conclusion] The litter removal treatment with low canopy
density can significantly increase the tuber yield of C. yanhusuo and maintain the tetrahydropalmatine content.
[Ch, 3 fig. 4 tab. 35 ref.]

Key words: canopy density; litter; Corydalis yanhusuo; tuber yield; tetrahydropalmatine
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Py e TG R AR R i, SR OGRS I SR AR O G OB O R TR B AR, 51D
il , FEATREIIRIAE Y 09 R o (EA I Y 585 G R BT AT RE 2308/ O RE R MM, il 2k 52 i v 1 G FOR A
YRR LB ARSI AR RE, i, @GR AT MR AR, B0E U= AR 1) & AR
FabFE, PREEZG FHAE Y B R AR R AA RS RN ARG i b e R R 5, “OLIR-FERRZY
PE” ARBEIN T . SEBER Corydalis yanhusuo “5HME 2 i 55 C PR AR P 2 252 Wi bt ' R 5 2 Y ke
TEVER T, W2 R AR R A RO & R AR AR AT B R e B AR AIE ,  E AR 25 AR A b A 2
D By iR AL

PP o3 ik R ALY - TR ARG BRI RE IR S A A, bR 25 IR 00 A i 4 ik
Tgesro WHFERI . RS R VR Y2 i TR DT . W BB ASSE AT B XS 24 PR A KA ST ARON; T
I VR Y SR AT B T2 AR AR KT BT, U TR 2 R A K A FIELL BUE B R AR
PRIEHL U 7 A2 AR ) B A2 L KRR B8 i RIS [R) T A7 AE 22 5, SEEHR A5 “ Wi /AR T8 3
gtz —, HPEEDSAERIENR ORI IR . BRGNS )T TNz o S RIEW LA ARS8
&R, REIRETIXNIAZ AR Cunninghamia lanceolata-FE 25 32 T N AUH 10 B A= JESH 2 R 4340 X
B A2 AR E B TR g A A 2 U IR IS Gy o, aiARIE RS TR A RGR
RN, I OFIESE R R A IS Y S BRAR -3 g o B i SR, AZ AR b R I e A
RIS AR SE B Z 0 7 12t R A0 o3 A A i

FEEAFR HAEBEEREE N AR, R AR AR R SOK 238570, ELASE X 3 i ot B 2 Z8 s VR U, 2ot
SIGHRSOABEN B AR KT R RE R, AAMIERGE T IS R AR RIA G A SR HIT4Ek, Tl
PR BE O, 3 A AR ORAP XN AZ ARMRAR I B A, SEMRNDEIRA R, DURARR 7% 92 T R A5
SRR, 3k E T E RS TN IER AR A BT R A KU AESE 5L . A TSR] 3 BE R R AR I
ATl 2 BB AR 245 AR 10 D BEORI R 43 5 SR U500 SR, Qw3 5 0801 IS PAD 2 AR R 9 400 25 A P ) 01 R D
FROTTIRMENT , RHEARTT 245 IR 7 B A R8O o0 & B TH i TS EdiiE . P, AT IAZ AR
TR SE S RN BETE XTGP P AR AR P B RS R v 5507 20, RS0 S AREE X AR AR AR A= 4 1
I3HE . AR X e R AR LA S AE S R B 2K B MIE R R O R TR - B, LU O =28 25 TR Y
A EE RIS A

1 B X 5 8% 7 ik

1.1 HARXHR

WIS RE A T 4 AT A8 2 BLR B R A AR X (28°57'N, 120°28'E), 2 IX I 31 44l 22 LS,
i, BIRMBOK FE A THEZ, RN 173 C, EBFEKE N 11160 mm, 4EH BN
1822.8 h, N 580.6~712.5 m. AP X ARZFEZ N AN TRIELZA, HITHER 2m x 1m, MR H
30~40 a, RIPXNAFZEBIHEY)FEZG A, B TR XA Ltk I B AMai e 204
Jo, WO AR BE R L BTSSR AR B A V2 B AT 24 AR A A A AR A S
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1.2 Kt 5EmRE

2020 47 10 A, ARIEYE ) . BRGSO, BEAARNE, 7R R AL E K A SRR X N SR
3AMRIRNLE (AW . KA MEBILIL). A5 3 I S P WG AR A 5 - B o 51k - A
FIEE 0.9, 0.8 F10.9; pH 525, 4.93 fil 5.09; A3 HLAK 31.20, 47.10 F1 33.10 g-kg'; &% 1.92, 3.32 fil
2.55 g-kg's Al IR MEA HLER 23.90. 23.90 F1 24.70 mg-kg'; Al A PEA HLA 18.80. 23.20 F1 20.70
mg-kg ™o AL AEEEL 3 20 mx20 m AUBRAERERD, A AEHL PR KT 10 m, BEEHLNIRE 6 1
NI, 3 54 ANRKER/INX AR R w2k MR R ST 3 AR P A [ A b

AT R WUR 2R B DS, AR EEAL B E R, MEYA R RN R . A A E 3 A
1 mx4 m [R5 AR/NX, FE/NX N A TRAE . BRAERE RN AT R T MO B (e AR A B DA R IR0 2K . =il
FIEE 0.7 O3 <65 W-m™?), AR 0.5 Otk N 65~190 W-m?), {KABAIE 0.3 OE5E =190 W-m™?), f
P EE SR FH AR Sk vk A MR AR HLD ST AHZE & B D7 R0 o ARWFGE IR 8 3 N7 a5 %3 AN A B <2 Tl 8 % 4 Acb
HIx3 AEH

2021 4F 11 H, BEFEARHARML . K/ S IO SE A 20T e B ZE AT R A, BRATEE N 10 cmx25 em, %%
ARG A R EE R AR A BT, AIETKIEAE B AEFAEI (2022 4 3 ) - T A HUR | AR A& .
FRAE e S AR R ARARINE 5 RIS, RBR/NX N MR 55 1 V&1, 0 185 R A/ N DR T R R
TR E 0~20em LEZMEHRBX L, GG IANESE, WHLREFLRAEE, 2
mm i, ELRELARKNTIG, —F0 AT EAME RN E, 530 T-80 C R, HATH
KA F BN E o WORET (2022 4 5 ) ZE RS /DX BER 2 4 1 mx1 m X3, 2 2Lt 1y
FEH 2R 7™ i FAE I 2R O 28 i it 3 Bl o o
1.3 TEEFEERNE

T A HLEK (SOC) >R FH 3% R A 45 fa vk - RE ARG 22 o 20 (TN) SR LG E BN -ZR IR e . 4
W (TP) R FH i 1R - = S0 T A& AR B bT L vk 22 o S0l (AVP) SR FH B R S04k T 8 o T ¥ 1k ik
(DOC) FI A ¥ PE A (DON) i JH 2 A5 MLER /X (TOC) M AE . 4 e H A M B o2 7 vk 2 IR (L s etk 2y
Byt
14 EHAREVERXESHEIRUE

B PRBEBUE RIS B IESA R AR 3 R, IS BEIOGE o SRR IR AR, HEE
FRYEE, ERAET A 105 °C 257 30 min, 75 C #t B fH GG AREUTE, 4003 2 ki s . A
Wi, iRt AR H LI-6400XT E#5 A0% A /F FH I i R 48 (LI-COR Inc., Lincoln) Wi, NG K
9:00—11:00 5, FERRIEHUT—B. ELRIFN 3 R IIREnt A, AL HEIN G 3 pRktbk, fR4 R0t
F R A R R BE/NT 0.5 pmolem - s A, JESREUEIFBCEME, B RERREOE A R
1.5 EHRFENEHRZERENHNE

FEE I AR RS, FESLCRIRCT 2022 45 5 H o XHREAS/INX ISR I SE B R B ZE sl A3 T A SRk
YR 3 0, PR ETOKIEUE 2 8, kiR E TE R AR T, BRI EKS, HEBEFR
SPRRHEE TR, DR NX R, RIE TR AR R

FESH R ZE = e fe , SR SR F T 1 i OB 6%k (HPLC) AT SR HEH R & R 4y
BAIE . BAMEEESE 3 K
1.6 TEAEMERERHEEFENE

FRECA IR S 0.5 g, ¥ IR PowerSoil™ & DNA $2 U5 & (Mobio 23 ) Ui B 45 4 Bt 4= SE i A 9 5
DNA; &R R 1% MBEREBEEERE i Uk, ORAFT—20 °C vKAR & ™ R SER9E 6% 7t PCR
(RT-qPCR) I & - 43¢ 40 18 A1 BC B BEVE 8, £ #5514 338F (ACTCCTACGGGAGGCAGCAG) 1 518R
(ATTAC-CGCGGCTGCTGG) ¥ 14 16S rDNA, It £ 5] ¥ NS1 (GTAGTCATATGCTTGTCC) il Fung
(CATTC-CCCGTTACCCGTTG) §"1# 18S rDNA . R MEEART & 3 kP,
1.7 FiEBESWE

Wtk A = . AW R ARG HR . R R AT R O R R BE I e bs, R
(D) IAEFIRERIR (), R Q) A FERERREEK (L):
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Figure 1  Effects of different canopy density and litter treatment on plant growth of C. yanhusuo
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AR R A P AR P AL B PO B S B R 1 BB BB M AL B E M R B 5 T H
G P b BT B 275 T 67.3% F1109.0%; 769 RERRBH B MM T 27
% U% % %Hﬂ. , {E&ﬁlg ,7H rg ALI\ T El/‘] *E HE EE %ﬁ‘ ﬁi}’ %Ui& ':F' Table 1 Analysis of variance of canopy density and litter treatment on

yield and tetrahydropyridine content of C. yanhusuo
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137.0%. oAb, HAEPRFIEE A H 3 F B A i F . p r P
e EEE- 9zilEs 195.06 <<0.001 44.44 <0.001
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Figure 2 Response of C. yanhusuo yield and tetrahydropyridine content to different canopy densities
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Figure 3 Comprehensive evaluation of the effects of canopy density and litter on growth, yield and tetrahydropyridine content of C. yanhusuo
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Table 2  Effects of different canopy densities and litter treatment on soil nutrients and the abundance of bacteria and fungi in rhizosphere soil

e

F

A b Neloi TN/ TP/ DOC/ DON/ AVP/ HEHOR/ AR
ﬁw{ﬁ\ﬁ,‘r\’\ 5&@ B _ _ _ _ - 9. -1 10, -1
(gkg) (gkg™) (gkgh (mg-kg™) (mg-kg™) (mg-kgl)  (X10°HED0-g ) (x10"EM-g ")

-L 38.36+0.47aA 3.130.08aA  0.07£0.02aA  57.31+3.70 aA 98.29+3.08 aB  1.63+0.52bA  8.89+0.57aA  4.96+1.08 aA
-M  3541+2.13aA 3.44£029aA  0.19£0.04 aA  39.54+2.85 bA 58.63+4.84bA  3.76£0.70 aA  4.72+1.16 DA 4.77+1.02 aA

-H  22.48+0.82bB  2.36+0.13bA  0.06+0.01 aB  30.33+4.26 cA 87.68£5.94aA  1.68+0.10bB  8.08+1.52aA  3.20+0.16 aA

L +L  30.45+0.92aB 3.33+0.20aA  0.12+0.04aA  39.69+7.19aB  129.08+11.94aA 2.64+0.76 aA  9.33x1.53bA  5.60+£0.88 aA
M 34.03£1.02aA 2.73£0.10aA  0.18+0.04 aA  42.56+4.83 aA 73.16£3.41 bA  2.52+0.44aA 12.83+0.75aA  5.73£0.99 aA
+H  31.78+0.52aA 2.56£0.11aA  0.22£0.05aA 37.57+8.07 aA 36.05£3.71 cA  2.25+0.62aA 12.68+0.35aA  4.47£0.54 aA
-L 3859+0.13aA 3.2840.21aA  0.30+£0.07aB  16.74+4.78 bA 75.09£16.71 bB  2.25+0.86 bA  8.64£0.18 aA  3.54+0.50 bA
-M  31.11£048 bA  2.75+0.13bA  0.30+0.04 aA 28.32+£3.20aA  124.62+9.71aA  831£0.07aA  6.35£0.20 bB 1.46+0.10 aA

" -H  39.35£0.39aA  2.19+0.16cA  0.28+0.02aB  21.47+3.18 abA  64.71+10.69 bA  7.75£0.61 aA  8.09+1.21 abA  2.74£0.32 aA

KR +L 39.95£0.15aA 2.95+0.10aB  0.43+0.01 bA 27.08+1.15aA  132.53£17.23aA 1.34+0.31bA  8.68+0.24cA  3.76£0.39 bA
M 35.00£0.25bA  3.13£0.06 aA  0.30+0.02 cA  27.39+1.05 aA 92234540 bA  4.98+1.01aB 1221+1.66 bA  4.68+1.01 bA
+H  29.20+0.51 cA  2.49+0.23bA  0.53+0.01 aA 31.27+3.44 aA 86.15£1.22bA  5.00£0.74aB  19.99+0.77aA  13.69+0.75 aA
-L 38.81x0.79aA  2.89+0.06 aA  0.64+0.04 aA  36.59+0.76 aA 08.78+1.28 aA  5.28+0.63aA  8.69£0.43aA  4.29+0.11 bA
-M  37.45t1.14aA 2.87+0.07aA  0.76:0.08 aA  30.02+£5.20 aA 86.87£3.97aB  3.11£043bA  5.81+047bA  3.51+0.91 bA

e -H  33.32+£1.14bA  2.41£0.10bA  0.69+0.06 aA  29.37+0.93 aA 72.78+8.84bB  2.88+0.33bB  6.57£0.39bA  12.31+1.84 aA

+L  41.60£1.43aA 3.23+023aA  0.62+0.05bA 18.39+2.90aB  105.46£6.99 bA  223+0.38cB  8.71x0.44cA  6.49£1.00 bA
M 40.00£0.73 bA  3.01£0.09 abA  0.77+0.05 aA  33.55+4.22 aA 84.36£6.42bA  4.21£046 bA 11.00+0.59bA  7.04+1.44 bA
+H 3516056 cA 2.65+0.08 bA  0.66£0.03 bA 23.93+3.14bA  129.08+11.94aA 6.84+0.30aA 12.87+0.38aA  16.21£2.09 aA

U H SRR L, M.ORBRIEE ; L ARARRI R -Rom RBRIRTEY; +RAaBEEREY . SOC. HHEA MRk TN, R4 TP. HiELH;
DOC. e MRk ; DON. HEnIE A AVP. HIEHERE . AF/NG FRE R m M R 7 R R IA B 2 ) 25 57 8.3 (P<<0.05), ARl
KRG FREFRAMFAR A B RRTE Y 2 [0 2 5 B3 (P<0.05),
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Table 3 Regression analysis between the C. yanhusuo yield, tetrahydropalmatine content and various factors

- FES R - 1 FESER R AL
a b R P a b R P
T LK 0.970 -23.19 0.31 <0.01 -0.006 0.89 0.110 <0.05
TIELR 6.980 -8.97 0.10 <0.05 -0.120 1.02 0.310 <0.01
T3 ek 14.370 5.29 0.17 <0.05 -0.020 0.69 0.003 >0.05
T HEnT A —0.004 11.09 -0.02 >0.05 0.000 0.69 0.002 >0.05
I MR 0.140 -1.89 0.21 <0.01 -0.001 0.77 0.110 <0.05
A A -0.530 12.98 0.02 >0.05 0.010 0.64 0.090 <0.05
T ARAE )it 16.160 0.46 0.41 <0.01 -0.110 0.75 0.180 <0.05
AW 73.960 5.85 0.12 <0.05 -0.910 0.74 0.180 <0.05
5 gy & 1.580 -0.14 0.36 <0.01 -0.010 0.78 0.310 <0.01
FLRR A 0.020 10.80 0.00 >0.05 -0.010 0.77 0.130 <0.05
EHESpYe 0.290 9.40 0.02 >0.05 -0.010 0.72 0.090 >0.05

Uil RFRIEGHE: «RRREG bFRRHIE.

1o BB P JEE AL BT Y RRAIG 65.8% o
24 HMERRRZIFENETURDRESBNETEERS

M3 AL, ESA B 5 5 e U . BT ER . AR Y R A RO A R B B
FHRIHER (P<0.01); MIEMRLRETES S HIELA . HKREOLEE R A B RIEH R
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