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T RS ETE R ZE R B AR AR R B AR T SRR T SR B E AR PR ML IR B AR 20,40 .60 em Ab 222 5~10 em BY 1
e, SR F B OB i vk (HPLC) A I 3832 4 % (43 5126 /8 8 R\ D20, D40 . D60) ' 5 Bl 45 WLER 25 AL By o 4 & i o SR AL A
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HURR &5 fE B WD s RAL BT, 59 5 K 28 AR 28 48 B HU X B (18K ) 23 S FAEAIR 6.23% 1 31.32% , KA F1 4 I 5 %60 BEAH BE 43531
W T 56.11% M48.94%  F Ak 529 4E R B, S8 B 8 &) S5 VEXS B 283t b AN T AR 4 17 4 I AR T, 5 B b
HEAH 43 506k 20 8.01% 11 23.99% 5 IR fifi B 25 -4 2 15 R MDA Bl HE 8 (& ST . W R A B X 825 0 ] g
A JRAE T, R B AN Pt 2%, 7 28 /PRI M1 60 em .
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Allelopathy of Medicago sativa L. soil extracts on Althaea rosea Cavan

YANG Tong, ZHANG Mei, CHEN Dan-yang, ZHENG Pu—fan, SHI Fu—chen”

(College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract: In order to investigate the allelopathy of alfalfa (Medicago sativa L.) on seed germination and growth of hollyhock (Althaea rosea
Cavan), the surface layer soil (5~10 c¢m) at the alfalfa rhizosphere (R) and 20, 40 c¢m, and 60 cm away from the alfalfa rhizosphere (D20,
D40, D60, respectively ) were collected. The contents of allelochemicals in soil extracts of these samples were detected by high performance
liquid chromatography (HPLC). The effects of different soil extracts on the seed germination of hollyhock were studied using a hioassay
method, and physiological and ecological indexes such as biomass, chlorophyll, malondialdehyde (MDA ), and soluble sugar of hollyhock
under intercropping conditions were determined by pot experiment. The results showed that the contents of five organic acids were highest
at the alfalfa rhizosphere, and decreased gradually with increasing distance. Compared with the control, under R treatment, the germination
percentage and germination index decreased by 6.23% and 31.32%, respectively; The root length and seedling length decreased by 56.11%
and 48.94%, respectively. The results of the pot experiment showed that the intercropping of alfalfa and hollyhock significantly inhibited
the aboveground and underground biomass of the hollyhock by 8.01% and 23.99%, respectively, which could also decrease the chlorophyll
content, and increase the MDA content and soluble protein content. The study indicates that alfalfa has an obvious allelopathic effect on
hollyhock, and should not be planted too densely, keeping at least 60 ¢cm spacing.

Keywords: alfalfa; hollyhock; soil extracts; seed germination; interaction; allelopathy
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P IEAE FH = A Py B 7 A B AR 0 R 5
Hh Al A ) s B A R SO R VR T A L
R A SR T3 S o A ) AR A A A A R A 0 i
FIHE R e AN 38 — SRS R B AR RAEL
SR ZSRER R Y R A EIE T R E T T
BV MRS AR Y FIRI G WS 2 ML)
Jo T, K e Ak ) Jo A R DA ) R At AR ) ) A
B2 AR R ST 11 o S = T S B = T
AHT RIS AR B, A AR IR TR A
T fEREIRR R b AR Z T AR B A B
(-

LAH 18 (Medicago sativa L.) J& SR E 15 )@ Z4F
AR, B T SRV R Ui A T A Ry
HP BB EAE TR FIR 0 R AR e Ak b R
AT m LB 8 T T B R AR 2846 A
151 40~50 cm , B AR 4k, 580 BUR BRI 3 AR AL
Urig AT, DS TR b A B B R A 8 [
B %M (R FpAE SR A5 AR, DUBERIS TR R 2
B SRR . &) 2% (Althaea rosea Cavan ) Jg 45 2% B} &)
P g AR WA, MR — B 80~150 em, AA
AP ORI SRR AR B R . BEEAE
TN 2R, FEAE P 052 0 R 5 ¥ TS S ok, ml
YRR ARG G B2 2L eF g n] U, 2 m]
A2y, BA TG A S AR A S b 2
VE R 55~ AR A BE AR i, T 28 A 9] A A
fR TR, AR IC BB = B . ALRERIAFE—E
AV RIFE R, 22 AT SO BT I 10 320k e 7E /N LY
REAH A AR | SXRE R AT By A A 1 B —
b, $& TS BT OR , SCAT DAyl 55 48 4 18] 64 AH BT
Yoo PRI T AR P 9 A A XS T B Al 400 o 1) G
AR TSR MR E N RA R EE
X

R TE R W], S8 A 0 A B s, &
PR [ H #ERON " BT X TS AR AE A A
BT R 200 B ARG W 5¢ A0 Jo 1) 70 25
SRR % 58 55 7 T, 4 T HAR A E 2 AR i 2R
BRAEBESE AT | A B 551020, i 0 Bl A ) 52 i F 52
B o WAL E AR 2R AR E T Ao
T B9 2 AR A MR PR S B 58 AR T AR PR [ B g Ak
2 AR BT i R SR A AL AR
FH 3 1813 L 8 2ok 5% 75 308 A5 S o 0 2 ) A 1
WFFE AL X H 28 AL, S S AR E A Bt i)
SR SR A 5 A el MARE ) ) TR 5 el AR Ak T
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RIS AR RS e
| BB

1.1 ket

B AL E T AP 7 A bt 55 SR A R
A BZER R AR R 25 AR X . AR A AR
HAE R, B ERIEE TS NG G , KRR EH
FEVE I, SR AR PR K 25 AR bR 24254 20,4060 em [
5~10 em R JZ 4, EAERE I EAS T E F 4 Cok Gl ol
S E . PhRAM AR S R R4S 10 ¢, A E
THEE M, B P A A 100 mL 2888 K , B 10, 38K
150 r-min"' ¥R 7% 12 h, BUN J5 #f 8 12 h, #1248 3500 -
min™ &0 10 min J5 BT, 7538 1 R
1.2 TEFNBRSENE

A E T AR B S AR B AN TR I G - 5 L
1% 28 Ak S8 ) Jot >R FH 1 80 AH €535 32 (HPLC) #E 47
mER S R C18 I AHAE (250 mm X 4.6 mm, 5 ;,Lm) s
FEIR 25 °C, i FEE 20 WL, Ji 3 1 mL - min™", 3 sh A1
J L ME-0.1% B R (2:98, V/IV) KB, Kl ik Kk
210 nm,
1.3 {LRAE AR & B

K 5 ML AR A 2 1k A T 58 A0 5 18 1 b ek
ROV A e i, ST R R R CERAE
TEAR PR+ HE2 4R ) . D20 . D40 . D60 (448 H TE AR b
4243514 20,40 .60 em 4k - HEIR R )4 A0 3
KER . BEFR L2 U8 4R, 43 A L8R 4
I UEACORFF IR o %) ZEFP 248 3% HL0. 9 WM 5
10 min, ZEEZK 0P8 3 UK, 7 A& BRI, BRI 20 K,
PR IR MM EAE (25 1) C N TR b 3% . & H
#0 70 A I T R R, LRI K X IR (CK)
B3I 24 hic A AL B 0 IR 288, B5 97 T AR A
LA FEALEEL 10 MR , I AR VB T R 2
K (Germination percentage , GP) | & %f 4§ % (Germina-
tion index, GI) J{!Eﬁ%‘ﬁ(f{esponse index, RI) .k &
LA N T8 (Mean of R, M) 2548 K522, £ 4545 %
R ASIHE

R GP=E R R BRI < 100%

KEEERGI=X (G/D,)
AP Gol e H B R 2R DoAY I & 28 H AL

ISR EL RI=T/C-1(T<C) ;RI=1-C/T(T=C)
s € Rt BEAE s TR Ab PR

LR B RN AR E I M=( T a)/n
K a FRE R — BN S HEAR I RL; n 05 15 bR
93—
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AL
1.4 Z#FiA8E

K AT AR SR . SR A E 16 A& 25 /b
%éé 3% H,0, 75 W14 7 10 min . ZE 87K vhsk 3 Wk 5 4

A&, B8R R &4 K 3 e,
hﬁﬁﬁ%@m%A%ﬁ¢omﬁiﬁi¢%ﬁﬁ
B IS LR ETE SR, FEZE ANIE TR 2= RS 3R
E B TR K, PR K 43 R H R REZK S 18 60% A4
Kig% 60 d 5 BOPEEA T A B S EG , 70 d 55 3745 R A 1 %)
LA, FHZE 1RO 25 8 K38 Uk, i 1 )5 F By
DI AR 5 b T, B MR 105 COR T 30
min 5 80 CHE T 20 i i, FR AT 5 1 A4
o MRS E TR S A O B T
wmmaiﬁmmﬁa%£%%M%ﬁmﬁﬁﬁa
R 2 i A R
1.5 #EsH

F1 Fl Microsoft Excel 2013 F1 SPSS 20.0 # {4 #47
BRAL ARG T 50T, SR FH BRI 2R 5 25 0 A /N
R FIER IR W R AR ARG 25 e R X R EAL
PR A A AR AR T -

2 HRE5HMH

21 AEEBLATEFENBRECBRYRNSE
HPLC 75 & 5t 46 I 28 48 5 18 AR PR S AR BRAS [R]
PR AL Y 13 rh S AR HLRR S AL B o & i, LUATAIL
PR VA WA P AR AR, €033 06 T FCA AR B i VR A
M, 5 A HLER OK iR SRR H IR A IER &
LR )TE 1~100 pug - mL™ Vi B2 0 [l A 1 52 B R A 2k
K F A BN [ 7 #2453 51 R y=10 109x+28 094
(R=0.999 3) ,y=802.84x+41 254 ( R>=0.998 6) . y=
8 721.5x+37 942(R*=0.996 4) .y=697.68x+6 566.4( R*=
0.984 5) .y=106 252x-39 344(R*=0.999 4) ,
HR A 181 91 5 7 0 591 1153 4% 4k B - 48 v 5 oA AL
MR f 4 R (R 1) B, B - R P2 W 1) A LR
TR, A B G, AR X LI A LR S
WAL, R A DRSS AL B o i & £ B oA S 5646
H T AR R B I AT 5%, S0 S 9 25 1] 40 A1 R AE
22 EEBRARLERRANGEMFHLZAF N
2 L HEIR PR AL B Fy e T R A R R
R P 1 AT % 4% b B 2R AT X R R Ab
B o 5-B A AW R OR, S5 0 B b K 25 AR B 3
FEAR T 6.23%, % IR EEMRAL FRIA) R 2P K 22 R A
Fo MR 2ATHAL, KA E ZE R IR EOLT X
94—

Rl TELETEFENBRELBRYREE(pg-ml")
Table 1 Allelochemical contents of soil extracts in different

treatments (g mL™")

IR A TR i HLfiR ST, (=R
g KPR g PR WO
Salicylic o Oxalic ... Fumaric
Treatments ; Malic acid . Citric acid .
acid acid acid
R 11.22 17.01 10.10 9.63 0.47
D20 9.94 15.46 10.05 7.75 0.42
D40 3.36 15.14 9.91 6.31 0.39
D60 0.38 14.66 9.40 5.09 —

T —2ORARA . RAID20.D40.D60 53
FEARPR 20,4060 cm 4k T HEE W, TR

Note: — means not detected; R means rhizosphere soil extracts of
alfalfa; D20, D40, D60 means soil extracts at 20,40 and 60 cm away from
alfalfa rhizosphere , respectively. The same below.

IR SEAE 7 R

501
451 i b ab ab ab
401
351
301
251
20
157
101

KR GCPI%

CK R D20 D40 D60
AbH Treatments

ANNFNE SRR AR R 22 5 122 (P<0.05) . Il
The different lowercase letters indicate significant differences among
treatments ( P<0.05). The same below

Bl AELGETHEMFRFR
Figure 1 Seed germination percentage of hollyhock in

different treatments

R2 AEETHEMFiFR MK
Table 2 Germination characteristics of hollyhock in

different treatments

pis: REFIREL MK S
Treatments GI Root length/cm  Seedling length/cm
CK 17.18+1.30a 2.21+0.33a 0.94+0.30a
R 11.80+2.98b 0.97+0.23¢ 0.48+0.07¢
D20 14.88+0.72ab 1.40+0.26b 0.49+0.06¢
D40 13.92+0.19ab 1.46+0.25b 0.66+0.05b
D60 15.08+0.17ab 2.13+0.30a 0.80+0.14a

T« [ AN TR/ ING R R R AL B W) 22 57 .35 (P<0.05 )
Note: Different lowercase letters in a column indicate significant
differences among treatments(P<0.05).

Horp R AR & 25 45 805 % BEOAH L B S REAR T
31.32%(P<0.05) . 4% 4 3l ) 3% MY K i K il 2 110
B AR S B AR A R A B ) 25 AR I G
Bpdge/IN, 5560 BEAH Fe 23301 2 2 ks 1 56.11% H148.94%
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(P<0.05),
23 EREBEAR T ERREXNBEMFH LMK

PR IR ZR A5 30N T BRI A I 25 1 R i b Ak R 4L
(R 25 RN, HL 24 o L 1 DR /N s e 1 A JBR A0 1)
5o HWERAIEREE BBV TR R (3R 3) AT LAF , BE 47k
T AR o AT ) - 90 R YRGS 3 2% A K A R A o
A PR 5E , AR s 3932 B2 W 1 1 ol 4 P e, 24 0
ARSI, - SRR 0T ) 2 A VR P 2 S
Uk B S A0 B8 A R v = A 1 A S8 Jo ) ) B
PRAT — (R RE I, 5% 0 1 /N 5 BE S84 7 AR AR 1
B O PR 1 A AR BT, 37 AR B FH s i
24 EHHESHEEIER LB

EJRAFPAR LY , S A0E B A 5 B 55 MR I % S AR AR AL
55970, Hb B A P 2 0 T 8.01% (P<0.05) , H
T 5 5RTEE T8 AR AR BB filn &7 2 HLRB A 1k R
JOT 1) SR, ) 2R R AR Ay et A LU B s S 2 ek b T
23.99%(P<0.01) . [H] i &5 25 (14 it 2 25 G WLz 340
il , 2R 28 e 5 R A AR S AR R EF MDA
O 5 ERORE L S TR T 15.72% (P<0.05) , W
PR A SR TR E 2R (FL),
3 itig
3.1 EEEHERX L5 bk B R A = 18 3052

A I8 o R AR ) A A Bl b AR IR A A
5, REBON /N T 0 R, AT ke 9 A A
W OGEER IR A B IR IR B TR R A
WA A TS SN IR REEAE I Z R A A
T 1 10 TR B I, K 2 A 8% ) 5 0E A A (1) 2 0
TEPO0 PR R G D T 2 Ak A R D o A A
KA T Y LY, Perez ZEPURIFSY & B0 BT e 2 AR 22 40 0k
AR SR R A R R S5 B T X A /N A2 R

3 FEAE TR R G HE T i & 8L B
Table 3 Allelopathy of soil extracts in different treatments on

seed germination of hollyhock

R4 EEXT B LR ERIEARHI RN
Table 4 Effect of intercropping on physiological and ecological

indexes of hollyhock
i = =/ ,{T\
Kb P Treatments L Tl . -
Monoculture Intercropping  i—test
M LA P Shoot biomass/g 5.49+0.02 5.05+0.01 *
R A ) i Root biomass/g 3.21+0.01 2.44+0.01 ok
SR E 2.86+0.01  2.110.01 o
Chlorophyll content/mg- g™
N B R 12.66+0.03  14.65+0.02 *
MDA content/pmol - g
LIRCE e A i pia 18.2740.66  19.61+025 s

Soluble protein content/mg- g™

e ISR H R (b
RIFR RIRE RK RIS AR

Treatments o
GP GI Root length ~ Seedling length iR e
R -0.062 -0.313 -0.562 -0.487 -0.356
D20 -0.021  -0.017 -0.365 -0.474 -0.219
D40 -0.041  -0.190 -0.340 -0.294 -0.216
D60 -0.030 -0.122 -0.035 -0.147 -0.084

http://www.aed.org.cn

TE %+ F0R P<0.01, 3R P<0.05,ns TR JE B #2955
Note:** means P<0.01,* means P<0.05,and ns means no significance.

WRZEA A AR . S AR X R0
A7 Z2 TP AL I T, 388 B AR AR F GC-MS A6l 2
H L S8R T AR P S R (R R o 4 45 LB b
Je FRBEkE e (BEE (RR AN DT AL S W 2 T
Wyl , HARBR A &R R T RS AL ) o
IR T ARMRPR o AT AL B A e AL
W o e A AR AR S A s, S e T AR
W o R 2 () 2 AR JRE AR

S H A FA — /) H 8800, FE 2 AR5 i
KB B, F B 5 AR RO o 2x i e il
RIS BUACE AR e AR AR A T LR S R
BRI SR A AN A B, B AR AR RS L o
TR EEARAT S AE IR TS A R Al
KA T W 2 DR (H B KR S ok B Tt
1o AV 5010 B 8 e AN P S SIS SRR A
A AR R AN [ B ) SR 4R YK 4 2 b7 i A AR
TRV FE QB e A ) S B A A
ARSI SR A B e R PR B AR 1Y 1 3R F R
AN SR A9 AR, B AL (Y - SR SR U X
FEMLERTC BN HIVEH , X T R ALl 52 18] 73
A 255, IV B 5 Ak A ) Jo 7 A, AT R 2%
LA RIRCR X 5 T A BT S R AR
3.2 [E{EAMIEXS H A KRR AT

PIA T 32 BRI TR IR R AR L 2
L) o SIS R AS () A= i Pk 00 9 e e 32 45 TR 3R A 2
U738 SR AR AR PR L IR AR WX By 2R T A 2
TR A SR T S 20 X AR 3 b (k) ot
(Sl 7 i e A 25 74, DT B 2% 1 6 24 T[]
B 25 A A AR & AR PR A i R AR, L AR
HS A ek ek D BB A, T RESRE ph THR ERE A  JR
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RO . MDA i O B AR 5 55
AT SR AR, AR AL BT i MDA & 57, Ul IR
YJsAE—E R AR T AR R G, B 1 VE 1T W) o
AT A R B AN R (BT A i e
IR R LR A X B S

4 #ig

(1) HPLC a0 25 5 2 W AR B - 38 Ak Jgey o 5
o T ARRR B 358 G B AR B - 398 A b st iy e T EAR Bk
+4E,

(2) S H 15 32 RO S 28 R 11 & P il
Ve, BE S5 MR PRI B 3, 570 78 L3R R
Xof ) 5% MR A 8 10 T RS

(3) [RIFEAL BT %) 2% A5 4k R S R 5 S FRAIK
SEAEEAE 7 HE AR B P 0 ) 25 7 AR LR N,
TREFIRIS MR TS TR . DRI AR S N kA
PARME DRI 2, 2D ORRERIE [ BEAS /N T 60 em.
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