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Preliminary study of allelopathy of root exudates of Chinese fir
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Sciences, Shenyang 110016,China). Acta Ecologica Sinica,2003.23(2):393~398.

Abstract: Chinese fir (Cunninghamia lanceolata (Lamb. ) Hook. ) is a major commercial tree species in
South China producing about one fourth of the Nation’s total high quality commercial timber. Because of
the growing need for timber, pure Chinese fir plantations have been extensively replanted on the same site
in successive rotations. The resulting soil degradation has resulted in poor establishment and decline in
productivity which have become a major barrier 1o the sustainable management of Chinese fir plantations.
Many documented studies suggest that allelopathy within Chinese fir plantations is likely one of the causes
of soil degradation. According to some laboratory studies. extracts of Chinese fir roots, fresh leaves, and
litter including phenolics such as vanillic and ferulic acids, e. g. » p-hydroxybenzoic, o-coumaric, m-
cournaric and p-coumaric acids, inhibit Chinese fir seed germination. However, the allelopathy of root
exudates from Chinese fir plantations has never been reported.

[.ive lateral roots from Chinese fir were collected from both pure- and mixed-species plantations.
Exudates were extracted and concentrated with a revolving evaporator to four different levels of 0.5, 1, 2,
and 4 times original exudate concentration. Distilled water was used as control. Twenty viable, disinfected
seeds were placed on filter paper in petri dishes. Each dish was treated with 1ml of exudate, irrigated once
a day, and incubated at 25 C. Each treatment had three replicates,

At the end of the 20-day incubation period, fresh weight, radicle length, and stem length of
germinants were recorded. Chinese {ir root exudates at the concentration of 4x were shown to significantly
(p << 0. 05) inhibit the growth of Chinese fir germinants. The fresh weight of germinants treated with 4x
root exudates of Chinese fir from the pure Chinese fir plantation of the first rotation, second rotation, and

mixed-species plantation was reduced by 36.9%, 31.6% and 10. 4%, respectively. Radicle length was
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reduced by 60.5%, 48.3% and 18- 3%, respectively. And stem length treated with 4x root exudates of
Chinese fir from the three plantations was reduced by 21.4%. 16.7% and 13.1%. respectively.
Differences in the effects of 4r root exudates on the growth of Chinese fir germinants from the first
rotation and the second rotation of pure Chinese fir plantations were insignificant (p > 0. 05). Differences
in effects of 4x root exudates on the growth of Chinese fir germinants from pure and mixed plantation were
significant (p <C 0.05). The effects of 4x root exudates of Chinese fir on the growth of Chinese fir
germinants decreased in order from Chinese fir plantations of first rotation, second rotation, and mixed
species. As allelopathic effects of 41 root exudates of Chinese fir from the mixed-species plantation were
significantly lower than those from the pure plantation, developing mixed-species plantations might be an
effective approach to resolving the problem of low productivity of replanted pure plantations.
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BRI RSy (BEMEY S AR ENELYR A BRI REY S HEEY - B EN
A HRESERY . SREAZERRPFERERE. EEHERE HBEE U R ARk 4
EHAEERAEENEN. BRRABEZHEYRFEEE 7 BRY . KK (Oryza sativa) . /pE(Triticum
aestivum ) K G (Glycine max) . MG (Pisum sativum) . KB (Ambrosia artemisiifolia) .- W F (Henarthria
altissima ) = W W §t B (Bidens pilosa) Bt €1 j (Ageratum conyzoides) ,$E B BLFE (Bunias orientalis ), 1 B
(Populus) 3R (Malus pumila) F , XEHPBRR T RN LEYRESSHERCEY =L LERERA.F
HERTHESRmEREF MHTRAYNEKS,

TAENRVFEHREFBR ., AHYLERE R (Allelopathy)Y 5 8 K (Cunninghamia lanceolata) 1% # )5 W 71 1B
HAEBRAMERE FERSHBEXABRYESEMEAM FEFNGEELER Y ERAEY . RE . #
H . HESHNKBEEBRESVREZY S §HEFEE (vanillin), X 3 2 3548 B (P-coumaric) , [ £ 8 (Ferulic
acid) M1 37 ¥ 3 % B B (P-hydroxybenzoic acid) L BY . X EMBEYRLEMEARSHEKS . &
BEAAIKRIEPHBYRINELR IEEXTFRFJ VBV NG . TR X LMEXLG Y
LRERTFHEREARE™ N TR,

BERAECAER L MBALHERNEARETRAN IR BZAZARRSTBY P NO; |
Cl~, SOi ., HPO;” B FR RN, Kb HPO: BFHRBR{NFE 1 KM 1/65, BREkBLHEKR
BAMHPO; AR RHEZ . HEFANTFREBKBAEEREBRNBEAAR . FHTRHELARERHE
Frl, B, AN EARLBERANRRERRERTEAREYD B .H . LR KBHEAEREED R
ERRAEREREY AT ABRBEES KB EMECARZEEHERE . CECARZALRARNY
SUNEVNOEEERK EH A THEAMECARESRYAHCEER . 2 XEAL LB ZAREEAF
ERRECABRERI VY. HFRAWEBIANERBRETRBYLBRE KRS & . U540 3T K5 L& AE
AHBTEARREIRYES AL RNPABRYERERZ —  AEALBERNEHRELXAFENEN

FEEE .

1 HREAX

1 HEER

1.1.1 #FXR SBIRHOEAHFREMNELASFABRIBERRA. BREAITHO. S AR E
#H & 30min,

1. 1.2 EARRSBYRE NFTEHHNFRSFZRESLTRY(10°08'E,27°09'N) G+ 1983 &
BH—RERER. _RERERMERAX IHREXAPERET BT . XTI 200~500m, HKIL LE
WHER SEMERF BB TEEHRE 16.5CFHEFBL 1200mm, FEH XA 80X +, +
: JoEiR: W
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1.2 HFR ST Y BB 0 S B0 Y T 1 AC
M— R CREAGHEEHBEAPEBERERAFEERE 10 BER . SREHERTLHN

MABFREWBEARTARG TUFHEZ MELAEFRE W FEAAOHR, REMREA
DS MBS R . BA LR, HEEER. 23 1 THEUHMRBR(EEFRERFELER B
WAE) EHARASBREBKNETR BHREAZAENHZ, SAARRE AR BERNK
R EBRESRY ), s N IRD FERBRBA AN =ZARPEBRNER, LM HEYHR%.

B 200ml B E WY GRIKEFEBHERFBYRVBEREN OFZRER XREEEREEZRKA
Z iml.BA Soml AREPH R T HEEKEFEXNEHEIREN A H4RY. U IBREW RS
20 3. 0.5r RERB RSB, FETLIZEBAKNITE,
1.3 EXMFEEKLE

BN ELTNEAS FETRABEEMNIERILR . RAEBRHEEE 4~5d 5, A HES O FIFRI A%
MR TR AR EENIZANL G, S EHFIMBE 20 B/ 7. BURHHOE R B YiEE
WA 3ml MAERDL S, SHHEEINEE. UWEeBXEMBEMBEHE 0.5sml 4 . RiSEH THB AL B
KB, AKX . FEFEEEAB G 25C8h) ,15C(16h), 20 XERER . ZiITEAYHKE KHK
MHIFFRKE.
1.4 M 5r#r

i TREEHTRERF EZ4HH Studentr B
2 #RETH
2.1 FEAWNDFEARRED WYL AKY; 68 EHK W

X1 FTRARSERBESBWEERSARRSIEM (g

Table 1 Effect of root exudates of Chinese fir in different plantations on fresh weight of germinants

g ] # % Fresh weight
Treatment - 0. 5.r 1z 2.x dx
[t E 4 RE of 1st rotation 0.0509+ 0. 0012 0. 0535+0. 0006 0.0400+ 0. 0023° 0. 0308+ 0. 005" *
B E WY RE of 2nd rotation 0.06514+0.0041 0.0467E0. 0018 0.0437+4:0.0033 0.0334+0.0005"
RABE AP RE of mixed rotation 0, 0477 0.0013 0.0473+£0.0037 0.04581+0.0029 0. 04371 0. 0074
i1 B8 Control 0. 0488+ 0, 0038

Wil Y EHELSD(r=3) Result are average +SD(n=23), £ B & FH Significant difference with student £-test " P
T 05, T P00 01

MYy EEERITEDREN — T HHABR. ARV BHEAREATVYEE TEZAYGHH
B.HP R 20 M 4 —REARRSRYNE TR HAOME, B k5 8B EKF(p<<0.05) fik &
FERFE <00 4r W _REXKBRESVPHNERYGFHENERNBIAZERE:MBEXKERER
FHMEBRABETEARGMORE AR HAERBRA AR EKRF. EEKE NI 22 89— MBI H
EXBESWHLHET SR ITBEMKT 18.0%.10.4% 6. 1Y MAERKE 4o K 3 o 8P4
BT .HESESH T HRBEET 36.9%.31.6% . 10. 4% . X REARKBUEARABR R 2 BPME TEKS
i R

BHEEEBN—RA _REABRR P BREMEARFERKMUTHBEZEERABE XIKRH -
H_REABRZRDURPLBY A SERHEAEZS A BN A KRR VBN EZAMN T 55 &
BRERMERE.

0.5r e M —HEABRENBIEHETEAGHEESHNNENBARBT 4-3%.9-6%,0. 52 B — 18
PARESRYLBETEAYGEMELRBRART 5- 3% . XHEHAKEFERHERBR RSB AN AN
EAMANER. . MARERECERKDBENEK.

2.2 AFKTEABRETRYINEZRGHRBRLE KRR
MR FRFUREATEOMNEREAN—PEEER. NME2HTUREEARBRIVDERKE
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HRETEAGEEROKENHTEAGENAR. HPRER - —R. 2R BXRKEARERS
385 597 Ao BB 0 62 K 4 B B R AR 43 ) B 3 BR b BE A PR T 60.5%.48.3%.18. 3% H— . ZREKIR R 48
Mt ERREmSEZANERE LI TREEFLTXP<0.0D). BEXAKEARETHD N H
A KHERS T BZERAERZIAEEKRFEP<0.05) . XHBEEARESI BT TR BT
A K.

MEEHBREARSEKFEIAUEN . REABRSRUNOBHBERERNWEHX FREKE
ABES WYY B ERERNERE, KT _REARRIVHANEFERNPHBEEZIRERAR
EMSRAMEABESBBEZHAEREE(P<0.05), XHATR KDL R B KRR BEEZR
TEKHMHRBEZRINXRR . —=_{>EBX,

X2 TERESEERRRI PR EARDHERBIEN(cm)

Table 2 Effect of root exudates of Chinese fir in different plantations on radicel length of germinats

i T 4R & Radicel length
Treatment 0. 5z 1T 9y ix
— L &4 ¥ RE of 1st rotation 3.476+0.148  3.626+0.335  3.1424+0.536  1.36710.338"
“{L B £ 4 ¥ RE of 2nd rotation 3.45940. 321 3.58140.236  3.09940. 223 1. 670+0. 153"
B8 £ 538 RE of mixed rotation 3.251+0. 321 2. 938+ 0. 849 3.45740. 373 2. 828+ 0. 258"
¥t B Control 3.461 4+ 0. 114

WAl B FH{H + SD(n=23) Result are average +SD(n=23), £/ B ¥ 1* Significant difference with student ¢-test “ P
<Z0. 05, " " P<C0.01

2.3 AR EARRD WY AL 8 F 4K 0w
MEITHUEHEARRSRYEBRTEARYHEFORKE . MH FTHEFOERK., HKREN 4 68
FHWPMEFERNERB X BEKF  HF -REARR BYMBRFEKHEREIREEKE.

RRACARRSBORES DRSS RYBHRFHNER,
B3 FAEKRIEARMERSEWH KRG HHEFICHAIIEM (cm)

Table 3 Effect of root exudates of Chinese [ir in different plantations on stem length of germinants

b2 W%k Stem length
Treatment 0.5 lr 2r ix
— IR & 28 ¥ RE of 1st rotation 3. 154 + 0. 075 3.2984-0. 156 3. 063+ 0. 074 2.618+0.032* *
B E Y RE of 2nd rotation 3. 078+ 0. 093 2.898+0.133" 3.043%0.150 2.77410. 242"
BB R 2849 RE of mixed rotation 2. 8994 0. 024 2.79940.290  2.89530.061* 2.896+0.209"
% 8 Control 3.3314+0.13%

Wl =FHB{H+SDn=3) Result=average £ SD(n=3), £ R & ¥# Significant difference with student z-test * P
<005, " " P<{0.0l

2.4 AR EZKRBRES WYKL H B/ EF 5w

B/ AR HREARBEEEN - EHER . BRR/ FREFSARE . AE AR .- MERKE/F
REERARLEBTHRE. BN R/ FHTAEELSERBRANE SR ABEEENTH.

MBRATBHEER 4R . _REAREZIRONEARNERE/BRFHE AN B EKE,
SR BT 49.9%.41. 8%, & 4x B KR E S BB KL R /IR 5 H T B
T60% . ARALAASEKF. XHHLKMERBYEARBRAS B BEEALTEFE h 8, H—
REABRESIWHAOILBRERAEER, KEARZEFUBAXRZ BA5—-REABREI DRI BRERAELE
RABE . MBXMEABREFTUBRMILEIEARS . 5 - _RKEABRERS VR RIERAEEERDE
Z (P<0.05),

WEROSoMIMERRAFBYLBALC KRG EER/MEF MU MM MT 6.2%.8.2%,
7.8% lxr —R._REARRRDBYWLEENOERGE B/ BEIZECXTBAMT 5.7%.19.3% . XBEHL
A4 B REAR X 82 AR IR R 43 30 W 1L R 1R A LE BE 3 38 Dy i
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Table 4 Effect of root exudates of Chinese fir in different plantations on radicel/stem of germinants

b 7 FE 48 / BE & Ratio of radicel/stem
Treatment 3. 5x lx 2r 4r
‘ﬁﬁﬁﬂﬁ-% RE of 1st rotation 1. 1031+ 0. 024 1. 198 + 0. 061 1. 0251+ 0. 161 0.52140.123"
iR E WP RE of 1st rotation 1. 124+ 0. 101] 1. 24+ 0.139 I.018+0. 0289 0. 605+ 0. 080"
BAEBRRSTEY RE of mixed rotation 1.1240. 083 1.03740. 194 1.192 £ 4. 105 3. 977+ 0.070
i B Control 1. 0394£0. 024

WA B ERHELSD Average + SD(n=3). 7 B ¥ Significant difference with student z-test * P<I0.05, " * P<
0. 01

3 Wit
3.1 EARERSBYMEARSHLRIER
SMARMKSTHEABRESBYSRR B BEREN WS TREALYH LK, BE KR BRI &
ERUEFRS 2R ARBTYHHHNERK. B TEAREDPEDPINAREETHIREFILEY
ZEEC AR BN LBRIRFAIRERIBYPRANLR D HRT 2R EN R RS, Q0
AHRN.FRPE, PUFRTARDPEIAGOLBRAER . BERTARF I HERSE £ Kyfe 2t
EH., SHERRALAREFTRYFTEEFNEAGHEMXRERIYE . AW TEANER.
ENEARESRYLEERNEMIB T EXASHERRERYBRR, TZMBERRL.H
M RN AR TEYNEMTLIAI LA ENEGR.
3.2 AEXRAEARRISVYZEHER
Jﬁﬁi%ﬁ%ﬂﬂ@tﬁ*ﬁ%ﬁ?%ﬁﬁt’z*ﬁ%it’:mﬂ!ﬁmﬁﬂﬁsB‘H&ﬁ%:—fﬁa:ﬁ‘.ﬂﬁ,ﬁn 8
ROAARKERKBRAESTERENARYE Ko EREARHAMHH M EZREFE KN . G 1
KR TENREEKABRATBEZHNABRDE UNGHRECORNERTET. LIEESEN L NPT
WAROBELIR ZREANELHHALSIBPHIERR —MEFERE. IHKE.ECERARSTERE
BUAREAKEEBARY ERFALXRZARAK. MEERBREEFRRT A, RAMBENRN—
REARGKRFZAPHENBBASKTFREUIHE . XRTEXRREXN LIRS EAKERERSA
X. ETEXSHEABRESRBWNILRERB/INHIRES TR TEEINPREANEKEEER T EAK
BEXNTWEFEE. WO THEMENRR BREIEFEEE - P RANBE.
EIrHRCARRSRYTIFALEYR . ZEABRYHEESIHEANERK EREANEDR.
MHTRETEARRNES . BETR EARRSBYHILBRERESBEREALET N THN AT
ZUAHER EZUARE-ITHENEER. FEHRARTEERTARTLIMRERERBMTER L™ N
THMRIE, XAESBERSEAREFDYLEEANEBARRKHNXRE, RILEERZARBRER
EAEE I TRA—TARBER.

References

[ 11 Rice E L.. Allelopathy. (2nd ed}. Academic Press Inc. New York. 1984. 309~ 315.

L 2] Zeng RS, LuoS M. Allelopathy effects of root exudates of Cymbopogon citrates. Ageratum conyzoides and Bidens
ptlosa. J. South China Agr. Univ. , 1996, 17(2):119~120.

1l 3] HanL M, Wang SQ. Ju HY, e ql. Identifition and study on allelopathy of soybean root exudates. Sovbean
Science, 2000, 19(2):119~125.

[ 41 Dretz H, Steinlein T, Winterhalter P, et af. Role of allelopathy as a possible factor associated with the rising
dominance of Bumias orientalis L. (Brassicaceae} in some native plant assemblages. J. Chem. Fcof. . 1996, 22
(1671797 ~1811.

15])] WuHW, Pratley ). Lemerle D, et al. Crop cultivars with allelopathic capability. Weed Research, 1999, 39.17]
~180. '



398 £ B ¥ # 23 %

6] Yu] Q. Matsui. Autointoxincation of root exudates in Pisum sativus. Acta Horticulturae Sinica, 1999, 26(3).
175~178.

[ 7] Wang D L. Zhu X R. Research on allelopathy of Ambrosta artemisiifolia. Acta Ecologrca Simca. 1996, 16(1):11
~19.

[ 8] Huang Z Q, Liac L P, Wang S L. er al. Allelopathy of several accompanying species on Chinese fir, Chin. J.
Appl. Ecol. . 2000, 11(supp):216~218.

{ 9] Huang Z Q. lLiao L P, Wang S L, et al. Allelopathy of phenolics from decomposing stump-roots in replant
Chinese fir woodland. J. Chem. Ecol. . 2000, 26(9):2212~2219.

[10] Huang Z Q, Terry H. Wang S L, et al. Autotoxicity of Chinese fir on seed germination and seedling growth.
Allelopathy J. » 2002, 9(2):5]1~59.

([11] Zhang Q@ S. Poteneial role of allelopathy in the soil and the decomposing root of Chinese fir replant woodland.
Plant and Soil, 1993, 151:205~210.

[12] Zhang Q S. Effexts of soil extracts from repeated plantation woodland of Chinese fir on microbial activities and soil
nitrogen mineralization dynamics. Plant and Soil, 1997, 191:205~212,

[13] Ma Y Q. Liao L P, Yang Y J. et al. Effect of vanillin on the growth of Chinese fir (Cunninghamia lanceolata)
seedhings. Chin. J. Appl. Ecol., 1998, 9(2);128~132,

[14] Chen C Y, Liao L. P, Wang S L. Ecology of Chinese fir plantation. Beijing: Science Press, 2000.

[15] Liao L P. Deng SJ, Yu X J, et al. Growth, distribution and exudation of fine roots of Chinese fir trees growth in
continuously cropped plantations. Acta Ecologica Sinica. 2001, 21(4):569~573.

t 2

[2] W{Is .Gty FF. BONHN-"HRAEERESVDHRLEEBNR. R RE¥EM,1996,17(2):119~
120.

[3] WM. EME.NR.¥ AOBREITUPHNETRLALBERABYEHME. KTH$,2000, 19(2):119~
123.

L6] MRBL.BIEA. HERESTRPERMEANAR. FZEH.1999.26(3):175~179.

7] EXT.RLm BEHLERERBR. EFFM. 1996, 16(1):11~19.

(8] AER . BAFT.EBE. ¥ JLAEERMITEALEBBY. WHESER.2000.110#).216~218.

[13] SRE.BHT . BRE.§ FERENEARAOEERKNER. WHES¥M.1998,9(2):128~132.

[14]) BREZE.BAF.EZBE ERAIRKES¥E. L BEH KM, 2002

[15] BHMF.BPHE.FHIE. ¥ FARAERRBEAAIHRHARERK A H S EFYH BRI, £ 5 ¥4 .2001, 21

(4).569~573.




