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Effects of microplastics and DBP on photosynthesis and nutritional quality of lettuce

WANG Cheng—wei', LIU Yu', SONG Zheng—guo’, GAO Min-ling”

(1. School of Environmental Science and Engineering, Tiangong University, Tianjin 300387, China; 2. College of Engineering, Shantou
University, Shantou 515063, China)

Abstract: This study explored the effect of microplastics on the photosynthesis and quality of lettuce seedlings under the stress of dibutyl
phthalate (DBP). The toxic effects of the compound pollution of polystyrene (PS, 100~400 nm and 10~15 pum) and DBP on lettuce ( Lactuca
sativa L.) was investigated using hydroponic culturing. Compared with DBP alone, the presence of PS reduced lettuce photosynthesis under
the stress of DBP, including the net photosynthetic rate, stomatal conductance, and transient transpiration rate, while the internal CO,
concentration increased. This indicates that the non—stomatal factor is responsible for decreasing photosynthesis. Compared to the control
and DBP only, the combined pollution of PS and DBP decreased optimal PS Il efficiency and electron transfer efficiency, inhibited ribulose
bisphosphate carboxylase oxygenase activity, and reduced chlorophyll content in the lettuce leaves, but significantly increased the ascorbic
acid and glutathione content. In addition, the presence of PS with two particle sizes significantly reduced the soluble protein and sugar
content in lettuce leaves treated with DBP and increased the nitrite content, indicating that the presence of PS aggravated the negative
effects of DBP on lettuce quality. The combined pollution of PS and DBP significantly inhibited photosynthesis and glucose metabolism,
which in turn decreased lettuce quality.

Keywords : microplastics; compound pollution; antioxidant activity; photosynthesis; lettuce; quality

WA :2020-09-27 R HH:2020-12-09

{EE R : EAH(1996—), 55 iR B e A AL BF9 A N SFARL P 2t B2 A SR S 7 10T BT 9 . E—mail : wangew96@163.com
HEEEE  SHE E-mail: kyforever2013@163.com

BEWE FRKARPIIL G0 (41877362,41671482)

Project supported : The National Natural Science Foundation of China(41877362,41671482)



T, % < ORI DBP It T 2 S0k A 1R LK i 509

SRR it 81 A BROAS PR B A S R4 T IS
ol T FFY A5 AR A TR T2 I M A b
A NP3 S 4 7 |, gt SRR AR AR
K284 BRI, kA K D A 3 PR 55 v 1) S8R AE
LA % R0 51 3 e S5 A T 22 ik TR B0 oK 9 9
RFEURL DT X PR 5% A 0 04 A 4 s sl o B IE
BH, SE AT K AR A R R T /K AR AR P i, 51k
A B REYE IR SRR LS N, B IR BT R AL B A R 4
FESEHAYRIETT BLAk A AR ) B R R
AT L 3 S BE R A AR Xk N 28 fee B s J v 7 1
T, Jiang 2501 B 100 nm (1) A 24 (PS) f ek n]
PIFEZR G5 ZEAR AR T ELAR nT R 2> BT Iz 6 8 77
Py 5 1 200 B RE L o 4 3 40T A L SR AR O B
A LB EE R BRI AR /N T 200 nm 7Y PS TR AT
DABE A= S W s 4 TREA2 54 1000 nm 1) PS f 2k U
ANBEIEAAE SRR, 2R B GIOER A ) () it —
FE BT RN JEARFIFIZE

R2K R (PAE) 2L 0k fi S A 1
by b A DA v R P 5 R R W]
PR R4 PRI PAE K24 600 7 1, HE
Sy et B )z A A PG SR
% — Tl (DBP) /& PAE b5 4 bl FLFE B — R 98
FLAEK K MoK Z NS SRR R DU A
F e EARS H, TR B SERE SRR
Z DBP, I HIEYI DG GR35 AR AR5 1 AR
A H B RAVEY SR, Ak, BT DBP HAE
oy o T B R O W ) & SJESBZ S X S ek G Rl ES
B GBI hu LB R BRI ST e o,

AT AN, A58 4 7 S0 1 ) — 5 el b
BB EZRG P IFA . RTROR bR
K, B R B RE 5k, 5 SO AT RE ANk 45 S e
P ELAR AR AR R AE A HLTS YY) 4 R
JE A SR L T PAE /N PR T B A 5 e )
CoEE NN E ) 2 . FL, R —E "
A5 Y X TR AR A RN R A B, ARl A 7 e
BTG U piin A B EE MR L ASCLg S
(Lactuca sativa L. var. ramosa Hort) HHFFE X 4, %
K% 52 6 AT I A [ 7 A2 1) SR A 20 1R (100~
400 nm, SPS 1 10~15 pm, LPS) Fll DBP & 4575 L X =
SEHTHT AR R, SR R ADRLAE PS FIDBP &2
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£ 43 B (Li-6400, Li—-COR, Lincoln, NE, USA ) 43 %Il
D 5E 65 A (Pn, wmol CO»-m™-s™") AL (Gs,
mol H,0-m?2-s™") . Z& & H X (Tr, mmol H,0-m™2-s™") fll
fitL (8] COL ¥ (Ci, wmol CO, +mol™) o 3BT {3 17 %
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1.5 #iEALE

I E A S Ry 3 WCE 0 I R i 2%
* H Origin 9.1 (Originlap Northampton, MA, USA) fl
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St REAEL , 19 B gl A SO A 250 2ok
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2.1 DBP#N PS4 EI1ER MR

72 172 DBP 1 PS & A5 15 Y Xt A SO & S8R
KB, R 1ITUEH, 54 AN,
DBP Fll LPS(SPS) #— b B H A= 3 P Gs Al Tr ) i
F AL (P<0.05) , 117 Ci A8 AL A S AE S Al s o il
LPS1(SPS1) #il DBP 4b # S 8 A= 0t v Pn 3% 553
AR 24.25% (27.57%) F1 14.00% , Ci {E 4% 1111 9.23%
(11.43%)F15.08%. 55— DBPI5YAH L, & A 15 4
0FEREAE T AW Pn.Gs I Tr, 0 T Ci (P<
0.05) . 41 LPS i 7 7E f8f Pn # DBP &K T 4.63%~
17.32%, SPS fEAEFEAK T 5.76%~20.35%., <625
Fv/Fm #ETR 28 {63455 Pn—3,

1k B T AR EE LPS(SPS) 5 DBP i a
AR SR SR N . S X REIAR EE, 2 PS Wk B
0.5 g+ LB, CaFl Cr 75 it i IR (P<0.05) . HA—
DBP 4b X Ca Fil Cb JC i 252 10 (P>0.05) , {H i 2 [
KT Ct#H:(P<0.05)., 76 LPS1(SPS1)5 DBP & &4k
FRALHp Ca il Co i fe K. AN, 55— DBP {5 YL Af]
Fb, LPS(SPS) FIDBP & S 15 Y 2 3 Ca & BEL T
2.89%~9.05% (3.18%~10.88%) , Ct 5 & F& 1k T
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2.2 RuBisCo i&MXF PS #1 DBP FifiiEl i i iz

& 1 R ATV B LPS (SPS) #1 DBP A EH T,
A SR RuBisCo G PEIARfE . 5% BEAH HE , B— PS
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2021 %3 H TR, 55 R DBP A T AR SOG A A R BT A R S
F1 BEZHEPOMGE_FEHR_T B (DBP) M EFEXESH KASHMHTZREENHMN
Table 1 Effects of polystyrene(PS) and di-butyl phthalate(DBP) on photosynthetic and fluorescence parameters and chlorophyll content

Jt4 581 Photosynthetic parameters 4% % Chlorophyll(mg-g™)

e .
558 Fluorescence parameters

e WRAER LGN ARAATS  WACOMEG/ RKRAIE BPEMCE K. TRED  BIHE
(pmol COxm™+s™) (mol H0+m?s™) (mmol Hy0+m+s™)  (pmol COr+mol ") Fv/Fm ETR Ca Ch c
X H 19.83+0.28a 0.63+0.01a 5.8620.05a 393.67+6.66g 1.13+0.06a 65.94+1.33a  5.30+0.20a  2.64+0.4la  7.94+0.24a
19 M 19.82+0.54a 0.63+0.01a 5.85+0.09a 393.00+5.29g 1.13+0.07ab 65.59+2.30a  5.30+0.23a  2.62+#0.47a  7.92+0.26a
SPS0.25 18.63+0.33h 0.59+0.02b 5.43+0.10b 400.00+8.19g 1.08+0.03ab  62.41£3.60ab  5.00£0.24ab  2.52+0.30a  7.51x0.15b
SPS0.5 16.44+0.17de 0.52+0.02d 4.99+0.11cd 422.33+4.16d 1.04+0.04hc 59.69+2.71h  4.83+0.16bc  2.48+0.20a  7.31x0.32bcd
SPS1 14.36+0.33gh 0.46+0.02fg 4.6420.13¢ 438.67+3.51hc 0.9840.03¢ 56.43x1.58bc  4.60£0.08bc  2.46x0.12a  7.05+0.15cde
LPS0.25 18.83+0.15b 0.60+0.01b 5.46x0.14b 397.67+6.03f 1.09+0.08ab  62.84+2.24ab  5.01x0.44ab 2.52+0.58a  7.54+0.14b
LPS0.5 16.83+0.23cd 0.53+0.01cd 5.07+0.17¢ 418.00+8.89de 1.05+0.05b 60.23+3.97h  4.88+0.18b  2.51x0.37a  7.39+0.45hc
LPSI 15.02+0.07f 0.48+0.01f 4.77+0.05de 430.00+5.20c 1.00£0.04be  57.16£2.55bc  4.69+0.17bc  2.49+0.15a  7.17+0.31bcde
DBP 17.05+0.34¢ 0.54+0.00c 5.17+0.12¢ 413.67+6.43¢ 1.07+0.05ab  62.01£1.22ab  5.00£0.40ab  2.52+0.54a  7.51x0.13b
DBP+SPS0.25  16.07+0.09¢ 0.50+0.00e 4.84+0.08d 428.33+4.62cd 1.010.03he 58.36x1.18b  4.84+0.18bc  2.46+0.08a  7.30+0.12bcd
DBP+SPS0.5  14.55+0.25fgh 0.45+0.01g 4.54=0.07f 447.00+5.57b 0.97£0.03¢ 55.94£1.26bc  4.65+0.09bc  2.43+0.07a  7.08+0.03cde
DBP+SPSI1 13.5840.27i 0.41£0.01h 4.18+0.04h 468.33+6.03a 0.93+0.02d 523242.65¢c  4.46+0.07c  2.35+0.09a  6.81+0.04e
DBP+LPS0.25  16.27+0.29¢ 0.51£0.00de 4.87£0.10d 426.00+7.00cd 1.02£0.03be ~ 58.86+4.00b  4.85+0.22bc  2.48+0.06a  7.33+0.16bcd
DBP+LPS0.5  14.88+0.41fg 0.46+0.02fg 4.60+0.06ef 441.67+8.62b 0.99£0.02¢ 56.78+¢3.20bc  4.70+0.19bc  2.45+0.18a  7.15+0.16bcde
DBP+LPS1 14.10£0.35h 0.43+0.01h 4.29+0.17g 459.00+6.08a 0.94+0.03cd 52.81+3.09¢c  4.55+0.05¢  2.41+0.07a  6.96+0.07de

T - RSV 5 ARG R 2R D A B R R 2257 0. 3% (P<0.05)

Note : Different lowercase letters in a column indicate significant difference in different treatments (P<0.05).

[ J&PS Without PS W 1% H % 1% methanol
0221 [ spPs0.25 & SPSO.5 SPS1

30T A S AN N ASA R R F AT BT (P<
0.05) , 1 H.i75 5 B9 & B2 5 PS ¥ B2 5 i il 1E L (5]

ﬁig B LPs0.25 [ LPS0.5 [0 LPS1
g*? tobe ) . 2A) . M LPS(SPS)HPEN 1 g+ LI, A= 320 F FIAR AR
Q?éé 5 ¢ ; B % ASA & B2y B TF T 49.55% (51.78%) 1 50.78%
=3 ol NE 1= (52.46%), H1— DBP &b BIL1 XS A £ ASA 56t 7]
s & = R B 5 WO AN O 5 23.65% . 5 L —
%é 2 = = DBPAbAR [, &2 515 e o 2 e i 1 AR SR AR &R
= NE | — HASA i . Y LPS(SPS)MWEE M 1 g- LA, 2 A4k
0 5 T ZH Fp AR SE I R 2R ASA B 43 B 14 0 38.64%

AR B [R5 oncentration/(mg- L™
I TR DBP concentration/(me 1) (38.66% ) F1140.88% (41.25%) . LT . , PS F 77 76

W58 T DBP X AESE ASA T S5 . BLAk, A SRt
FFIAR RN GSH & 8k a5 ASA —F (B 2B) .
2.4 PS#A DBP BB X 4 32 fA BT 9 3 1

LPS(SPS) #l DBP 8 T A= S 5 ) ml s 1 2

AFRNE TR IR A B 2 ) 22 5 2.5 (P<0.05) . T[]
Different lowercase letters mean significant difference among treatments

(P<0.05). The same below

B 1 BEZKPS)FILBE_RER_THES(DBP) X &3 &
RuBisCo i& TR 2

Figure 1 Effects of di—butyl phthalate(DBP) on RuBisCo activity

in lettuce leaves with and without polystyrene(PS)

(SPS1) A7 AE(H DBP i1 T A= 32 i F H RuBisCo i
PR R T 24.55%(26.86% ) (P<0.05) .
2.3 ASA F1GSH & =3¢ PSFA DBP firig # i Sz

LPS (SPS) Fl DBP Jifr 80 &, A= S it i FIAL R A
ASA I GSH & WK 2 R o 76N [A] VR B2 LPS(SPS)

F AL MR A R & i ARk i 3 R . 5
X HEAH EE , i 5 LPS(SPS) ¥R JE (3% i, A= 32 e 1)
ALY AR 1 i A i B BRI T 3.84% (4.33%)
6.87% (7.89%) 1 9.88% (11.65%) (P<0.05, &l 3A) .
H AT DUE H, SPS X AR S N Al s PR 1 5 =
BRI KT LPS, B4k, DBP BA— b F 20 m] v 1 2
TR AHEB T X IR PR T 5.01%, 58— DBP 4b
ZHAHH, LPS1 #1SPS1 5 DBP & &5 Yefdin vtk 1
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[ J& PS Without PS W 1% H' i 1% methanol
[ SPS0.25 E4 SPS0.5 SPS1
H LPS0.25 [0 LPSO.5 [ LPS1

E2 BEZWE(PS)FI4RE _FEE — T B5 (DBP) Xf & SeHusR Ml
BRFA R H IS ERIT
Figure 2 Effects of di-butyl phthalate(DBP) on ascorbic acid
and glutathione content in lettuce with and

without polystyrene(PS)
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