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Allelopathic effects of cultured Cucurbita moschata root exudates. LI Ming!*?, MA Yongging"2, SHUI Jun-
feng!'2( Research Center of Soil and Water Conservation and Ecology Environment, Chinese Academy of Sci-
ences, Yanging 712100, China ;®Institute of Soil and Water Conservation, Northwest Sci-Tech University of
Agriculture and Forestry, Yangling 712100, China :3Graduate School of Chinese Academy af Sciences, Beijing
100039, China).-Chin.J . Appl . Ecol ., 2005, 16(4) ;744 ~749.

By using the techniques of tissue culture, bio-assay and laboratory analysis, this paper studied the effects of the al-
lelopathic chemicals from pumpkin ( Cucurbita moschata) roots on the seed germination and seedling growth of
pumnpkin, wheat ( Triticum aestivam ), and radish ( Rephanus sativus ). The pumpkin root was cultured on a
sterile Bs media, and the concentrations of macro- and microelements, organic supplements and hormones in the
media were adjusted by using an orthogonal design. After culturing, the culture media was filtered and used in a
bicassay to test the autotoxicity and allelopathic effects. The results showed that the pumpkin had both autotoxic
and allelopathic effects, and the media having been used to culture the pumpkin roots contained the chemicals that
significantly inhibited the seedling growth of wheat and radish. The allelopathic effect decreased when the culture
media was diluted. The production of allelochemicals seemed to be related to the growth rate of the pumpkin
roots. When the root growth was rapid, the concentration of allelochemicals was high. The allelopathic effect was
stronger on radish than on wheat. The optimum concentrations of macro- and microelements, vitamins and hor-
mones for culturing pumpkin root were determined, and the effect of pumpkin root nutrition on the production of
allelochemicals was tested. The results indicated that pumpkin root nutrition had a significant effect on the pro-

duction of allelochemicals.

Key words Cucurbita moschata, Root exudates, Allelopathy, Orthogonal design.
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2.1 REHH

A6 B 2 %18 N ( Cucurbita moschata), 2R B A
INE(Triticum aestivum ) B I (Raphanus sativus) B R &
BB EMENHEE 1 5 (Cucurbita moschata) . Fi
HFHaiigaE.
2.2 HNAFRYES

BB TFRKLTE 24 h S, BERER G THRTE
F75% (V/ V)ER B A HEE HE | min, BEKHE3~5K,
RIEH 1 S X FBRNBZEIHE 5 min, TEAKFE 3~5KE
FETERETBARS 50 ml B8R B IBIRHE S 200 ml =
£ (KNO; 24.64 mmol- L™, (NH;);S0, 2.06 mmol*L ™!, Mg-
S0, *7H,0 1.00 pmol- L™, CaCly »2H,0 1.00 mmol* L~ NaH, PO, -
2 H,01.10 mmol L™}, Na, = EDTA 0.1 mmol- L™}, FeS0;+7 H,0
0.10 mmol- L™, MnSO, * 7 H,O 62.78 gl * L™}, ZnSO, * 7 H,O
6.94 ymol - L™, NayMoO, + ;0 1.03 prmol - L1, CuSO; - 5 H,O
0.16 yumol-L ™!, CoCly+6 H,0 0.10 gmol-L ™!, KI 4.52 pmol- L7},
1R (CHsNO,) 8.12 pmol- LY, 2k BB e % (C, Hy CLN,OS+
HCL)29.65 pmol-L 7!, R BZ I M BE (CGgHyy NO, - HCL)4.86 gandl -
L1, RS (CeH1206)0.56 pmol- L™, NAA 2.15 pmol- L™1), 18 pH
H5.60, BF 25 T .8 h FEHIEHN 2 000 Lx FHEE S FITH
B AdEHHBRKE 3~5 om FHEETCE &4 FTE W, FXE K
FR VI 1 e KSR, R EZW R B RRERED. K
BF 70 r-min "' MBIR L, 7 25 TREFFEPIES 194 FRH
IRFEAFHIN R Bs BT HEPARIER, DR H B4k
REFE BB EHIERR.
2.3 WENAE RN E G ML BRBUY iR
2.3.1 MAERBRES WYHEFEN HEFEHZRMA
ZEABFTFEAEHRELANEE L 5 XA TREXR®
AT A AR R 4 WY B |AE A M AP TE . B LA
ER(BEL 0.1 o) ERAERSE 25 m B B BB HAEN
100 ml ZAMPHER . ER VRIS HERBRAFHE
45 15 10 N BB S BIE A ERN R, M AHE LT

AT HE SRS AR iR . 2 B 3 ml AR IR VR BE B9 2L EE WM
ARE 2 BERCHBRARY 9 an MHEHIER N Kk
W —BE LT, - R IB AR K R
36 h, K F 1 SH/KBHGE 24 W 5, 3RS0 7 Ry 588
BMPEHIP, FURBEKEME GAL0BR 34 RE, B
F25+1 CHERFEPIEF, 4HTF 23.25.27 31 h BT
REHTHRFREEENLIEHEEE 1 SER.EFK,
48 h 457 B A E & IR R K
2.3.2 FRIE KR AR AR R 4 109 040 BB R IR R

HERARRAEARSEREEM2.3.1 HE. §R 248
HHARR A K ES -SSR, Bit 7 K ABEEHL
DFFHEAKBIS ), FBABOK. 54 51 H AR R 5 5 et A6
ERERMBHMERNR T b PEHTEHBHEFRL
REMIOK,BE3ANAEE, BT 251 CHEBHETER.
WfE3ESE 48 hTE PIEMK 64 h B/ NERMR MR K.
233 BMAEMRERRAEFBE TRES BYHERK
R FWEMAERN B M EHS, M ERAFHR>
EBEFHE. R LY EXERFIT, M HEFRRT
REHFTREEENENAERE RS> B Em, H ik
HAFRBRSWY R EEMGEARBRME R CEA
& LR’ 3K, 2504 1/2 BsBs.3/2 Bs I EK T,
AFAEERXR TR BECE. FVIEAKE 4+ HMEK
XA, FARRFTEEMEERY LB, BFEHRERS. &
TERBIME, MBI REE EPEREPH K
BTHKNO, HE&#ZEHLE NO; S RR—H.SEH
(NH,),SOs 1 MgSO, - 7TH,0, K& 1t 5 NH; #1 Mg " & 1t
BAEBY KASABAERITET. NBREI NO,™ S
NH;* G20, MEa /-2 R 112 BIRMEIR 5 %
BRE3IKTES5H 1% 2% 3%;NAA R 3 KFE45
91.07.2.15 1 3.21 pmol-L™'; 1BA & 3 K458 0.
0.98 1 1.48 pmol- L7 . KA 100 ml Z AR, BIREN
B Bs 355825 ml, HELEAEM 0.1 g BEIEFR 19d 7
RERREF BB AESRA R, /0B MEZ &kt
TRFRAR, M 108,34 EE, BT 251 CHERSE
thIESE. W IESE 48 Wt F MIER K . 64 h BT/ NFERARA AR
Fi.
2.4 BELEFE

R SAS Bt S AR REBERTHF ELSW, M HE

A BENBRELART LSDSBREHUER NEF b
BEAR MR ZF 4 A f bRt AT B 2 0.

3 ER54H

3.1 AR RARRR RS WY 8 LR

MNAE R AEKEARRAN 21 d,21 dJ54E
RIFGHOTENGES, RELAEILEK FRBRE
KA FMA, 8 0~13 d HEKMIERY, 13~
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Fig.1 Effect of pumpkin and root exudates on seedling growth of radish
(a) and wheat (b) at different growth periods.

1. BEAR & Radicle length; [ . BE#¥ & Coleoptile length; [ . 8 T &
Root dry weight.

19d VEKMIEEH 19dUBE M BRERAE 1
M), EFE21 dEWRHFEANT FE. SR AERE
BAMEKBAPAR A RBTES" ML, B EK
At K BANE K BREIE M, 21 d EEAE 1L
ER(ELT).

T R AR 53 WA T /N AR A AR 2 A 4 B
HBIVE R R AL, 435 1R 4 W XTI 32 R 4R A R 2F
B A BRI AN B A EARREREK
37, A2 B R X AR 2 A 1 4 i 4 B B3R 09 B 3
HEAERBEE RO M 1SdEA, BRBR
FEXA-O B A AR A R B R, S W e &, I
MINERRSHFEEKBANTENY S0 %, MER

®1 AREBRRSDHIFRHRERFERERERORNE (LD RR)

BREHMBZ, MEEHRRS(E 1b). HRAER
AW PR KRR —E W E
MBS EHLEERZAMEBERERS(E ).

ERAMNERAND, BLAER S WY AR
Y FhF 4 s 15 A R AR SRR AR
B33 KA, 70X BB R B AR B AR < i B 3,
AERSWYHLREL. FTREE I EAEREEEK
B, FTERRFHENASREGHASMERIR H
MR EY TS WS EERKBE, AERER
EFBERBEKRPN S WM 25 CTHEFX
¥ e B, SR AL RER B
EHEXDEHRREKERER X, XFHERSEETA
EHRFEPEBRPEAREM A KRERM RERME—
SEREICER.
3.2 WMASRERESWNEBEER

WS R AR R W F b
F/NE BT P A W A B R 4 T RT 40, 19 d B, 16 R4
AR B R IEEAE AR ER, AT wT LA AR E—
HHFRER R0 R MLRIERERS. & RRH,
HEFF 19d BRI MAER RS U R A A ERER
BRRAERER. ERESEE . FHERS 10
ERBER AAEHERNTE 1 SHEKHTHH
R I Ve, 00 P R 25 A R Bk BE Y R
MME. 3 Mk EAERRR S W ZEER
REREH BEFLRL, EIRBERKK O ERESER.S
EHRBEES 10 EHRBERMARRR S WY S, BA
EHBEINBERLFESSFIH 20%.81%F 86%, 5
MRB(EFE 6% )M 20% ~76%; TE 1 S0
BAKRIEEN 46% .54% T 68%, 53 A H (& 3F
F 89% )% 21% ~45% . Ht, B AR R R4 W
VAR SRR FHERFE, MHERET ENNS
REFE, AT EZMHEF LEHELATEZE L
SEE1D.

Thble 1 Effect of pumpkin coltured root exudates on germination rate and radicle growth of two acceptors ( LSD test)

LLE B B384 A Time(h) BER
Varieties Treatments 23h 25 27 31 Radicle length(cm)
HZ&E X+H CK 24a 81a 8la 95a 4.4a
HEm 10 fERBW 10 - fold 4ab 52a 67a 86a 4.5a
Techanmitian SAETFW S - fold 0b 0b 10b 8la 3.9a

K e AT W Culture filtrate 5ab 5b 20b 20b 1.6b
EE15 X H CK 79a 89a 89a 89a 5.2a
Wuman No. 1 10 ERER 10 - fold 57a 68a 68a 68a 4.6a

S ST 5 - fold 54a 54a 54a 54a 4.3a

1535 35T BB W Culture filtraze 36b 46b 46b 46b 1.1b

« REPFEFIRE 95% B{EXE AL R B ¥ Different letters mean the significant difference at 95% confidence interval.
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BN IS RAR 2 53 W T JFOBOR T X P 2
R B HEAR AR 1 S 3 UM B R BE H  3i PE A,
FEREREMEEERS, KPP AR E/AE
10 ERBERMERRETHERERERIRL T —%
BEMRIEMGELD.
3.3 EFHMA T EIERRR R - WL RE Y

HE 2 75,9 MEFTRMALE, REAS
ESR’AR,E19dERAS LY ST RAHL, X
B MU/NEZERFHGEEREARIEH 2N
MR, ARBRERME T ZESEMER, E—E
WEFGTERANEREEZIR B EKE, RYE
REFBEHEH.

BHE2acH R NEHLE, EARAS LY
MEMEREEFERGMEFEHAREAL E—
HABTRATHETARLERMZWELRT

METR A HTMESE RET R ARLERY

ERBEE HPARTRASHATHETE ML
MAERT N 4 K40 2 FEHMEER R B
IRREALHE 3 402 5 bE 6; FREAE 4. £E 1M
ROFE 85 4RFE 9 TILLEE 7 AR M fE R BRS (P =
0.05). METRATHTAETXE MERAER™

251 a

E20r &

% |h

=

2 1.5
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& 1.0
M
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K 05H

oUW L
Ler ¢ [ODWBITHE Trace clements

E 14r [OKETE Mass elements
Q

= 12+ E##E Hormones
=]

) M 44 % Vitamins
2ot

208

2

S 06

& 0a

= 0.2

RINHEERRR L BRI 420 3 K AE T =4
A I VE P B 0R; B IR R AL TE 2 b3 S AbHE 6. 4b
ESHAEGAE 1 SLAE 4 FAMMTIERE
5, 5 BHETEEER(P=0.05). 4 KA
WY AETXE MRR K= S WG 7 S5 X B
HEMERTX, ERXEXRY 50 %, HAR 4L
BETANIR M FRFEKNALE 3 WHIEH
R, AbFE 1 4bFE 5 AL 6 FIALTE 9 YR AE By I
ERSS, RALEATFHREZE(E 2). XHEAR
MEELHERFXMESSHEDERK LT R
W RARE, XTHR A5 RYHERAR, KhgET
E5#E RERSSHEYKERBS B PHRFERYD
BB, MR ZS W HERMEXERHBHHEERTE
HEBERITUREEEER.

XHNERR A, BRR BT IR M & R &
SUPHEERHBERELESMBZEEREE
S, HARIHAEFKNERREZDIUYHRAL
ARBEHMEERD EPHBTRELHE 53 R
HEREE. B4 MEBREMEERER 9 M
BRYEREER.

6r
b

<

CK 1 o2 3
4t # Treatments
H2 TRABEFRTEMETHLAERSWYINE . F MIEERAGZH
Fig.2 Effect of pumpkin cultured root exudates on seedling growth of radish and wheat under different nutrition stress.
a) ¥ MR Radish radicle; b) A FEHEMR Wheat radicle;c) ¥ P IEZE Radish coleoptiles; d) Z B3 Wheat coleoptiles. B FTHIi ST EM R Bs
FRIEFRTTRIHNE 3 MAFSR LGHEXRFBH 9 NS, Hrb 3 KPR BB 5514 1/2 Bs.Bs.3/2 B #9% F & & The number in

Arabic figures showed the different crossed combinations:3 concentrations grades as levels that the elements level is the concentration of 1/2 Bs, B and
3/2 Bs respectively and 4 different arrangements; mass elements, trace elements, organic matters and hormones matters using Ly(3") table.
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tA% 4 AR T 9 MR T MEF
KR E, TMERTENY NEF A KA IME E
PRSI A B TE(0.66 cm) < FE(0.59 cm)
<KBRITTLE(0.37 cm) <HHEFK(0.26 cm). /PER
FhEKkMEERBRFSABRSKAER. BFRTEY
FINERAKUMEHERRSIRF ARETE
(1.42 cm)<#E(1.01 ecm)< KETTE(0.89 cm)
<HHEFK(0.53 cm )5 X /MFEER A KW HE R
SRS AR (3.51 ecm)<#EHEE(2.24 cm) <
HMERTE(1.85em)< KEBITLE(1.19 cm). XiHBH
BARERRMER TR EGMEY, WE THY
REE R IFHL, T R AL b A P 1 ff 28
S¥EBFETARRER, OSBTHOED N RMHE
AREEAGTHEERVESHSWHLERR.

HEBEAREEF TR E LR E
FESNEm, ALR S FFRAYE N5 ERES
R RV R AR b AT BB L, R B RERIRT
FEETFHRE(R) RUIBIRHE S ALIR, BEN
BARREIEREE R LEZE, AREEMK/DEES
SBEFHA/PTRERIRTERE RN EK.

UABTRLETE MERKS 9 LA E
#3 TRAEMDETEERET NS S HEERODHEREHF

HITREST AR 2L, KETRLAETEEF
3IKEBr XS LR RASEAR A WXt & D RAR R F
HEANN EERE, X3>X>X;N BREE,
X1>X3>X2;PAREE, X3>X2>X1;Ca H#HEA
. X1>X3>X2;Mg FRER, X1 >X2>X3, i
XE MNERKEEWHIEAREN KR TR TRA
EH: BB 1% + (NH,),S0;1.01 mmol - L' +
KNO; 24.75 mmol + L™! + NaH,PQ, - H,0 0.55
mmol*L ™'+ CaCl,*2H,0 1.00 mmol-L ™! + MgSO,
«7H,01.02mmol ‘L™ X & H K| EA/PHE,

B2 KETRLHE L, EXARKITER
Table 2 Statistical resalt for Ly (3") orthogonal test onder mass ele-
ments notrition stress

151 BETR ¥ R K E Bz
Treatment Nutrient Means of radicle length of radish R
elements X1 X2 X3

XKBXE M8 Sucrose 0.55  0.65  1.27 0.72

Mass N 0.93 0.72 0.81 0.22

elements P 0.76 0.84 0.86 0.10
Ca 0.92 0.68 0.86 0.25
Mg 0.90 0.84 0.73  0.18

X1.X2 f X3 S5 R & H T4 1/2 Bs KT Bs KTH 3/2 By IKE
KEEATY PEBE N FE{HE X1, X2 and X3 showed the average
of radicle tength of radish under 3 concentrations grades as levels that
the elements level is the concentration of 1/2 Bs, Bs and 3/2 Bg, respec-
tively.

Table 3 Sequence of notrient elements according to the inhibition on the acceptors seedling growth onder different notrition stress

1R Index KB ITR Mass elements HE T K Trace elements B4R Vitamins # & Hormones
¥ AR Suc< Ca< N< Mg< P Mo< Fe<Mn< C CgH;2CINO3; < GgHsO;N IBA<NAA
Radicle length of radish <B <Co <Zn< | < CppHygClhN4OS< CgH 1,06

¥ hEEFEK N=Ca<Suc<P<Mg Mn< Zn< Mo< Co CsHs0,N< CgH2CINO, IBA <NAA
Coleoptiles length of radish <] <Fe <Cu <B < CeH 06 < C12H)sCLNS

NEERK Suc< N< Ca< Mg< P Mn< Zn< Mo< Co CgH,>CINO; < CgHsO,N IBA < NAA
Radicle length of wheat <] <B <Cu <Fe < CeH 206 < C;2HsCLNS

NERREEK Suc< N< Ca< Mg< P Mn< Zn< Mo< Co CgH12CINO; < CeHO;N IBA < NAA

Coleoptiles length of wheat

<I<Fe <Cu <B

< GeH 105 <CHjsCLNS

Suc: E# Sucrose. T [d The same below.
R4 NEEAFTREMNERANEREREKPHRLAS

Table 4 Optimal content combinations of nuatrient elements with the
weakest inhibiting effect on the acceptors seedling growth

48 ErRR K Radicle length JEFK Coleoptiles length
Treatments Nutrient elements gh IME gh M
Radish Wheat Radish Wheat

KETR  Sulgl™h 1 | 3 3
Mass N(mmol-L ™) 40.20 %.80 26.80 0.2
dements  Pomd'L”Y) 0.55 0.55 0.5 0.5
Calamol-L. ™) 1.0 L0 0.50 0.50
Mg(uma-L™ ") 1.53 1.3 1.53 L0
BETR  FelomotL V) 0.10 0.15 0.15 0.15
Trace Ma(ymol-L ") 62.78 6.78 9%.17 9%.17
dements  Cufpmol L™ ") 0.16 0.08 0.24 0.24
Infpmal- L) 6.94 6.94 10.42 10.42
Blymal-L™") 21.19 7.5 2419 %.19
Mo{yand-L ™ 1) 0.26 1.03 1.5 1.5
Co (ymal*L.™") 0.05 0.10 0.15 0.15
{(pmal-1 ") 2.2 4.52 4.5 4.5
BER GeHONOy(umal- L™ 1) 1.9 7.9 1.9 4.8
Vitamins C,2H13C12N4m(;mnl-L' [) 2%.80 6.8 26.80 6.8
CeHsOzN(mmob L.~ ) 0.55 1.10 1.65 1.65
CoHi20p (pumal L™ 1) 1.00 1.00 1.50 1.50

8 1 NAAumal' L") 12 0.4 0.3 0.4
Hormores  [RAGumol [~ 1) 1.48 0 0.98 0.9

= (E R K T B N SRR BB A, B30 B B
BXtE MERAEROWMEEERD, NER.Ca &
B Mg &BKZ, P EEMNT MCR ARSI HE
HEAX HRIITERLEG O LEBEHRENSTTT
[ L, 93 o e AR B AR 2 2 W AL B R D B
RUEHEFTRKFAE. FRLEDEE TR
TR /MBUF R 3, R B SmmsfE R E
RKERILASRE 4.

4 i #®

AFREREY, HRAFERER AKRHF
HYR AR R R 4 B B IME T 8 S8
KF R e, BBEE IR B3 A ] 1R R 3 0.
LA B AR 3 N 581 79 LR S R RIE b, 0
REEIREAXBRAR EREFTRAEZNHR
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H R LB R S5, A H TR B R
X HLTE A A 9 AR IS L AT R 5T

TREHRTEEFRWET I M EBRAMERR
B, B 40 R R 45 264 T R RO 1 AL R R 9 3%
BRI FHRARIRE, X A E B R T R 69 3 SOk LAY
8 T TR [ B 43 R R ) AL S 4 R, TR B 136 B
R B AL R B R 2 R SR D IR 1R
R RS E RS W B B T RN AR R
43 WA 6 72 2, A B R B IR R A 7 A AL
BAERM— AR 7O, ERTREEHERTL
RiEEWGEHER. I THREMSHSTHHEX
YRR YL AR R R, B LB — S
B STRE AR R U HL R B AR R 4 I R 2RI
B, IR X S R R R S A R
BB EHE, = REE RS, RRECERE
X E.
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