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Root exudate constituents and allelopathic effects from forests of Pinus
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Abstract: In order to research the chemical communications in a pure Pinus tabulaeformis forest (PT), an
Ostryopsis davidiana forest (OD), and a mixed forest of the two (MPO), the components from rhizosphere
soil exudates were analysedusing the gas chromatography-mass spectroscopy (GC/MS) technique. Then, the
allelopathic effects of potted P. tabulaeformis seedlings were tested using exogenous phthalic acid and p-
coumaric acid. Results showed that organic acids comprised most of the detected compounds with PT 63.82%,
0D 71.15%, and MPO 69.12% ; esters accounted for; PT 8.38% , OD 12.65% , and MPO 14.42%; and
phenolic acids were: PT 27.80% , OD 16.30% , and MPO 16.46%. Seven phenolic acids were detected in
the 3 forest types: hydrocinnamic acid (not in MPO); p-hydroxybenzoic acid; 4-hydroxybenzeneacetic
acid; phthalic acid; 3, 4-dihydroxy benzoic acid; 3, 5-dihydroxy benzoic acid; and p-coumaric acid.
For the seven phenolic acids PT more than MPO and except for 3, 4-dihydroxy benzoic acid were 2.5 times
greater in OD than MPO with p-coumaric acid being 8 times greater. For PT seedlings compared with the
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controls, after treatments of 2.5 mg+L™ phthalic acid, the height increased, and after treatments of 2.5 mg 1~
' p-coumaric acid, the biomass increased. Also, their allelopathic response index was positive with an
increased inhibiting effect as concentrations increased; however, the inhibiting effect of phthalic acid
decreased more than p-coumaric acid. Thus, a lower content of phenolic acids may be one of the important
reasons that mixed forests grew better than two other pure forests. [Ch, 2 fig. 1 tab. 12 ref.]
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WA TE HAT B AT Ty T B AR 2P, WA SRR R . R Ailanthus altissima A F2 38 BOR X
KR Robinia pseudoacacia # B K BAT B Z WMHIERH . KIS SR FUET . Bk Juglans regia B
N )38 K PEAR W) 5 /N2 Triticum aestivum, %% 5. Phaseolus radiatus, % )N Cucumis sativus, 2 b
Raphanus sativus 55 4 FAEY) @ F0 787 K BIAEBAE R, R Gk B, Rk B0 %00, B 5
RGO FE R . VKA Larix gmelini S5 Juglans mandshurica 15 28 %5 SA AR 09 A= 1 5 A B 8 19 {2
HAEM . FTLL, BRA TR YR EIER TR 2%, X HRES R e A 2 E I 1ER.
M T 52 RIRAE A B R ARG IR EAMA, WEHRKFLESRGE™ERA, K, K&
ML Piuns tabulaeformis 5 VR T Ostryopsis davidiana T3S HIHAS 09 A48 KRB 8 45 Tl sk . 5%
T, AR IR TRARTE BCEA W 5 A VR ) [ T S b 1 I 0% P 2 e v T T A RS
W2, PRSI AATR S KTl A B4 AR 0N A5 8 5 B AT Z AR 2R 4 M A E A 7 X 2 AR5
) H 1. BT /N B S XA | PRAR N AR AAR 3R 43 WA A 53 4 B, T AR e AT 2 1A AT RE A AE 1 Ak
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1.1 R

SRR LA F P 52l R L 2 2R BT R AR B R A IR 0 B SR AR AMRR B . bl R R CR AR
ZMHL, 45 20 AFEAE AL Piuns tabulaeformis ZEAK | 1.5 m & JEHEF Ostryopsis davidiana #EZIHK | 20
AN 1.5 m S PR AR T UE TR AS AR, e Sl 2 B B AL B 3 8 (SN ) A AT HBURE 5 TR S8 bk v B
PLIEBGIHAS . R AR R LR 3 A BE s b 47 BURE

R A 1 2 2 o T T R A R R SR 2 AN WA S AR SR

HEIK AL AF ) p-Fr LR AN AR R R R /2l p-F MW T 3£ Sigma A A, B H @R
b b2 iR A
1.2 REAHZX
12,1 ARFR R RE  BORERTEA e B, S MEIER 3 N AR S, RHERBIEE R, 43
BEAL R AR B TEARARAR R R T L3, VEAARPR 1, IRASHRIR 2 DA AE AR R, IR EER R b
VR ARPR £, HHERE R AESC IR =N AR, WFA, ad 40 B,
122 REgakdpag B BT, B 2 ¢ TREE T/NEMSF, A 1 mol- L & & L4 50 mL E
20 CEEIRH, 100 remin™ #1k 24 h, #23E, WEWA 1 mol- L R ER 1L (4 pH 2.5 ~ 3.0), JIn A A5k
By, HCBERR 3 W, AIFEEM, 40 ChefR Ak E T, HPEEREEZTME T T, A 8 pL &k
BEALIAH, 100 CHMFATA 1 h 5, @R (GOMS) B ARSIt | 2w /ahr.
1.2.3 GC/MS #7444 ] GC(TRACETMGC2000, CE INSTRUMENT %t & )/MS (VOYAGER MASS,
FINNIGAN 2\ w) )X AR BR 73 A A 7 P4 B . SR 35 452 DB-5-MS A e B HE (30 m x 0.32 m x 0.25
pm, J&W Scientific, Agilent Technologies, USA),

GC B THR A . #IERIEIE 50 °C, L 20 °C-min™ (T E 180 °C, 1445 4 min, KJ5LL 10 °C-
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min™ F+] 220 °C, A% 15 min, #HS . Z4S; WHE: 0.8 mL-min”, GC #FFEHIREE . 280 °C, MLFIH
Wl TR HERERRL 1 pl.

MS W TAESAM. BB FAEL BFiER.: 70 eV; JEEJEH . 29 ~ 350 amu; #ETHEE . 250 C,
BRI . 200 °C, KSTHI . 150 pA, KIEEHEE. 500 V; &8, BT 0.4 -k, T
T VL (m/2)29 ~ 450,

124 AR ZputHeg 2 R Xcalibur 1.2 MUASFME | NISTOS 15 ] 2 e Jo €2, 313 O BA B (o) X v 4 | JRAR
TR ARFUAR B 8 AR R I A o e M, JF LARRHERE SR A T 3000E 5 A5 289 o i) 0 T AR A 7
12,5 s @ e AR SR R MO AR AR A R (KR 12 5) &R IR R ZE K
(121 C, 1 kgrem? K77, KW 1.5 h), BEGERNGE G REBD BN 75% B 15 cm, O
HAZ12 em WE WA TR . EBOFFR T . KNSR 72 24 h, PR 5.0 g-kg™ =4 R 40 1
B 30 min Ji7, FHICE Ko T, SRS 1270 T 0 8 400 00 2K 18 15 78 LA B T 25 CHE M TP EZE, 7d
JEEBEMAR BT & B S A S TS A WA, BREM T LR A, AL 500 g- #6300
mL K5 BT RN 1.9 x 10* Ix &8 kb AR R IR E N O 12 h-d™, BE 25 C, BEN
50% ~ 70%), SRIGHEAK 1 JET, 200 mL- ¥k, 2 ¥ 1 K# B 10 £% 19 Hoagland & F## 30 mL, }i3%
60 d 5 H T AE ISR

1.2.6 AR mRK FEHLIHECRE 35 60 d A9 Il AA 40 1 (A BRI I, A IR Ak IR B e R T L Tl B 4
AR B m o e R A A 408 S T R R A B R - Al MRORR ok m S5 v A v 1 p- A R O VAR A
25, 5.0, 10.0, 25.0 F150.0 mg- L™, XS BTAR AT TK, B e /b i QBT AR, POz
TR 7K T B T 5 IO R R RV, AR e RO [ v B Ah BR300 K A0 B B ALy, B AP R 10 mL-
5, XFHGE N 10 mL Z8ARK, AL 10 N EE , RIEERIRIE SR E PRSI R, & IR AR
JPRBTER, FRFE 60 d Ja xR W RS A L AR I, I EE AT AR N i BT A
L=1-C/T, BT=CHt; L=T/C -1, B T<Chf, H, CREIIE, T2 h AR L)
YR BUE, [ AR, Y =0 B RR 2 EE T, Y 1,<<0 W R mkvE .

1.2.7 #AE2H KA SAS 8.0 Geil i %t 4 F s 2E47 77 25 53 H1 (P<<0.05) .

2 RS/

21 AENBERBRS DI FHS

AT XTI . AR TN AR BRUAR PRI GC/MS 3 HT 2 . 3 Flobk A dh G 1) i 1k & 9 = 24
FEAYLIR . BRI, Hrh, AP & e Bl fe s, AN aidk | JRAE 7 4libk SR S pk A BLIR ir
L A5 53 0 R 63.82% , 71.05% Fl1 69.12% , Lt Z @ b 3 Fik BRI T b 2 % FEE 055 8.38%,
12.65%F1 14.42% , 3 PR RIAFEAE B E 02 5 MMRISAUFERILREER | p- BRI | m- PRI |
R HR, 3, 4-RIERFM, 3, 5S-ZRIEXFRM p-F UM, 16 3 bk A 2 ) 8 A 25 1
27.80%, 16.30%F1 16.46% , HREI[AIFF1E B & 25,

TMANEEAR T 7 P R & it B = T 0 A 2 MR O R L N RERR | 4R ORI R | SR
W2, 3, 5-ZRFERWIR p-7 IR & it o i IR SR 3.4, 2.7, 2.8, 7.5 M 80152 %, & &k
13, 4-ZFREIRH IR IR 1 AELL L, R A O8RS 2.3 15, R4,
TRASHR T B R & i B MO IR (R 1)

2.2 AESMEAL B B 3T ih A 40 & A K R

IR 1 ~ 2 855 R p-75 G IS8R — H FR 76 BT f Wk B 2.5 mg - L BFXR Il B o AR R R A 9 i A=
KRG —E WAL EVER], AR B35 8O B . 24 2 P b G W) Bt W 20 5.0 mg- L7 g & 7% i
AT E 25, FE 2 b &Y ik B Akee i ok, XHl A KA BEMHER, [ p-FH
TR EIE RN FAOE R, ZELER/R, 2 MY RGIEERAEREES,

ARSI Fruk 2 Fh ik R A R R XIS A AR K B ARG, AR IE R p-F
J VR R AT 5 mg e LT, AN Y AR K2 B I L BB B AR A P AA sl R b 2 R AR Y
w, AR EEEILA R VER . R 2 — 0] RE 2 T W SRR R p-r SRR I HE T UM A

T
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Table 1  Constituents on rhizosphere exudates from P. tabulaeformis, O. davidiana and their mixed forests
T AR A
P B 55 5] /min &
RUIEVN T TN
B organic acids
5.28 FH T2 hydroxy butyric acid 47 128 312 15 296 842 32 030 698
5.82 4-FI T Butyric acid, 4-hydroxy 6 899 819 R IR
6.38 EHIM  succinic acid 63 231 485 11 889 625 22 019 665
6.47 CHF R ethylmalonic acid 6 070 547 1 094 050 IR
6.6 HEH R fumaric acid 31 881 457 3 641 652 5306 040
7.94 L =2 hexanedioic acid 21 437 355 5499 777 4 437 956
9.08 BE 2 heptanedioic acid 41 421 834 6 032 549 6 982 190
9.76 IR octanoic acid 7 201 279 2 564 615 1 879 533
9.84 3-F2 A% R 3-hydroxy capric acid 1 646 006 1326 972 1819 975
10.61 F M octanedioic acid 59 268 622 18 536 550 12 134 853
11.83 4-F25E m-H PR m-Anisic acid, 4-hydroxy 6 134 992 9 049 877 10 805 677
12.25 T azelaic acid 162 140 660 41 482 227 43 543 037
12.95 T VULERR  tetradecanoic acid 3136 184 3560 616 2 055 858
13.65 2R sebacic acid 14 082 946 4 000 467 3 083 556
14.92 F—%t Z# undecandioic acid 7 963 667 2 488 178 2 604 265
15.53 17542 hexadecanoic acid 40 210 577 26 889 366 1 7895407
17.37 11-cis- T /\%EfE  11-cis-Octadecanoic acid 4 201 436 5921561 2 996 652
17.62 T \LEl2 octadecanoic acid 16 087 842 11 740 640 8 494 558
52 ester
8.73 T WG butanedioic acid, methyl ester 24 037 292 1 374 862 8 890 551
14.58 A ZHER Z T & dibutyl phthalate 25 449 307 12 439 791 7 349 162
20.38 AR R — %l diisooctyl phthalate 19 816 059 16 453 555 14 705 146
21.93 2-Z L HEMIPR TR EE  2-ethylhexyl isophthalate 1 625 009 180 880 6 198 272
e
7.23 FRILRHER  hydrocinnamic acid 64 665 597 304 271 EN A
9.5 p-FREAH i benzoic acid, p-hydroxy 73 486 263 9 872 609 21 782 427
9.66 4-FRH KPR benzenacetic acid, 4-hydroxy 7034 921 1 049 358 2 574 491
11.3 R ZH R phthalic acid 22 258 252 18 487 850 7907 271
12.72 3, 4-ZFHHRHE  benzoic acid, 3,4-dihydroxy 1895 191 3135333 1791 723
13.82 3, 5-ZRAEAHER benzoic acid, 3, 5-dihydroxy 15 872 082 1779 016 2 117 341
14.31 p-Tr M p-Coumaric acid 50 018 943 4599 392 6 238 281
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Figure 1 Response of different allelochemicals on the growth Figure 2 Response of different allelochemicals on the biomass
of Pinus tabulaeformis seedlings of P. tabulaeformis seedlings

B - 3 ) 30 Ak 2 R0 A A 2 P T SR AN R] AR PR R AR 3 W ) SO S A o3 i 7 W A AR T, AR 4
WRL ALY BT 2 T T AR ZE R e S RUAE VIR A, B E A rh A SERE Y B TSORE ) # R O 0T
Tl AR R A 52w oA W) B A ) 1 SR F8 2 B B AR ) AR AR,

ARG R, B 28 2 T v S BAL B ) k2= iz — o AR IR, oA K32 B4 i
TR BE U™, BRI SR O B 1 TR iR | X EOR R | 2, S5-I IRAE 11 Fp
MY iT, Hea 10 fi 2y A AW, ARERY . FUmR ., AR, 5 FRmERRE
1073 mol - L™ B B 3 1 K 52 Glycine max Yo & VEH, HFEE RN A e ZBH 1 T Mg-Phsk 8 A pl sl in 3 17
WA W50, NTREAR 7 it a8 &g, ik rokgk, M2 mBEDCE/EN . AR
SRR B 23 WA ) vh A 2K B R ) o i 7 e S M TR S AR 1.0 A5 LA L, p-7f R & i W GA BTR ZE AR 1Y 8.0 £
PLb, X —0FE SRS SRARRL, RS A R R i % & 0 AR T alibk, wRg R AR R AOLT
afipRorbol s AR K R K 2 — RITR SSMRBEAR 1 I AR bk o i R & o b v 1 7™ AR 1 A BE RN . A,
TR ASHR A JF AR I 3 F2 B P AR, U ) PR R PR A VR S MR N A AE Bl 3 3 i aA AN B A 1 PR, DT X ¥ A8 bk
AR B IIEIE HBEAC . REERR 7RI 9/ R LR MAEI R M Aot & HR | RILES . BB/
WA, WMREERR A FTEE 7 b Lycopersicon esculentum ARIP ARG R 50 A 091, FF
AR AR OR AP BTG P | 7 A BB ek S T 52 e G T A T

BT, RAEYAETT HE R C GBS EOR M e, Ham e S8 R R W] . S IR SR IR AL BT DL S
FK Zea mays Wy AP R B S R E . ARMOE DT R RNAES RS, AR TIEESAKR
YR Z | SR K R IEEh Y, X AR Wy Ta] 0 AH ELAE T A S me 3 TS A XE BE L AR W 7 A R R
B 4 e b i Ak B BT BB B A L SRR Y AR e e, A R A s s ma AR PR R T, AR 2
SO AR SR TR A T2 IR, o e AT AT A U T 2R W ) Dt DR DS 45 T 4 g e Ak ) DY B L K R R 3 2%
PEAE ) M A A FRME A TN R o S50 b, — SR b B R Y O M5 AR BRI G R Al
Yl Bre i % 2 GE A2 AR Cunninghamia lanceolata KR Z2 53 WA AR v BE B T AR A2 AR Qi i A= 1, i v ik
FERT IR AR, B4, TERERMRMAESRG S, BRI 5045 ok 45 R iR AE B R G
HBIF SRR, AN AbR A B BT VR R A A2 B R  E RE RO B R A S A AR A S RO A R (A
ARG, WA IS W) AL AR T T AR XA A K R A E T, UEWIHE — e R B 1 R T A 7E
S ISR RS BB R GA . TR E R R B IR, XS B A A A, TS R A AL
5 T ) ) R0 2 AR A 5 /N S — 25 R 1 ]
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