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Effects of Bisphenol A on Chlorophyll Fluorescence Parameters in Tomato and Lettuce

LI Man, WANG Li-hong, ZHOU Qing"

(School of Environmental and Civil Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: Bisphenol A(BPA ), an endocrine disruptor, has showed obvious toxic effects on life system. However, little information is avail -
able regarding the toxic effects of BPA on crops. A hydroponic experiment was carried out to investigate the effects of BPA on chlorophyll
fluorescence in tomato( Solanum lycopersicum ) and lettuce( Lactuca sativa) seedlings. Treatments with 1.5 mg+ L™ and 3.0 mg- L™ BPA de-
creased the Fy, but increased the F,/F,, ®py, ETR, ¢P and ¢N in tomato and lettuce seedlings. Supplying 6.0 mg- L™ BPA did not change
the fluorescence parameters in tomato seedlings, whereas it increased the Fy and ¢V in lettuce seedlings. At 10 mg+-L™" and 17.2 mg-L""
BPA, the F;, was increased, but other fluorescence parameters were inhibited in tomato and lettuce seedlings, except increased ¢N in tomato
seedlings at 10 mg- L™ BPA. All fluorescence parameters could be restored when BPA was removed. However, the recovery decreased with
increasing concentrations of BPA. Greater effects on the fluorescence parameters were observed in lettuce than in tomato seedlings, while the
recovery was faster in tomato seedlings than lettuce seedlings. In conclusion, the effects of BPA on the chlorophyll fluorescence parameters
are different in different crops. Chlorophyll fluorescence could resume to various degrees when BPA stress is removed.
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cus carota) 1 5 1534k . Loffredo ZEPH 1B ,46 mg - L™
BPA i BB B R 23.9%, PH{ARIE /KGR T
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1.1 ¥ EE3F

T 9 ORI AU BRI TE
FEER A VR, PR R B FRAE (25 1) CH i &,
RGO 2 A B k8 A R — S5 AR PR I 1 AR 38 i it
&, B AR (320 mmx215 mmx100 mm) H1, 255
TR BEE RS R, IR AR (320 mmx215 mmx15 mm)
B BRRR 15 bR, THEIRAR ISR, B/AGRE 30 °C/
25 °C, YEHRIREE N 300 wmol *m2+s7, YEHE H 10 h/14
h, & HEMK 13R85 2 W, AR 15 min, 1 G, 2K

FH 1/2 Hoagland F IR, 3 d 46 1 OB IR 171
WA 5 JEIE U AR 3 R AP AR R ] T SE B Ak B
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1.5 mg- L7 BPA 4bF#;6.0 mg- L™ BPA AbFRY) F) . F,/F,.
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PR Fo F1 gN B E TV L FLIF, @esy ETR 1 qP Y18
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FSEE ., 5 CK A, 1.5 mg- L™ BPA 43R,
F ﬁ%l‘%ﬁ% SEF, (@psy ETR i qP ﬂjﬁ%ﬂ‘% ,qN
AR, RUFNLE T Fo F, F/F, @yl
ETR HJA47 TR 5, qP Fl N PR IZ I CK /KF-33.0 mg-
L™ BPA Zb¥R1Y) Fy B B F&AK , F, /F, . @py JETR qP
gN AL B2, 2 3.0 mg- L™ BPA LZbBEXT 7 in
gt i Fo A — @ (Ve R, (ET MR A e A
Jr T ;6.0 mg- L™ BPA Zb B[ Fy F,/F, . @py ETR .
qP F gN R AN 2%, 26 6.0 mg - L BPA ZbFRZ 4%9¢
HSRAWA Pk 510.0 mg- L™ BPA 4EPEH Fy F,/F,
M gN ZBAEA B3 FIF, Dpy ETR F qP FEIRALT

eI, 2 BHIZ A BRZE X SO S B 1 P . 2k
/N5172 mg-L™ BPA 203 Fy B3 T F/F, s
ETR .qP 1 gN ¥ ZFEAR, FEIEAR T M, HARE
FEE/NT 10.0 mg- L™ BPA ZbH4
2.3 BpEHE BPA AR E R K SHAIF 0

23 R T haa iy BPA AbFRX AR SR o
SN . 5 CK A7, 1.5 mg- L™ BPA 4b P,
Fo E%‘F%ﬂi 9Fv/Fm\@PSH \ETR \(]P %ﬂ qN ﬂ]ﬁ%‘ﬂ'%,
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% @i ETR (qP I N ¥ 1 % T+ ;6.0 mg+ L™ BPA
Kb Fy W KEAE, gN BT, F/F, @y (ETR
qP N qP ZEAL A B 25 510.0 mg - L™ BPA 4bFRfY F, 1
FH IR FIF, @u JETR (qP M gN 35 2 F#A% 5 17.2
mg'L'l BPA 4bFEHY Fo F, /F, @1 JETR qP il gN A
LS 10.0 mg- L™ BPA ZRBRAHIA], {HFEAR0R B2 R
F 10.0 mg- L™ BPA 4b3,
2.4 BPA XA EREHAR ST

4 /R T BPA REFRNTAE SR IR it o

& | IBEI BPA X ERL B RS H AR

Table 1 Chlorophyll fluorescence parameters of tomato seedlings under BPA stresses

BPA/mg- L™ F, F,/F, Dy ETR qP qN
0 264.784+8.471c 0.824+0.022b 0.527+0.064b 26.617+2.428b 0.618+0.185¢ 0.332+0.039b
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
5 207.590+5.125¢ 0.925+0.041a 0.601+0.042a 30.753+0.662a 0.676+0.092a 0.364+0.033a
’ (78.40) (112.32) (114.18) (115.54) (109.47) (109.81)
30 219.638+3.362d 0.885+0.074a 0.583+0.051a 29.920+0.631a 0.673+0.074ab 0.350+0.074a
’ (82.95) (107.52) (110.66) (112.41) (108.97) (105.52)
6.0 276.169+4.107¢ 0.824+0.012b 0.547+0.016b 27.407+1.366b 0.644+0.036bc 0.323+0.012b
’ (104.30) (100.09) (103.85) (102.97) (104.33) (97.50)
10.0 329.973+5.618b 0.622+0.055¢ 0.377+0.163¢ 18.805+0.329¢ 0.471+0.073d 0.360+0.011a
’ (124.62) (75.47) (71.72) (70.65) (76.26) (108.55)
172 367.071+8.670a 0.511+0.054d 0.316+0.082d 16.603+0.487d 0.396+0.048e 0.229+0.048¢
’ (138.63) (62.13) (60.05) (62.38) (64.09) (69.27)

VE : F SR A B R R 2 (n=3 ) ; [AF] i ToAE RIS RERAE P<0.05 /K- 125 5 B3 45 5 AR HE . TRl
%2 WEHA BPA W/ MM ERASHNZIN

Table 2 Chlorophyll fluorescence parameters of tomato seedlings after removal of BPA stresses

BPA/mg-1! F, F,IF, Dy ETR qP qN
0 271.900+3.031h 0.829+0.034bc 0.519+0.052h 26.142+1.139h 0.623+0.036b 0.327+0.044ah
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
s 244.791+4.185¢ 0.879+0.017a 0.566+0.047a 28.398+0.481a 0.6540.181a 0.361+0.282a
: (90.03) (106.07) (109.11) (108.63) (105.02) (102.5)
30 254.824+1.277c 0.856+0.019ah 0.538+0.084h 27.036£0.271h 0.637+0.562ah 0.336+0.066a
> (93.72) (103.24) (103.76) (103.42) (102.37) (102.84)
60 272.906+1.480b 0.819+0.026bc 0.528+0.065h 26.291+2.248h 0.617+0.097h 0.316+0.025b
: (100.37) (98.91) (101.82) (100.57) (99.07) (96.71)
100 283.075+4.613b 0.7970.033¢ 0.453+0.048¢ 23.013x1.447¢ 0.551:0.411c 0.313+0.048b
: (104.11) (96.18) (87.33) (88.03) (88.59) (96.02)
172 331.093£7.205a 0.599+0.051d 0.388+0.026d 19.47320.373d 0.493£0.063d 0.274£0.073¢
: (121.77) (72.35) (74.80) (74.49) (79.29) (84.07)
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FeSH M, CK AHE, 1.5 mg- L7 BPA BRI F,
HREAK, F/F, Dy ETR .qP ¥ 8 E T4 ,qN A
2, RUNZAC L PR I — Bt ] fe Al a4 FH 4 25 0k
55, {HARREHSGE CK 7K F-;3.0 mg- L™ BPA b3 F.
F,IF, @y (ETR .qP gN AL AR, KB 3.0 mg-
L™ BPA ZbFHZ 55 e BAAH e YA Br ik &2 H 4238 CK
7K 36.0 mg+ L™ BPA AbFR(K) Fy F,/F, @y ETR qP
1 gN AT, £ 6.0 mg- L™ BPA ZbHEZ] 1Y
A Pk ;10.0 mg- L™ BPA Zb3Y F) W 2ETH& L F,/F,.
Dpy ETR (qP Fl gN 10 2 FA%, HIYA Pl , 3%
B AL FREA XTSI ES B M/ A 2 s N, (H 3%
[Fi] b A 75 it K 52 R FE 45 17.2 mg - L™ BPA Ab 38
Fo F,IF, @y (ETR qP qN ¥4 b, (HRE LR
/INF 10.0 mg- L™ BPA 4bFi4

3 g

M2k RV TS e, A URE
WOGREM S R REAL I R A~ S 1 A J5) B it
e, WHSH A B e ATP SR

CO, [ SR R 06, Tl 32 1o T PE PR a8 XoF
YA ERTE W BB 2, FEM S R 9O S
W RIRDEE Fo o PS TR Oy AR TF U Y 21
BT UAFREXEY i 5 PS IR A MG, HYE
R/NE I W2 WA KPS FL/F, S PS TR KOk
e, W RS A PS IEYIGRE
R AR AN PS INVETEIR Y Dy 7R P0G A 2L
AT = R BIAER [R 46 77 (NADPH FI ATP)JE 1
Bl AL, DA H v 1 0 % i 1 [ o #1465 ETR J
WSRO T B2 151 8503 s g P Ron T
2 SOBLDERERS 73, HAE IS Kb IR 2l & 715
EBRE SRR CARER BT N e PSR
W I SEREAS BEFT TO6G HL 7-1% 3k T ARIE :CRE 1K
FLAEREFR 2

e E A, 1.5 mg L™ 1 3.0 mg L™ BPA Zb¥R A
AR SR L B Fy BEAK, FL/F, @y ETR (qP 1 gN
FE, EH 1S mg- L™ #1 3.0 mg- L' BPA RERaTR & Fh
FLESE PS IR GRERE A8 A PS I ROy O v 7E
1 AR AR B CRE T8 70 R RO e A R A e s

3R 3 IvBH BPA XKL E RS HBIRIT

Table 3 Chlorophyll fluorescence parameters of lettuce seedlings under BPA stresses

BPA/mg-L" I FIF, Do ETR qP aN
0 181.734+1.378d 0.841+0.036b 0.612+0.082¢ 30.864+1.535¢ 0.706+0.044c 0.289+0.065b
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
s 133.001+3.760f 0.925+0.111a 0.734+0.117a 36.941+2.642a 0.817+0.562a 0.314+0.026a
’ (73.48) (116.54) (120.03) (119.69) (115.81) (108.15)
30 163.651+1.036e 0.872+0.082b 0.653+0.052b 33.002+0.821b 0.741+1.14b 0.306+0.083a
’ (90.05) (103.80) (106.76) (106.93) (105.02) (105.91)
6.0 195.782+1.012¢ 0.811+0.058¢ 0.607+0.036¢ 30.478+0.321¢ 0.674+0.281c 0.310+0.036a
’ (107.73) (96.47) (99.24) (98.75) (95.53) (107.44)
10.0 235.940+3.779b 0.583+0.026d 0.405+0.029d 20.512+0.252d 0.499+0.473d 0.231+0.023¢
’ (129.83) (69.38) (66.29) (66.46) (70.73) (80.03)
172 262.042+3.288a 0.501+0.043¢ 0.335+0.083e 16.904+0.416e 0.411+0.091e 0.183+0.074d
’ (144.19) (59.66) (54.86) (54.77) (58.26) (63.36)
R 4 BPA IR EHM AR B A SHHIRM
Table 4 Chlorophyll fluorescence parameters of lettuce seedlings after removal of BPA stresses
BPA/mg-L" F, FIF, Dy ETR qP aN
0 169.428+2.297cd 0.836+0.052b 0.604+0.808bc 28.508+1.206bc 0.692+0.054b 0.266+0.152a
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
s 154.382+2.919¢ 0.877+0.094a 0.682+0.362a 31.886+1.169a 0.745+0.131a 0.276+0.087a
’ (91.12) (105.02) (112.92) (111.86) (107.73) (103.81)
30 163.396+4.423de 0.849+0.146ab 0.630+0.073b 29.545+0.271b 0.685+0.056b 0.267+0.045a
’ (96.44) (101.58) (104.47) (103.64) (99.01) (100.47)
6.0 175.442+1.066¢ 0.834+0.084b 0.595+0.045¢ 28.106+0.722¢ 0.681+0.077b 0.273+0.052a
’ (103.55) (99.82) (98.64) (98.59) (98.42) (102.73)
10.0 211.530+8.935b 0.689+0.018c 0.506+0.061d 23.415+1.256d 0.561+0.048c 0.242+0.019b
’ (124.85) (82.49) (83.91) (82.14) (81.20) (91.25)
172 235.589+4.656a 0.551+0.044d 0.406+0.037e 19.109+0.283e 0.450+0.025d 0.197+0.078c
’ (139.05) (66.02) (67.30) (67.03) (65.09) (74.33)
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=2t 113l 8 o A 151 2 M 15 i R =23
T A T RGP I R B R AR AR, R A o
HAEVER . HEWIL R AT g2 BPA ({225 5
M 2 5 (-OH) A ¢, -OH B fEs ek, vl ot & it
R A% 3 S /D i TR L A A L
£33, 6.0 mg- L™ BPA KPR AL &S
A, AESRYE Fy R gN 25 T RWIBPA | &
ik 6.0 mg- L™ I A= 32 40 1 & AR M) 5 10.0 mg- L
BPA KbFRET, F/ALGIE Fo FlgN FHim L F, 1F, Dy
ETR qP FAl, 32HH 10.0 mg+ L~ BPA 527 PS I
A VA ROV 7187 W o i N i - a7 S W =X ( IR 11 B
I IIAFERCR T bR DAL 2A R BT 2R o
et HET SR A “PS I S Hh OS2 i 2 55 L A%
ARG I HFERCRFERGS EOGREMI R PS T HULAL
— P M AR ARSI R T A S
TR, HIEEK T 24 BPA fil&EikE] 17.2
mg- L7 I, A FA S Fo Fh i, FL/F, @esy ETR |
qP F1 gN HIFEAR, 20 PS TSz v vl 3 45 v L
W, PSILIIRE T M, WFEE R — X4 PS I
DorE A EN, H BPA XA SR S HGE I K T3
A, W] BPA JiE T A3 52 BPA fil R i KT
Ml , 55 Ferrara 55"k B [A] 50 5 BPA JBiha T AE SEAR A
ML A2 IS — 3 Ferrara S5 5% &
B, A AR 32 40 3 ™ E T W BPA R EIAR D,
HARER 2 FVER/ N T A3, TR IR BPA [ HE K
FASE, RAFAATER L H BPA sk 20t A, T3
FAh 7 dn M A AR T BRI, GG (R MRk
JEESZ A, S RE A AR FEAIL, QA F B AL QA 1Y
D, BRI RE ) T RAREIOLAERM;
BPA W RE(H A= AR TS S I00E , R B A K K F
T B AR B D , AR A A EGR T A
THHE R B T RO AR A W) 1 P A Ak 5P
MISEm S EVER . XAl BB A 5052 BPA it 712
FEAE KT i B R 22— BPA XA SE G SE G
PR HE ML LA 5 A, AT B I AN
i, AT T IRAI S .

TEPKE I, 1.5 mg-L™" F1 3.0 mg- L™ BPA AbBHZH
%fﬁ*ﬂﬁii@%‘ Fo F%EFPE'EJ E/Fm\‘ppsll \ETR \qP %H qN
B A b3 XA B R R, R TR EAE R REOR
REWD G SO O D EREFAR AR A i i
e Bk 2z , PS I e VR FHAR /N, HLIR] AL B2 25t e
e SRR I RORAF 56.0 mg - L™ BPA Kb B ) 35 i 41 1 4%
WIS BRI BEARA, A4 25 9O S HK

2 ENHE CKACE Bk 2] 1E % 7K 10.0 mg-
L7 Kb PR ARG A S B ek E B R A
Fo.F,/F, .qN CARE F| CK K-, BI040 1 )54
FALFHCR KL B 2 PS 1R AL RERL
RIGPHIE IR, AR HLRE R S IR, (A GRE )
FIFRE SRS , ST 45 S S E39 8 Ik &
B2 4511 PS T ARAK &2 F1E H K F-517.2 mg- L kb2
LTSGR AR PRI I A I/ 18 , R BBV & 3]
Pz CK KPRl 2 A G /N PR i, HoA:
SV FRE/INF B, RS R i BPA (10.0 mg- L
A 17.2 mg- L") AbHER B BPA a8 n ok 2 2
JERRAR, T E Be h KA 3% . XA RERA
53 BPA e 5, B B AR LA VR
ANRE SRS o W S 3 AR o A FLAH A5 AR 2 1 D R
AT BB WK A 0 P A A 2 3 1 0 3 2 2, TR
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