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Abstract

Aims Castanea mollissima and C. dentata are typical chestnut species in Asia and North America, respectively.
They play important roles in the ecology and economy in their existing forest ecosystems. Chestnut blight has
caused catastrophic losses of C. dentata populations since 1904. It is especially important to understand the dif-
ferences in chemical ecology characteristics between C. dentata and C. mollissima when scientists try to make
use of blight resistance of C. dentata to help the recovery of C. mollissima populations in North America. The
objective of this research is to compare the allelopathy effect of C. dentata and C. mollissima by leaf water ex-
tract bioassay method.

Methods Using germination rate and vigor as seed germination parameters and radicle, plumule elongation and
fresh weight change of seedling as seedling growth parameters, we studied the effect of water extract of C. mol-
lissima leaves on dicotyledons lettuce, radish and cucumber and monocotyledons onion, rice and wheat. We com-
pared the allelopathic intensity of water extract and 11 elution components that were separated by X-5 macropor-
ous resins from water extract of C. dentata and C. mollissima. The strongest allelopathic fraction of C. dentata
and C. mollissima was analyzed by liquid chromatograph-mass spectrometer technique and standard substance
counterevidence experiment.

Important findings Evidence of inhibition of seed germination and seedling growth of test plants indicated that
water extract of C. mollissima leaf has allelopathic properties. Data on inhibition of seed germination and seedling
growth in lettuce indicated that the allelopathy of C. mollissima leaves was stronger than C. dentata leaves. The
allelochemicals of C. dentata and C. mollissima extracts are in 7:3, 6:4 and 5:5 elution fractions, as documented
by the bioassay data. The strongest allelopathy fraction of C. dentata and C. mollissima extract (5:5 elution frac-
tion) contained chlorogenic acid, p-hydroxybenzoic acid, protocatechuic acid, gallic acid, etc. Results suggest that
the difference of chemical ecology characteristics between C. dentata and C. mollissima should not be ignored by
restoration ecologists.

Key words allelopathy, Castanea, liquid chromatograph-mass spectrometer, seed germination, seedling growth
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% (Castanea mollissima) J& - 5¢ 3} B} 28 J& v 1
TeAREGEAR . SIEMIA 1240F, FE 0 Afrde
Ek (Pereira-Lorenzo & Ramos-Cabrer, 2004; Bounous,
2005), -, WP AR A5 M(C. crenata. C.
molissima. C. seguinii. C. davidifIC. henryi), Jt32
MAE64FH(C. dentata. C. pumila. C. floridana. C.
ashei. C. alnifoliaflIC. paucispina), BK¥H. JEPHIFIPY
WA 1/MFi(C. sativa) (Bounous, 2005; Barreira et al.,
2009). 3 [EH L (C. dentata) Al 5L 43 51 £E 1k 5 F AV
PEHARESRET AN EEESER
Fet {8 (Barakat et al., 2012). 35 [ b 38 8 2 5 [
TT R R G I R AR M, BB E AR
Z 4 5 7= 11150% (Delcourt & Delcourt, 1998; Foster
etal., 2002), Al ARbK LEFEF LY. KEMA
PR B U o AN AR B A 2 Hh =
[ 25 55 2K 5 (Lutts, 2004; Lord, 2005). %&£ 4TI
Ly Fe B by, ZEBRPE S 2R, g b, sy
T, A E35004F K5 R P4 AR L,
H Ao B AL TR R, 77 R Tt AR
R A1 75% (Gounga et al., 2008; Zhang et al.,
2011).

19044F 5, 11 2H 2/ A1 B e 4 6] 5K 24 [l (%) 5 1L i
ZEM Bk kDL 5E % 4t 45 JE T 1 Cryphonectria
parasitica’; | & [ %%, Cryphonectria parasitica
MBS TR e R TE R Z 2R, & e EARCE
M _E 75 53 FET (Anderson, 1914; Freinkel, 2007). it
o, RE TR R, R LLREE80 km
)T VT &5 SiE, 19204 1 J5 A i — - 1 98 T A S
B GY, $119504F 3¢ B AR 5L 56 4 MR ARG )2 Hh v
2K, BAE 3 E DLEAR T A A7 A8 T 3K 1 J2 (Anderson,
1974; McCormick & Platt, 1980; Exum, 1992; Elliott
& Swank, 2008). 5T A ISR SR A Pk
201t £0804FE 4, Charles BurnhamJT-44 M 5 55 5 [E 4R
DRZRATIR e AR 5 1 08 1 s AR, F S S (R AR
WAL, [FIAE = - 3 A ZAR(Bs-F2) BB A
AEowitk, HAPRARS AR B RHIE S aliph 58 EARE
AHABL, 2 T 396 [ A S M 1) Pk 2 (Beattie &
Diller, 1954; Hebard, 2006; Barakat et al., 2012). %
AEHRCEE 5 TN IR SR TR P iy >k () A A A 27 A S e
PER AT 235 M 3 EACR AR . Fdt S ?
XA ) A R A 2 AR SIS 1 %

Vandermast 45 (2002) 1 3¢ [ A 2E - 5 /K L 1:20
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ECAFI B0, KA U J3 ol ol B AR IR £1%) 21 4 4k (Acer
rubrum) . i % Kk A2 (Tsuga canadensis) .« % ¥
(Liriodendron tulipifera). #% K #1 /% (Rhododendron
maximum). Kk (Acer saccharum). Jb3&77H2 (Pinus
strobus). 7 I (Lactuca sativa), LAS ARBEAKHR 4L
Temh. MBS, . ORFLRY AL, BFFTLS
R SEERCE KRS T 5 6T
A MU AR BRAR KA RS Fh 7 17 &, i) 1 68 R
AR ARHRAR R A B 2 v R AR ) ARG, 0 W) 56 L AR
- FRAEAEARIE I T . Ok T SR T ORI T R
DWARIE o A TR ORI AE P 1K Pl 7 107 K 5 %)
HAEKSE, TSR KR I A RN, A
5 [ B S B SR KR B R X -5 R LA R 20 2 21
08 B A B A FH 5 55

1 MRFAE

11 SE#

5 [ MR S 12011479 H R | 52 [ v S AR K
SR 3] HE M (34924" N, 82°30" W); FEIH-T-2010
TEQ FL SR WL T B ik i BRIV B R 27 B 52 2] K 3
(29°24" N, 121°9' E). AEWi% 1 S0 A FH 21010 58 1
(Lactuca sativa ‘4¢3 1"). % b (Raphanus sativus ‘|5
1% ). # ) (Cucumis sativus ‘G #ENT45). A
(Allium cepa ‘4L JZi4), /KHE(Oryza sativa “JfEAL
F257) . /NZZ(Triticum aestivum “Wi25")Fi+T
201148 I A i Rl 3~ w0 L5 TR B R
Hi/3 7] (Tedia Companic Inc., Fairfield, USA); X-5°K
LRI T iR R A W] o 4B % ik R b 2
SRIRIR . JFULRIR . WK R & & IR N
taital, Wb 5 Sigma-Aldrich A 7 .

1.2 ZEMLRAEA
121 ZERKIZER XS FhFFE & RO #2 Mo 3036

K ZE TR, FREXO.5 kgl AR A, FIL10 L2k
K48 he BEARYIT10/Z 40 At UE, 4 000
rminT™ B0 15 min, 1 E A BB H K I,
IR WA T8, BRI, 2l T2 81K, T i
0.5. 1.0 2.5f110.0 mg-mL " {KI/K$EH, BT UKA
g H .

DDA B B 2 MK, Ff A
FERL KRB ZE DM B o 100R0Ff 15 ) #5
JRAEEIAT 2084, K/ A15 em x 20 emif) k2 &
010 mLAS (AR FE IR K B B O B R 25 3 1



K), BEASKEI BIAN T IR N 625
‘C, 12 h; W5JEWI15 °C, 12 he Rk LUEAR 55
Bl Jgbrife o B5FR AR FIEET RIS 0% 58 E R Pk
R, BARMELI0ORFHE R E M7k 45, 4
R FH 555 8 ORI i 3¢ i JICRf 7 /s 22 P 1) R 24
O R MG 12 R I AL SRy ARh 1 R 2F 5L, SRS RFNER
12 R I s KRB - 2 H
1.2.2  FEMKZEYIA S EE KA SR8

REFREA AR A 512 0 [F] o BURAR S5 R i
(1Fh-7-100K:, A #RIAEHE A W =2 84K, K/ R 15
cm x 20 cmP R ZEEH, TIAL0 mLAS[FRRE 1K
PR O 4Ll & 3 1K), AR E 3T
82, FLI0OR MK S G BEA LIS R A7 SRR L IR
ERISEYNE i
1.3 HREMKIZEUIX-5KFLIREE 2 B SLE

I ] 5y B IE, CAX-5 R FLA g b SR
B HE 1 96% £ 22 i9.6-8 h, 258 T /KM Ik, 2%
NaOH¥ W= 116-8 h, /Kyt dhtE. 5% HCHA
2168 h, KyTyEE k. MBIRRERE, I R 500
mL. FZKESZR AR, FH509% £ A e A e
AL, KIPERTE LR

RERN6 /e AT 1SR AR R S T K SR HL,
WK SRR G (L5 10:04 9:1. 8:2,
7:3. 6:4. 55, 4:6, 3:7. 2:8. 1:9. 0:10)H4T A
DM, AR D AR R SRR, gk
WAy, WIRRAE T, FRE. AT LEET
JKHEK0.5 mg-mL ™ (KIvA, FIT 55 EE R 1 % 4
AR SR
1.4 HDEYEENE

KU I 43 B9 45 3 R 104N 20 43 Ay Ak B33 O
Y1422 1K), BEAT B R B R R A)y AR KA
S ae, SIS R vk MR IR A 5 1.2.0/11.2.2 07 1
AHIA o
1.5 RHEEIE-FRIGEK A D YRR 5 1IE

K FH VB0 €8 3% - J5 1% 156 1 4 (LC-MS) (Agilent
6520, Agilent Technologies Ltd., Palo Alto, USA). %
Oy B A (%A ZORBAX Extend C18%E, 2.1
mm x 58 mm, 1.8 um; FEiE25 °C; HEFEARFR0.3 L;
W05 mL-min™; WAIAHA 20%7K (750.1% H 1R),
MBNHHB 80% L. FTilki okt Ui Z 251U (ESI),
RO e 7 1E 87 Z54 A )50 kPa; Tl ik
10 Lmin™, ¥&AF350 °C; B4 HIE4 000 V; 434

RRARSE: L R E BRI L 175

1t Film/z 100-1 000,

FR A LC-MS B3 O B INF 18] A2 73 25 - 0 i
e, IS A X SRR SO Th W AR o A, i
S8 A SR AR FH 55 1) 5:5 B8 11 41 23 Hh A6 5 0 1) &5 44
FIRREY) JFTHEAT S B IE o
1.6 RS

R HH R 2 RN 2 32 2 4R 5 1 A I ) SRt
P A B sE e FHRR o VS 25 R T 34N 4 As e
PRI TN ) A PR S o

K 2F A= (R 2 40100) x 100%;

R HB=R WA N K ZF K %1/100) x 100%
(B5EL % by BR. /NEn = 4; KFEn = 5, A&
n==6)

KT Excel. SPSSAHISigmaplot# {4 % 45 k4T
AEFE 3T o R RDR 3 T 22 00 A R i /S 2 22 0
(least significant difference, LSD)Z T LL#: 43 #1 Fl 1

2 #Z£R

21 FEMHRER
2.1.1  SEMIKIZERY AT MK AR T F R & B RN
KRB B B M. R, AL K
TR/ Z2 7 RS i S 3 4 R LI L. oK
UK E =05 mge-mLUN, WIS L A
Bl P K (p < 0.05); FEIF KA ECY K E K05
mg-mL7 i, SIS MR FET R (p < 0.05);
KSR IR B 1 mg-mLTt s, S N Rk
(R E AN 2 o Bl SE /K S I i 4k 42
I, A0 A B A . SR K 4R A K N 2.5
mg-mL U, 6 B TRR 7 2 A AN 2. 3
K HEEUIHR B2 410 mg-mL72 i, S IR 710
(R34 FAS 538 (p < 0.05) 0 ZEIH /KSR BT B Ay
10 mg-mL™, S AMHIKRE RN R T R (p <
0.05).
212 ZEMKZEENREY 4 E A KR 220
I 7K B o 0 0 U R A K 1 5 i
L2, S KSRV R 0.5 mg-mLT,
BB E . BN FEAR/NE R I AE K, X8I
FIKFER AR (p < 0.05). FEM-/KEEH Y Ny
1 mg-mL7 i, JEIKRERAR AR K, 2.5 mg-mL i 40
T2 IR A= K (p < 0.05) . il JEH /K S B IR i
Thvan, RS A AR A KA T B . K
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B R3F% Germination vigor [] & Z#% Germination rate

Bl SR MR 10 R Em CP AR HE R 22, n = ). I, B§ . 1, 2 o 1N, 3K 1V, VEZL V, K
T VI, ANE. B/ EEZRE L T, Sl A M- BE S ) A7 AT 1225 22 72 (p = 0.05).
Fig. 1 Effect of water extract of Castanea molissima leaf on germination of test plants (mean + SD, n = 3). I, Lactuca sativa. Il,
Raphanus sativus. 111, Cucumis sativus. 1V, Allium cepa. V, Oryza sativa. VI, Triticum aestivum. Means marked with different let-
ters are significantly different according to least significant difference multiple comparisons (p = 0.05).

SR BRI ZF A K R M A R L2, 58 EARZE AR, WKREAMANZMEIALZE (p <
KR 290.5 mg-mL™ 11 mg-mL ™, {8 0.05). FEHUKAREUMIHE H2.5 mg-mL i, sk
TR B . # DRIBTR AR, 06 FRVN IR 2K, 10 mg-mLT 0I5 1 4 Al
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Fig. 2 Effect of water extract of Castanea molissima leaf on radicle and plumule length of test plants (mean + SD, n = 3). I, Lac-
tuca sativa. 11, Raphanus sativus. 111, Cucumis sativus. 1V, Allium cepa. V, Oryza sativa. VI, Triticum aestivum. Means marked with
different letters are significantly different according to least significant difference multiple comparisons ( p = 0.05).

BN A K (p < 0.05) ZEH/KFRIPAEY) 22 XEWRESEH S HES UREMERBEALER
BT (M SR OIS, B SR KEREIRIETE 221 XERRSEMSBASHES
[ ME ) N R R 6 1 B 5 SR i U 8 K LB I 20 1 i
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N o HEIR RN B TR 2 B LA, ARICAN R R B R AATE 525 72 2 (p = 0.05).

Fig. 3 Effect of water extract of Castanea molissima leaf on the fresh weight of test plants (mean + SD, n = 3). A, Lactuca sativa.
B, Raphanus sativus. C, Cucumis sativus. D, Allium cepa. E, Oryza sativa. F, Triticum aestivum. Means marked with different letters
are significantly different according to least significant difference multiple comparisons (p = 0.05).

Bl R R KL, 500 g AR FEm-ny £ 3
(48.312 + 0.122) g 44, X-5RALH it i 41 45 Js
0 4(48.215 + 0.065) g. M500 gFEMH- 1] 15 %1(40.152
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RL REBCES S B4 1 BT CF AR 22, n = 3)

Table 1 Quantitative analysis of isolated components of Castanea dentata and C. molissima (mean = SD, n = 3)

HoyrhoK:

Ratio of water to ethanol in component

T Dry weight (g)

FEHEE Castanea dentata

TE Castanea molissima

10:0 3.355+0.121
9:1 1.145 + 0.056
8:2 0.873 £ 0.022
7:3 0.813 £ 0.030
6:4 0.364 £ 0.012
55 0.101 £ 0.005
4:6 0.043 = 0.009
3.7 0.056 £ 0.018
2:8 0.051 £ 0.012
1:9 0.054 £ 0.028
0:10 0.043 £ 0.022

MR Total weight

M _EFEE Total sample weight

6.025 + 0.059*
6.089 + 0.062*

3.331+0.152
0.334 +0.020
0.780 + 0.028
0.925 + 0.030"
0.422 + 0.024
0.109 + 0.008
0.090 + 0.012
0.137 £ 0.040
0.051 + 0.033
0.060 * 0.045
0.081 % 0.055
6.021 % 0.034°
6.052 % 0.042°

F HE Ok I6:, * s SR 5 FEARCRAH [RIGR M A1 23 190 1) A 25 1k AR, Wil AN IR] 5 BR (R 4 1) 74E Sk 25 %2 57 (p = 0.05)
* represents significant different between C. molissima and C. dentate in same elution component and means marked with different letters are signifi-

cantly different according to t-test.

222 EEREEEMIBHEINBEMFIRL
A

5 [B B S Iy B8 2 43 B R i R
Mg W4, SxF AL, SRR 5 5ET:3,
6:4F15: 508 it 4 3 F il o AP i A, AR AR
FA R, 558 AL 7% & E D70 A /e
Beoti(p < 0.05). FEEMR G KIRIY 1 7:3. 6:4,
5:5 3 It 2 7355 B~ 1 R4 IR 1 S SR L,
A E (p < 0.05).
223 EXERESEMHSBEIMNBENHEK
A

5 [ bR 5 5 4y B 21 4 6 B 4l T AR K
My [ 25 S L 15 . S0 IEAR L, 28 AR S 5ET7:3,
6:4F15:535 M 41 73 F ikl &% 1 AR AN IR 2 2R K, FRAIK
o, HARALEHRA L (p < 0.05), 5:50EHi 415
X TS AR P AR IR A IR B i, A RAR A AR T
A 36 AR5 BE I IR /K S B R AR )
HIEH ZE AN B2, SR 7K S EURT & R 2
FOHIE 9 T 26 FEBCE (p < 0.05).  SEH/KSRE K
7:3. 6:4, 55U A4 B R IR B B FEAC TSR AR
[Fi—414y . S7:3. 6:4. 55U ZH 70 5 IR 28 A K (41
HEH S22 BRI, ZRA R E (@ <0.05).
2.3 LC-MS{ES ¥R fEHT

F LC-MS i it 2 [l Bie 5E 5 S w3k i 41 43 5:5,

BIHIN6A 7 ¥ B 1. R FRAEY) I SUE, e 4
MR G50 Ny 2R (chlorogenic acid). X Ffd&
7K F 2 (p-hydroxybenzoic acid) . J5i JL 4% R (proto-
catechuic acid) F1¥ £ 1% (gallic acid). 3 %5
(1) U 25 AL 360 UF 5 R AT A IEAEREAT o

3 g

WA T 2 A2 AE TR AR AES RS
(Mitrovic et al., 2012). ARk A: = H I FH Ak B FH
ML R R AR, R RIEAERERG, 8%
YA E R A B A AR F25 (de Albuquerque
et al., 2011; Farooq et al., 2011; Bennett et al., 2012),
A FIAE AR AL S R GV AL ORI 73 At . VR
WS R EE A AR NAT R $E G AR
(Pellissier & Souto, 1999; Blanco, 2007). A T fi#t R Ad
WA AR IR AR NAR T T R A AR, B3R
H “novel weapons” {i¢ i) (Baldwin, 2003; Callaway &
Ridenour, 2004). -1 A& A& AL KA 5L 56 2
U 8 A A AR I B3 i FH I 77925 (Vandermast et
al., 2002). WEFTHIMCRAE I, P kzrs, K
R R EAREOR D535 ) F 5055 1 A A Tl
THARZH, WAL IR BRI F A B 1 oAy 52
K S 8 (Leather & Einhelling, 1986; Nowacka
& Oleszek, 1994; Zhang et al., 2007).
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R ZEH Germination vigor (%)

10 |

detd de g¢
o o
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K HZ Germination rate (%)
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YEREZH 4> Elution fraction
B X EWREE Castanea dentata O ZE Castanea molissima

B4 SRR S0 B 20 23 0 5 BT R IR R (T 1)
fHEbREMm 22, n = 3). A, KZFH. B, KR, i/
HZEBEZ BHER, PR AR T RERAME AL B2 2 5 (p
=0.05),

Fig. 4 Effect of isolated components of Castanea dentata and
C. molissima on seed germination of lettuce (mean + SD, n =
3). A, Germination vigor. B, Germination rate. Means marked
with different letters are significantly different according to
least significant difference multiple comparisons (p = 0.05)

AL A S50 uE B, SER R AR AR
YJote FEM KGN B T ARh W7 R M4 v A Kk
BT OB ) AR AR AN, 1K i A A AR
(2009)%1 % K 1l 4% (Picea schrenkiana) H #{F F i
TGS FAMBL . IRk, X7 I FEA) B 10 S /K 4
HL (A A S5 A UK, AT e 8 B4 A A
bl 82 56 16 i 2 5 SR 7K B B A S A7 FH i 95 1 000
TR o AT ARSF(1999) L RG 45 HH, 5 Bl 1 4 Jk
R W ) B

A A I 53 B A R AR 2T
U8 55 R B 045 7 (L et al., 2010) . A S ok
FE AR S5 S 7K SR EU) 28 X -5 K AL T 2 25 g 114
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Fig. 5 Effect of isolated components of Castanea dentata and
C. molissima on lettuce seedlings (mean + SD, n = 3). A, Radi-
cle. B, Plumule. C, Fresh weight. Means marked with different
letters are significantly different according to least significant
difference multiple comparisons (p = 0.05)
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