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Morphological characteristics of leaf guard cells in six crops in response to the

volatile stress of Chenopodium ambrosioides L. from different invaded habitats
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Abstract; Chengdu City (Sichuan province) and Anshun City ( Guizhou province) are the regions that an invasive plant,
Chenopodium ambrosioides L., invades very seriously in China. Chengdu City is located in the Sichuan Basin with a pleasant
climate and superior hydrothermal conditions, but Anshun City is located in the Yunnan—Guizhou Plateau with karst land
feature, thin soil, high altitude, and frequent drought. To explore the differences in the allelopathy of C. ambrosioides in
different habitats, the C. ambrosioides plants grown in Chengdu and Anshun cities were selected as research objects because
of their obvious differences in environmental characteristics. The volatile oils of the C. ambrosioides plants from Chengdu and
Anshun were extracted by steam distillation, and their yields were 3.173 and 4.820 g/kg, respectively. The analysis results
of gas chromatography—mass spectrometry ( GC—MS) analysis showed that the C. ambrosioides volatile oils from Chengdu

and Anshun contained 16 and 25 compounds, respectively, and a-terpinene and cymene were their common components.
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The concentrations of a-terpinene and cymene were determined based on their contents in the volatile oils from both cities.
In this study, we used six receptor plant species, including Vicia faba L., Arachis hypogaea L., Allium tuberosum Rottl. ex
Spreng., Fagopyrum esculentum Moench, Pisum sativum L., and Brassica campestris L., which are widely grown in the
farmlands invaded by C. ambrosioides. These receptor plants were separately treated with eight treatments, including the
treatments with the C. ambrosioides volatile oils from both cities and with a-terpinene, cymene, and o-terpinene+cymene
extracted from the volatile oils from both cities. The activities and nuclear structures of leaf stoma guard cells were examined
by using the epidermal strip method. The results showed that these cells had nuclear aberrations, including nuclear
deformities, nuclear pyknosis, and nuclear translocations. Moreover, the stoma guard cell activities were significantly
decreased (P<0.05) or even completely absent under the eight treatments, and these effects became more significant with
an increase in treatment concentrations, and the maximum mortality and nuclear aberration rate of stoma guard cells were
93.85 and 81.16%, respectively. Among the six crop plants tested, F. esculentum had the strongest allelopathic effect,
followed by P. sativum, V. faba, A. tuberosum, A. hypogaea, and finally B. campestris, according to their sensitivity to C.
ambrosioides volatile oil, a-terpinene, and cymene. In this study, the cytotoxicity of the volatile oil of C. ambrosioides from
Anshun was greater than that from Chengdu, and the cytotoxicity of a-terpinene was greater than that of cymene. The higher
the proportion of a-terpinene in the a-terpinene+cymene solutions, the stronger the cytotoxicity they exerted. These results
suggested that the allelochemicals of C. ambrosioides damaged the stoma guard cell structures of receptor plants, and when
C. ambrosioides invades the habitats with relatively poor environmental conditions, it releases increased amounts of

allelopathic chemicals in its surroundings for its competitive advantages.

Key Words: Chenopodium ambrosioides L. ; different invaded habitats ; allelopathy; guard cells; cytotoxicity
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Table 1 Mother liquor concentrations of volatile oil from Chenopodium ambr. L., a-terpinene and cymene

AbHELH Qb %UE AbEEZH Qb B R .
Treatment group Treatment Coneentration / Treatment group Treatment Coneentration/
(pL/pL) (pL/pL)
Vi B R 0.10 Tl o A I 0.0211
V2 LA A 0.10 T2 o= it M 0.0421
M1 - R AE R 0.0211+0.0259 C1 PIEY i 0.0259
M2 -l AR+ X AL R 0.0421+0.0240 2 PRV 0.0240

VI AR & AL PR, The treatment by volatile oil of Chenopodium ambrosioides from Chengdu; V2 % W # Ff #5 %& i AL B, The treatment by
volatile oil of C. ambrosioides from Anshun;T: o-iif i # AL PR | a-terpinene—treated ; C: X4 £ AL FE | cymene—treated ; M ; a1 ity i + Xt A= AE R AL L
The combined treatment of a-terpinene and cymene ;17 F1* 2" % b 35 500 2t 43 551 K 415 J5t 05 b A8 R0 MU 30 19 44 2 il v AH 7 1 43 B9 & 28 7, The
treatment doses of " 1" and "2" were determined according to the content of corresponding components in volatile oil of C. ambrosioides from Chengdu and

Anshun, respectively

1.2.3 a3 A I

SO PHE S ik, B JE , MES 28 thE Ve 2R 1 4% 3 K, AO/EB #3444 3 min, LEICA DM 3000
PN BB MER I AR, SEER DI TG A, B L0 B OO LR R AEANME . BB 1000 MR 1140,
HA 3K, HAMIIET R,
1.2.4 A% IEASFI

K Feulgen Jeteik ™ o Bhif )5 MES Z2ofiRIE VER F 4% 3 W, R 2 W (JoK LB kG IR =3.1)4°C
&5 2 h,1 mol/L 2 60°C fi# 55 8 min, U 3 YK, Schiff il FROEYL (A, 1 h, LEICA DFC450C 627 i il i W 8%

http ; //www.ecologica.cn



4 A E = 39 %

IR, BT 1000 MR TANE, A 3 K, THR AR A
1.3 Bdegeit 504
M Williamson "> £ 1 1) AL RAE FSEURRER B0 RE ] 1M AL A TSR

C
RI=1-—,(T=¢C
¢ )

C
Rl:7 -1,(T <C)
A, C X HRAE, T WAL FRAE , 29 RI>0 B R R HERN , 2 RI<O B A4l 3500 , Hegfe e AR 28 A JR A F i
TN ABAE 25 30% (SE) K RI A AR Y (E S
i SPSS 17.00 B4 T BRI R 7 225007, LSD 343547 2 8 He A AL 5 P 407

2 EREH

2.1 IS AR HL - FRIT R i ) Ak 2E 2 K
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Table 2 Chemical Constituents of Chenopodium ambrosioides L. volatile oil from Chengdu and Anshun

N LH Yt 4 N SO A
(eI ES VXL TER S X i Tt A A it
Compound Compound Relative content/% Compound Compound Relative content/%
species name VOJU FEHR S22 || species name PUIHRAR B2
R RILE Y X R 25.88 24.04 || B2 Alcohol Xof R R S P 0.12 0.08
Ferpenoids - and o e o 2107 4211 AR IE2, 82 g 0.33
their oxides 1-J
g K-St -Hfr-1(7) ,8-2
2-18) 13.05 3.95 AN 0.16
i T 2,3 = e -2-
D-Frtgh 0.74 4.52

N - -7 -1 (7)), 8- -
- A7 0.37 0.78 W 73 e 0.09

IRl 2 0.31 0.19
1-H2-4-(1-FH R LIE — B
3 4 0.16 0.1 a-FA T 0.08
3-HE-6-(1-H FE 23 ) -
B-7K M 0.16 0.1 fii2% Ketone 7B T 4.1.0] Piki- 0.84 0.46
2-filil
B-IR ) 0.05 —
3-E 0.05 0.08 R — 0.09
-SRI — 0.1 42 Phenols HHE A 0.22 0.21
- - ot P () -2-F 3 T %-2-
(+)-4-E 4% 0.08 52 Esters for 0.08 0.1
ST B FEH(E)-2-F 5T H-2-
2-1E ALK g 0.17 - 0.06 0.15
B-H M — 0.07 52 TR TR — 0.16
TE e -o-E N — 0.05
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Table 3 The death rate ( %) of the guard cells exposed to volatile oil of Chenopodium ambr L., o-terpinene and cymene

A AbFEEH REBEBAEE Treatment gradient (pl/SmL)
Receptor plant Treament . .
group CK(DMSO0) 0 2 4 6 8 10
B V1 14.29£0.05a  13.95:0.50a  26.17+0.18b  33.19x0.20c  47.04+0.59d  62.24+0.52¢ 73.12+1.04f
Vicia faba L. V2 14.29+0.05a  13.95:0.50a  28.64+0.52h  35.03:0.39c  51.49£0.20d  63.79+0.37¢ 77.26+0.28f
T1 14.29+0.05a  13.95:0.50a  21.01x0.44b  23.50:0.04c  38.30:0.09d  52.25:0.16e 63.21:0.04f
T2 14.29+0.05a  13.95:0.50a  25.49:0.20h  32.46+0.14c  48.29:0.21d  61.05+0.02¢ 67.43+0.09f
cl 142940052 13.95¢0.50a  18.40+0.06b  21.88+0.05¢c  32.65+0.11d  48.570.14e 60.67+0.16f
2 14.29+0.05a  13.95:0.50a  17.5120.17h  21.22:0.11c  28.75:0.10d  47.67+0.24e 57.87+0.09f
MI 142940.05a  13.95¢0.50a  25.53+0.15h  32.25+0.54c  45.72+0.37d  61.66+0.82¢ 71.500.36f
M2 14.29+0.05a  13.95:0.50a  28.59:0.82h  32.61x1.30c  49.83x1.15d  62.54+0.20e 74.29+0.68f
Pz V1 146440150 14.38+0.04a  23.1120.39h  36.47£0.60c  52.48+0.56d  62.54x0.15¢ 79.55+0.21f
Arachis hypogaea Linn. V2 14.64+0.15a  14.38+0.04a  26.92:0.48h  40.10:0.48c  53.92¢0.70d  63.04+0.33e 84.59+0.24f
Tl 14.64+0.152  14.3840.04a  18.60£0.17h  25.3920.13¢c  40.56+0.16d  50.51x0.16e 61.28+0.19f
V) 14.6420.15a  14.3820.04a  20.3720.17b  30.49:0.17c  49.54x0.18d  61.32+0.23¢ 69.41+0.22f
Cl 14.64+0.15a  14.38+0.04a  16.55:0.24h  20.57+0.13c  30.56£0.20d  40.790.13e 49.45+0.19f
2 14.6420.15a  14.3820.04a  15.65£0.25b  16.330.14b  28.44x0.18c  35.1420.09d 46.40+0.24e
M1 14.64+0.15a  14.38+0.04a  19.54£0.03h  32.38+0.18c  49.80£0.52d  59.89+0.19 69.76+0.26f
M2 14.6420.15a  14.3820.04a  21.14x0.34b  35.26:0.28c  51.22+0.57d  62.49+0.13e 72.93+0.72f
E[3 V1 1471£0.20a  13.82+¢0.21a  22.3420.56h  39.67:0.66c  54.24+0.78d  73.420.55¢ 80.94+1.38f
Allium tuberosum V2 14710202 13.82402la  33.47:0.57h  41.7520.62c  61.79+0.93d  81.53%0.93¢ 82.54+0.63¢
Rottl. ex Spreng. Tl 1471£0.20a  13.82¢0.21a  16.10£0.02b  23.61x0.14c  30.81£0.00d  45.42+0.17¢ 68.530.17f
V) 14710200 13.82402la  21.79:0.09b  35.51x0.15c  41.33+0.14d  60.77£0.09% 72.59+0.13f
Cl 1471£0.20a  13.82+¢0.21a  15.90£0.04h  20.26:0.11c  26.44£0.10d  39.84+0.03e 52.66+0.05f
) 14710202 13.82402la  15.1420.05b  18.6920.14c  23.47+0.12d  35.44x0.10e 50.52+0.23f
M1 147120.20a  13.820.21a  16.38+02la  25.36x0.25b  41.1920.69c  51.60+0.71d 76.52+0.55¢
M2 14710200 13.82402la  24.64:0.65h  39.76x1.45c  43.57+0.88d  69.60+2.47¢ 77.29+0.15¢
H3% Vi 16.06£0.37a  16.06£0.20a  19.41+0.15b  34.560.28c  43.25:0.31d  55.9820.56¢ 73.56+0.12f
Brassica campestris L. V2 16.06£0.37a  16.06£0.20a  33.24:0.86b  42.40%0.15c  56.22+0.69d  67.59x0.4le 93.85+0.44f
Tl 16.06£0.37a  16.06£0.20a  17.95:0.02b  28.53x0.07c  35.77+0.17d  49.53x0.14e 55.42+0.03f
V) 16.06£0.37a  16.06£0.20a  25.47+0.20b  35.51x0.10c  50.50+0.07d  60.52£0.15¢ 73.76+0.09f
Cl 16.06£0.37a  16.06£0.20a  17.12+0.05b  20.71x0.24c  25.75+0.03d  40.48+0.24e 45.43£0.18f
2 16.06£0.37a  16.06£0.20a  16.76+0.04b  19.35:0.27c  20.32+0.20d  37.39x0.19% 43.68+0.19f
M1 16.06£0.37a  16.06£0.20a  18.07+0.68h  32.1320.66c  40.56+0.65d  50.69+0.34e 63.98+0.07f
M2 16.06£0.37a  16.06£0.20a  27.19+0.08h  38.61x0.18c  55.63+0.32d  64.62+0.86¢ 78.13+0.32f
Fk Vi 12.18£0.32a  12.73£0.04a  39.09£0.60b  48.68+0.60c  58.42:0.34d  80.50+0.80e 82.54+0.12f
Fagopyrum esculentum V2 12.1820.32a  12.73£0.04a  46.51x0.72b  54.18+0.59¢  62.20:0.67d  82.30+0.36e 85.1520.26f
Moench Tl 121840322 12.73%0.04a  29.29:0.20b  38.35:0.49c  46.45:0.07d  52.49x0.24e 57.56+0.34f
V) 121840322 12.73£0.04a  42.47+0.33h  43.42:0.04b  47.71:0.33c  65.05£0.18d 71.44£0.21e
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2k ”ﬂ‘fﬁﬂ_é’ﬂ AbFRERFE Treatment gradient (wL/SmL)
Receptor plant freament =
aroup CK(DMSO) 0 2 4 6 8 10
Cl1 12.18+0.32a 12.73£0.04a 15.53£0.10b  21.76%0.12¢ 30.60+0.17d 39.65+0.15¢ 48.58+0.17f
C2 12.18+0.32a 12.73£0.04a 14.35+0.05a 20.47£0.10b  25.52+0.12¢ 37.51£0.13d 41.49+0.24e
M1 12.18+0.32a 12.73£0.04a  31.14£0.34b  41.33£0.05¢ 48.67+0.22d 55.99+0.22¢ 60.28+0.41f
M2 12.18+0.32a 12.73£0.04a  44.32+0.34b  46.59:1.11c 50.62+0.05d 70.03+0.48e 74.64£0.31f
i Vi 8.53+0.22a 8.15+0.18a  24.92+0.15b 32.60+0.44¢ 43.37+0.54d 75.85+0.52¢ 80.12+0.39f
Pisum sativum Linn. V2 8.53+0.22a 8.15+0.18a  36.44+1.18b  45.76x0.11c 58.21+0.07d 77.61+0.16e 89.12+0.34f
T1 8.53+0.22a 8.15+0.18a 19.77+0.09b  23.44x0.21c 32.44£0.03d  40.47+0.19e 56.54+0.07f
T2 8.53+0.22a 8.15+0.18a  30.61+0.03b  37.37+0.12¢  48.50+0.17d  65.61+0.25¢ 70.28+0.15f
Cl 8.53+0.22a 8.15+0.18a 11.71£0.15b  22.24%0.11c 30.51£0.22d 35.71+0.02¢ 50.72+0.18f
C2 8.53+0.22a 8.15+0.18a  10.83£0.06b  20.32+0.21c¢ ~ 29.78+0.12d  35.72+0.10e 50.47+0.11f
M1 8.53+0.22a 8.15£0.18a  21.14£0.21b  25.61x0.13¢ 35.15£0.39d  45.41+0.74e 59.00+1.20f
M2 8.53+0.22a 8.15+0.18a  33.05£0.29b  41.91+0.51¢  53.20+0.27d  71.33+1.08e 78.30+0.94f

CK(DMSO) : % BRZH ( —HIZEFA) , The control group ( Dimethyl Sulphoxide ) ; [Fl—17 /S [Fl“7A Fe 7 M [F) Ab B R ASIR] 7)1 25 5 8 1 ( P<0.05)

YRR -l it M XTARAE R ol b M X AE R IR B WAL B | AR A 21 5O, Ul B AL 3R
VIR M, SRR DAIAET:, % 3 Al 0L BRE M1 41 2 wL FI5F4 C2 41 2 L AbFXHE DANEET- R
To E RSN, KEZEUE A () TIANMAE T 330 55 00 iR 22 5 38 it ALk 30V B35 38 i mi 1% K (P<0.05) , 7EAL #H
A 10 wL BEAVEYI - DANEAET Fde i, fe i SET- %355 93.85%, 8 MNMAbHdl & G DAniEsET
FAE2 . 8.10 pL HFEIH V25M2>VISMI>T2>TI>C1>C2; &5 6 wL 4,554 2 wL 4, %52 4 .6 uL HHFH
SEEARIET R FIN V25M2>T2>VISMIS>TI>C1>C2; &5 4 pL 41,1642 8 wL 41,4 6.8 pl 41,577 4 .8,
10 pL HAHEE 8 .10 wL 48 V2>VI>M2>T2>M1>T1>C1>C2; 484 4 .6 .10 pL 2, dE 10 wL ZHAIFEZ 6 wl 4
LN V25VISM2>MI>T2>T1>C1>C2;4E 2 4 pl 408 V2>M2>VI>T2>M1>T1>C1>C2, fAf WL, 22 4%
R EEPE RN KT BRI 0, ol S B K T X A6 2R TR A AL B b | oo vt 475 T o L A7) 8 5, Ak 3197 44
L REPE AR 2] o SR TE IR A B E T TR BB A, R A B0 KT B — 143 1 U
BIBR T il i AT AE 2240 ¥ R b il AT FLA AR B o, i it — 2 324
2.3 OR[AAREEXT R T AR B AZ IR A5 Y 52 e

ML T ] 0k BE 9 £ T A0 A T 25D | 34050 S 1) oA T TR BEL P i A B2 ) R T 40 A% AN [+
FREEHL I T A5 A AR IR AR A A 1408 AR 55, B [ AR 7 0 FRI T 4 20 oo it 45 %<
TEZR ol S I + XTSRRI A WAL B T Ok T2 f R BB A 4245

N 4 T RN B2 (CK) AT FEAL (BBRE 0) AR D40 IIA% A8 R 22 SR W35 (P>0.05) , A Bl
FEFXF RIS S5 R AR A AR AL A BR S B M1 21 2 L Ab PR 40 i A2 W A8 R B0 A 2 R A
A% M A8 AR A S TR g B A Kb SR R 32 48 R S 3B 4 I (P <0.05 ), AR BRI 1 10 WL 19 i A I 22 A< 3k 5] 81.
16% , AN[FEALFRXTAS[FVEY Bt i MEA R A, 28 5 2 6 pl 41, {64 6.8 .10 wL 4 FIFFZ 4 6.8 uL 410
V2>M2>T2>VI>M1>T1>C1>C2, #8510 pL 4, /64 4 wL 4,462 .6 pL 41, 32 2 wL HABI 5 2 pl 4 V2
SVI>M2>T2>M1>T1>C1>C2, H3% 6.8 .10 wL H5%iH 6.8 .10 wL ZH V2>M2>VI>M1>T2>T1>C1>C2, &
Ho4 uL4l,dE 8,10 pl 41, 3% 4 pL 41 MIFFEZ2 2 L 4150 V25>M2>VIST2>MI>TI>C1>C2, & 5. 8 wL 41, {64
2 w4, dE 4 pl 4,374 10 wL A MHE 4 pl 208 V2>VI>M2>M1>T2>T1>C1>C2, MR ELIEREE &R0V 8
BRI, 8 AL IR B AL TEER I V25M25>VIST2>MI>T1I>C1>C2, 3X — 45 R UL B AL BRI P o1 i s
FEBIBER st AL Bk . 5 2.2 S5 AL 4% AT A A A A R T B — o3 1, U A vl b A At ik
B
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R S NFARAEY R TN R SRR AE XS AN [R]A R B IR A k3 4

B1 THFEEZMERTRIAMEESHENL

Fig.1 Changes in the nucleus morphology of guard cells exposure to volatiles of Chenopodi

ambr

a, b, c, d, e Ml {ralRAE LA dE A FRA MBI AR AN, 1,2,3,4 05 CRIER PR ILA0M AZE L AX I 48 A%

R4 THIFERW oBERE EEREAT 6 MREVRIDEBNZHEE( %)

Table 4 The nuclear morphology abormal rate ( %) of the guard cells exposed to volatile oil of Chenopodium ambrosioides L., o-terpinene
and cymene

2k Tiliiji?i t JEFRBAEE Treatment gradient (wL/SmL)

Receptor plant aroup CK(DMSO) 0 2 4 6 8 10

" Vi 12.23£0.90a  11.41£0.52a  17.06+0.49b  26.57£0.12¢ ~ 28.37£0.19d  36.100.31e 41.940.19f

Vicia faba 1. V2 12.23£0.90a  11.41£0.52a  23.68+0.09b  33.87£0.90c  36.66+0.34d  41.69+0.15¢ 48.230.16f
Tl 12.23+0.90a  11.41£0.52a  15.16+0.08b  18.30£0.07¢ ~ 23.60£0.24d  29.57+0.21e 33.54+0.20f
T2 12.23£0.90a  11.41£0.52a  18.73+0.04b  25.56£0.27¢  28.68+0.23d  30.47+0.19¢ 38.41£0.04f
Cl1 12.23+0.90a 11.41+£0.52a 14.49+0.23b 15.54+0.10¢ 18.43£0.17d  23.42+0.09e 25.70+0.07f
Cc2 12.23£0.90a 11.41£0.52a 13.41+0.25h 14.76+0.15¢ 16.50£0.11d  20.70+0.24e 24.48+0.16f
M1 12.23+0.90a 11.41£0.52a 15.79+0.31b  20.47+0.28¢  25.05+0.51d  31.92+0.02e 37.60+0.17f
M2 12.23+0.90a 11.41£0.52a  20.36£0.97b  30.64£0.37¢  30.79+0.26¢ 34.95+0.30d 40.44£0.11e

pis V1 16.17£0.53a 15.75+0.08a  22.02+0.26b  29.66+0.16c  34.3420.17d  46.44+0.12¢ 53.30+0.29f

Arachis hypogaea Linn. V2 16.17+0.53a  15.75+0.08a  24.09+0.04b  38.87+0.12¢  56.96+0.08d  64.89+0.03e 81.16+0.11f
Tl 16.17+0.53a  15.75+0.08a  17.88+0.04b  20.52+0.10c ~ 24.88+0.06d  32.53+0.10e 40.40+0.17f
T2 16.17+0.53a  15.75+0.08a  18.67+0.14b  23.51+0.24c ~ 40.51+0.12d  48.32+0.16e 60.59+0.13f
Cl 16.17+0.53a  15.75+0.08a  17.06+0.02b  19.69+0.06c ~ 22.81+0.01d  25.59+0.21e 30.52+0.13f
C2 16.17+0.53a 15.75+0.08a 16.97+0.01h 17.48+0.05b  20.82+0.05¢ 24.61+0.02d 27.67£0.09¢
M1 16.17£0.53a  15.75+0.08a  18.83+0.01b  22.86£0.02c ~ 28.37+0.11d  38.57+0.13e 46.430.17f
M2 16.17£0.53a  15.75+0.08a  19.85+0.07b  25.38£0.11c ~ 45.35£0.10d  53.25+0.08e 66.42+0.26f

E[d Vi 22.65£0.37a  21.35£0.78a  37.78£0.62b  43.18+0.43¢  48.01x0.35d  54.01£1.08¢ 69.78+0.17f

Allium tuberosum V2 22.65£0.37a  21.35£0.78a  40.07£0.53b  44.50£0.12¢  56.64+0.35 70.17£0.94e 73.63£0.61f

Rottl. ex Spreng. Tl 22.65£0.37a  21.35£0.78a  27.61£0.28b  32.35+0.15¢  35.49:+0.16d  41.22£0.11e 60.49+0.11f
T2 22.65£0.37a  21.35£0.78a  30.44+0.12b  37.39+0.24c  39.73:0.20d  50.65+0.03¢ 66.59+0.15f
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2k ”ﬂ‘fﬁﬂ_é’ﬂ JEFRBAEE Treatment gradient (wL/SmL)
Receptor plant freatment .
group CK(DMSO0) 0 2 4 6 8 10
Cl 22.65+£0.37a  21.35£0.78a  25.68+0.16h  28.62+0.16¢ 31.53+0.12d  34.84+0.06e 42.64+0.16f
2 22.65£0.37a  21.35£0.78a  24.49+0.24b  27.44+0.17¢  30.33x0.16d  33.41£0.21e 40.57+0.18f
M1 22.65£0.37a  21.35£0.78a  28.48+0.84b  38.56+0.82c  39.16x1.37¢  48.78+0.14d 64.85+0.05¢
M2 22.65£0.37a  21.35£0.78a  32.08£1.05b  41.75+0.76c  42.96+0.35¢  55.12£0.92d 71.22£0.49
A3 V1 18.77£0.09a 18.63+0.12a  22.11+0.30b  35.81+0.68¢  40.18+0.09d  47.13+0.05e 51.04+0.36f
Brassica campestris L. V2 18.77£0.09a 18.63+0.12a  23.40+0.37b  39.84+0.41c  43.91x0.42d  49.82+0.32e 56.87+0.38f
T1 18.77£0.09a 18.63+0.12a 19.65+0.01b  30.57+0.22¢ 32.4410.13d  41.62+0.15¢ 46.50+0.19f
T2 18.77£0.09a 18.63+0.12a 19.79+0.01b  35.43+0.12¢ 39.36£0.19d  45.58+0.22¢ 47.96+0.74f
Cl 18.77£0.09a 18.63+0.12a 19.52+0.02b  26.38+0.25¢  28.53+0.04d  36.66+0.07¢ 41.34+0.04f
C2 18.77£0.09a 18.63+0.12a 19.11+0.05b  25.56+0.06c  27.34+0.05d  32.63+0.22e 38.50+0.15f
M1 18.77£0.09a 18.63+0.12a 19.75+0.11a 34.03£0.07b  39.83+0.13c 46.87+0.89d 49.35+0.16e
M2 18.77£0.09a 18.63+0.12a 19.84+0.33a 39.10£0.49b  41.75£0.10¢ 48.34+1.17d 54.00£1.17e
Frdz Vi 20.04£0.13a 19.27+0.26a  34.44+0.51b  40.22+0.55¢  47.99+0.24d  55.63+0.23e 72.34£0.18f
Fagopyrum esculentum V2 20.04£0.13a 19.27+0.26a  36.94+0.29b  45.4120.52¢  53.49+0.36d  65.26+0.22¢ 74.57+0.75¢
Moench T1 20.04+0.13a 19.27£0.26a  29.47+0.10b  35.65+0.11c ~ 40.39+0.23d  49.71+0.06e 64.48+0.08f
T2 20.04£0.13a 19.27£0.26a  33.46+0.16b  40.52+0.13¢  48.63+0.14d  56.45+0.07e 68.70+0.16f
Cl1 20.04£0.13a 19.27£0.26a  26.50+0.22b  29.54+0.25¢  38.36+0.28d  45.39+0.42¢ 56.63+0.17f
C2 20.04£0.13a 19.27+0.26a  25.45+0.22b  27.1420.10c  35.69+0.22d  39.23+0.06e 52.44£0.41f
M1 20.04£0.13a 19.27+0.26a  32.49+0.41b  38.41x0.78¢  43.43+0.20d  51.28+0.06e 69.44+0.37f
M2 20.04£0.13a 19.27+0.26a  35.20+0.09b  43.78+0.57¢  51.1620.31d  58.90+0.41e 71.52+0.71f
Bl Vi 18.78£1.20a  17.62£0.05a  23.37£0.41b  31.66£0.35¢  47.27£0.09d  57.40+0.24e 75.47+0.20f
Pisum sativum Linn. V2 18.78£1.20a  17.62£0.05a  24.53£0.11b  34.20£0.92c  53.76£1.71d  68.84+1.68e 80.83+0.18f
Tl 18.78£1.20a  17.62£0.05a  19.74£0.02b  25.37£0.17¢  40.46+0.23d  50.63+0.12e 65.18+0.10f
T2 18.7841.20a  17.62£0.05a  22.71£0.10b  27.54+0.27c  43.36x0.12d  55.44£0.12¢ 71.28+0.01f
Cl 18.7841.20a  17.62£0.05a  19.35£0.00b  23.56+0.15¢  31.67+0.14d  40.75£0.03¢ 43.18+0.08f
C2 18.78+1.20a 17.62+0.05a 19.26+0.21b  21.41£0.27¢  28.58+0.14d  37.40+0.19e 39.63+0.27f
M1 18.78+1.20a 17.62+0.05a  20.14+0.92a  29.74+1.04b  46.04+0.46¢ 56.72+0.50d 74.14£0.99¢
M2 18.78+1.20a 17.62+0.05a  22.86+0.96b  30.90+0.52¢  48.44+0.72d  60.18+0.68e 78.16+0.94f

2.4 RFEIAEFEXT 6 FhAf /R A0 A 8 B LA

25 W, AN FEALE A ALIRAYE SR BERIRC V2>M2>VIST2>M1>T1>C1>C2, KB il i s R P AE R
PN T2 A AR T o-hs 2 100 200 0 2 5 T X A8 R - s EE B A B A iR, el e o
DU, ou-iifs I A2 R IRTT 1) LI BT, 6 FhA VE P A 10 AR X = 3R F 7 & T L -l v 0 6P A8 2| a1
I X RAE Z IR A Y USRI R BIMRI 3532 i A JE AR SR,

RS THTHERM . o585 XTI Z LB LR

Table 5 The allelopathy intensity of the volatile oil of Chenopodium ambrosioides L., a-terpinene and cymene
7 e -
Pk e - T 1 " ik B e
PiSEiEEl [HORTIR 351 ) FI3% . LR
. Arachis A. tuberosum . Fagopyrum Pisum . .
Treatment Allelopathy Vicia Brassica . Comprehensive
o hypogaea Rottl. ex K esculentum sativum
group sensitivity faba 1. . campestris L. . effect
. Linn. Spreng. Moench. Linn.
index (RI)
Vi i i 1 0.673 0.660 0.684 0.566 0.777 0.733 0.618
iy A5 2R 0.582 0.532 0.559 0.472 0.625 0.549
V2 0 B 1 0.689 0.692 0.739 0.689 0.797 0.852 0.677
iy A5 R 0.672 0.646 0.603 0.522 0.628 0.593
T1 A LT A 0.58 0.557 0.520 0.496 0.699 0.729 0.525
iy A5 R 0.483 0.369 0.419 0.404 0.569 0.472
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bk . o
! - 1/Efﬁ _ A ElS e Eiza i P
oge ke U %L # ) M3 i ZEA RN
. Arachis A. tuberosum . Fagopyrum Pisum . .
Treatment Allelopathy Vicia Brassica . Comprehensive
o hypogaea Rottl. ex K esculentum sativum
group sensitivity faba L. . campestris L. . effect
. Linn. Spreng. Moench. Linn.
index (RI)
T2 2 A T 1 0.660 0.618 0.645 0.623 0.753 0.821 0.607
i 25 SR 0.575 0.502 0.490 0.452 0.622 0.523
C1 2 A T 1 0.532 0.464 0.463 0.383 0.519 0.656 0.439
i 25 SR 0.385 0.291 0.326 0.345 0.516 0.389
c2 2 T 1 0.506 0.395 0.419 0.325 0.469 0.635 0.396
M 7 0.333 0.241 0.296 0.312 0.476 0.346
Ml e 1 0.659 0.617 0.565 0.531 0.717 0.749 0.570
M 7 0.521 0.435 0.477 0.453 0.599 0.520
M2 YA 1 0.679 0.641 0.679 0.650 0.767 0.837 0.632
W 7 0.617 0.541 0.528 0.481 0.608 0.555
LEATNE Comprehensive effect 0.575 0.517 0.530 0.482 0.632 0.622
3 itig

3.1 AR IR & b 2 U 1 22

W JEIR Ky BRI 2 5 AR S 5 R ] — b AL AN TR B RE 22 Il v A AR 1 2 5 T
Eh RTS8 T 4 A S B R AR R (41.8% ) , WP AE SR (16.2% ) | o it s (9.7 % ) FIFF A (3.
8%) ", J& H R A L IRIFFHE A i 1 A -l I (63.19% ) WF<AE 3R (26.4%) FIIRIEZ (3.9%)
ABEFEAE TR A0 TSRPS0 T B IR T R il 25 1 22 S K, 200l o 3.173 g/ kg (AT
T14.820 g/kg(ZEMT) o 3—T5 10, PIAFPRERYFE AL i, 3 B TG 16 B (G#R) 1 25 Fh (%
W) , A AL 2 M AR ALY e e B FNIRIE SR S, FErh ol ol s AR < 48 2R PSP
JAMAY FE NGy B i 22 S B A AT R A2 MIRR R v oo i s 1) 5 20 300 R 21.07% 0 42.11% , %F
AL N 25.88% 1 24.04% 5 B-TRHMi - AR L (+) -4- 805 | B- LM AER A A0 e -o- YR I 554X
FAAE TR, B r] UL, AR TR TEAS [ PR EE 25 F T 1 IR ST Rt 3 A il i 1 2 2R 8 b & i B By
BRI ZES
3.2 AR LTI Rl e R0 Y 22 5

VFZ ANEAEY) R AL ) BT an i 2 | A= W ool it 26 25 25 B WY S8 1) 4 M 2 M, A% ( Ewcalyptus robusta
Smith ) A% & I S H ARSI SR LW 5 | L 551 (Lactuca sativa 1. ) BRI 2H 23 40 it 3 200 it 5 4 35 AR, 4 e
W R HER NG e (A AE 2 S ZRIRAI AL 32 A AR ML i 24 DI RE R G 1 5 S A i R AR PR T SR 2R
2= ( Eupatorium adenophorum Spreng. ) PRl fk 84 BT DTD F1 HHO B4 ( Oryza sativa L. ) FRISHL
TEARFIHES I ASKLIN] | A5, 20 A% 240, A M A /D | v SR AR oM R SR A B T PR S R AT
FEAR B W] IR TR Y BAT R R AR R | SRS RV (T2 B T 42 5 W B U e R A A —
(255  (HARAS [RIRERE M AZ B 05 , AR 146 R idp At 7 | 200 JHE T35 1 e ARG L R A0 T, 20 A T S g A 2
S R IEARSC  HOB IR H  i FE EE ) 20 M R R R B - A R A R T X A AE R X — 4
RGAEI S BRI AE R —50 Y A AR R B, H IR ol 07 T o L G 40 e 2
R X AE—EFEBE E LR o8 SR TE RIRT AR IEE ] Pl AR

VR85 251119 22 57 PT R S BOAS [) DX % T ol L 400 26 AR 7= 4 K A A, DT 2 B0 1 A R AR T 28 52
N T B A B P A A RE T AR 23 LURS O 22 Ak g I3 4 Jr =X o A A A A 20 5 A
{12 PR 58 2% A5 A R AR AR 0 7 B VR R AR ST A A 277 A UTI RS 4 DX T W ST Rt 350, VK o 2

http ; //www.ecologica.cn



10 A E = 39 %

1E 1300—1400 m Z [, H BRI, L HEHRPTR I RE 18022 A BB LA HESS ™, TR H EH IR K
22— A T R AR (R R SR MR 450 m) | JE T Y 2 UM K SR T B
SEAFARRS U, ASBITFTEE T 22 NTRh A% A 1 4 35 50 DR BRI A , T EL 22 B0 A P9 4% S A s ) ol
73 (25 F) L BCARAIEE R L (16 Bl F28 , ARS8 B9 oc-ifl i 04 15 2 (42.11% ) Wt R T AR AR A o
AR (21.07% ) o HCHEN ™ BRI BRIR 2R PR RH X A 22 1) R R RE , O 1 BT S 40 pI 38, 1) Ji] ] AR 5 88 e
AR B 4 b 2 FVESC AT BT o, L7 P ) A S Jo L A48 K

4 it

FITTHE L BA BRI AT, T ECR T AR PR R, 20 A B RS or A% 1 45 A W I 458 e 2
RAIE, BE A B SE SN, O T2 O 0 T 3R, My A 3 8 K 5 AN [ A A 0y O L4006 30 4% % 0y 3 )
FEURRE BE AN TR] 5 AN R A B B4 LR 43K i o0 A 5 22 SR BRI 2R P 22 I, LIRS G S M) T3
OISR M TR B BT i LBl

2% 3L HR ( References)

[ 1] Callaway R M, Ridenour W M. Novel weapons: invasive success and the evolution of increased competitive ability. Frontiers in Ecology and the

Environment, 2004, 2(8) : 436-443.

[2] JSAEZE, By MIEEZREX MR AR RS20 22 0520, MY A4S =], 2004, 28(6) : 761-767.

[3] FME, T, Dot AREARS T EEEEE NS AR TR IBIF. FPERYAR, 2004, 28(6) : 773-780.

[ 47 g, s hESSkARY R H. Jbat. o EPREERE A, 2004, 91-92.

[5] ChenB, ZhouJ, Gou X, Ma D W, Wang YN, Hu Z L, He Y Q. Volatiles from Chenopodium ambrosioides L. induce the oxidative damage in

maize (Zea mays L.) radicles. Allelopathy Journal, 2016, 38(2): 171-181.
[6] Jafd, EWH, Db, MR, ¥30%, K. LT HR A EY B S & 0 TAMPE T RAs SR 1. A% 4, 2017, 37(17)
5713-5721.
[7] MER, EXE, DR, Mol, M, EE FORRA AN exDNA AN B X IR IF LR i SR R0, b Ak )27,
2015, 48(10) : 1962-1970.
[8] LiJ,HeYQ, MaD W, He B, Wang Y N, Chen B. Volatile allelochemicals of Chenopodium ambrosioides L. induced mitochondrion-mediated
Ca?*-dependent and Caspase-dependent apoptosis signaling pathways in receptor plant cells. Plant and Soil, 2018, 425(1/2) : 297-308.
[ 9] Jiménez-Osornio F M V Z J, Kumamoto J, Wasser C. Allelopathic activity of Chenopodium ambrosioides L. Biochemical Systematics and Ecology,
1996, 24(3) . 195-205.
[10] fLIEfE, ik, W%, BRI IREEME0 AR AL RAE I B A L. A= 35574ik, 2000, 20(5) : 849-854.
[11] Avissar R, Avissar P, Mahrer Y, Bravdo B A. A model to simulate response of plant stomata to environmental conditions. Agricultural and Forest
Meteorology, 1985, 34(1): 21-29.
[12] Singh H P, Kaur S, Mittal S, Batish D R, Kohli R K. Essential oil of Artemisia scoparia inhibits plant growth by generating reactive oxygen species
and causing oxidative damage. Journal of Chemical Ecology, 2009, 35(2) : 154-162.
[13] Catola S, Marino G, Emiliani G, Huseynova T, Musayev M, Akparov Z, Maserti B E. Physiological and metabolomic analysis of Punica granatum
(L.) under drought stress. Planta, 2016, 243(2) : 441-449.
[14]  EFHH, ZH%E. MMEEY SR ERE. JUat. Blesliimdt, 2010 24-26.
[15] Williamson G B, Richardson D. Bioassays for allelopathy; measuring treatment responses with independent controls. Journal of Chemical Ecology,
1988, 14(1): 181-187.
1 sk, ok, fLIRAe, M, DEME K. PRH A SO AL . ARSI, 2002, 13(10) ¢ 1300-1302.
(17] e, ShEml. PO RSKAS T A AL A Wy i SR BN Z AT 0. P A= 252241, 1997, 21(1) : 90-96.
] EAERR, SEHEET, AORER. BIR RS A AR A (LRI RS2 M. AR Rl 4R (AR L 2003, 24(1) : 42-46.
] Cavalli J F, Tomi F, Bernardini A F, Casanova J. Combined analysis of the essential oil of Chenopodium ambrosioides by GC, GC-MS and C-
NMR spectroscopy: quantitative determination of ascaridole, a heat-sensitive compound. Phytochemical Analysis, 2004, 15(5) : 275-279.
[20] Owolabi M S, Lajide L, Oladimeji M O, Setzer W N, Palazzo M C, Olowu R A, Ogundajo A. Volatile constituents and antibacterial screening of

the essential oil of Chenopodium ambrosioides 1. growing in Nigeria. Natural Product Communications, 2009, 4(7) : 989-992.

http ; //www.ecologica.cn



5 RS SFALAEY R T MY SRR XA [R) A ARt LR 2 4 3 114 o i 11
[21] Aragdo F B, Palmieri M J, Ferreira A, Costa A V, Queiroz V T, Pinheiro P F, Andrade-Vieira L F. Phytotoxic and cytotoxic effects of Eucalyptus

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

essential oil on Lactuca sativa L. Allelopathy Journal, 2015, 35(2) ; 259-272.
Babula P, Adam V, Kizek R, Sladky Z, Havel L. Naphthoquinones as allelochemical triggers of programmed cell death. Environmental and
Experimental Botany, 2009, 65(2/3) ; 330-337.

Yang G Q, Wan F H, Guo J Y, Liu W X. Cellular and ultrastructural changes in the seedling roots of upland rice ( Oryza sativa) under the stress of
two allelochemicals from Ageratina adenophora. Weed Biology and Management, 2011, 11(3) ; 152-159.

RS, BARERS, ZEMhME, BRI, TR, W10, RRIZESE A T AR I vk 2R AR T 1 22 S SO R IR N S 2 R
. AR AR, 2015, 35(15) ; 5147-5156.

Chapin III F S. New cog in the nitrogen cycle. Nature, 1995, 377(6546) ; 199-200.

Northup R R, Yu Z S, Dahlgren R A, Vogt K A. Polyphenol control of nitrogen release from pine litter. Nature, 1995, 377(6546) ; 227.
BpaE, sk, BT, AR, IR, BRANCL. RTE R HEK A S T AR Y LR S T A AL IR . B 2R, 2009, 18(4) .
81-86.

AR, REAL. SN LI X AAEY R AL & R BUIR B 3. BB RERY:, 2016, 37(3) : 75-77.

MRS R, D5 PRSC. T T AR AE M/ SR R 52 2010 AR ARAELE S, TNE KR % AR, 2010 60-61.
R, 237, ZF R, XL, M. BRI 50a SARFEICPRARAAFE B AR BN, KEF:, 2007, 27(6) : 648-654.

http ; //www.ecologica.cn



