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Response of photosynthetic characteristics of
Vicia faba seedlings to volatile allelochemical stress
from Chenopodium ambrosioides

GU Congjing', ZHOU Jian'”*, MA Danwei'*, HUANG Su', MENG Qiaoqiao'

(1. College of Life Sciences, Sichuan Normal University, Chengdu 610101, China; 2. Chengxian Organization
Department of the Communist Party of China, Chengxian 742500, Gansu, China )

Abstract; Pot experiment was conducted to evaluate the effect of volatile oil from an invasive plant, Chenopodium am-
brosioides and its two main components a-terpene and cymene on the photosynthetic characteristics of Vicia faba seed-
lings. The results showed that the volatile oil treatment significantly reduced the net photosynthetic rate (P, ), stomatal
conductance (G,), transpiration rate (7,), maximum photochemical efficiency (F,/F, ), actual photochemical effi-

ciency (@PS 1) and total chlorophyll content. However, it increased the concentration of intercellular CO,(C,) , which
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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 P, , F,/F, and @PS II, increased C,, G, and T., and all the parameters

were gradually approaching to the control level after stopping treatment. However, the effects of cymene on photosynthet-

ic characteristics of Vicia faba seedlings were not significant. These results suggested that the volatile allelochemical

stress from Chenopodium ambrosioides on photosynthesis of receptor plants was due to the the synergistic effect of many

allelochemicals, instead of a single component.

Key words: Chenopodium ambrosioides, allelochemical stress, photosynthetic characteristics, a-terpinene, cymene

+ 38 IF ( Chenopodium ambrosioides ) "N & £l 22
JEFEAKE Y, 5 BT % U 3 0 RE ) o R
JEP, HRTE AR 1 R 23 L 1X 7 ol i e
AR IR 2 4 (ARIEAR AR, 2004) . HFA)57
HA o 20 1k B AE H ( Jimenez-Osornio et al.,
1996 ) , HA% A PR W) Jon B A B0 10 40 i 3 1, 51
SZAAAE ) 40 M o8 3 PR AR B AR R B oo A A
YN S RN (SR %, 2012; Chen et al.,
2016) Bt 4E Ak il ik PR 92 38 T ) 0 A A Tl T 1
G 20 M R B A Pt s (Bt 55, 20155 55 Al (4%
2018) At M 4544 25 L 28 4 IR | 4 A i 2R e
AR AR A0 RS PR AR R T (B B R
2011, 2012; HIHELZ . 2015; Chen et al., 2016;
JRfESE, 20175 Li et al., 2018) , JaffE i x
AR+ o U TR B A T DS )
W R A KR E 2 B (S R R
2008) . A WFFERMT G Y 5] ) R 0 R ) 1 Jk
A N - N 7/ NS s (B S P
( Hussain & Reigosa, 2016) ,{HA5 5& 43 7 4% & 1
Yy X 2 AAAE WO G A R R e B B R

ARMWFFE e FE LI I A A L2 Bl oA 1) R AE )
5 (Vicia faba) VENZ AR, R FH 20056, B4+
AT 45 R VA ) BT ) A 2ok R A 5 A R T
R S P FEL AT - b s RN e 48 2 X 52
A 4 G4 RS S B RV S
O taf Z S A, DL 4 v B R T A
JEAE FHAM 4B A P 2B K R B AL

1 #B 5T %

1.1 ¥
PR A FR TR AR M B3R5k B DU 4 R AR

FLVEH AL X IE . K Z8 AR TRE R B AR I 45 &
7l (Singh et al., 2009) , Ji7K Na,SO,B& &K 45,
¥R M %% B R 843 mg « L7 BRS040 15
RS> o R RN A AR &Y Bk
151 mg - LAl 156 mg + L ; o-if 5 M FIUXT < 46
B o i I 8 A T S AR AR A A A
Pl (B 14%) 1 T R AL A1l 4% .

1.2 iR A%

1.2.1 Xt Fhik /N A) AR | Jo BE Y
#EFT,0.5%KMn0, 12 15 min, ZIH /K kT
HEIRF 24 b HOROL 25 CHEFEBEA K E A
FhFHER TAEZE (B4R 10 em, M 6 em) T, 545
LA, DA e 5532 3 0T, 8 TOLRE S B Rt ] 14
h/10 h JGHR 25 C/M0E 18 C I & R, &
FEI 1445 Hoagland % FRWETE 0.2% 247 ;5 JG
Bl B 7 I 3% 2 — S T T A i 1 R T B
BEFE (K 25 em B8 20 cm /5 40 em) WY B 5 AL
TR T I L o i s R S AR R 3 A b R
W, AR o= A RN xR FK A A R b iy
HOIFEATURR IR E 6 MO (£ 1), HEk
TH1 A B2 e 4351 0,0.001 ,0.002 ,0.003 ,0.004
F10.005 pL -+ em™, 43 514 4 Ab 33UBS B 5
ou- T i A AR <P A6 R AR /N B SR L BT 8
BEFR AR | 55 SO L bR 5 45 Ak R 3
BTOCRE A /25 C FALHE 3 h(10:00—
13:00) , #ELANH 3 d )5, BT B4 % 7, [ 95
A o1 vt M RN <P 4B 2R 58 A4 &, SRR RO IR
BRI E 5595 3 d, AR R IR 7 d,
1.2.2 #arm 2 SRS HSE I E R T TPS-
2 fEHE RO A I E G . g e, &K 1300
S 6 B A A R T iy 5 4 e I 1 i e 0
Y& % (net photosynthetic rate, P,) . LfLFJE
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1 THFAEFELXBRERIEERSHLENE

Table 1  Treatment doses of the volatile oil from Chenopodium ambrosioides and two main components

AL FRERE Treatments
4b gl -
Treatment group
CK 1 2 3 4 5
& &M Volatile oil (L) 0 20 40 60 80 100
XA {EZE Cymene (L) 0 3.38 6.76 10.14 13.52 16.9
o-1if fl a-terpinene ( L) 0 3.72 7.44 11.16 14.88 18.6

F2 ITHFERH o-TEREMTEERENEEZERGER(P,) RN
Table 2 Effects of volatile oil from Chenopodium ambrosioides, o-terpinene and cymene

on net photosynthetic rate (P,) in Vicia faba

Jb T2 LT R g Ab PR} E] Treatment time (d)
Treatment Treatments
group q) 1 2 3 4 5 6 7
2y 3l CK 10.10+£0.23a  10.10+0.23a  9.67%0.19a 9.57+0.15a 9.73+0.39a 9.7+0.12a 10.17+0.20a
Volatile oil
20 9.67+0.19a 5.07+0.19b 3.13+£0.03b 2.70+0.06b 3.63+0.24h 6.47+0.15b 9.67+0.12a
40 9.57+0.15a 3.00+0.15¢ 2.70+0.06¢ 2.50+0.12b 3.33+£0.07b 5.73+0.19b  7.967+0.41b
60 9.73+0.39a 2.63+0.39¢ 2.50+0.15¢ 2.43+0.07b 3.10+£0.32h 5.63+0.20b 6.47+0.20c
80 9.73+0.12a 1.50+0.12d 1.43+£0.09d 1.30+£0.06¢ 2.20+£0.47¢ 2.80+0.32¢ 4.43+0.33d
100 10.17+0.20a 1.67+0.20d 1.20+0.06d 1.10+£0.10¢ 2.10+0.47¢ 2.53+0.09¢ 2.80+0.45¢
PUELY IS CK 10.30+£1.04a 10.30+1.04a 10.47+1.21a 10.23+1.50a  9.73+0.40a 9.47+0.15a 10.00+0.69a
Cymene
3.38 10.47+1.21a  10.20+1.55a  9.60+0.61a 10.27+£0.85a  10.07+0.40a  9.67+0.32a 9.80+0.20a
6.76 10.23+1.50a  10.00+0.82a  9.30+0.26a 10.20+£0.66a  9.57+0.42a 9.37+£0.38a  9.500+0.26a
10.14 9.73+0.40a  10.13+1.15a  10.63+1.17a  10.80+0.87a  9.60+0.53a  9.307+0.20a  9.83+0.50a
13.52 9.47+0.15a  10.63+0.85a 10.33+0.45a 10.20+0.17a  9.63+0.06a 9.50+0.36a 10.10+0.72a
16.90 10.00+£0.69a 10.67+0.81a 11.07+0.40a 11.20+£1.32a  9.67+0.40a 9.53+0.32a 9.77+0.21a
- CK 10.23+1.02a 10.23+1.02a  10.07+0.34a  10.63+0.62a 10.40+1.22a 9.90+0.7a 10.20+0.23a
a-terpinene
3.72 10.07+0.34a  9.87+0.87b 10.13+0.93a  10.00+1.60b  10.17+0.87a  10.03£0.29a 10.17+1.00b
7.44 10.63+£0.62a  9.90+2.03b 9.87+1.47a 9.23+1.15¢ 9.37+0.33b 9.43+£0.81a 9.87+0.64b
11.16 10.40+1.22a  9.10+0.57b 9.37+0.70b 8.57+0.15¢ 9.03+0.98hb 9.23+0.71b 9.50+1.43b
14.88 9.90+0.7a 8.80+0.38b 8.80+0.3b 8.47+0.24d 8.27+£0.20b  9.47+0.98ac  10.23+1.03¢
18.6 10.20+0.23a  8.63+0.23b 8.20+0.57b 8.10+£0.23¢ 8.23+0.47b  8.97+0.77ac  9.03+1.01d

T FBVEEE G A F/NG G- R0R O 28 93 W 28 38 B3 7KCF (P<0.05) o T AL,

Note: Data with different lowercase letters in the same column mean significant differences at 0.05 level. The same below.

( stomatal conductance, G,) %%/ # %% ( transpiration 2 G 4SO 52 o IR A ], A K 1300 K AE A
rate, T.) Lk K2 40 JfL 18] CO, ¥k Ji# (intercellular CO, 18 30 min J& |, PE T 56 42 T A 7, I g
concentration, C,) ,REALERINZE 5 ¥, SR Y Ak 22 %0 K (actual photochemical efficiency

M2 E R CSE. R FMS-2 E#E K 4 & ®PS 11 ) At KIGAL 3% (maximal photochemical
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Table 3 Effects of volatile oil from Chenopodium ambrosioides, a-terpinene and cymene
on intercellular CO, concentration( C,) in Vicia faba
AbBELH fb B b 3R ] Treatment time (d)
Treatment Treatments
group (rL) 1 2 3 4 5 6 7
R CK 443.33+2.03a 443.33+2.03a 446.33+1.45a 439.33+2.33a 447.00x1.15a 450.67+2.91a 449.00+1.16a
Volatite ol 20 446.33+1.45a 502.33+1.45b 520.67+8.84b 510.67+2.33b 464.33+3.71la 461.33 +5.36a 460.33+1.77b
40 439.33 £2.33a 514.00+£4.73¢ 489.67+0.88¢ 504.00+5.57b 474.33+1.45b 461.67 +2.91a 460.00+1.53b
60 447.00 £1.15a 521.00+1.00c 502.67+3.76¢ 497.67+6.69b 486.33+1.20b 460.00 +7.02a 458.33+3.71b
80 450.67 £2.91a 516.00+3.51c¢ 495.33+0.33¢ 496.67+4.18b 490.67+2.60b 476.00 £5.51b 471.00+7.21c¢
100 449.00 £1.15a 524.00+4.26¢ 505.00+2.65¢ 481.67+15.68b 486.67+17.17b 498.67 £6.49b 495.33+2.33d
PIROYI S CK 465.00+2.65a 465.00+2.65a 456.67+29.16a 462.33+10.07a 452.00+22.34a 455.33+28.92a 446.00+4.58a
Gmene 3.38 456.67+29.16a 462.67+5.69a 484.00+1.00a 492.33+2.52b 442.67+27.79a 431.33+2.52a 468.67+6.11a
6.76 462.33+10.07a 473.67+5.51b 480.33+2.52a 510.33+£6.03¢ 456.00+29.55a 439.67+3.51a 470.00+10.39a
10.14 452.00+22.34a 472.67+5.51b 488.00+7.55a 502.67+5.77¢ 448.67+15.57a 436.00+2.65a 474.00+6.08a
13.52 455.33+28.92a 470.00+1.00ab 484.00+24.33a 505.67+3.06c 455.00+16.37a 452.33+31.77a 458.00+15.72a
16.90 446.00+4.58a 472.67+2.52b 498.67+3.06a 509.00+6.24c 449.33+£27.47a 436.67+12.50a 463.33+23.67a
o=l it M CK 445.33+2.33a 445.33+2.33a 441.00£8.39a 433.00+10.02a 433.00+10.02a 439.33+5.36a 429.67+15.56a
oterpinene 3.72 441.00+8.39a 435.00+7.00a 434.00+3.21a 442.67+12.77a 442.67+12.77a 434.67+4.70a 428.33+3.28a
7.44 433.00+10.02a 433.33+6.77a 434.33+7.17a 441.67+0.33a 441.67+0.33a 436.00+24.58a 441.67+0.33a
11.16 433.00+10.02a 450.33+9.57a 454.33+3.84a 456.33+9.06a 456.33+9.06a 451.00+2.89a 436.33+2.96a
14.88 439.33+5.36a 454.67+4.26a 475.00+10.79b 485.00+5.13b 485.00+5.13b 466.67+5.21a 454.67+2.96b
18.6 429.67+15.56a 470.33£8.67b 478.33+9.33b 488.33+£3.67b 488.33+3.67b 483.00+6.43b 474.00+7.64b

efficiency, F /F, ) , BRALBRINZE 5 ¥k,

M I L A IS 4 R (AbBREE )
HER T R B FREH) W 7, 59 JH R ik
I /N 2 IR G R 45 (2009 ) 1Y J7 2 il % it
SRR W, T SpectraMax M2 2 Jj RE i A {3 ]
FE TR WO AE A663 Fll A645 , B M4 K &
(mg-g'):

C=8.02xA663+20.21XA645 ;

M ZE A= CxVXN/(Wx1000) .

X, C M GERIE (mg - L),V Ry BAAH
(mL) N AFBEREEL, W M (g) .

1.3 IFEDH

K SPSS17.0 Xf %% 4% vk

1, Microsoft Excel 2007 YEA

T ANOVA 7 2 4%

2 R 59

2.1 THIFEZM . o-BEMBGFNERERIEATS
TZHmSHNTH

FE I I HE R IMAE T, A 4 i
HEHAR(P,) RALFE(G,) ZEBHEA(T,) M
AHAfLTE] CO, MR EE (C,) AN RERE M & A= T 2484k (3R 2
Z2ES), SWEMEL, P, .G . T BEEIK(P<
0.05),C, BEHM(P<0.05) , = H 7] & At (]
AR, 5 IR B G  Bl  PRE BAE , it J fY
SRS S 05 X IR 22 18] 1 22 5 4 i 4 /)N, (AL
2 e R A R AR B S e R R e E L
Ao TR TR BEARG 3 Y s ) 1 4 i Ak B A
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Table 4 Effects of volatile oil from Chenopodium ambrosioides, o-terpinene
and cymene on stomatal conductance( G,) in Vicia faba
AhTRZE Kb TR AbFRES [E] Treatment time (d)
Treatment Treatments
group  (pL) 1 2 3 4 5 6 7

R M CK 565.67+14.50a 565.67 +14.50a  552.00 +4.73a  554.33 +9.28a  548.00+8.14a 556.00+2.89a 542.00+9.85a
Volatile ol 20 552.00 £4.73a  562.33 £10.97a  461.67+5.81a 450.00+8.62b 455.33£5.36b  433.33+20.00b  524.00+7.55b
40 554.33 £9.28a  459.33+7.64b 450.00+£7.57b  449.67+10.97b  449.33+9.28b 440.00£5.57b 526.67+10.2b
60 548.00+8.14a  475.00+50.48b  434.33+4.48b 399.00+7.23¢ 442.00+9.50b 445.00+4.16b 503.67+6.03b
80 556.00+2.89a  503.00+16.37b  423.00+16.29b  359.33+24.44d  399.33+17.91c¢  382.00+18.72b  460.67+85.71h
100 542.00+9.85a  468.67+£34.27b  362.67+15.62¢  301.00+7.94e  281.33£25.33d  332.33+23.62¢  290.67+22.34c¢
XpAEE CK 551.00+£22.91a  551.00+£22.91a  557.67+19.86a  554.00+12.53a  561.33+18.45a  547.67+12.86a 560.67+19.14a
Gymene 3.38 557.67+£19.86a  552.33+34.08a 573.67+12.0la  570.67+1.53a 560.67+4.93a  559.33+12.42a  551.00+22.52a
6.76 554.00+12.53a  557.67+£30.73a  567.67+23.63a  558.33+29.26a  551.00+23.64a  558.00+2.65a  548.33+19.14a
10.14  561.33+18.45a  571.33+5.51a  576.00+20.00a  560.33+11.37a  547.00+£39.05a  560.67+24.50a  558.00+19.16a
13.52  547.67+12.86a  565.00+34.11a  569.00+12.00a  573.33+12.66a 561.67+30.67a  538.33+55.19a  554.33+15.3a
16.90  560.67+£19.14a  568.00+£10.58a  566.33+25.70a  580.33+13.20a  550.33+34.02a  550.00+81.19a  564.00+30.00a
a-Mifi  CK 558.33+£19.00a  558.33+19.00a  541.67+23.44a 551.33+11.93a  548.33+13.45a 562.00+13.45a 551.67+10.07a
octerpinene 3.72 541.67+23.44a 648.67+102.44a 792.00£65.96b  741.33+82.37b  562.00+89.24a 560.00+126.86a 542.33+35.44a
7.44 551.33+11.93a  708.33+111.13b 641.00£269.34ab 699.67+95.92b  606.67+139.94a 541.33+49.24a  530.67+33.83a
11.16  548.33+£30.02a  566.00+85.56a 882.33+111.61b 789.67+43.52b  686.33+97.17b  587.67+15.57a  556.67+34.21a
14.88  562.00+13.45a 693.33+27.43b  671.67+98.46¢ 1015.33+146.68¢ 754.00+30.81b  552.33+15.04a  639.33+28.92b
18.6 551.67+10.07a  663.33+34.65a 454.00+43.27¢  739.67+43.52d  576.33+69.00a 545.67+116.14a 582.67+64.50a

EE RN kP R (B EboR

EEERA

S22 ol AT R B G,

e S K 5%
g EIRFFHE K 2 A FE S

Wi 5z R, ol i i 2, XoF < B R I

- i s AN

C,.T. ANRIFEEEHE I, P, WK R IR TR (2
BHS), KEMLFR ¢, M T, K 5% 0258
F(P<0.05) ,C U H A B R b B (B EE 4 FIAS
J&5) A KB W F K (P<0.05) 5 P, FRAR A MR A
K AUBEEE 4 BRI 5 50 IR 22 5 8 3 (P<0.05)
P IR AL B TS ) BEAR R A Ak B ATS SR 3R 91 Sy 4k 33
[E] PR A, HL 5 06 B 22 S 4 /N

EXT AL AR R AR TS 2 A ey
SRS S B AR AR A I AU R AR PRI T,
TERFRIIE] (2~ 4 d) W2 R T X4 (P<0.05) .
152 1R AL FE AR S BN IR K- (R 2 B 5)

g5 LTI, 900 0T #E & ) A 54 AR S

A A6 Z AR RN 5 45 & AR A
22 THFELZH o mENECEZIERATE
EHEHERRASHNTH

T & A 3 A S A e R R R
AR (F /F,) BRI 2E R (PSS )
IR RIREEE T (P<0.05) , H 2 B H 70 5 sk ]
WEMN (F 6,3 7)., WFELEH G, K 4k 3
W F/F, F @PS I JC kR 2 I H AR, ¥ B 3%
RTX IR (P<0.05) , Horh BB 2 5 b BE Ry F/F, FN
®PS 11 H 2 K F &b B 6] 5 -l & I Ak BE 2
F./F, 1 @PS 1T AR AL A 5 45 K i A B2 240,
HFBEIRE /N TR Mg (F6,%7), U
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Table 5  Effects of volatile oil from Chenopodium ambrosioides, o-terpinene
and cymene on transpiration rate (1) in Vicia faba
AbBELH fb B b 3R ] Treatment time (d)
Treatment Treatments
group (L) 1 2 3 4 5 6 7

R CK 2.90+0.02a 2.90+0.02a 2.89+0.08a 2.99+0.11a 2.95+0.14a 2.88+0.04a 2.97+0.18a
Voladle oi 20 2.89+0.08a  2.45:0.04b  2.35:0.18h  2.28+0.05h  2.57£0.05h  2.270.04h  2.53x0.08b
40 2.99+0.11a  2.37 +0.12b  2.42+0.15b 2.33+0.19b 2.58+0.10b 2.30+0.16b 2.46+0.05b
60 2.95+0.14a 2.42 +0.13b 2.49+0.10b 2.29 +0.03b 2.12+0.01¢ 2.65+0.13¢ 2.64+0.12b
80 2.88+0.04a 2.71 +0.06¢ 2.41+£0.07b 2.48+0.04h 2.20+0.12¢ 2.22+0.27d 2.41+0.12b
100 2.97+0.18a 2.59 +0.07¢ 2.13+0.03b 2.14+0.06¢ 2.04+0.07¢ 2.02+0.08d 2.08+0.03¢
PRy IS CK 2.90+0.29a 2.90+0.29a 2.81+£0.52a 2.91+£0.29a 2.90+0.08a 2.89+0.04a 2.94+0.18a
Cymene 3.38 2.8+0.52a 2.87+0.16a 3.30+0.43ab 3.08+0.19b 2.84+0.16a 3.04+0.13a 2.85+0.14a
6.76 2.91+0.29a 2.99+0.08a  3.28+0.09ab  3.30+0.52b 2.87+0.08a 3.20+£0.07a 2.95+0.05a
10.14 2.90 +0.08a 3.51+£0.30b 3.76+0.20b 3.54+0.03b 2.89+0.06a 3.10+£0.03a 3.00+0.13a
13.52 2.89+0.04a 3.58+0.24b 3.58+0.18b 2.93+0.05¢ 2.95+0.21a 2.99+0.15a 3.09+0.08a
16.90 2.94+0.18a 3.69+0.40b 3.46+0.16b 3.57+0.50d 2.87+0.13a 3.07+0.14a 2.97+£0.35a
-1 i I CK 3.02+0.12a 3.02+0.12a 2.96+0.24a 2.83+0.11a 2.83+0.30a 2.93+0.09a 2.99+0.14a
acterpinene 3.72 2.96+0.24a 3.59+0.24b 3.29+0.14a 3.92+0.15b 3.19+0.25a 3.42+0.43a 3.28+0.17b
7.44 2.83+£0.11a 3.92+0.32b 3.05+0.66a 2.86+0.21¢ 3.28+0.36hb 3.35+0.23a 3.29+0.16b
11.16 2.83+0.30a 3.53+£0.29b 3.67+£0.27b 3.05+0.06¢ 3.53+£0.17b 3.69+0.06b 3.40+0.13b
14.88 2.93+0.09a 3.90+0.14b 3.25+0.28a 3.79+0.31d 3.90+0.13b 3.44+0.06a 3.74+0.05¢
18.6 2.99+0.14a 3.86+0.11b 2.69+0.25a 3.80+0.10d 3.47+0.18b 3.37+0.53a 3.46+0.20d

JES AN F/F, L OPS 115 % R4 2 7 3%
(P<0.05) , fFIEACIRfS &AL F /F, F1 DPS
11 2438 4k 52 31 % BEKSF- 5 6 < 48 38 % i T2 40
mhRF/F, F1 @PS L TC R 520 (P>0.05) (K
6,76 7), 3 Fliab3 45 K X it a E A SR
S B K, X ool I S MR IR 22, X R < A8 R LT
B 5
23 THFELZM - TEREMNEERIEATR
EHEMHERESENTNH

HIP LA ATOL, RIROT 5 R Ab 3 3 d e, 4
S R R S W R R (P<0.05), H
FEI R s RO RN, 5 X B F, BB EE 5 Ak B
MR SR N T 54.58%, (F1RAFIKE 3
dJE(F1:B), RRFMHF AT SRS EA A
T A B2 ) e (BTG T o0 B L, e bR B 5 b 3

(A IS 2R D 2 L A Y () B G AN 6 R A
B 37.0% 5 ou-ii; fit s A BELZEL T < 4 2% b 34 By i
R RS S B AR TS, B 5 X R 25 5ROt
AW E (P>0.05) 5 1A 2R 2 B S A K
SR IR KOV, ARBIETE 45 5 R B, 35 Kk T Xt
I 2 285 5 W B R, ) o1l s 52 M) TR =22, K o)
AEZE MR/,

3 b

3.1 THIFFEL U B RN EE S ENE N

A VEHZAE Y & WA LY, 35 BURE & 19 1R
AR, by 32l BE O RR OK S A W 45 R Y
SR (Li et al., 2016; Schmid et al., 2016) . %)
TR 38 PR v ) Ak 8% o L A FH T AR A A 1Y
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Table 6  Effects of volatile oil from Chenopodium ambrosioides, o-terpinene and cymene on
maximum photochemical efficiency (F,/F, ) in Vicia faba
AbBELH fb B b 3R ] Treatment time (d)
Treatment Treatments
group (rL) 1 2 3 4 5 6 7
R CK 0.79+0.02a 0.79+0.02a 0.79£0.01a 0.80+0.00a 0.81+0.00a 0.80+0.02a 0.79+0.02a
Volatile of 20 0.79+0.01a 0.75+0.02a 0.75+£0.01a 0.73+£0.03b 0.74£0.02a 0.75+0.01a 0.72£0.02a
40 0.80+0.00a 0.76+0.01a 0.74+0.01b 0.75+0.02b 0.69+0.02b 0.73+0.02b 0.67+0.00b
60 0.81+0.00a 0.76+0.01a 0.73+£0.02b 0.73+£0.02b 0.69+0.04b 0.71+0.01b 0.67+0.06b
80 0.80+0.02a 0.74+0.01b 0.74+0.01b 0.65+0.01¢ 0.57+0.02¢ 0.59+0.01c 0.60+0.01b
100 0.7£0.02a 0.78+0.01a 0.71+£0.02b 0.63+0.01c¢ 0.52+0.04¢ 0.43+0.03d 0.42+0.06¢
PIROYI S CK 0.80+0.02a 0.80+0.02a 0.79+0.04a 0.79+0.02a 0.78+0.02a 0.80+0.01a 0.79+0.02a
Gmene 3.38 0.79+0.04a 0.80+0.01a 0.80+0.03a 0.79+0.02a 0.80+0.02a 0.80+0.01a 0.78+0.03a
6.76 0.79+0.02a 0.79+0.04a 0.79+0.03a 0.78+0.01a 0.78+0.02a 0.80+0.02a 0.79+0.02a
10.14 0.78+0.02a 0.79+0.02a 0.80£0.04a 0.79+0.01a 0.79+0.01a 0.80+0.01a 0.79£0.02a
13.52 0.80+0.01a 0.79+0.02a 0.79+0.04a 0.79+0.02a 0.79+0.02a 0.79+0.02a 0.80+0.01a
16.90 0.79+0.02 0.80+0.01a 0.78+0.04a 0.79+0.02a 0.79+0.02a 0.79+0.02a 0.79+0.02a
o=l it M CK 0.79+0.02a 0.79+0.02a 0.80+0.01a 0.79+0.05a 0.79+0.03a 0.80+0.01a 0.79+0.02a
a-terpinene
3.72 0.80+0.01a 0.78+0.02a 0.78+0.02a 0.78+0.02a 0.79+0.05a 0.80+0.02a 0.79+0.00a
7.44 0.79+0.05a 0.77+0.02a 0.77£0.02a 0.77+0.02a 0.79+0.02a 0.78+0.02a 0.79+0.00a
11.16 0.79+0.03a 0.78+0.02a 0.77+0.01a 0.74+0.02a 0.74+0.02a 0.79+0.01a 0.78+0.01a
14.88 0.80£0.01a 0.77+0.04a 0.76+0.02a 0.74+0.04a 0.74£0.02a 0.78+0.01a 0.78+0.01a
18.6 0.79+0.02a 0.76+0.01a 0.75+0.03a 0.72+0.03a 0.71+£0.01b 0.73+0.02b 0.78+0.00a

VAR B, N2 TN AERK LR E
( El-Kenany et al., 2017 ), 1 1k & ¥ &
Benzoxazolin-2-( 3H) -one ( BOA) i i3 [F K< fL 5
FEMRE R T 32 /K HL 9 10 B 5] £k %R ( Parizotto et
al., 2017) . —MIANy, 52 AE P06 & BRI R R
A5 AL R AR TALE R (skn SC4E, 2016) ;
AT H AR 5T K B, IR OT R & A IR ) T
VA SR A0 e A T AR Y R A M AE T (A
85, 2017) o AHEFEEE R IR AE 1360 o 15 A i AR
AT, P, G T, BEREAL, T C, BFEEM; & o
AL BRI R I G, C, T, AR,
P, M ARF I R B 5 %k 48 20 A DO G Rtk
IS AN 0 3, MR I — S5 SR HE D, Y A S 4
32 B 1IR3 2 i kA B A 40 G T RAL 5.

PR DM A AR P AET  FRAK G, E TP E] T T,
AP WA A A2 RuBP &AL 15 P P& K, RuBP
IR AR BE S IR, BRI X CO, 1Y 235 R T (9 B A
&,2017), 2T LHITHE R MGEMEEER
THEREE S RuBP RALEEIG A ¢, M 75 5 220 9%
PE— VR ABRE . T -1 & I %t A 06 A R 1
5 ] e E T AR AL R

HELHI I Fr B 2 2 RN SR R 086 S Hont
IRBE I 1 WU AT AT R85 PR 2R A AR b A 2
| PSS F/F, #1 ®PS1T ( Cosgrove & Borowit-
zka, 2010; ¥ K4, 2002) . B ABESE & B, 1k
Wy AN R (I 2445, 2018) (BOA ( El-Kenany et
al., 2017) 5 S REAK 52 AR 9 1) Il 2 28 45 1 Fn g
BRENSE, AR RFY, IR R
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Table 7  Effects of volatile oil from Chenopodium ambrosioides, o-terpinene
and cymene on actual photochemical efficiency (@PS1l ) in Vicia faba
AbFTEH b TS AL FRI ] Treatment time (d)
Treatment Treatments
group (uL) 1 2 3 4 5 6 7

2R CK 0.59+0.01a 0.59+0.01a 0.57+£0.02a 0.58+0.01a 0.58+0.01a 0.59+0.01a 0.58+0.02a
Volatile oil 20 0.57+0.02a 0.55+0.03a 0.51+£0.03a 0.52+0.03a 0.50+0.00a 0.52+0.04a 0.46+0.02a
40 0.58+0.01a 0.54+0.03a 0.52+0.02a 0.50+0.02a 0.47+0.01a 0.50+0.02a 0.48+0.02a
60 0.58+0.01a 0.54+0.03a 0.51+0.05a 0.50+0.04b 0.46+0.02b 0.52+0.04a 0.47+0.03a
80 0.59+0.01a 0.46+0.04b 0.46+0.02b 0.40+0.01b 0.40+0.01b 0.42+0.01b 0.44+0.02b
100 0.58+0.02a 0.49+0.04 0.42+0.02b 0.35+0.06b 0.26+0.11b 0.26+0.03b 0.21+0.06b
PORYiZS CK 0.59+0.02a 0.59+0.02a 0.59+0.01a 0.58+0.02a 0.58+0.02a 0.58+0.02a 0.58+0.02a
Cymene 3.38 0.59+0.01a 0.59+0.02a 0.59+0.02a 0.58+0.01a 0.56+0.03a 0.59+0.02a 0.58+0.02a
6.76 0.58+0.02a 0.59+0.04a 0.59+0.01a 0.57+0.03a 0.58+0.01a 0.58+0.01a 0.58+0.02a
10.14 0.58+0.02a 0.59+0.01a 0.57+0.02a 0.57+0.03a 0.59+0.0a 0.57+0.02a 0.58+0.01a
13.52 0.58+0.02a 0.58+0.03a 0.58+0.03a 0.57+0.02a 0.57+0.02a 0.57+0.01a 0.58+0.01a
16.90 0.58+0.02a 0.58+0.02ab 0.58+0.02a 0.56+0.03a 0.59+0.0a 0.58+0.02a 0.58+0.02a
- il CK 0.57+0.02a 0.57+0.02a 0.59+0.02a 0.58+0.06a 0.58+0.04a 0.59+0.01a 0.58+0.02a
acterpinene 3.72 0.59+0.02a 0.56+0.00a 0.59+0.02a 0.57+0.04a 0.58+0.02a 0.58+0.02a 0.59+0.01a
7.44 0.58+0.06a 0.58+0.03a 0.55+0.03a 0.58+0.02a 0.58+0.03a 0.57+£0.01a 0.57+0.00a
11.16 0.58+0.04a 0.55+0.00a 0.57+£0.03a 0.51+0.01b 0.53+0.02b 0.57+0.02a 0.56+0.02a
14.88 0.59+0.01a 0.55+0.01a 0.54+0.01a 0.50+0.02b 0.51+0.01b 0.57+0.02a 0.56+0.02a
18.6 0.58+0.02a 0.55+0.01a 0.53+0.03a 0.51+0.02b 0.50+0.01b 0.55+0.01a 0.54+0.00b

LA EE RSy ol G X AERET &
LA R RS R R RIS /F,
1 DPS 135 [v) A B2 3 A, T HCJ2: o 77 8 4
OSSR s b G VA RSP np N B P e o
ARSI T RE T 0 T R R A G i A B | R
M-SR R A, D R Ge 52 0, D6 SO 52 B, A i
AR T Oea R i TR AEREE

IR S B R ST o1l it A G
PERPIFEAR T fx B By i S 3K B Ak
RIS WO GOL A R (45 i A 3 2 7y
XPASL TR 78 W S R R] CO, YR T 11057 Wi 45
HABKRIZES
32 THIFELMREEERS ol @ BN ¢
HEUBRI AL

Vasilakoglou et al. (2013) 2k H 4= R 51| ¥ fr 1%

PEAS T B2 B (Lolium rigidum ) ¥ K AL W43 ()
BEPERN , & IRA 2 i 45 143 22 IRIAF A IR R R0
S B R FEME UM R T A 2 U
BN, IR RS B 2% (Chu et al., 20115
Jardim et al., 2008; B T IEF L4 X, 2002), K
PRALHE PR 28 AR i s 28 B R AR AR,
EASTR] ™ b, JR0 5 A 45 i v, 3 2 A0l 2
- A A L X < fE R BRI 45 ( Kandpal et al.,
2016; Pan et al., 2007) . FXFF HF0FF 9 Kl
AU T, 32 2R 0 A OB A AR 355
A IRTT R S i B H FEE T o M AR A AR R
P T EK(Zea mays) HRISA ML ROS KF-, 7
A0 ERE S 4R AL B0 S A Tl P 2R T DA T 0
oK 4 H 4k K (Chen et al., 2016; Li et al.,
2018) , X i i T AL 401 1 1 2800 LA 4 T ol i oK
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Note: A. The 3rd day of treatment; B. The 3rd day of recovery. Different lowercase letters indicate significant differences (P<0.05).
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Fig. 1
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Changes of total chlorophyll content in the leaves of Vicia faba exposed
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to volatile oil from Chenopodium ambrosioides, a-terpinene and cymene
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