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Abstract: [Objective] The variations in chemical compounds in root exudates from fourcommon green-
ing tree species in southern China were studied to providedata and scientific basis for further research in se-

lection of greening tree species and phytoremediation of contaminated environments. [Method] Chemical
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components oftotal carbon(TC)and total nitrogen(TN) inroot exudates offour urban greening tree species
(Koelreuteria paniculata ,Magnolia lilii flora ,Cinnamomum cam phora and Osmanthus fragrans)were i-
dentified and analyzed using GC-MS. [Result] A total of 35 chemical components were found in root exu-
dates of M. lilii flora,followed by O. fragrans (16),K. paniculata (15) ,and C. camphora (7). The types
of chemical components from root exudates included alkane, phenol, olefin, aldehyde, ester, ketone, ether,
furan,amidoxime, pyridine, carbazole, quinoline, organic acid, and amino acid with the highest contents of
phenol, quinone and alkane. Specifically, the ratios of phenol and quinone in the total detected compounds
from K. paniculata, M. lilii floras C. camphora and O. fragranswere 20. 22%,13. 61%,41. 94% and
42.07 % ,respectively. The alkane contents were 56. 65%,7. 77%,37.29% and 33. 13% , respectively. Five
common components in root exudates of all four studied tree species were eicosane, tricosane, 2,2 -methyle-
nebis[ 6-(1, 1-dimethylethyl)-4-methyl-, Pyridine-3-carboxamide, oxime , N-( 2-trifluoromethylphenyl)-, and
2-Quinolinecarboxaldehyde, 8-hydroxy-. Two components ( Heneicosane and Tetracosane) were found in
root exudates of K. paniculata,M. lilii flora and O. fragransand 7Z-14-Nonacosane was detected in root
exudates of K. paniculata,C. camphora and O. fragrans. TC contentswere in the order of K. paniculata
(28.78 mg/L)>M. lilii flora(24. 15 mg/L) >O0. fragrans(8.58 mg/L)>C. camphora(7. 98 mg/L)while
TN contents were in the order of K. paniculata(6. 65 mg/1.) >C. camphora(5. 55 mg/1.) >M. lilii flora
(0.98 mg/L)>O0. fragrans(0. 76 mg/L). [Conclusion] There were differences in types and contents of
root exudates from different tree species.

Key words: Koelreuteria paniculata ; Magnolia lilii flora ; Cinnamomum cam phora ; Osmanthus fra-

grans ;root exudates;chemical components
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Table 1 Component analysis of root exudate of Koelreuteria paniculata Laxm.

2 VHEAE MR ZR 23 0 W v Bl A I E L - 14- - Uk
FEAEZERS AR R AEAR 28 0 W b s AT AR 3

95 fe & PREE RS /min - RS E A/ Y
Number Compound Time Mass ratio
1 4-H1 -2 (SHD -E M i 4-Methyl-5 H-furan-2-one 8. 946 3.20
2 8- FL-2-F B s ik 2-Quinolinecarboxaldehyde, 8-hydroxy- 18.555 1.23
3 —+—%¢ Heneicosane 21.870 0.67
1 1= Jukfi k& 1-Nonadecene 22.869 1.88
5 -+ =%t Tricosane 23. 641 1.42
6 -+ — % Docosane 23.941 0. 45
7 .+ PkE Tetracosane 24.476 1.78
8 17-=+ fi /i #& 17-Pentatriacontene 24.567 1. 85
9 272’—Tﬁﬁ3£§11(6—$x]‘2§—4—ﬁ3z§>ﬂiﬁﬁ Phenol,2,2'-methylenebis[ 6-(1,1- 21 812 20. 2

dimethylethyl)-4-methyl-
10 Jii-14- =+ JL# B Z-14-Nonacosane 26.093 3.82
11 4-(4- 2 FL R O ) -1-1% F-2F O 45 Cyclohexene,-(4-ethyleyclohexyl)-1-pentyl- 28. 300 9.47
12 -+ Juk: Nonacosane 28.372 24.72
13 .+ %é Eicosane 30. 498 19. 26
14 Z 1 \BE Octacosane 31. 869 8.34
15 Sflﬁﬂj"iﬂl:tll}ifN*(Z*j,ﬁEﬁixﬁ%)ﬁﬁﬂ? Pyridine-3-carboxamide, oxime , N-(2- 34. 394 1.69

trifluoromethylphenyl)-

xK2 EEZRESWYHBS W
Table 2 Component analysis of root exudate of Magnolia lilii flora Desr.

W o TR min W7 /7
Number Compound Time Mass ratio
1 5T #s% Isocrotonic acid 5.477 2. 49
9 l,B,SiEﬁf‘%*Z*%ﬁ% T2, 2. 2]-6 AL BE 2-Oxabicyclo[ 2. 2. 2]octan-6-0l, 1, 11. 880 0.55

3,3-trimethyl-
3 + = R Ok %8 Cyclohexasiloxane, dodecamethyl- 13.133 0.93
4 TR Ks He — 4 W R g Safrole 14.059 0.81
: 5 %E-4,7,7-= ﬁﬂ T IR[2. 2. 1]PE-2-[d Bicyclo[ 2. 2. 1]heptan-2-one, 5- 14. 450 0.87
hydroxy-4,7,7-trimethyl-, endo-
6 3L 55 T # i trans-TIsoeugenol 15. 004 1. 87
7 3,4- " A B K T Benzaldehyde, 3, 4-dimethoxy- 15. 349 0.97
8 + U B3R i A %6 Cycloheptasiloxane, tetradecamethyl- 15. 385 0. 69
9 1,2- W 48 L4959 2L 7€ Benzene, 1, 2-dimethoxy-4-(1-propenyl)- 15.549 0.67
10 3,4~ F 3 — 40D 28 Al 3, 4-Methylenedioxypropiophenone 16.076 3.29
11 S5-I TN 3E-1,2,3-= 48 3L Benzene, 1,2, 3-trimethoxy-5-(2-propenyl)- 16. 221 0. 46
12 3,4,5-= WA I H B Benzaldehyde,3,4,5-trimethoxy- 16. 848 0.93
13 3,4,5-= W& LK H Phenol,3,4,5-trimethoxy- 16. 929 0. 40
14 2-3% Ke-4- S N FL-7-H A BE B B = B 2-Hydroxy-4-isopropyl-7-methoxytropone 17.983 0. 37
15 8-¥2 JL-2-F BE g Mk 2-Quinolinecarboxaldehyde, 8-hydroxy- 18.546 0.83
16 + U BT 5 4 %% Cyclononasiloxane, octadecamethyl- 19.127 1.57
17 K 1% Longifolenaldehyde 19. 263 0. 69
18 ?r?;izg;iliif%*Z(lH)*ﬁﬁﬂ 2(1H)-Naphthalenone, octahydro-4a,7,7- 20.135 0.82
19 FE R R Palmitoleic acid 20. 426 0.81
20 }i;jefiyﬁ)ﬁsl%% L 4-F 3 % 3L 3R 2 %8 Cyclohexane, 1-(1, 5-dimethylhexyl)-4- 20. 880 0.39
21 —+#% Eicosane 20. 925 0.53
22 -+ —%¢ Heneicosane 21.870 0. 34
23 2,6,10,14-py B 3£+ )\ 4%E Octadecane, 2,6,10,14-tetramethyl- 22.769 0.48
24 Jiii-9-—+ =4 9-Tricosene, (Z)- 22.869 0.71
95 3—%&)}&%%—1\1—(2—3%#ﬁ&%)ﬂﬁﬂa Pyridine-3-carboxamide, oxime, N-(2- 23,523 0.55
trifluoromethylphenyD)-
26 .+ =%t Tricosane 23. 641 0.70
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& 2(4) Continued table 2

" &en TR i WO A /7%
Number Compound Time Mass ratio
27 -+ ks Tetracosane 24. 467 1. 37
98 il,ri;gy?jfjif:fti}%:&ﬁaE)%E}J‘ Phenol, 2,2 -methylenebis[ 6-(1,1- 94803 8. 74
29 1-3-11-ft -} —4%% 1-Bromo-11-iodoundecane 24,931 0.77
> - A A -
30 iflﬁa%)%e -,22%({‘1;1?12?3%33[&4,%\ib%]p“)[f:r[i]ﬁinf%yl)*lf(47morpholy1)* 26.938 28.13
31 iR BElE-L-H 5% 4 iR 1-Methionine, n-pentafluoropropionyl-, heptyl ester 27.655 8.65
32 2,4.,6-=H FH:m Carbazole,2.4,6-trimethyl- 28.155 10. 41
2,5-[ (3. 4-Z & FE R IE) -3, 4- T I JE PU %[ 2R-(2. alpha. . 3. beta. 4. beta. ,
33 ;.u(;lapnh:; ,>5]fkl)]§lzﬁ1 , 4-dimethoxyphenyl) tetrahydro-3, 4-dimethyl-, [ 2R-( 2. alpha. , 28. 521 8.47
3. beta. ,4. beta. ,5. alpha. ) |-
34 W B E + /¥ Octadecane, 1-(ethenyloxy)- 29.853 4.72
35 T HEFR A b Cyclodecasiloxane, eicosamethyl- 30. 462 5.02
xR 3 EWRRREDBYRST DN
Table 3 Component analysis of root exudate of Cinnamomum camphora (L.) Sieb.
W em TR i WO A /7%
Number Compound Time Mass ratio
1 8-F2 JL-2-F BE sk 2-Quinolinecarboxaldehyde, 8-hydroxy- 18. 546 10. 24
2 .+ =% Tricosane 23.632 7.45
3 2‘,2’-12'33%}/1(6-@1]—%-4-@%))ﬂi% Phenol, 2,2 -methylenebis[ 6-(1,1- 94,794 41,94
dimethylethyD -4-methyl-
4 Bffﬁﬂi%lllrtlﬁ*l\]*( 2- =GR A ) e 5 Pyridine-3-carboxamide, oxime, N-(2- 25,085 114
trifluoromethylphenyl)-
5 1,2-= 75+ PU%E Tetrapentacontane,1,54-dibromo- 25.266 13. 38
6 Ji-14-—+ JU¥s ¥ Z-14-Nonacosane 25.666 6.39
7 1 J¢ Eicosane 26.029 16. 46
R4 BERRREDBYRDTDW
Table 4 Component analysis of root exudate of Osmanthus fragrans Lour.
W &em TR mn WO A 7%
Number Compound Time Mass ratio
1 Mii-13-~ /\ 5 % 13-Octadecenal, (2)- 4.732 11. 86
2 8- JL-2-F B s ik 2-Quinolinecarboxaldehyde, 8-hydroxy- 18.537 2.03
3 + \ g Oleic Acid 20. 580 1.75
4 %% Eicosane 20.916 1.67
5 + JukE Nonadecane 21.861 1.34
6 2,6,10,14-p4 B e+ )\ ¢ Octadecane,2,6,10, 14-tetramethyl- 22.760 2.71
7 Jiii-8-+ 7545 Z-8-Hexadecene 22.851 2.38
8 —+—%¢ Heneicosane 23.623 3.77
9 3—%&)}&%%—1\1—(2—3%#%%)ﬂﬁﬂa Pyridine-3-carboxamide, oxime, N-(2- 93,913 125
trifluoromethylphenyD) -
10 kg Tetracosane 24.458 5.22
1 ii,ri;]hlyifjifjfe?;%-ﬂr@ ) 24 1 Phenol. 2,2 -methylenebis[ 6-(1,1- 24,794 30. 21
12 ifi-14-—+ JLIF¥& Z-14-Nonacosane 25.530 1.35
13 —+ =% Tricosane 26.029 9.24
14 ?g, ii;}?;n?{iar}l;::ci(;n jpohn;.’ZlZ&hgfroxy 21,21-dimethyl-, (8. alpha. ,9. beta. , 27.110 6.39
15 17-= -1 Tk ¥ 17-Pentatriacontene 27.237 9. 66
16 1E =175 %E Hexatriacontane 30. 461 9.17

2.2 AMWRESWBYH TCEH TN REREMN

tb B

WE L s .4 e FRAR R i b TC Ji
B RN F S« ZE 4 (28, 78 mg/L) >4 %
(24.15 mg/L) > 1£ (8. 58 mg/L) > i (7. 98

mg/L) s f i 5 FE 4L Z 8] TC 5t o ¥ B ok B AN fE 7
EN R R Z R B EN 2R (P<
0.05), 4 Frag i Fh AR & 23 W v TN J5 & vk Ji
KNI JF e 25 M (6. 65 mg/L) > #& B (5. 55
mg/L) >4 £ 2% (0. 98 mg/L) >FE4£ (0. 76 mg/L) ;
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Fig.1 Comparison of TC and TN in root exudates of

four greening tree species

3 TheS%E

A5 FH GC-MS 43 1, 2SR AR 5 45 06 4
e I 15 A S 5 2 iR B 35 Fl AR
B bR B 7 Bl EEAE PRI E) 16 B, 4 BhER A
T AR 2R 43 0 ) v B e A R ) 3 A T R IS R e R K
FOrp e 58 K 22 R CEE AR AR R 43 I W T 2
XS A 9k 20, 22%, 13, 61%, 41, 94% F
42,07 % Be SR A X B /40 K 56.65%60,7. 77 %,
37.29% 11 33.13% . 4 P&k b i R AR 22 40 9 v 3L
R 2 3 FhATHLIR e T4 R L At A il R A0+ /UM
2O DL K 1 P S (PR IR B R-L- B 2 2 ) » A
FEMRK 4 Fh R FIAR R 50 W vh A 5 5
Z IS R —E AL . AR AR AR A
FE T IMAL FI R RE T AN R AR AR R 40 W 1 4 43 1) 22
S A3 AR 3 FOMRE R B Ak A ) R R AR
HLIR T 28 T R 215 L 3 ol bR 28 AR B 43 06 ) v TR 2
MRS S AP R F 2. SRR X EORR R
SR GC-MS 3¢ R, £ oK &R 40 W 1)
CH,Cl, & H ) F 2 A 5 R 208 o8 | U8 e L 182 | 1) | Tt
Je B BN . XSRS X EAE R EAR R
(9 B4 HEAT T 43 AT s B R AR R 4 WA By
B R OET SN C NN N SN TN N SN N
J S5 I . oK T AT X Y A AR B b AR BOR R
OG5 W IEAT 43 25 25 78 - N IE AR B 1 3K 32 i 4
FER) 17T AEE Y AR A LR W L R R 2 A
B it

ABETE 4 Fhag AL Foh, HOA 5 K 22 AR
HRZR 5 W) A AR A HLIR 15 21 1 R 28 ) T & it B
BT HAMAEY . HR0ESEN T I IA kM AR R 4y
WA ) TR Ay 55 b P Ay v R LS AE 8006 1Y
AHAL G 5 54 20 F1 19 Ffr, Hovb DR 1 41 55 vh
Yo MR 13 B, ST HRET R GC-MS
3BTk S 5 R B EE TCK B AR 2 b ) v 5 A 2R
R AR BRI R A RLIR (BT BLIR RN IR SE 2 R A
MUER . 5 JR SR 38 o X6 w100 4R 28 49 3 49 2 B
P17 GC-MS 4387, 78 M4 O F  45 81 2%
RN AR T R ESHRR RN T
B SRR AT e R . AN ARWF SRR 4 Bl gtk
REFRAR R 4 b v HOR I 2 1 A e, i £
VAR 5 R OR A FPAR & S I 4 Hh SRS
7 14 A SR W LA AE SRR OR R B M R
i AR ZR 43I W ARSI B 16 Bl B IEER L 0 ol oM F
2R Cys. /3 & MR Thr N &R Ala, #i AR Val, 7
SERM Lle, K& MR Asp.5E @R Leu, KN & MR
Phe . H& M Gly . Wi &2 Met 41 % R His ¥ 2 R
Glu B2 MR Tyr 2R Lys. 22 &R Ser FIKE % IR
Arg,

R WY R T IR AT Y T g i
AE RN EE AR, RRSWHFHEEZ
FEHE AR E IR A R G . R
Prrh TC & & S i S A8 ) AR 28 3 1 2o 2 VR FH 1) AR
e PRI AR B AT 50, TN D) Sz e 7 HE ) AR &R 5 AR
R R R TN . 4 Fhag b AR R0
o TC Jot et vk BE R/ R 280 = 58 £ 22 >k >
FER L S AR R 0 W v TC Ji B ik 8 3 T H
A% 3 AR b, 10 B R ARG S AR R 43 WA 1) AR B B 45
PR R Z . 4 M e R R R e h
TN J5E Ve B2 R/ Ry 244 > R B = 56 =2 >
LR A WY TN R ERES TEE
= HEAE R S R R AR A 2
S A UL A g Ak A i E o AR R 0 A A ) AR PR B B
AR RAG OUA R B S 75 ik 2 AR R S A7
T AFAER

(5% k]

[1] Bais H,Weir T L,Perry L G,et al. The role of root exudates in
rhizosphere interactions with plants and other organisms []J].
Annual Review of Plant Biology,2006,57:233-266.

(2] ZUBEFL, RS AL SRS 5. AR BRRE 7 TS Y B S i 1R 1
SHLBEAR AT (0. B AR A5 2 4. 2003, 14(1) 1 143-147.

Wei S H,Zhou Q X,Zhang K S, et al. Roles of rhizosphere in



5 10 4

FI e A5 4 FhER AL FAR 2R 23 I8 9 v B AL 2 a3 o3

113

(3]

[4]

(6]

(7]

(8]

9]

(10]

(11]

[12]

[13]

[14]

remediation of contaminated soils and its mechanisms [J]. Chi-
nese Journal of Applied Ecology,2003,14(1):143-147.
Vi, ZAL L. BRSO R YR PR s R R (D], AR
AHMBE.2007,16(1) :216-222.
Xu C,Xia B C. Research progress in rhizoremediation on poly-
cyclic aromatic hydrocarbons (PAHs) contaminated soil []J].
Ecology and Environment,2007,16(1):216-222.
SRS AE AR R A W 0 A O [T AR A AR, 2004,
23(1):97-101.
Shi G R. Ecological effects of plant root exudates [ J]. Chinese
Journal of Ecology,2004,23(1):97-101.
WAL BT R VLS RS R LAY S
mfER [0, A 352 445, 2004, 23(4) - 135-139.
Gao H J,Jiang X,Chang J,et al. Effects of root exudates in the
bioremediation of contaminated soils [ J]. Chinese Journal of E-
cology.2004,23(4) :135-139.
L W, EEAEL SRR WYX 8 SR L
FEOLBBE T Bk (1], A=A 3R 5, 2006, 15(1) - 184-189.
Xu W H,Huang H,Wang A H,et al. Advance in studies on ac-
tivation of heavy metal by root exudates and mechanism [J].
Ecology and Environment,2006,15(1) ;:184-189.
Elory A C,Truelove B. The rhizosphere [ M]. New York: Spri-
nger-Verlag Beidelberg,1986.
Marschner H. Mineral nutrition of higher plants [ M]. London:
Academic Press,1995:537-595.
Whipps ] M. Carbon economy [ M]//Lynch ] M. The Rhizo-
sphere. Chichester, UK : John Wiley &. Sons,1990:59-97.
Moscatiello R, Squartini A, Mariani P, et al. Flavonoid-induced
calcium signalling in Rhizobium leguminosarum bv. viciae
[J7. New Phytologist.2010,188(3) :814-823.
SRR S 5] 395 858 T 38 X A2 A 400 # A BAE AR RO &R 3 W
S LD AR M - A R AR KA, 2009,
Zhu X H. Influence of different adversity stresses on Chinese
fir seedlings’ physiological indexes and root exudates [ D].
Fuzhou:Fujian Agriculture and Forestry,2009.
B4 M. P AL BB N SR RS R AR R
AHLER 531 [T, B oAl K22 2 4 CH SRR 22 D . 2007,
50(2):9-12.
Yu Y C,Yu J,Fang L,et al. Organic acids exudation from the
roots of Cunninghamia lanceolata and Pinus massoniana
seedlings under low phosphorus stress [J]. Journal of Nanjing
Forestry University(Natural Sciences Edition),2007,50(2) ;
9-12.
S AR URATHT. AR R 3 WA T T Yl T3 0 N Y T 5 B R
(). #ide 24t ,2010,24(6) :1320-1327.
Wu J,Tu S X. Research progress on response pf plant root ex-
udates to pollution stress [ J]. Journal of Nuclear Agricultural
Sciences,2010,24(6) :1320-1327.
WA AT B2, 308, A5 AR AN PR AR T OR [R) AR AR R 43 0
YR o3 R AN L], Wi Ak R 2 2% 4, 2011, 28(2) : 333~
338.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Shao D H,Ren Q. Ning X Z,et al. Root exudate constituents
and allelopathic effects from forests of Pinus tabulae formis,
Ostryopsis davidiana ,and a mixed forest [J]. Journal of Zhe-
jiang A&F University,2011,28(2) :333-338.

S8R IDAR AL TOKAR ZR I 10 4 s s B SR A3 IR A 1
PR [T HOR AR M R 2727 41, 2007 ,42(5) 1 43-48.

Chai Q,Feng F X. Identification of root exudation of Zea mays
L. and allelopathy of 1,2-benzenedicarboxylic acid [J]. Jour-
nal of Gansu Agricultural University,2007,42(5) :43-48.
XORLBRNG R AR AR R W R g KAk
AR RIRETE ()], el Bh2:,2010,50(22) 1 11957-11959.
Liu C,Ma F M, Wu L, et al. Research on the composition in
the exudate from root system of continuous cropping soybean
and its allelopathy [J]. Journal of Anhui Agri Sci, 2010, 50
(22):11957-11959.

KB B2 B L 5k BURL AR B 3K R WA R AR F B
TR AR A M [T, i RE 2y, 2010,41(12) :2063-2066.
Zhang X H,Lang D Y,Zhang E H. Autotoxicity of water ex-
tracts from rhizosphere soil of cultivated Angelica sinensis
and identification of their allelopathic compounds [J]. Chinese
Traditional and Herbal Drugs,2010,41(12) :2063-2066.
HEWEL Mt ph PRZLER. AE. b ETAR R A0 I A I PRI Y I
LI BT S L] TEVE R0k %4, 2010,22(3) : 131-134,
Gao F,Hong C,Chen H G,et al. Bioactivity of root exudates
of Rehmannia glutinosa and identification of their allelopathic
compounds [ J]. Acta Agriculturae Jiangxi, 2010,22(3);131-
134.

BITCAR AR T L RRIEE S5 BTUR 4300 49 b AL 8 BT i 2 5
Be HARIEBON, [J]. A 2S5 882007, 16(3) :954-957,

Hu Y S.Li C X,Du G Y.et al. Identification of allelochemicals
in cucumber root exudates and its allelopathy to radicle and
Fusarium oxysporum [J]. Ecology and Environment,2007,16
(3):954-957.

1R TR TR K JEAR R 20 W 1 2 5 5 43 A (DL Jb st o E R
A B2 B, 2012,

Gao X X. Identification and analysis of chemical compositions
of root exudate from flue-cured tobacco [ D]. Beijing: Chinese
Academy of Agricultural Sciences,2012.

T ORLBEAEBRA S RUARR WY h &SRl 5
PUK TN 2 2y (g A0 SCE BT 58 [T 1. ¥k B AR Ob R % % 4
2008,10(6) :677-681.

Wang X,Duan Y X,Chen L J,et al. Correlation analysis of a-
mino acids components in soybean cultivars root exudates and
resistance to soybean cyst nematode [J]. Journal of Shenyang
Agricultural University,2008,10(6) ;677-681.

Wl SRR A A [ B0 R (Cucumis sativus 1.)
AR WY AL > 55U A CE [T] B %W,
2007,27(5) :1945-1950.

Pan K, Wu F Z. Correlation analysis of amino acids compo-
nents in cucumber root exudates and Fusarium wilt resistance

[J]. Acta Ecologica Sinica,2007,27(5) :1945-1950.



