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B E. NIRRT (Eucalyptus robusta) A6 BAE F 09 40 B 2= AL, 122 0F 55 LA QI #2248 2 i M H: =8 2 j 4y
PR PR TR R IR | L2 K2 (Vicia faba ) AR 200 Jf R O) TL20 JE A ¥4 , 32 FH W SRR 20 B fb 2= R
H qRT-PCR £ WFFE T RM MR L MR FEPERON, . S5 R R (1) TERMAZE R YMETT , R SRR K
ST AR I 2 W Ay N [1] — 3 2 ARS8 0, A SRR 5 583 i DR B /M R 45 8 | -SRI R RS . (2) T
R 25 240 3G PERRAIG, 23 2 DA MO 38 T s, A 22 73 B8 BT B L JCHT 43 200 B 1) 40 JHL i 35 49 BEL s 7 4 284
I, (3) &G N{R P40 N NADPH A ALEETE M TH &, 16 PE 4 (reactive oxygen species, ROS) J& k& , il 24 5
B AALTFEE R B 5 - OR T4 B P A e A8 38 3, 2 L6 P AR 25 K 2 caspase MO 0 B T2, T Ca™ 58
TERHLWT] (LaCly ) 36 PR U BRI ( AsA ) FIAH R A Ji B 1 50) ( NaN, ) 25T 4 25 4 5 0 TLAHMLAF 15 %%, BEHH R
AR R DU T A5 553 F Ca® \ROS HI NO M5 S I8y . 255 3BT, R A4 452 % ) 1) 200 b 35 i A sk 4% 3
PEBUR T SZ R0 05 5 5 iR A I T AN s AL e A8 | S B2 R R 300 2% A O 37 B R i AN fL s B
BT, TS e 52 AR 2 A KDL S IR P BUZ M A A2 B 32050 45 51 S R A e DX B B2 7o
FE AV R A T BA AR
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Toxic effects and signal regulation of Eucalyptus
robusta volatiles on Vicia faba cells

REN Yumin, MENG Qiaoqiao, WANG Yu, MA Danwei "

( College of Life Sciences, Sichuan Normal University, Chengdu 610101, China )

Abstract: To understand the cytological mechanism of allelopathy of Eucalyptus robusta, the toxic effects of volatiles
from E. robusta were studied by microscopic, cytochemical and qRT-PCR techniques, taking volatile oil from E. robusia
and its main components a-pinene and eucalyptol as donors, and using root cells and leaf guard cells of Vicia faba as

targets. The results were as follows; (1) The growth of radicle of V. faba were exhibited and showed a time-concentration
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dependent effects under the treatments of the volatiles of Eucalyptus robusta. The allelopathic effects were volatile oil
a-pinene and eucalyptol in descending order. (2) When Vicia faba roots were exposed to Eucalyptus robusta volatiles ,
the activity of root border cells decreased, the micronucleus rate of cells in the meristematic zone increased, mitotic
index decreased, and the cell cycle of most cells was arrested in the prophase of division. (3) Under the action of the
volatiles of E. robusta, the activity of NADPH oxidase increased, reactive oxygen species (ROS) burst in leaf guard
cells of Vicia faba, microfilament polymerization, and stomatal aperture decreased. At the same time, the leaf epidermis
strip of V. faba was treated with Eucalyptus robusta volatiles, the nuclear distortion rate of leaf guard cells
increased. Moreover, the treatment of E. robusta volatiles led to the decrease of guard cell activity and caspase-dependent
apoptosis in Vicia faba. However, the guard cell survival rates increased when the leaf epidermis strips of V. faba were
exposed 1o volatiles from Eucalyptus robusta combined with different concentrations of Ca®* channel blocker (LaCl, ),
ROS scavenger ascorbic acid ( AsA), and nitrate reductase inhibitors ( NaN, ), which indicated that the volatiles of
E. robusta changed the signal regulation of Ca®, ROS and NO. These results suggested that the cytotoxicity and
genotoxicity of the volatiles of E. robusta altered the signal transduction pathway of the receptor cells, induced the
genetic aberration of the root tip cells, then led to the dysfunction of protective function and stomatal movement of the
receptor root border cells, which affected the root growth and photosynthesis of the receptor, and ultimately hindered the

growth of receptor. The results provide a theoretical basis for scientific planting and management of E. robusta planting

43 %

area.
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i ( Eucalyptus robusia ) Bk 4 e B
( Myrtaceae ) #%J& ( Eucalyptus ) T8 AAEY , i 7= T 8-
A, PR G Ry P i | A A PR i B o T R =R
AP 2 — (BRARYLAE,2019) . RIAZJE T 24
VEPE A By, G 2R 92 ER AT HUA (Said et al.,
2016) . 4t % Ak ( Elansary et al., 2017) F1 47 Jif 974
(Jian et al., 2017) S5 25 BHTE M HAT e HEH 2R
MM E SN EMETEME, TAFEE, KR
RIS | S 1 AL W) 2 AR T R RS R G T
R e | AL )T R A 1) B2 B T R FUAN
Fh2x (78 BE G T (Bayle, 2019) , Aleh# % i K 3
TS - IR IS A B AT W] A TR R
VERT, T LA 3 175 5 801k 450 s 40 ) 52 4 b 7 1 &
M4t A K (Jamil et al., 2021; Ridaoui et al.,
2022) o AT H TR SE K B, R A i O i
B o IRM BRI MRS AT BE AL AR TR AN B-
FATH RS AL 27 B4y, Horh o3k M FTASE TORS J2 25 =
B o (P F5 95, 2020)

ALE CO, 7K g 0 Aty 5t it B ad
TH DR T2 e 3 e 2 e A A i LT P O
BAE T 19 CO, FIZK 43, DT 52 e A6 40 1) 25 i F1
A (R R 2545 ,2016) . 4 1040 i 15 26 Kz 4
RO 285 22 S B R EL XA SRR 38 B 107 3R B, 7 3G
Wk ( Liriodendron chinense) ( X| X5 1K 4% ,2021) | 1 3

F% ( Dysphania ambrosioides) ( %y i 4155 ,2018) Fl L}
2P} (Lantana camara) ( Singh et al., 2014)  HF
ﬁ( Galinsoga parviflora ) (Jﬁ@% ,2016) 19 Ak B i
HT, 52 A8 R T4 M PR AR, JF & 4= caspase
HAER DML IA T, 15 %5 5> T ROS NO HlI Ca™ i
AN T R (R AR, 2017) o eAh  HEW R
TR A B RE T4 52 AR AR 9 73 2E X 41 ifd DNA
S G AR o) B DL e 2 1A 1) T RE (X L A N
EPH,2017; Li et al., 2018) ; MR 31 & 41 Jil ( root
border cells, RBCs) f& MAR w36 Bz I 25 >k H. 3R 42
TEMRSS A [l 00 — T 5 ok 40 i, 5 HC B A 26 e J2 7
MR B 3 [6] 48 507 SR AR A S 30 0 55 — 18 B 4
( Driouich et al., 2021) . YA 1E F [ 52 59 Rk 38 4y
38 1 AR ZR A W IR SRS T 3 4 38 b ((Vives-Peris
et al., 2020) , Hr 989% IR 2 43 WA %) Ay AR 2 4
i B LAY (Hawes et al., 2016) , 7EAR 5 + 4
A P AR BAE FH R 32 22 /E ] (Ropitaux et al.
2020) . YY) S2 B A R AR W i e i AR G 2%
20 B [ e TR AU | b ) 5 B adE — 2D 14 R, AR
I - e g Dt A S0 S 2 5 A RE W o, DA R S
1 X AR E"J%%,Mﬁ’ﬂ%ﬁj*ﬁ%%iéﬂéﬁ(Dnoulch
et al., 2021 faf A %5 ,2022) , B, A + 51
I 5T HAT 5 AR 300 2 240 i B FL 6 G )= A S0 1Y)
B0 G B, A 23 0 3 BRI AN ML, fes MAEPIAR R 1Y
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AR, M4 R ML IER Y R B SR S, K
PR R B 23 S AR TR i b Ly /N
Grosimat H IR K R R W SRR AR EA £
e, PR T ANMA L T W i A AR T P ——
AL, TR 4 S 240 L D0 R AR R N g 2 ] Y o
TR TCRE R R AL AR bR, %2
A G ey w17 Ak SR o — A o B AR IRl
SEREYIALA B 22 20 M A B, B — i AE AR Y A A T
SIS Z MUK A A0 i 2, AR, DL A A A
K RGAE N 5L IERAE T X5 4, AT LAHE B H At
UM A= I B T, AR, 2R TR O TE
PN Z M ( Latif et al., 2017;Ma et al., 2020;
Xie et al., 2021) FI{¢ 40 ( & 4845, 2017) Xf 1k
SRR 3 P e 0 S AL . 5 LA R AR VR O 320K
FUBRAH EE , PR T A0 AR RN R 1 2 40 B AS A2 A R
R WM E 5 TG &0 R H
S A (SR @55 2017 ; Wang et al., 2019) , 1 H.
RE A% ELOUL HlL T 22 8 A0 B X — AR I A
JB o BRI, T 200 B R AR 3 % 40 B o ] g R K
T H5 2 100 () AN SRR A5 17 ) kA 413

KIAZ DI RE Z AR 0T B T B 25 ( 22 A6 5%,
2020) EE(HETRHAPRGE24,2014) ARk (R4
J7 A 28,2018 ) 4 ik, iy 90 A B 5% i T K
I A2 2 S P B %) 2 BRAE T, A 2 S i L o A %
AT N HAAE Y (5 FAE . Ak — AR R
R Ve WA AR IR A T, AR BF 5% DA L4 2 ik Je
FE T o IR I FURE RS Ry (A4 DL [ R I A
FIAE DX ) 32 43 A 1) AR AE W) 2 T2 (Vicia faba ) N 3%
A, DA 5 1040 B KR 120 2% 40 I AR 22 40 i A 50
b, iz i SRR MR AR ¥ BB H AR A
M AL 245 R A QRT-PCR 4 AR | 78 WAk K - e 44 %
WA IS, Ko FEXT MR I AT 22 53 Z447 Ry 5 Wil 114 S i
e 25 A B A LR T A0 AR RN AR 341 2 A A T
R IR 4 0 1 i 1 R LA 5 L, LA DA 4 i
SR BEAR 7R K R AR B AE FH AL, S K e i Al
X Rk 2 Ao R A B R L BRI K

1 #MHEF*

1.1 X3 #F 44

St PR LR I A 1 PSR 11 01 O 91 R 2 A% X
JOHCR T 7 3 A TR R (BB 144) 1 1 BCER
T S5 5 DX R T A T D T 3 A o i - TR I

(=99%) FI#% A4S ( =99%) W A BF & 7 45 (W
#B) BHEA BRAH]
1.2 i FHiE

A SRS (2017) T ERERREY
B RO A K 3 ~ 4 FIRE BTN ES 1 ~2 X5 4
JEFF RN R, FZE IR K oh gk T, 35 IR i ik 457
JHEFHIEC T em % 0.5 em I N R L LK, BZiBT
B MES ZZ vl iy EP & rh

B 41 . BB HU K /N A HL A i £ B R B R P
(RAZI Mg AT EZPH,2017) , #F 0.5% KMnO, % H
215 min, WUE T B T (25+1) CEE AT,
BEEAMNIRM 24 h 55 B THRARIED AR
Bh 2RI R R R R TR
F, EIRKH—SWEARM T, 58 THEA 2
JEUEACAY R IR ( BAR 6.8 em B E 9.2 em) Y, 4
3 5,

A BRI A% S IR T 1 5 (2020) 1K
RGO M Fe % R, 13 %60 0.43% , 5T
RN 836.667 mg - mL™", K GC-MS i &
PR M EE R o IR M (= 99% ) FIkE MK (=
99% ) 1 &, F - H JEMEAN ( DMSO ) 1 Bh ¥ 57 i
HHEE A 0.1 L+ w7 AR IRl I 2 Tk B30 5 AR
Pt oo YR J75 FIAGE T RS FE 45 il b i i, LA BB
Wk BE A3 IR 0.419 1,.0.076 8 pl - pL',
1.3 iR I8 A0 1B R F5 AR T E
1.3.1 A FWRE o0l UeEE 1.2.3.4.5
pL, YIS URIRTE B 435 35 55 rh i O e B 5%,
T(25 = 1) CRYEEFRA R RE 5% 24 48 .72 h,
DLRVRFRIE &9 0 Ab B R Xt IR AR b BR S
WAL PREE IS M E S8

HRAI 52 B MR 203 FH 2% 088 K e v, FH e 4R % T
KAy, RO & AR K, B A AR 15 A AT
W

A 2255 B OO 2 - T AE B2 R S
BT B SR T, RS B R 24 h R O
K250.5 em MRS, F R it [ 2 W1 5 24 b1
mol - LHCI 60 °C f#Ef 8 min , M K A1} i 21 YL i
e, A, JH Nikon E200 45 52 i (048 B3 46 H 41
M AERISTEC 1 000 A2, B AR S AR
R, THHEIZ Z (micronucleus frequency, MCN) FlI
A 2257 224850 ( mitotic index, MI) , TFEARUWT .

MCN = (TR 550 WL 20 B 450 ) x 1000%0 5

MI = (M 3140 %5/ 000 41 g 55) x 100%
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1.3.2 bR R &R B A R KML N 3
M5 1A, HII2.4.6.8.10 pL A FREEWE,
DMSO #h 2R R 10 WL J& , A A 3R K 5% 1Y
EP &, LI 10 pl MES 22 i % BE; 268 2 41, 4%
BIMA 10 wL ¥Z caspase il il 5] Z-VAD-FMK (10,
40 wmol - L)  Ca™ i B BH Wi 7 (0.1 mmol - L
LaCl,) | 1 4 %0 bR ) B 3R 1M @2 (0.1 mmol - L
AsA) FIVAS R i J5 B 40 41 770 (0.1 mmol - L' NaNj;)
AEPE S min J7, A 8 wL ALFREEHE AT 2 wL DMSO,
B E BH X IR (CK S MES 28 whik ) 1 BH P X} ig
(AbHEERE 8 wL) ;565 3 41, & T 25 °C .4 000 Ix ¥
JCIBEEFRAE 2 h )5, FH 10 WL AT 22 3R & i 57 41
Jfa#Ast & B(CB,10.20 wmol - L") NADPH & 1k
Jifg 4 4k 35 B A ( DPT, 1.2 mol « L) FINE 1 4
WHEEFN PR MR (0.1 mmol « L) 43 AL FH 5 min
Ja, A 8 pl AbBEREW AT 2 wL DMSO, PAAS i
CB .DPI Fll AsA ) MES 22 M1 A CK B XT R, LA
8 L Ab B IR A B A BHAE X R 3 Al Ab FRIR S
JE 8T 25 C 4 000 Ix YRR FE 46 AL 30 min,
FRALFREE HE M AL TP AR S P D40
G PN ROS (NO A1 Ca* 7K~F- LA & TUNEL( #
R4 ,2019) SEHEPR

qRT-PCR 734 JUEE 1 M 4%, A 7
Sy RIS e B T FE 4k IR A W BB A RS B A A
Py 5 RNA 2 B ) & #0410 W 48 B 4 &2 i 3R Bz
Z5H9 5L RNA ; HH Primer Premier 5.0 59331844,
Wit 4 57 NADPH A ALl & K ( Rboh ) Il N 2 2 [Hl
(EF-1-alpha) Rt 5 HE5 190, P50 00°F .

Rboh F:5'-GGGTATTTGCTCTGTGGATTGG-3';

Rboh R:5'-CCTGAGCCAAGTAATGGTGTTTC-3';

EF-1-alpha F:5'-ACGAGGCTCTCACTGAGGC
TCTTCC-3';

EF-1-alpha R:5'-CCTTGGCAGGGTCATCCTTG
GAGTTG-3',

Sl N EgE R AR A RAF A
B, 76 E B PCR X ( Stepone plus, ABI) #f
#7 qRT-PCR 43 #7, RBi{A R 25 pL, & qPCR
Mix 12.5 pL.7.5 wmol - L' JEH 514 2.0 wL 5%
FW) 2.5 pl. ddH,0 8.0 wL, PCR ¥ 14 % % .
95 °C 10 min,95 °C 15 5,60 C 60 s,40 MG ; 5
bR A 3 YR, LA MES 2% thi i CK XF B ; fifi i
StepOne Software v2.3 3K 4 7 #r PCR i #2 /) CT
(threshold cycle) {H.,

1.3.3 ARG mpnEmne K BAREREEK
252 em B, FEHLAEL 5 MR, BT EP &, )
HAA 100 pL ddH, 0, W HENR 30 s, BUH AR
FH ddH, 0 Wk 2 R, BIR 50 L, B IR AT £l 24
JHL 0, 5 38 AR 0 5% 200 P BV 5 4 ol BB A BRRE R 1
2.3.4.5 uL, H DMSO #M 2K FL N 5 wL J5, 43 531
JITA 200 WL 40 M B3, L DMSO Sy ¥ 751 X B 41
ddH,0 R BAHEXTIRAE , B T (25+1) C K346
HEOEIEFE 30 min, AT EE 3 K AL H G,
I 10 L 0 BB, IMA 4 pL AO/EB 44k,
GAL YLt 2~ 3 s, SO0 WA BE B A, e i A 41 L i
TEANR R B, IR E R G TR, R
vasiw/ (I

FET 5 = (FEAH ML/ 40 350 x100%
1.4 HIESITHH

i i Microsoft Excel 2019 # 1} #t 47 8 ¥8 & 1T
FERE, FH SPSS 20.0 B AF % £ dis i 47 ANOVA H
&5 2250 M Al Tukey 30047 2 8 LA

2 HER 5

21 KM REZYHUBERE R EEESS
2.1.1 Ret X & e o gsm K 1Al
AU, R R AT | o= M IR THORS X 7 B2 40 AR A
KEA B M R (P<0.05) , IR B i [a] -
W BEHCI SN, . B RV BEAL 3 72 h J5 , K A%
PRI | oo~ TR I R0 A Ak 3 2H 1) A AR B X
BEZH 23 5080 T 80.62% . 76.74% A1 75.19%
2.1.2 Kot AL oy ik td F ik R R
T o-JR I FRSIAS I VE R, A8 GAR 2R 73 AR X4
ML 2257 9 ECT R (181 2) o 76 1 pL A BB
YERT A 2257 2446 80 5, Horb 24 h (b FR2H (9 28
i A2, HAEBERE KT 1 L B, 5% A
AH L, Bifi oAb BB 8 I J32 185 im0 4k 3R B ] A G A
2R B E R (P<0.05) , fERALBEH M
(A 22572480 M2 B AR (R L S R 4 i 4
H o IS 43 240 A i) 240 i 5] 00 i BEL i 7 53 284 i 0D 5
MR R AL B T 4 WL iR 225y 2 Kok
TR RUZRE N R AR EH A2,
FAOFRAE W O R S T X IR (P<
0.05) , 2Tt m E AR py s (K 3) , 7EAL 3 &)
Woh 3 WL B R E B e A, L 48 h AR BRAL /Y
Al i 3, L I | - IR I IR TR T R
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S 12.24% 10.89% 11 7.48% , K M-H 3% K& Wi
FAGARRE A Y ORI AR  an Y R B R

g M ERR (K 4) .,

4 Root length (cm)

K Root length (cm)

R Root length (cm)

A.24h; B.48 h; C. 72 h,

gopL O1pL O2ul E3ul W4pL W5l
rA
ab a ab ab a a ab
b b be
acbccC HD'CCdd chc
R M o-JR I e ke
Volatile oil a-pinene Eucalyptol
rB
a a a
L b s he hd
b b by
b b
B c
T g £ o c
4 o-JR M i kG
Volatile oil a-pinene Eucalyptol
rC
a a a
. b
b T =
c c c
d ¢ 2
d g dd d 4
% a-JR 4 MRS
Volatile oil a-pinene Eucalyptol

2SS RFE, TR,
A. 24 h; B. 48 h; C. 72 h. Different letters indicate significant

differences at 0.05 level. The same below.

B 1 KMEERH - TREFZHEER TRERKINEL
Change of root length of Vicia faba exposed to the
Eucalyptus robusta volatile oil, a-pinene and eucalyptol

Fig. 1

AR BE R R TE 0.05 7K _E 1Y

2.2 KM ZE L Y3 & E R AR 4803200
HITEL S Al AT, 76 R R A% 2 | -9 I FIAR ik
FVERTTT e SO TL20 0 1 IR, 200 A% g 28

m 7 B Prophase
rA

J& 3 Anaphase = A Telophase

1 ] Metaphase

—
(3]

P E|VPE[VPE|VPEIVPE

H %4> FL 35 % Mitotic index (%)

Ak BB AR AR

Treating mother liquor volume

K 4.4y 48 B Mitotic index (%)

Ak B BE A AR

Treating mother liquor volume

P EIVP E|VPEIVPE|VPE

B 25 F38E Mitotic index (%)

Ak B B35 AR R
Treating mother liquor volume

T1. 0 wL FERANFEZH ; T2. 1 pL BRALTHRAH ; T3, 2 ul £
WAL FIZE ; T4, 3 pL RFRAL TR ; T5. 4 wL B FR A,
T6. 5 pL BHRALINA ; V. #RM; P. o-J8M ; E. FIMAE .
T1. 0 pL mother liquor treatment group; T2. 1 pL mother liquor
treatment group; T3. 2 pL mother liquor treatment group; T4. 3
L mother liquor treatment group; T5. 4 L mother liquor
treatment group; T6. 5 pL mother liquor treatment group;
V. Volatile oil; P. a-pinene; E. Eucalyptol.

B2 AMHRELB. o REMEHBERT
BERRAMBL REHHTWL
Fig. 2 Change of mitotic index of Vicia faba root tip
cells exposed to the Eucalyptus robusta volatile
oil, a-pinene and eucalyptol

RTb e, I A B e MR T, A SR AR
5553 1R R B /MR U 45 23 | - IR M FIAR HORS . AR
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Volatile oil a-pinene Eucalyptol

B3 KRIHER M o TRIE RBBERT
BERRABBRENTN

Fig. 3 Change of root tip cell micronucleus rates of

Vicia faba exposed to the Eucalyptus robusta volatile

oil, a-pinene and eucalyptol

B KA BE T ¥ 00 oI M KIS 3 b3
ZH Y PR T 200 B TS P R R FRZE Y 7.01% ,29.48% |
59.56% , 4 ML %02 & 5 W 3 58 96.96% |
68.78% 24.74% ,

2 e Z R 25 i ( caspase ) S —H S 1
UV R KB, 24z caspase Hi 5¥1) Z-
VAD-FMK 5 K45 & Py A b 15 | 45 Ak 3141 £
ARG M B R Z W A PR T LS Z-VAD-
FMK %2 IEAHSE (E 6:B) , W R HHE LY

ALEE S SO AN AE & A P T2, TUNEL A6 25 SR
RN HE R A PR A R T4 B ) S 0 Ol o B
KT caspase M il | +#E W LA FHZH (B 6:A)
KHRKNHELRDHFETH R IR EET
caspase WA 20 L g T

i FH ROS \NO Fll Ca®™ % a2 o7 3 56 Fl =35 41
il 570 + 45 5 A BRI | 90 E T K AR K A
FHF & S D4R ROS NO il Ca® 7K - fil A5
kot 7 R, G BEA R T 40 i 5L A 5 55 1) 2k
656, B ROS NO il Ca® 7K -1 #5241 ; 4b H
PR AN ML N 3 Fh 22 A5 5 2 B0 & X IR 4
VB R I e 4% & W 75 3 ) T 40 L 9 ROS . NO FlI
Ca® /K FTH 5 . NaN,+Ab 3K  AsA+4b 3R 2 44k
AbFZH H ROS , Ca® I NO 7K S T 4% & W b 3
2H 1M LaCl3+ﬁlﬂfﬁ;§ﬂfﬂéﬂ%EéﬂiH@W i) Ca*
IR T4 &2 W ab B2 (5] 8) |, 0 B 7 R i A 442
KT RIS T i A, ROS A NO RETE T i
W Ca® K-,

H 9 AL, SHE R YA ML, H Ca® 38
TEBHWTH] (LaCl, ) 1 P 008 BRI BT IR IR ( AsA)
I 2 1 5t 30 7 577) ( NaN ) 43391 5 4k 2 9 A [
PRI B, £ T 40 B A7 1% % B 2 T (P<0.05) . iX
HE— 25 UE B R A% 45 | -8 S R THORS 15
AN PET 5 4 ROS \NO Fll Ca™ A %,

23 KM RELZYMNEESILIEZHNZ N

KRR J ) 5 B0 A o S L TR R 2 vk A
WEPEZ T B (8 10) , FE R R AL FE T | 48 &
T L o-TR M R THOR 3 AN Ab B () SFL I B 43 A
XFHRZ R [ T 86.65% . 78.31% Hl 75.38% ; 24
NADPH 4 AL il 5 —BC A ML ( DPY) | 3% M 480
B BT IR IR ( AsA ) B 22 35 00 i 700 40 e A28 it
E B(CB) 40l 5 K it #e 45 &y 2 b Bt £ T 40
JL AL G 4 8 3 B AIK (P<0.05) (& 11) R
KA K W1i75 S 10 ROS 7K F-F1 NADPH 41k fily
TG PR TR DA B i 22 R G 02 5 B0RAL G P Y D
K, qRT-PCR 53 (& 12) @R, 18 K MR & W)
YERF , %8 S0 F I NADPH %Ak 25 Rboh 3
ki E L,

2.4 KM H&IE & Y33 1R 12 4 20 Bl 75 1 A B2 T

i & 13 1] A 5 AR 2 Sk A R 1 B R
P Wy Rb B B T v M REAIG, RT3 B G n ( P<
0.05) . SHMEXT ML (0 wL) A He, ¥ ) % 1R 41
(DMSO) HAR I 25 4 M P 25 A i35 (P>0.05)
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A. Single micronucleus in interphase; B. Double micronucleus in interphase; C. Chromosome fragment in anaphase; D. Chromosome adhesion

in telophase; E. Chromosome bridge in telophase; F. Spindle multipolar division. The scale is 20 pwm. The same below.
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Fig. 4 Chromosomal aberration images of Vicia faba root tip cells exposed to the
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Fig. 6 Effect of caspase inhibitor on the activity of guard cells in Vicia faba leaves exposed to

the Eucalyptus robusta volatile oil, a-pinene and eucalyptol
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