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Effects of graphene oxide on stress physiological and
photosynthetic characteristics of Lolium perenne

HONG Ying, MAO Jianyue, ZHAO Shulan, DUO Li’an”
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Abstract: In order to explore the effects of graphene oxide (GO) with different concentrations on the growth,
physiological and photosynthetic characteristics of perennial ryegrass ( Lolium perenne) seedlings, a pot experiment was
conducted by culturing perennial ryegrass in soil with treatments of GO in 0, 10, 20, 30, 40, 50 mg - ¢' GO
respectively. Parameters including plant growth, photosynthetic pigment contents, protective enzyme activity,
malondialdehyde ( MDA ') content, leaf membrane permeability, soluble protein content as well as photosynthetic
parameters were measured. The results were as follows: (1) No significant effects were detected on the growth of

perennial ryegrass under 10, 20 mg - g GO treatments, however, 30-50 mg -+ g GO inhibited the perennial ryegrass
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growth. Under the 50 mg + g GO treatment, plant height and biomass of perennial ryegrass were the minimum in value,

which were decreased by 16.8% and 27.1% compared with the control. (2) The contents of total chlorophyll and

carotenoid decreased significantly when the concentration of GO reached 30 mg - ¢, and the lowest value was found in

50 mg + g GO treatment. (3) High concentrations of GO (40, 50 mg + ¢ ) decreased net photosynthetic rate (P, ),

stomatal conductance (G,) and transpiration rate (T.), but increased the intercellular CO, concentration (C,). (4)

Low concentrations of GO (10, 20 mg - g') had no significant effects on protective enzyme activity, MDA content,

plasma membrane permeability and soluble protein content, while high concentrations of GO (40, 50 mg - g")

significantly increased superoxide dismutase (SOD) , peroxidase (POD), catalase (CAT) activities, MDA content and

plasma membrane permeability, decreased soluble protein content and damaged plant leaves. All the above results

indicate that the addition of GO with high concentrations (40, 50 mg - ¢') constitutes a stress on the growth of

perennial ryegrass, thus inhibited plant growth.

Key words: perennial ryegrass ( Lolium perenne ), graphene oxide ( GO ), stress physiology, oxidative stress,

photosynthetic parameters
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FROR P R, A0 KB R R AN W N, GO
SEYRAD RS EAE B  HE I B T 5 R
AT IR 35 4 >Fe X DL T00 7 22 42 B2 BB (Fadeel et al.,
2018) .

AR GO XA P 100 58 A2 3 KOG A FRAE 1 52
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A T 500 ( Chen M et al., 2018;Du et al., 2020;
Weng et al., 2020) , GO HA KK L& m AR, ol ff
L PR A (ROS) 350, Yoy DNA (25 11 52 FH 44 it
JBE, S B4 B 45 O 1 7 A5 B PE (Hu et al.,
2014a;Jia et al., 2019) ;GO B A IREI A0 2, it
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R 137.42 mg - kg, BHALHH 71.63 mg - kg, A
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X HE R 4 WE K, MY TEE NS,
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T¥1) F4) B 55 5L R 20 ~ 27 °C, FH AR E N 17% ~
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I £ 224 AR R REpR v, DN A TR BE AL R I 5 R AT
PR B3 (E b A s e, B ZE R 40
d B, Ks 22 4 A BB O R M B R 40 55 M i A E) T
108 °C F A% 20 min, 80 °C LT ZfH it FR T,
132 % A5 £RF rxo2HmME Ho02g
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Fifl  CBERREL R 1 0 1 MR B, R 4R
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JE IR SR 5EHE PREE,
133 Ry iEhfem B4 en s  EFEE
W4, BUEL 0.5 ¢ Bt 7, in A 3 mL 2 UK
(i pH 7.0 .50 mmol - L' B 2 22 /P AT 1 mmol -
L' EDTA FC il 1A% ) F1A3 SEab | A0S 56 4 J5 4 F s
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20 min, B EIEROFICETE 4 COKFE FR, o
ALY (POD ) T 1 >R AL B A B3 75 DU 22 ( Omran
et al., 1980) ;i E AL AUBE ( CAT) 76 P R JH 54043
JEE I 5 (Singh et al., 2010) ; B 1LY B Ak
fiff ( SOD ) 3 1 >R H b 6 32 I % ( Wang et al.,
2014) ; N 1% (MDA ) 7 &8 % B AR 1 be 22 R 12
Il % ( Sundar et al., 2004) ,
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al., 2020) . # 0.2 g B F AR 2 mL ZE1H
KRR T BB LS 3R K R TR L
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g B A v U S I T X B4 ( P<0.05) ,50 mg -
g GO AbIbR = o Fe A, 5 bk my 45 R AR
10,20 mg « ¢ GO AbHXF A= ¥ & 19 52 i N Kk, 3
GO MRFEILF] 30 mg - o B, ) G 4k T A= 4 i
PR (P<0.05) , HIHIAEHIBE GO HR B 1S K
B
22 N AERNEELEEEENHEEE5LXRPE
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Different letters indicate significant differences among treatments (P<0.05, n = 4). The same below.
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Fig. 1 Effects of GO on plant height and biomass of Lolium perenne
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Table 1  Effects of GO on chlorophyll and carotenoid contents of Lolium perenne

GO M 4R a HERE b JsUE- S KB PR
GO concentration Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
(mg-g") (mg-g") (mg-g") (mg-g") (mg-g")

0 2.51+0.08ab 0.81+0.05ab 3.31+£0.06ab 0.52+0.03a

10 2.60+£0.04a 0.87+0.05a 3.47+£0.01a 0.52+0.02a

20 2.46+0.08ab 0.73+0.03bc 3.19+0.11bc 0.48+0.02ab

30 2.33+0.15be 0.69+0.01¢ 3.02+0.15¢d 0.46+0.02bc

40 2.15£0.05¢ 0.68+0.04c¢ 2.83+0.05d 0.42+0.01cd

50 1.86+0.10d 0.59+0.02d 2.45+0.11e 0.39+0.02d

T AT EFRR S B 25 R (P<0.05, n = 4), T,

Note ; Different letters indicate significant differences between treatments ( P<0.05, n = 4). The same below.

s, A5 XTI 2E R AR E (P>0.05), GO &
Tﬁiﬁﬁﬁ 20 mg - ¢, 4R b RIS R 5
NZE A E R EMK T X R4 (P<0.05) ; W
30 mg « g 'Y, AR o AR T AL (P<
0.05) ;2 )5, li& GO B R IER, nt4 R 5350

(P<0.05) ;50 mg - g GO 4bFRZH POD i M fie Kk,
X REBE N 45.59% , 10 mg - ¢ GO 4L, SOD 1%
PEFENT B 20 JC B 8. 25 5% (P>0.05) , GO ¥ J¥ i
10 mg - g AAL B SOD % 1 14 W 2 1 T X B (P<
0.05), CAT i&EVEREZE GO He B Y8 fin 3 30 ) 4l

o NE S EEDE TGS
23U AERNEFARZTERPEFELEM
MDA &2/

GO Xt Z 4 A FR 2 B AR 4 g 05 12 A1 MDA & 1
ﬁi%ﬁfﬂm MIE 2 7] LLE 5 X AR L, 10
20 mg - g" GO ALFEXF POD 1% PEJC L (P>
0.05) ,Ffi#E GO Wk BERT I T = ke B Wk
1t 20 mg - g AL IR, POD T M B = TN IR 40

TG AR a3 15 10 mg » ¢ Zb TR 5% B8 2% SR
W (P>0.05) 4, Hifth GO 4L FH CAT 3% 1y i 3%
BT RHR (P<0.05) ,7E 30 mg - g GO 4L F CAT
PR, BT RN T 90.72%

XA, 10,20 mg - g GO AL FHIEA B3
¥ MDA & & (P>0.05),{H GO ¥k & ik % 30
mg - ¢ i, MDA & & B F W (P<0.05),7E 50
mg - ¢ AbPRIK BB R BRI I T 37.33%
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Fig. 2 Effects of GO on protective enzyme activities and MAD content of Lolium perenne
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GO X ZA4F Az J A R i [T Jags 1 0 v) 35 Pk
GRS i Efﬂﬁﬂnlﬂ 3in, MWK 3 ATLLE
10,20 mg « g" GO &b P A7 A JB A Bt A X
SR X T W22 55 (P>0.05)  BEE A LA
BSOS B T S R AT 20 mg - g'l
() GO Ab ¥ i 25 5 T XF BB 41 ( P<0.05) ,50 mg - g
Ab BRI 5 A PR A K, O BB N T 28.49%

ZAPERE R EHEA T R A GO WKE
3G IR I R, KT 20 mg - ¢ 19 GO 4b
I 2K T4 IR (P<0.05) ;50 mg - g GO AbF %
AN EXTREAH L B T 16.23%
25 A AERNSEFARZEREGSHNTIT

W22 FR, 10 mg - g GO AbBHZH £ 4F 1 2
ZRNEOL G R AL T S R R O
AR, ML 1) S AR TR 3 A S /ML, R 55 X6 L2
ARFENZES (P>0.05), SXHBEMLL, GO #E

T 20 mg - g B, RFL T B 2K R Az 2
il s MR BE = T 30 mg - g B, AR A A RGOS
A2 BB R ANH (P<0.05) , Ml a] — S Ak fi vk 2
BRI P<0.05) .

3wt E 4%

TR o 5 A ) o 2 S W ) e, | A R
B EEAE bR, AT, 10,20 mg - g GO X £Z4E
A R E MRS 5 Y RO B E I GO MR
=T 30 mg - g B, R 5 A A2 B W]
HBEE GO ¥ B3 I3 H /E 3 in. Begum %%
(2011) &P ,500~2 000 mg - LAY A7 8845 % H
( Brassica oleracea ) 75 ( Solanum lycopersicum ) FIZL.
1 5% (Senecio fuluipes ) W40 ¥ B 1 | B =1 AN I T AR
YA W v 4, LR A A S ) A 1S
IR BN .2 Chen LY %8 (2018) AYBFSE %
PAERHRE GO (0.04 ¢ - L) F#HEZE (Avena sativa)
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Fig. 3 Effects of GO on leal membrane permeability and soluble protein content of Lolium perenne
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Table 2 Effects of GO on photosynthetic parameters of Lolium perenne

GO W Holb G s LT 7R R i ) = A Atk 2
GO concentration P, G, T C,

(mg-g") (pmol CO, + m* - s7) (pmol H,0 - m? - s™) (mmol H,0 + m™ +s™) (pmol CO, + s™)
0 15.23+0.74ab 0.314+0.014a 6.86+0.19a 185.25+1.71cd
10 15.70+0.88a 0.324+0.007a 6.96+0.07a 182.25+8.77d
20 14.53+0.87abc 0.309+0.008a 6.65+0.18ab 191.50+4.20bed
30 13.85+£0.53bc 0.288+0.008b 6.36+0.18bc 194.75+3.30abc
40 13.23+£0.90c¢ 0.282+0.005b 6.31+0.17¢ 201.75+3.30ab
50 13.00+0.18¢ 0.280+0.007b 5.93+0.08d 202.00+3.16a

Hby b B3 AN BREE I AR S EE GO (0.2 g -
L) B0 g 20 b S AR S 45 R A — B, AT
J PR GO REfS i A Bl Rt T4 4 41 i, BHL A58 )
20 S0 SR T R AT T AT ) AR G e A, GO i
SRS A ) A R AR, DT 5 BOA ) 7 a1 AR
(Hu et al., 2014b) ,

MR R EAYDOLEER TR FEA R, A
Al DL e A W Ot & AR TR 5 88 45 AR KRS
(Zhang et al., 2018) , AHFFE LI, GO Wk FE 15 3|
30 mg - g I, ZAE A RIS KRS PR
(B2 25 TR, Gao %5 (2019) BF ¢ & AL, Mk
FERTF 20 mg + L' GO B g FEAIR /N % ( Triticum
aestivum) M 4% Z & & ; Hu %% (2014b) WF 5% & ¥,
GO BETE/NZZ 4 ML N BRI it S {25 4y, W] LA
D GO 7ERBZ R AN g N AR 2R | B IR - {45 48,

P it 2R 1A R, DTS S5O B A

SOD &A= Wy {4 P 5 22 19 b A Ak T, BB T IR 2E
PIRWN 0,” A 3, ARBF5E T, GO b FRfif L 4F A4
PRAEEL SOD I MERG N, & A S U0 A B AR P
AT RETE MR ;GO AL B POD Al CAT AY 6t
AR EG I, AR 98 A RO BR AR AR N AR Y
H,0,, MDA & &t Al [A] 42 2 WA ) 400 B J5E g 4o 4
AR T, 0 A e, R W RS MR R R A ot 4R
AL B ( Chen HH et al., 2020) , AHX HL &%
WE VT B2 e 441 Jif A0 35 1 T 1 22 /0 ] 1 O i Az 46
FREE P8R (Guo et al., 2019) . AR5 H,
GO Ab¥ MDA & & MUAH X i 3 R T 5, R 247
A B REZ B T A AL IE . Chen 55 (2017) R A"
C bric GO A BE/NZZ B, /NAZ CAT POD [iff 1% P4
THE MDA S8, Vochita %5 (2019) BUBFSE &
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FL,500~2 000 mg - L' GO &b B /NAZIF | 2630 H 7
AL ,500 mg + L' GO ¥ BERT SOD . POD [ CAT (1)
TP A AR KA, X /N2 77 AR SR 38 5 7 1000
2 000 mg - L™ GO ¥ B, 94l T B IS 2, el S 4k
Piti. B GO By E BB ML S8 i 7 A K
(1) ROS M5 5 A AL ok 3e , 7 DA Y B Ak i AS JE DA
TR ROS B, st 2oy DNA | Z5 5 0 40 Jf i A
R B A b MDA & B3N, e 2 T B i sE T
(Tan et al.,2009; SR ASE,2017)

AWM EAREZENB S Y RAERY
T, AR A R T B AR, AW A 4
W KT 30 mg - ¢ GO AbFER] AR A
i i A, R RIBR A (2015) By BFFE L A 3, 7K
T ( Oryza sativa) 7] PE R H & & BE SBE I 90K &
FE B TR, AT B IR R JE GO BT T £
AP AR PO BRI B W, AR B R
B FrE I CE P LS Fe 25 (EOMSE ,2012) .

HAVERN CO,HE A8 B WL B B 7E A 4 14
WoEEYAEREFTNEZEEMSEGEEE %,
2020) , ABFFETEOLAH R KB R RIS
52 R AR A SEAR — B, GO R KF 30
mg - ¢ B AHY AL T BN, 2K R g
A BRI E R, Zhang 55 (2016) IWFR A,
A RBIGEAR T /AN ZZ Byt R i A B Ok R
i (PS 1) 31, Chen % (2019) &3, FL 27
%E(Pisum sativum) I LR GO FRE R M A s
AT A S A T aE DR O R L R 1 5 SR
Yo E e ps I Ay iE M, Hot G MR R
UL GO BHAS T CO, 1y [ 52 , A= 4 i i /b 5 75 1
RN LT B R % BH 7K 43 A0 At ) 1) 4% i 32
FFL 0 (Chen LY et al., 2018) ., W EF GO 43
AR B R S R > ot A R R
RN A B A — 35, 68 GO X4l A K ek
Jifie (i 2k 2 A 3z BH, S A P G A VR it
AP AR AR K

25 bR MR Y GO X 4R A BB 3 R AR
K OGE AP RS TE MDA & A 5 I 3 e
AAEMEE O & A B, 40 .50 mg - ¢ GO
Ab B A P S PR MDA A5 0 R A T
EINCIREAE 3 =i ws NN INTIPOE I XV 5
A A AR I R Y Rz B R, B,
FEP AT DL GE G 4 O A T R FKEE GO 1Y
it

SE
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