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Abstract: The pot experiment was conducted to evaluate the effect of volatile oil from an invasive
plant, Chenopodium ambrosioides L. and its two main components a -terpene and cymene on the
photosynthetic characteristics of Vicia faba Seedling. The results showed the volatile oil treatment
significantly reduced the net photosynthetic rate (P,), stomatal conductance (Gs), transpiration
rate (7r), maximum photochemical efficiency (Fv/Fm), actual photochemical efficiency (@PslI)
and total chlorophyll content. However, it increased the concentration of intercellular CO», which
was the dual effect of dose and time, and the effect of high dosed volatile oil treatment was
irreversible. Compared with the control group, a—terpene treatment reduced Pn, Fv/Fm and ®@Psll,
and increased Ci, Gs and 7r, and all the parameters were gradually approaching to the control
level after stopping treatment. The effect of cymene on photosynthetic characteristics of V. faba
Seedling were not significant. These results suggested that the volatile allelochemical stress from
C. ambrosioides on photosynthesis of receptor plant was due to the the synergistic effect of many
allelochemicals, instead of a single component.
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L5+ (Chenopodium ambrosioides) NEEFIZL @ HANEY), JR /=K, &M FE

0, PHOEER, HATC@NEHE R X, 7 HE B3R E RS LA (RIER A
gmflk, 2004). HHIFFEA SRZIALIERYER  (Jimenez-Osornio et al, 1996), HAER MY AA
BRI AR MR, 5] D A2 AR Y 2 PN O 1 A B AR R TR I AR e T R S 8 (A
BiAE 5§, 2012; Chen et al, 2016), HUAMEGIERFRIA T, reaAbBE G MRS, 200 H AR
i (RS, 2015). HMES ) 2 ELEE BN, A A% tH I AR RFAE, 20 JRL v e P L
ZRT(HBIESE, 2011, 2012; H158 R4, 2015; Chen et al, 2016; JE {55, 2017; Li et al, 2018);
A AE I B T A BURK, AR E R, MR A >, YR KK E
(CGE B EANE R, 2008). AHEFLRI, FEY) n) i FE A V0 RE TBUR A S ot W 2 40 1 S A4
Yt E4F F i B2 (Hussain & Reigosa, 2016), {HA 9 30T+ 3 & 0 56 S2AR MY 6 A
SN R HRE D o AT IR S IR T N 2 B AR AE Y 2 © (Vicia faba)E 3248, K
FH AR, B0 IR T R AR B R R, BT 98 1 o4 it A L A 32
3o it A RN AR TR0 S2 AR B L4 v SRS S H L MG R VOGS B GRS &
VR, DUHAA T [ BH IR T A B T A0 AR AR AR KR B L .

1 MEHSTHE

1.1 MRk

PEOR IR AR R 25 2R B VU )48 RS T BV 4 X BT o 7K 78 S AR VRV FR B 3R 7
5K (Singh etal, 2009), Jo7K NaxSO4 PR 27K 5, BTG4 KM% By 843 mgeL, H i
D 20045 3 3 B R o) o i M AN AR ZE & 40 01l 151 mgeL! F1 156 mgeL's o-iifi fis
I FIXE A8 22 (AR AE S ) B R T B v AR AR A ] |ERT ORI 14%) 1T R AR
HIAMT T,

1.2 R385k
1.2.1 W&t

PR KN AT M. EHRBE AR SR, 0.5%KMnO4 323 15 min, ZEIE/KMUET1%
JEWEF 24 h, PG 25 CHEF BREH; KO THM TR (B2 10em, )% 6cm)
W, R L RL, DAAERD NI IREL T, B TOLRE B 14 h/10 hy Yl 25°C/ B 18°C
IZAE TR R . 7R RI4ERF Hoagland B FRITE 0.2% /40 5 FlJa, BENLK B E S —
EE A EE SRS (K25em. % 20 cm. &40 em) 1, &FF S & WlI8%
BIFRM . o-5 SRR DAE R 3 ANEERA . FRIE o o s XS A6 B A R AR S
HEEEG LIS E 6 NMEERFREE (R 1D, ¥R A #H IR 243 71124 04 0.001. 0.002. 0.003.
0.004 pLecm™ 1 0.005 pLecm™>. 43 HIPHF 25 Ab HEAH BE 45 A o ot J5 FHOR < A6 2R TR INAE /N %
FRM b, B FIBMARS R, 55 HFHLEREsE, SAFASE TR R, £
25°C FALEE 3 h (10:00—13:00). ELLAFE 3d )5, WIFBIEAE T, FHERM. o-65 TG
AT PAERTE IR, RIGENIRIG IR R I E R % 3 d, B FE IS 7 d.

g W o b o i D W e 95 T DS
Table 1 The treatment doses of the volatile oil from Chenopodium ambrosioides and two main
components
PO R FEE Treatments
Treatment groups CK 1 2 3 4 5

¥ KM Volatile oil  (pL) 0 20 40 60 80 100



%<6 % Cymene (uL) 0 3.38 6.76 10.14 13.52 16.9
a-i )% o-terpinene (uL) 0 3.72 7.44 11.16 14.88 18.6

1.2.2 $EbRIE
ARSI E . RA TPS-2 fE#EAOGEWE SO E o 5], AR 13:00 5E i
Y A SR R T 5 A R R Fr, Mg 10 & ik %8 (Net photosynthetic rate, Pn). S fL'F
J¥ (Stomatal conductance, Gs ). 7Z%&[51# % ( Transpiration rate, Tr) LA A 4l il (8] CO, ¥ &
(Intercellular CO, concentration, Ci), HFALFEE 5 #k.
MR R RS H: R FMS-2 (8485 At SR 2 20 e G sE o 58 E], &K 13:00
H A bR W& MY 30 min J5 . i BT O 58 A R O I A, I E S BR O Ak 2 ALZE (Actual
photochemical efficiency, @PsI) 5 K422 54 % (Maximal photochemical efficiency, Fv/Fm),
BEALBRMIE 5 P o
ML RS ENE: BG4 R RBRESHD FIZE 7 R (KB FREHD M, 5
TR BRI BT R/, 2 B 5K 36 R 45(2009) 1) 5 11 & 2R R - f#HH SpectraMax M2
2 D RERE AR 52 T IR (H A663 FI A64S, THEIMERESE (mgeg):
C=8.02xA663+20.21xA645
-4k 3 & = CxVxN/ (Wx1000)
KA, COHMEEEK (mgL) B, VARSI (mL), N RAWRREE, Wl rifsE
(g)o

1.3 E i pr
K F SPSS17.0 X ¥4 1T ANOVA J5 % 4341, Microsoft Excel 2007 {E &,

2 AR50

2.1 BHITFER M o-mE S AT BAERAE R SRS S 50 AR AL

ELFHIIFHERMIEA T, BEHWETRAELSEEE (P SILFE (Gs). ZEBHE
F(Tr) MYIiEE CORE (C ANEFEEHAA TANK (K 2-%5), SXIRAMLL, Pa.
Gs. Tr BEEK (P<0.05), Ci BEWM (P<0.05), 28I H 78 A A XE RN . 451k
PR SE, BEAE MK IR, R AR R A e S A o IR AH 2 R TR 22 S A /), (R s
FER AR EE 5 (0 R e, LA bh A 1) BRI, 32 B 1 70 5 10 4 A i Ak B 7 A4 T
SR AER ISR

M7 S Blo-BE MAGVER, R Gsy G Tr RRIFEEESG N, Pn WAL AN
TP (R 2-3% 5). K EN Gs il Tr WS EREE (P<0.05), CURAREH
EACHE BSR4 FIBRE 5) A IAB B E/KTF (P<0.05); Pn FEARIIIEEARK, UBHE 4 FIE
g5 5 EREE (P<0.05). {Z1HAE G, BEARH I AbERATI SR 3 B R b BRI 8 (R IR 285
1555 X6 HE 22 5 45708

XA L, X <pAE R AR R T R G SR A SEOR IR A K, R ST
AEFRF Tr fEACERINE] (2~4 ) BEKTXIRA (P<0.05), 15 1EAFR 5 HEAK S FI5% HE /K
F(F2-F£ 5.

g FRTR, LIRTTE R MO 2 S SRS SR B R, o IR, R SeAE
R/ No TIITFHE R A 2 A T B R S3 o- i i M A6 < AR 2R VR PO 5 7 R I AN A

R 2 IR o it I RS <A E 30 2 496 5 TR (P) IO R T
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Table 2 Effects of volatile oil from Chenopodium ambrosioides, a-terpinene and cymene on net

photosynthetic rate(Pn) in Vicia faba

popitzel ALBRIH AP A] Treatment time  (day)
Treatment  Treatments
aroups (uL) 1 2 3 4 5 6 7
CK 10.10+£0.23*  10.10+0.23*  9.67+0.19° 9.57+0.15* 9.734+0.392 9.7+0.12* 10.17+0.20?
20 9.67+0.19*  5.07+0.19®  3.13£0.03>  2.70+0.06>  3.63+0.24*  6.47+0.15° 9.67+0.122
R 40 9.57+0.15*  3.00+£0.15¢  2.70+0.06°  2.50+0.12°>  3.33+£0.07*  5.73£0.19> 7.967+0.41°
Volatile oil 60 9.73£0.39*  2.63£0.39°  2.50+0.15¢  2.43£0.07°  3.10£0.32°  5.63£0.20  6.47+0.20°
80 9.73+0.122 1.50+0.12¢ 1.43£0.094 1.3040.06° 2.20+0.47¢ 2.80+0.32¢ 4.43+0.334
100 10.17+£0.20*  1.67+0.20¢ 1.20+0.06¢ 1.10£0.10¢ 2.10£0.47¢ 2.53+0.09¢ 2.80+0.45¢
CK 10.30£1.04*  10.30+1.04*  10.47+1.21*  10.23+1.50*  9.73+0.40* 9.47+0.15*  10.00+0.69*
3.38 10.47£1.21*  10.20+1.55*  9.60+£0.61*  10.27+0.85* 10.07£0.40*  9.67+0.32* 9.80+0.202
S e fp 2 6.76 10.23£1.50*  10.00+0.82*  9.30+£0.26*  10.20+0.66*  9.57+0.42* 9.37+0.38*  9.500+0.26*
Cymene 10.14 9.73+0.40*  10.13+1.15* 10.63%£1.17* 10.80+0.87*  9.60+0.53*  9.307+0.20*  9.83+0.50*
13.52 9.47+0.15*  10.63+0.85* 10.33£0.45* 10.20+0.17*  9.63+0.06? 9.50+0.36*  10.10+0.72°
16.90 10.00+£0.69* 10.67+0.81* 11.07+0.40* 11.20£1.32*  9.67+0.40* 9.53+0.322 9.77+0.212
CK 10.234£1.02*  10.23£1.02*  10.07£0.34* 10.63+£0.62* 10.40£1.22*  9.90+0.7* 10.20+0.232
3.72 10.07+£0.34*  9.87+0.87°  10.13+0.93* 10.00+1.60* 10.17+0.87* 10.03+£0.29* 10.17+1.00°
o= 4 7.44 10.63+£0.62¢  9.90+2.03>  9.87+1.47° 9.23+1.15¢ 9.37+0.33 9.43+0.81*  9.87+0.64°
o-terpinene 11.16 10.40+1.22¢  9.10+0.57°  9.37+0.70° 8.57+0.15¢ 9.03+£0.98>  9.23+0.71®  9.50+1.43°
14.88 9.90+0.72 8.80+0.38> 8.80+0.3° 8.47+0.244 8.27+0.20°  9.47+0.98*  10.23+1.03°
18.6 10.20+0.23*  8.63+0.23>  8.20+0.57° 8.10+0.23¢ 8.23+0.47°  8.97+0.77*  9.03+1.01¢
Y. RSEEE G R NG F /R R T Z o 2 RS B3 K (p<0.05), T,
Note: Data with differentcapital letters in the same mean significant different at 0.05 level. The same as below.
F 3 RITTHERM  ou-lf it 0 <P A8 300 e LA ] CO2 MR B2 (Ci) RS 1
Table 3 Effects of volatile oil from Chenopodium ambrosioides, a-terpinene and cymene on
intercellular CO; concentration(Ci) in Vicia faba
SEFRAH %Eﬁﬁ Wb ] Treatment time  (day)
Treatment
groups tTSre(aﬁl;m 1 2 3 4 5 6 7
CK 44333£2.03° 443332203 446.33%1.45° 43933233 447.00£1.15°  450.67£2.91°  449.00+1.16°
20 44633+1.45°  502.33+1.45° 520.67+8.84° 510674233 46433+3.71°  461.33+536°  460.33x1.77
e 40 43933+233"  514.00£4.73¢ 489.67+0.88¢ 504.00+5.57° 47433145  461.67+2.91°  460.00+1.53
Volatile oil 60 44700 £1.15%  521.00+1.00° 502.6743.76°  497.6746.69°  486.33£1.20°  460.0047.02°  458.33+3.71°
80 450.67£2.91°  516.00+3.51° 495.33+0.33¢ 496.674.18°  490.6742.60°  476.00+5.51°  471.00+7.21°
100 449.00 £1.15°  524.00+4.26° 505.0042.65¢  481.67+15.68°  486.67+17.17°  498.67 £6.49°  49533+2.33¢
CK 465.00£2.65°  465.00+2.65° 456.67£29.16°  46233+10.07*  452.00422.34*  45533228.92°  446.00+4.58°
3.38 456.67£29.16°  462.67+5.69° 484.00%1.00° 492332.52°  442.67+27.79°  431.33+2.52¢  468.67+6.11°
S TEE 6.76 462.33£10.07°  473.67+5.51° 480.33+2.52° 510.33£6.03¢  456.00+29.55°  439.67+3.51°  470.00£10.39°
Cymene 10.14 452.00+22.34*  472.67£5.51° 488.00+7.55 502.67+5.77¢  448.67x15.57°  436.00+2.65° 474.00+6.08°
13.52  455.33£28.92*  470.00£1.00%  484.00+24.33*  505.67+3.06°  455.00+16.37°  452.33431.77°  458.00+15.72°
16.90 446.00+4.58°  472.67+2.52 498.67+3.06° 509.00+6.24°  449.33+27.47°  436.67+12.50°  463.33+23.67°
CK 44533+2.33 44533233 441.00£8.39°  433.00£10.02¢  433.00£10.02°  439.33x536°  429.67+15.56°

o1t it i
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a-terpinene

3.72

7.44

11.16

14.88

18.6

441.00+8.392

433.00+10.02°

433.00+10.02°

439.33+£5.36*

429.67+15.56°

435.00+7.00*
433.33+6.77*
450.33+£9.57*
454.67+4.26*

470.33+8.67°

434.00+3.212

434.33+7.17*

454.33+3.842
475.00+10.79°

478.33+9.33°

442.67+12.77°
441.67+0.332
456.33+9.06*
485.00+5.13°

488.33+3.67°

442.67+12.77°
441.67+0.332
456.33£9.06*
485.00+5.13°

488.33+3.67°

434.67+4.70°
436.00+24.58°

451.00+2.897

466.67+5.217

483.00+6.43°

428.33+3.28*
441.67+0.332
436.33+2.96*
454.67+2.96"

474.00+7.64°

R4 LITHERM ol SRR AL RN & 2 AL (G

Table 4 Effects of volatile oil from Chenopodium ambrosioides, a-terpinene and cymene on

stomatal conductance(Gs) in Vicia faba

A

b AL FRAH Wb ] Treatment time  (day)
Treatment Treatment
groups s (uL) 1 2 3 4 5 6 7
CK 565.67£14.50°  565.67 £14.50°  552.00 +4.73 554.33 £9.28 548.00+8.14° 556.00£2.89°  542.00+9.85°
20 55200473 562.33£10.97°  461.67+5.81° 450.00+8.62° 45533+5360  43333£20.00°  524.00+7.55
R 40 55433 9.28° 459.33+7.64 450.00+7.57b 449.67+10.97° 449.33+9.280 440.00£5.57°  526.67+10.2°
Volatile oil 60 548.0048.14°  475.00+50.48°  434.33+4.48° 399.00+7.23¢ 442.00+9.50° 445.00+4.16°  503.67+6.03°
80 556.00+2.89°  503.00£16.37°  423.00£16.29°  359.33+24.44¢  399.33+17.91¢  382.00+18.72"  460.67+85.71°
100 542.00£9.85¢  468.67+34.27°  362.67+15.62¢ 301.00+7.94¢ 281.33£2533¢  332.33£23.62¢  290.67+22.34¢
CK 551.00422.91°  551.00422.91°  557.67+19.86°  554.00£12.53*  561.33:18.45°  547.67+12.86°  560.67+19.142
3.38 557.67+19.86"  552.33434.08*  573.67+12.01° 570.67+1.53¢ 560.67+4.93*  559.33:12.42¢  551.00+22.52°
etz 6.76 554.004£12.53°  557.67+30.73°  S67.67423.63°  558.33429.26°  551.00423.64*  558.0042.65°  548.33+19.14°
Cymene 10.14 561.33+18.45 571.33+5.51° 576.004£20.00° 560.33+11.37° 547.004£39.05° 560.67424.50°  558.00+19.16
13.52 547.67+12.86°  565.00£34.11°  569.00£12.00°  57333212.66°  561.67430.67°  53833£55.19°  554.33+15.3
16.90 560.67419.14°  568.00£10.58¢  566.33425.70°  580.33+13.20°  550.33£34.02*  550.00+81.19°  564.00430.00°
CK 558.33£19.00°  558.33+19.00°  541.67#23.44°  55133+11.93°  54833+13.45°  562.00£13.45°  551.67+10.07°
372 SA41.67423.44°  648.67+102.44°  792.00+65.96"  741.33+82.37°  562.00489.24*  560.00+126.86°  542.33435.442
o il 7.44 551.33£11.93°  70833+111.13%  641.00+269.34%  699.67:95.92°  606.67+139.94*  541.33+49.24°  530.67+33.83°
a_tergmen 11.16 548.33£30.02°  566.00485.56"  882.33:111.61°  789.67+43.52°  686.33:97.17°  587.67x15.57°  556.67+34.21°
14.88 562.00+13.45°  693.33427.43%  671.67498.46°  1015.33+146.68°  754.00+30.81°  552.33+15.04°  639.33+28.92
18.6 551.67+10.070  663.33£34.650  454.00+43.27¢ 7396743528 576.33£69.00°  545.67+116.14*  582.67+64.50°
5 BITTHEIN o1 it M 0T <= 300 A 28 M 2R (T R 5
Table 5 Effects of volatile oil from Chenopodium ambrosioides, a-terpinene and cymene on
transpiration rate (7r) in Vicia faba
AbFRZH, Pk ALFEE 8] Treatment time  (d)
Tr:l'icm Treatment
s (D) 1 2 3 4 5 6 7
CK 2.90+0.022 2.90+0.028 2.89+0.08? 2.99+0.112 2.95+0.142 2.88+0.04% 2.97+0.182
20 2.89+0.08? 2.45+0.04° 2.354+0.18° 2.2840.05° 2.57+0.05° 2.27+0.04° 2.5340.08°
R 40 299+0.11°  237£0.12°  24240.15°  2.33:0.19°  2.58+0.10°  230£0.16°  2.46+0.05"
VO(])Z;.;:I]G 60 2.95+0.14° 2.42 +0.13° 2.49+0.10° 2.29 £0.03° 2.12+0.01°¢ 2.65+0.13¢ 2.64+0.12°
80 2.88+0.04° 2.71 £0.06° 2.41£0.07° 2.48+0.04° 2.20+0.12°¢ 2.22+0.274 2.4140.12°
100 2.97+0.18° 2.59 £0.07¢ 2.13£0.03% 2.14+0.06¢ 2.04+0.07°¢ 2.02+0.084 2.08+0.03¢
ST CK 2.90+0.29° 2.90+0.29% 2.81+£0.52° 2.91£0.29° 2.90+0.08* 2.89+0.04° 2.94+0.182
= 3.38 2.8+0.52? 2.87+0.16* 3.30+0.43% 3.08+0.19° 2.84+0.16* 3.04+0.132 2.85+0.142
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Cymen 6.76 2.91+0.29° 2.99+0.08* 3.28+0.09% 3.30+0.52° 2.87+0.08* 3.20+0.072 2.954+0.05*
¢ 10.14 2.90 +£0.08? 3.51+£0.30° 3.76+0.20° 3.54+0.03 2.89+0.06* 3.10+0.032 3.00+0.132
13.52 2.89+0.04* 3.58+0.24° 3.58+0.18° 2.93+0.05¢ 2.95+0.212 2.99+0.15% 3.09+0.082
16.90 2.94+0.18* 3.69+0.40° 3.46+0.16° 3.57+0.504 2.87+0.132 3.07+0.14* 2.97+0.35%
CK 3.02+0.122 3.02+0.122 2.96+0.24* 2.83+0.11* 2.83+0.30* 2.93+0.09? 2.99+0.14?
il 3.72 2.96+0.24* 3.59+0.24° 3.2940.142 3.92+0.15° 3.1940.252 3.42+0.432 3.2840.17°
= HA
o 7.44 2.83+0.112 3.92+0.32° 3.05+0.66* 2.86+0.21¢ 3.28+0.36° 3.35+0.23¢ 3.29+0.16°
o-terpin 11.16 2.83+0.30? 3.53+0.29° 3.67+0.27° 3.05+0.06¢ 3.53+0.17° 3.69+0.06° 3.40+0.13°
ene 14.88 2.93+0.092 3.90+0.14° 3.25+0.282 3.79+0.314 3.90+0.13" 3.44+0.06° 3.74+0.05¢
18.6 2.99+0.142 3.86+0.11° 2.69+0.25% 3.80+0.104 3.47+0.18° 3.37+0.532 3.46+0.20¢
2.2 EIRGFTHERCI ol AU AR ER AR TR RS A R R SO S H AR
IR HE RO AL BT B AR S T B R ORI (Fv/Fm) MTSERRGAL 7 R
(@Ps IDIIAFIFRE T FE(P<0.05), HERILHFIEFI AXEGS (K 6-7). PR,
Koy Ao Fv/Fm R @dPs 11 LR E B IEEARE, ¥WEZF KT X P<0.05), HAHEE 5
ReFRI Fv/Fm A @Ps 1 RACT AL BIE -l SR T, Fy/Fm F1dPs 1T 7R A0 A
S RMAL BRI, B MR RN THE R ML B (3R 6-7), XKREE 5 AFE T Fv/Fm M
@Ps 11 5% 2 7 B3 (P<0.05). 1F1EACEE 5, SACEER) Fv/Fm FIdPs 11 Y% 8K 2 2%
HEIKSF s X AqE T & G 4T - Fyv/Fm FoPs 1 ¥R ZEHEH (P>0.05)) (£6-7). 3
FAbEE A, $E AR R R PGSO R, a-lli iR, e R LT .
K6 LIRNTTHEIRM S - ot M TR <= 46 230 e e KOG 22 R (Fv/Fim) B R V)
Table 6 Effects of volatile oil from Chenopodium ambrosioides, a-terpinene and cymene on
maximum photochemical efficiency (Fv/Fm) in Vicia faba
posiibiEl Kb B Ab PR [A] Treatment time  (d)
Treatment  Treatments
aroups (uL) 1 2 3 4 5 6 7
CK 0.794+0.02*  0.79+0.02¢  0.79+0.01* 0.80+£0.00®° 0.81£0.00* 0.80+0.02% 0.79+0.022
20 0.79+0.01*  0.75+£0.02¢  0.75+£0.01* 0.73£0.03> 0.74+0.02* 0.75+0.01*  0.72+0.02*
R 40 0.80+0.00*  0.76+0.01*  0.74+0.01°>  0.75+0.02° 0.69+0.02° 0.73£0.02> 0.67+0.00°
Volatile oil 60 0.81:0.00°  0.76£0.01*  0.73+0.02° 0.73£0.02°  0.69+0.04> 0.71£0.01*  0.67+0.06
80 0.80+0.02*  0.74+0.01°> 0.74+0.01°>  0.65+0.01°  0.57+0.02¢ 0.59+0.01°  0.60+0.01°
100 0.7£0.02*  0.78+0.01*  0.71£0.02° 0.63+0.01°  0.52+0.04° 0.43+0.03¢  0.42+0.06°
CK 0.80+0.02*  0.80+0.02*  0.79+£0.04* 0.79£0.02* 0.78+0.02* 0.80+0.01*  0.79+0.02*
3.38 0.79+0.04*  0.80+0.01*  0.80+0.03*  0.79+£0.02* 0.80+0.02* 0.80+0.01* 0.78+0.03*
S e f 2% 6.76 0.79+0.02*  0.79+0.04*  0.79+£0.03* 0.78+£0.01* 0.78+0.02* 0.80+0.02*  0.79+0.02*
Cymene 10.14 0.78+0.02*  0.79+0.02*  0.80+£0.04* 0.79£0.01* 0.79£0.01* 0.80+0.01*  0.79+0.02*

13.52 0.80£0.01*  0.79+0.02*  0.79+0.04* 0.79+0.02*  0.79+0.02* 0.79+0.02*  0.80+0.01*
16.90 0.79+0.02  0.80+0.01* 0.78+0.04% 0.79+0.02* 0.79+0.02%  0.79+0.02* 0.79+0.02*

CK 0.79+0.02*  0.79+0.02*  0.80+0.01*  0.79+0.05* 0.79+0.03*  0.80+0.01* 0.79+0.022
3.72 0.80+£0.01* 0.78+0.02*  0.78+0.02*  0.78+0.02*  0.79+0.05* 0.80+0.02* 0.79+0.00*

o1l i I

a-terpinene

7.44 0.79+0.05*  0.77+0.02*  0.77+0.02*  0.77+0.02*  0.79+0.02*  0.78+0.02*  0.79+0.00*

11.16 0.79+0.03*  0.78+0.02* 0.77+0.01*  0.74+0.02*  0.74+0.02* 0.79+£0.01* 0.78+0.01?
14.88 0.80+£0.01* 0.77+0.04* 0.76+0.02* 0.74+0.04* 0.74+0.02* 0.78+£0.01* 0.78+0.01?
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18.6 0.79+0.02*  0.76+0.01* 0.75+0.03* 0.72+0.03* 0.71+0.01° 0.73+0.02° 0.78+0.00?
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Table 6 Effects of volatile oil from Chenopodium ambrosioides, a-terpinene and cymene on
Actual photochemical efficiency(@Ps II) in Vicia faba

A ERZ KEFH: L AbFRE [A] Treatment time  (d)
Treatment Treatments
aroups (uL) 1 2 3 4 5 6 7
CK 0.59+0.01*  0.59+0.01°  0.57+0.02°  0.58+0.01*  0.58+0.01*  0.59+£0.01°  0.58+0.02°
20 0.57+0.02¢  0.55+0.03*  0.51£0.03* 0.52£0.03®  0.50£0.00°  0.52+0.04*  0.46+0.02°
15 40 0.58£0.01°  0.54+0.03*  0.52+0.02*  0.50£0.02®  0.47£0.01°  0.50+0.02*  0.48+0.02*
Volatile oil 60 0.58+0.01*  0.54+0.03*  0.51£0.05° 0.50£0.04°  0.46£0.02°  0.52+£0.04*  0.47+0.03"
80 0.59+0.01°  0.46£0.04>  0.46+0.02°  0.40+0.01>  0.40+£0.01°  0.42+0.01°  0.44+0.02°
100 0.58+0.02*  0.49+0.04  0.42+0.02°  0.35£0.06° 0.26+0.11°  0.26+0.03®  0.21+0.06°
CK 0.59+0.02*  0.59+0.02®  0.59+0.01°  0.58+0.02®°  0.58+0.02*  0.58+0.02*  0.58+0.02°
3.38 0.59+0.01*  0.59+0.02¢  0.59+0.02°  0.58+0.01*°  0.56£0.03*  0.59+0.02a  0.58+0.02
PSS 6.76 0.58+0.02*  0.59+0.04°  0.59+0.01°  0.57£0.03*  0.58+0.01*  0.58+0.01°  0.58+0.02°
Cymene 10.14 0.58+0.02*  0.59+0.01°  0.57+0.02°  0.57£0.03*  0.59+0.0°  0.57+0.02¢  0.58+0.01

13.52 0.58+0.02*  0.58+0.03*  0.58+0.03*  0.57+0.02®  0.57+£0.02*  0.57+0.01*  0.58+0.01?
16.90 0.58+0.02*  0.58+0.02®  0.58+0.02*  0.56+0.03? 0.59+0.02 0.58+0.02*  0.58+0.02°

CK 0.57+0.02*  0.57+0.02*  0.59+0.02*  0.58+0.06*  0.58+0.04*  0.59+0.01*  0.58+0.02?
3.72 0.59+£0.02*  0.56+0.00*  0.59+0.02*  0.57+0.04*  0.58+0.02*  0.58+0.02*  0.59+0.01*
0T I 7.44 0.58+0.06*  0.58+0.03*  0.55+0.03*  0.58+0.02*  0.58+0.03*  0.57+0.01*  0.57+0.00*
o-terpinene 11.16 0.58+0.04*  0.55+0.00*  0.57+0.03*  0.51+0.01®  0.53£0.02°  0.57+0.02*  0.56+0.02*
14.88 0.59+0.01*  0.55+0.01*  0.54+£0.01*  0.50+0.02®  0.51£0.01>  0.57+0.02*  0.56+0.02*
18.6 0.58+0.02*  0.55+0.01*  0.53+0.03*  0.51+0.02®  0.50+£0.01°  0.55+0.01*  0.54+0.00°
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O 4% % i volatile oil
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Fig.1 Changes of total chlorophyll content in the leaves of Vicia faba exposed to volatile oil from
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Chenopodium ambrosioides , a-terpinene and cymene
E: A KB 3 R BAKES 3 K. AF/NG TR p<0.05 [IREKT.
Note: A. the 3rd day of treatment; B.the 3rd day of recovery. Different lowercase letters indicates p <0.05.

M T AT, SR RMALEE 3 d 5, EAmE s S E R N P <
0.05), HARBLHFIEMBAS . SXHEAEEL, B 5 ABLAHR SRR S8 N T 54.58%.
fEIEAL PR E 3d J5 (E 1: B), BEARSABEAM SRS EANFRRER TS, TIRMIK
TR, AR 5 AL BRI SRR A S L A LUAC BRI AR, O XS IRALA 37.0%;  o- 1 fh
WAL ERALANRT pAE ZACERAL IR Fr B 2 S R BN PR, HE W IRERALE (P>
0.05), fFILALHER, Mo & EAREAE BN ALK AL KRR, BRI
SRR T REWERK, oK, METER R

31118

3.1 AT R AR R S50 2 SO A R R SR

HENERREY ERA N SRR EIIIRACKIR, 5 2imEE. Jel. K FfE s
(K K [P 52 (Li et al, 2016; Schmid et al, 2016) . fE YR BN 52 B AR i B AR T-40E
VIV 2 R AR, s TR AEKKE (El-Kenany etal, 2017), aifb/E&y)
Jii Benzoxazolin-2-(3H)-one (BOA)# i PR S L T REMI 82 1 B2 AR Y0 B [ AL 2R (Parizotto
etal, 2017). —MINA, FHIEYDLERBNEZOHEIILEZMIEIILE R Gkl L5,
2016); AL H a7 AR, IR AL B I 5 5 A AR AN R AR TR A
JBtT: (R, 2017). AWFFasREN, E£LHREFERMIEAT, Pn. Gs. Tr B3 K,
M Ci BEWGI; Zo-ilh GG, UM AT Gsy G Tr ARG I, Pn NIEEARZL I
NEBE; XA RN R AR R AN B o AR IX — &5 B, 428 401 2 3 43
THERMER, EELTE RS, BRI R AR RS, BRK Gs, PEmIA] T
Tr 1 Pn, AW HEZE RuBP SRALEEIE LMK, RuBP MHAZREJ10EE, FEIEXT CO, 3R A
JI(EMERESE, 2017)0 BT R EIEPDEAEEH T RS S RuBP BRIGEFEEA K,
v i S U — RN o T o 0 0 i S B R PR R s e vT g a4 AL R 3 i
o

TR Fr R i 2 25 B A R 35 58 6 S B0 IR SR Al - 73 UK, AT ] PRI IR 36 R AR A
2RI 3] PsIE) Fv/Fm F1dPsIl (Cosgrove & Borowitzka, 2010; ¥FK4x, 2002). 5 AAFFE KB,
LB AN R (i 8%, 2018). BOA (El-Kenany et al, 2017) 252> [ A2 (A FE M0 11 H- 43
FOEMMN GRS ARG REH, 18 LT R M B A EZ R o1 W
SALREHAT, BOYWM AR ERSE. RS Fv/Em R OPsIBY A FIFE
HhBFAR, 02 i 7R AR R A 3 5| AR P 2 R J L AN RT3 1Y) o R BH R T e v g
T T MR G BOIRE BT M SRR M, SCRGEZH, IR BIZEHE], T FEAS 7%
HE, WH TEANEKKE -

A FRIFT R i B e 3 B AR Sy -l A RO AR R BRAR T T A A I SRR
AR RS ERNE N AR, (BRI EE 5L S A E R HE COL ik
FER oM &5 R BA BRI Z 57 .

3.2 EIRITFHE R B A B o - o e R e A 2 AR SR Y B
Vasilakoglou et al (2013) RH A RINVFUEVHL 1 232 5 (Lolium rigidum Gaudin)#% K
A2 B BRI RS, R I I 5 B (R LE BRI B8N, 5 B0 R T 1) B P 28N K T
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BN TR . EIITTHE R E 4% (Chu et al, 2011; Jardim et al, 2008; i3
WERIFLA X, 2002), RARELFEERREME R, Liide . S8ATEMRSE, (B =1 305F
FIHER M, FEE R B Zo-h WM. AEfER . XIS (Kandpal et al, 2016; Pan et al,
2007). FHRT AT HE R I A RN T & H R A RN AT AR S5 . IR 4
R By o -mE s A e R T BK (Zea mays) HRARGHMLT) ROS /K,
AR A PR IS MRS, T 51 KA AR AR K 32 240 (Chen et al, 2016;
Lietal, 2018), XHifs F &b 4047 RN DL R K, o -l it iz, f e R fy (R
KK, 2015); MeAh, LIRITFHER M XTPAEERA o -l AN TORMRIA G4 iE e GHAE R
%,2015) FOmFR AR PAfrs 1 RS, 2016) B4 B2 IR, (HXF<RIERM o
it it S ER 0 ) 2050 555 4 R U FRI A A 2 E s AT TR S5 SRR, L3RI R o 2 A &
P Y 5 W0 57 376 KT A = B o it S AOO <A 2R e, ST B e A SR AR — .
FEUIX — 5 5L J5 R AT R A AR I - A RE <A 3 DL R A ) [ S B2 AR T
HEAERIERE, & R 108 0 2508 3 B0 RN 32 6 A e PE B2 e, zeaze KT H SR R o)
a il i J AN A 2R BN AR . 28R, W ASHRBRE R o0 HHOE A E B a - ot Jafs XS <=
A6 Z A BN BT SR IV ), ANHIE 9T 2 I SRt — A IR AT FE A0 34 3R T 44 v %) Fo A =
RIS T

225 3k
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