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Allelopathic effects of Phyllostachys edulis extracts on Fritillaria thunbergii

WU Haiping', YE Genhua®, LI Weicheng'

(1. East China Inventory and Planning Institute, National Forestry and Grassland Administration, Hangzhou 310019,

Zhejiang, China; 2. Ecological Forest Development Center of Songyang County, Lishui 323400, Zhejiang, China)

Abstract: [Objective] The purpose is to explore the allelopathic effects of forest extract of Phyllostachys
edulis on Fritillaria thunbergii, so as to screen the suitable economic species for compound management of Ph.
edulis and medicinal plants. [Method] F. thunbergii was selected as the target plant to carry out the allelopathy
experiments of different extracts of Ph. edulis forest (roots, fresh branches and leaves, litter and 0~20 cm soil) at
different concentrations (0.005, 0.010, 0.020, 0.050 and 0.100 kg*L™"). [Result] (1) The effects of root extract
on the growth characters (plant height, biomass and leaf area), photosynthetic pigments (chlorophyll a,
chlorophyll b and chlorophyll a+b) and active medicinal components (fritillarin A and fritillarin B) of F.
thunbergii showed promotion at lower extract concentration while inhabitation at higher concentration. (2) Fresh
branches and leaves, litter and soil extracts promoted the growth traits, photosynthetic pigments and active
components, increased the leaf area and absorption capacity of direct and diffuse light, which was conducive to

the growth of F. thunbergii under low light condition. The maximum net photosynthetic rate and light saturation
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point also increased under the treatment of these three extracts, which first increased and then decreased with
the increase of the extract concentration. At the same time, the apparent quantum efficiency increased and the
light compensation point decreased, indicating that Ph. edulis extracts changed the utilization rate of light
energy and the absorption range of light intensity. (3) The comprehensive allelopathic effect of root extract on
F. thunbergii was the strongest, while that of the soil extract was the weakest. (4) The MDA content increased
when the root extract was in high concentration, indicating that F. thunbergii was under certain environmental
stress. [Conclusion] F. thunbergii can adapt to the irrigation of other extracts except root extract of high
concentration, and can improve biomass and active medicinal components. Land preparation and cleaning up
the dead root of Ph. edulis forest is conducive to the high-quality growth of F. thunbergii. [Ch, 1 fig. 5 tab. 20
ref.]

Key words: Fritillaria thunbergii; photosynthesis; allelopathy; under-forest economy; compound management

TP IEAE P HAR ST RE LA A 2 18] . A 5 R 2 TB) 1 56 & e A E g, R A S R G
HRRRE [ AH BP0 AT R A 2 18] A4 OC ZR o H AT 58 ST R R Bl BR T I 2 HA W R g AR G, A
Y7 HE AR T A7 00 ok AT 1 AR ) 37 20 WSR3 AR WD tE s . 2 MR R0 ) e o R AR L R A
JIEMEREY, B, ST B A B T IR A b B A7 R0 REAT MR A 28 R GE v A D A B A A . R TE
B PE A AR SERON

EAT Phyllostachys edulis J& 5 SIFARRNTIAGY) . BATHIAF SR E MEBATH T HER LR & A ARk
ST, AN T BT T S VBT LA ) o A A R o017 2 A 4 ) SR RN, AR A
AT, R B A S RGP AR B IERN, ROy, RS-6 BB A2 iR
A B IERE L

MREG I A A BRI TR AR T A SV 7 1R S A2 [R5 R 5, JEAT26 . R . FARSES I
B, BREZERMZFBE NSRS WA BAT-2 Y E G & E BT 2R R S HAHE Y
MY AR B K2 25603 W B Fritillaria thunbergii 3 BAsHY), KT B AR B LARA
TIRALRAE T, CATEBATAR T FIARET K SRR S 5 2B AR AE S R GRS MEAR S

1 #RKEF %

1.1 AREER

WF5E XA WTVLAS 185 2 B S IR (28°49'N, 120°17°E). %X & T #GH BN M6, 24T
ISR N 13.9~17.4 °C, 1| HRIREHSE R 43 C, 7 AREEHS K 288 C, LEME, WER
i, ZF % KEN 1409.8~1 527.8 mm.
1.2 RIEERHE

F 2019 4F 9 AEEALE BTN RERG N 0~5 mm (AR R | 3 LRI AR | KT 7%
YU 0~20 cm - 3E/E A SRS AT R, Hod s MR R BYIOM A2 LAATSE R o0 (9 0.5 m JER Y ;BT
i A ISR 6 SEALY 3 ANt s SREEVEWIIE I SR R AR, SR AR SR I BR A .

0~5 mm AR R BCE B AL T 5 R EEAL g, SBTAL 1| em ZE4 /N B PRIENR G ISR
IS TF R 6] 55— BT, 95449 1 mm; AKF 0~20 cm 8 FAEKT, BFEE, 3 2 mm 6. B 1 g Bk 4 Fh
FERE, 10 mL ZEME/KAE SR [(26£1.2) °C] FiRi 48 h J5 kAT 3 B g Joi 4 2P g, HHE
WPELCTE, SRIGH 0.45 pm ATEFLIERILIE . 4 °C JHE )5 & T VKA.
1.3 X%t

PLZE IR IR AE 25 FIXF IR (ck), B AN [R5 45 Y FH 25 18 /K % B Al 0.005 kg+ L™ (T)). 0.010 kg L™ (Ty).
0.020 kg-L™'(T;). 0.050 kg- L' (T,) 1 0.100 kg* L™'(Ts) 55 5 B ik BEIF AR & 5 402D, 9 7, ik
O U | ORI . K/ N — AT DL AR ZE (10.941.12) g, BEFH B2 30 cm. /& 30 cm AY RIS AR
FEOSRIAE, FEARAIRL 3 M DL RESRZE VR 10 em, R =M BAAERE S A EE, B s At
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15 bk, PR FrEH PRI R E 2 S . FHENDEL, JRHEAARIE 100 g, HdEHL). FTakie
BEALPER . pH 5.6, &N (1.48+0.11) g-kg ', 2B A (1.32+0.20) g-kg ', £Hh (26.15+4.06) g kg '-
W L PR IR AR CE TR E, 547 90 d BB M A K o G RR 15 d BRI 1 IR, BRIREE AR
200 mL, AbHIH 90 d, RIS TR ML B

14 SHENZE

T 2020 4F 4 H BB ERACE . ToRE RUE M, SR Li-6400 fE #E KOG AN G A FHIES AL
PEOCHSRERARE & 0. 20, 60, 100, 200, 400, 800, 1200, 1600 umol-m2-s™", FEFFHME W IC XK
T 9:00—11:00 >R FH P B L1 % U5 I A bR O e o7t £ o N T AR A ik EE OR 43 B8 il A 400
pmol-mol™", AHXFEE N 70%.

FHELRO S DURE = B, B AR3 10 Bk, JPHEIX 10 AREUPISEIS = 4040 . 25, Pl ABERE T 105 <C
AT 30min Ji5 80 C gtz fE &, MR PHHERE ., RATAFREE AT,

FER bR, IR S ARUT DURA AR — i L. . FIEM R & 3 B, IRE R SRR
FO R BARBOLA AR, IO THNE KN 665, 649, 470 nm &MWL . [FIRF, &4
Ab P RO AR TR R A 10 R, AT UK A I SE G 5, 80 C kAR A . M A
L E (CAT) W& . ALY B (POD) I H: . & LY B AL (SOD) & 1 LA BN 1% (MDA) it i BE /R
W BRI & (Bt gt il ) TR 5T ) A

R SN A A AENT B ik i DURE R LR R AL R R 20, B35 454 R ELSD £
WA, (5,3 45 4 Supersil ODS2 (4.6 mmx25 cm) E1828368, Wizl : A 3 C I H i (AcCN):
0.05% — MW WCR 75:25, FJ12 10.0 MPa, itk | mL-min™', AN 30 °C, #EFEEH 20 uL. K
YRS X HE St AV S R, PR DURE R B RN DL RE R i it 4348
1.5 HiEsbiE

K HI SPSS 19.0 (3E B A XU 2 B RU LA 06 A —Jama i £k, AR 17 i 2631545 th F 0 i 74
L RRECA A BRI EURDERMEE

IR FEEL [i=1-C/T(T=C) B [=T/C-1(T<C). Hrp: T HIKEME, C HXIBE. >0 EKR{E
AR, <0 FRIHIE", 286 BN A8 EOH B DB AE K A8 05 . DB f (8 2 R W AR IE 244
A A8 B A RO

K SPSS 19.0 #E4T B 2y 22 0 Hr M de /N ik 3 22 5+ (LSD %) K25 (¢=0.05).

2 HREHAAHM

2.1 EMRERGFFESM OEEYI LR IRBN T NS E K20

BN R BRI . BATARER L BRI | R R R R P RO T DL RE R v 1 5 e 2 B0 A {1 o o
R (R 0 v RV BRI ( MRAR ST ) BIRLRE (BB 1), TE T Kb B A X5 2 B 300551 7 DL A 3 A 4 ) B
% WYEYR HER AL BEET, AN Ty, T, ARBRAFGR L AR TRIVER . 25 B2 Rm . Bt
TRl PRI 5 400 12 H TR A B XS DL o 4 S T A 2

BRAR ZRIZ RSN, HABIZ HE IR AL BT DL B b 1A i 0 S i S e BN (R TS5y, AR AR P I 4
VRO R VR (R B NS T SR R A, ELURYE A+ HER R AE T, Ab BRI AR R, FE T ALFREY
B/ (D)o AR FR IR RAL BT AT DLRE A o [ RN A e A RS R R A ARG i R U N
BILE T, Kb BERT 2 SRR IR B, Ts ALSAS RIS P00 5 7 o A 32 B 9806 i DL B T A= i 1)
AN R, R H M A YR B AE To~Ty AL B B2 (P<<0.05) 5 T ck; 8 745912 $2 W Ab 3
T, Ab L I 3R 44 W 35 (P<0.05) @& T ck, i N AEYEAE T)~T, A BERT 3% (P<<0.05) & T ck;
T RO M ARSI A T, A B i 2 (P<<0.05) 1R T cko

EMRER . BB U TE YA R RO DL R TR A R MR T B 25 5 (R ). (HARJK
ROV IEERM . B TR R IR Ts Ab3oh, Hp R o vt ARG (R E T, S8 b R P R0
U RGNS T S R AR, BRIAVE IR IRAL, BITE T, AL AR, HAS AL A ] 25 R 8
ANEBE, REABTRER . HEA . YA 02 BEBO T DUREF R AL 2 AN K. AR R IR PR AL 28
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Table 1 Effects of different extracts of Ph. edulis forest on height of F. thunbergia

W DL RRRR
BRI T, T, T3 T, Ts
ck/cm
Hfii/em I Hfii/em I Hfii/em Iy Hfii/em Iy $ffi/em Iy
ii¥3 42.7542.31c¢ 57.93+0.86a 0.26 53.20£343b 0.20 52.27+£2.75b 0.18  43.30+0.85¢ 0.01 37.7843.12d —0.12

BT 42754231 46.804£3.89a 0.09 46.00£2.73a 0.07 4550£3.51a  0.06 44554539a  0.04 42.50+1.84a —0.01
&Y 42.754231a 44.03+3.89a 0.03 44.47+342a 0.04 42.75+6.04a  0.00 41.58+10.41a -0.03 38.43+6.84a —0.10

T+ 4275+231ab  4647+3.78a 008 43.97+1.08a 003 42.02:399ab -0.02 38.13x4.11b -0.11 37.90:3.65b —-0.11
Wi LR A e
FHR T, T, T, T, Ts
ck/g
Hift/g Iy Hifti/g Iy Hilti/g Iy Hifti/g Iy Hifd/g Iy
iEES 0.85+0.03b  1.02#0.09a 0.17  1.09+0.11a 022  1.08+0.15a 021  0.81£0.03b —0.05  0.75:0.10b —0.12
BB 0.85£0.03¢  1.10£0.02bc 0.15  1.16£0.04ab 027  127+0.04a 033  1.09£0.17b 022  0.86£0.01c  0.02
7 0.85£0.03b  0.90£0.07b 0.05  1.04£0.10a 0.18  0.93£0.04b  0.09  0.90+0.02b  0.06  0.85£0.06b  0.00
-4 0.85:0.03b  0.870.04b 0.02  1.15+0.06a 026  0.10£0.17ab  0.15  097+0.07ab 0.12  0.87+0.04b  0.02
Wi OUREM T AR
R T, T, T, T, Ts
ck/g
Kift/g Iy $ift/g Iy $ft/g Iy Hift/g Iy Hft/g Iy
R 1.16£020¢  1.41£0.10bc 0.18  221+0.01a 048  1.59+029b 027  1.16+0.11¢  0.00  1.05:0.01c —0.10
WG 1.16£020a  1.29:0.06a 0.0  1.43£0.03a 0.9  146x036a 020  1.40£0.10a  0.17  1.34x0.07a 0.13
&) 1.16£020b  1.51£0.05a 023  1.55+0.10a 025  146+0.06a 020  123+0.16b 006  1.18+0.05b  0.02
-4 1.16£020a  1.58+040a 027  1.87+0.64a 038  1.66+021a 030  142+00la  0.18  1.30+028a 0.14
i DL BTN
R T, T, T, T, Ts
ck/ecm?
Hiti/em® I Bld/em® I Hfi/cm? Iy Bf/om® Iy Hfd/em’ I
&R 529+1.35a  7.03%2.39a 025  737+041a 028  6.50x431a 0.9  5924026a  0.11  3.18x1.17a —0.40
WG 520+135a  6.21x1.16a 015  7.28+2.35a 027  6.08+420a 0.3  577+1.03a 008  5.60:1.72a  0.06
Y 529+135a  7.194032a 027  691+0.82a 024  6.65£0.97a 021  558:021a  0.05  5.57£045a 0.5
T+ 529+135a  6.52£0.88a 0.19  8.89+240a 041  7.55+2.90a 030  630+1.28a 0.6  543+154a  0.03

VA TR NG TR R AR BT 25 5 25 (P<<0.05) s R AP AU T3 flepnifi s .

NPT 3 D1 BRI T AR AR S MR SR B “ AR s 9800
22 EBREREGERM OBFEMI L ERRR X N5 G & R R E R 2T

RSN AEEGEY] . BR TR R R Ts A FH, ARIRAEBO #7 I EEA 4R a, IHERER b FI2¢
R atb S B AfE VR AT, BER AR T W BRI S BUSE T R n R A, ELEIAE Ts AR 5
T RO AR . AR ER /b BE IV BEIR B 0TI RS (R BN T I (AR R IR AR MR BR AT, AR AR A% A BRI Y 22
SARE (F2). BIIRRBIEBAIET, HRE a AIMLEER atb YR AR5 5 vk B2 AL 7 5 ot Ve Ji2
AR, TSR ER b MR DR RO AR P g o BT EEA R AR AL B, AR
b FIZEHA % bR B BER I “RAEm il RGOS, X5 TSR AL BER AR . HERAR IR
REFRIE, XA AR SEOIA AR SR THER (B 7018 MRRBy “IRemn” ), #iilebes
(R R B85 ok B2 B B8 i T A1

PRAR AR BEARWSN, HAt 3 PR 42 i Ad B DL RR B e K0 A R BEAR R B e b1 T, 4R it
DUBRR R R TRCR MO AT, RUTBITRAR . Bt AR YA LR SR IRAL B0 14 DL ER 69
S A SR, R-T T HXIPRE A A KOG RIRE T (3R 3). MRARSGMALBERY, Ts A0 HAOEHA S 504D
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Table 2  Effects of different extracts of Ph. edulis forest on the photosynthetic pigment of F. thunbergia

M4k &Ka
B T, T, T, T, T,
ck/(mg-g") — o o o o
Bffi(mg-g) L Bfl/(mgg") L HfH/(mgg") L HfH/(mgg) L Hfl/(mgg) Ik
RS 1.49+0.13b 1.8140.10a  0.18 1.7040.65ab  0.13 1.68+023ab  0.12 1.5140.11b  0.02 134+0.12¢  —0.10

BRIt 1.49+£0.13d  1.76£0.02 b 0.15  1.93+0.02a 0.23 1.63£0.02 ¢ 0.09 1.57£0.0l1cd 0.06 1.57+0.04cd  0.05
JA7EY 14920.13c¢  1.9320.04 a 023 1.74+0.04b  0.15 1.61£0.04bc  0.08 1.58+0.01bc  0.06 1.54+0.04 ¢ 0.03

+3% 1.49+£0.13b 1.69+0.02 a 0.120 1.63+0.02 ab 0.09 1.58+0.03 ab 0.06 1.53£0.03 ab 0.05 1.55£0.06 ab 0.04
M4 &b
B T, T, T, T, Ts
ck/(mg-g") , \ » »
BfE/(mg-g") L Blfi/mgg") L HlE(mgg) L HfH(mgg") L Bdf/(mggh) Ik

iEES 0.44+0.01 ¢ 0.66+0.63ab 034 0.75+0.54a 042 0.62+0.64ab 020 0.59+0.11ab  0.26 0.50+0.06bc  0.13
BRI 0.44£0.01b  0.68£0.01 a 0.36  0.73+0.01 a 0.40 0.50+0.01 b 0.13 0.47£0.01ab  0.06 0.38+0.0le —0.13

Y 0.44+0.01 ¢ 0.75+0.02 b 042 0.81+0.0l a 0.46 0.47+0.01 c 0.07 0.45+0.01 ¢ 0.03 0.43+0.01c —0.01

+ 3 0.44+0.01 ¢ 0.67+0.01 a 0.35 0.63+£0.01 a 0.31 0.53:0.01b 0.18 0.51£0.01 be 0.14 0.49£0.19 be 0.12
M-4%%Kalb
R T, T, Ty Ty Ts
. wE Wi o sE . B 5, B 1
icES 3.46+0.72a 2.77+0.13 a -0.20 2.27+0.23 a -0.34 2.72+0.26 a —-0.21 2.62+0.36 a -0.24 2.74+0.59 a -0.21

BRI 3.46£0.72 ab 2.57£0.01b  —0.26 2.64£0.01b 024 32420.01b —0.06 3.37+0.01ab —0.03 4.16£0.04a 0.12
JH7EY)  3.46+0.72a 2.57+0.01b  —026 2.16£0.02b —0.38 3.45£0.01a —0.01 3.51%0.01a  0.02 3.58£0.01a  0.03

g 346£0.72a 2.5120.01a 028 257£0.03a —026 3.0240.01a —0.13 3.16£0.0la —0.11 3.46£0.79a —0.09
M4¢Ka+b
beg Al T, T, T, T, Ts
ck/(mg-g) — N " " ”
Hfti/(mg-g) L Bfl/mgg) L Bl(mgg) L EfH(mg g L FlH/(mg g K
RE 1.9240.09 ¢ 2.47+0.16a 022 245:0.03a 022 230£0.08ab  0.16 2.10£021bc  0.08 1.84+0.06c —0.04

BRI 1.92£0.09¢  2.44+0.02 b 021  2.66+0.03 a 0.28 2.13+0.02 ¢ 0.01 2.04£0.01d  0.06 1.95+0.04¢ 0.01
J%Y 1.9240.09d 2.68+0.05a 028 2.54+0.05b 024 2.08+0.05¢  0.08 2.04+0.01cd 0.06 1.97+0.06cd  0.02

3 1.9240.09d 2.35:0.02a  0.19 226£0.03b  0.15 2.11£0.04c 009 2.07£0.03c  0.07 2.05:0.03¢  0.06
Kt PR
=W T, T, T, Ty Ts
ck/(mgg™) — o o o o
Bfe/(mg-g") L BlH/(mg-g") L HlE(mgg) L HfH(mgg) L Fli(mgg) K
HW# 0.5240.01a 0.63+0.04a  0.17 062£0.03a  0.16 0.60£0.04a  0.13 0.56+0.03a  0.06 0.55:0.01a  0.05

BEEAT 0524001 0.60£0.01a 0.3  0.59+0.01a 0.2 0.53+0.01b  0.02 045:00lc —0.15 043£0.01c —0.17

WY 052£001b 0.61x001a  0.14 0.59:0.0la  0.12 0.52:001b —0.01 0.50£0.01b —0.05 047+0.02¢ —0.10

135 0.52£0.01d 0.61£0.01a  0.14 0.59+£0.01b  0.12 0.54£0.01c  0.03 048+0.0le -0.08 0.44+0.01f —0.15
UL RTINS R R AL B E] 25 5 B35 (P<<0.05); R PEE b FEIE AR k2

2553 I HE ok FEAIR T 53% H1 50%, ARIERFE 5043 51 —0.530 F1-0.500, 7 A% 2 S Wi Ab B R, DL
B4 DGR R I A W T R B P I S I e T e SR AR A e A, MRS ok E R AR Y
IR AL HERT, T, AABEAY GRS B3 (P<0.05) (R T ck, Ty~T4 4bFEE W% (P<0.05) KT ck. 11z
PEUEAL BRI, U250 Bl A I B VR IO e vk B T e I RN, TG AR RN SRR M s (B3 7 T, b3
A e A1
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Table 3  Effects of different extracts of Ph. edulis forest on photoresponse characteristic parameters of F. thunbergii
FMEFRE
B T T, T; T, Ts
ck
Hld Iy 4 Iy UEl Iy Bl Iy dEl Iy
& 0.04840.013 de  0.071+0.005b  0.324  0.065+£0.008 cd 0.262  0.063+0.004 cd 0.238  0.049+0.004 e 0.020  0.096+0.010a  0.500
WERIT 0.048+0.013a  0.067£0.011a 0284  0.067+0.009a 0.284 0.059+0.004a 0.186 0.050+0.003a 0.040 0.053+0.004a  0.094
i 0.048+0.013b  0.054+0.008 b  0.111  0.084+£0.012a  0.429 0.072+0.011ab 0.333  0.053£0.006 b 0.094  0.059+0.011b  0.186
T4 0.048+0.013a  0.074+0.026a  0.351  0.062£0.006a  0.226  0.053£0.007a  0.094  0.054+0.007a 0.111 0.050+£0.008 a  0.040
TYNED neprE S
. T T T T T
B o/ : : d : :
mobm™-sy B $lt/ Hliy Wi Wi
(wmol'm?s™ ®  (mol'm®s™ " (umol'm?s") ®  (umol'm?sh) *  (umol'm*sh) R
RER 4.31+0.83 ¢ 7.31£1.06b 041 8.83+1.99b  0.51 9.02+42.41a  0.55 10.57+2.01 ab  0.59 3.99+0.68 ¢ —0.08
WEEEIT 43150832 6.65:1.04a 035 7.15£231a 040  6.191.65a 030  449:0.67a 004  468:1.01a  0.08
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Table 4 Synthesis effects of different extracts of Ph. edulis forest on F. thunbergia
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Figure 1 Effects of different extracts of Ph. edulis forest on the activities of antioxidant enzymes and MDA content of F. thunbergii
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Table 5 Effects of different extracts of Ph. edulis forest on the contents of fritillarin A and fritillarin B
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