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Effects of trehalose on the physiological and biochemical
characteristics of rice, including resistance to the brown planthopper
(BPH), Nilaparvata lugens (Stal) (Hemiptera: Delphacidae)

. ok . . . . . . Hkk
SUN Li-Tong  FENG Ling LIU Zi-Rui XU Xiao-Wei LIU Jing-Lan
(College of Horticulture and Plant Protection, Yangzhou University, Yangzhou 225009, China)

Abstract [Objectives] Trehalose is involved in the response and adaptation of plants to stress. This article aims to clarify
the effect of trehalose on the physiological and biochemical characteristics of rice and resistance to the brown planthopper
(BPH), Nilaparvata lugens (Stal) (Hemiptera: Delphacidae), which will help to fully explore the potential role of trehalose on
rice and provide reference and basis for subsequent research. [Methods] The effects of trehalose on the physiological and
biochemical characteristics of rice, including its resistance to the brown planthopper were investigated after treatment with
10 mmol-L ™" and 50 mmol-L"™" trehalose; specifically, the activity of the enzymes superoxide dismutase (SOD), peroxidase
(POD) and malondialdehyde (MDA), and soluble sugar content. In addition, the functional plant loss index (FPLI) after BPH
had fed on rice plants and the effects of trehalose treatment on BPH feeding behavior were investigated with an electrical
penetration graph (EPG). [Results] The results showed that after applying trehalose at a concentration of 10 mmol-L™' and
50 mmol-L !, the POD activity and soluble sugar content increased significantly, the MDA content decreased significantly,
and the function loss index of rice plants was significantly improved. EPG results found that trehalose treatment significantly
increased the duration of the N4 wave. [Conclusion] Although appropriate levels of trehalose can improve the resistance of

rice to abiotic stress, it does not improve the resistance of rice to BPH.
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T ( Trehalose ) J&H1 2 /™ & Wil 41
L a, o, L, 1 -FEHEZH A BRI JEPE 4, 78
NS . FEREIE . B RAORTCHEESY A
&I (Elbein, 1974), T AEMRST FAFHEYI 1A
A A 1E R E ( Goddijn and Smeekens, 1998 ),
XA R SR AE 1882 AEH IR S ok
TG, NS A B S 5 T BA ek 1k
G YR RE DI RESS , TR P IA Ty TH &R
FEEAEA, R LEAEY) 32 2 i AT S0 i

( Wiemken, 1990; Crowe et al., 1998 ). P&
AR A TR 2 ) 22 P A BRI RE A2 BT
TR, BRI Z R UEE R, R
A5 BUHE 72 A 0 B 480 s o i A TR L T 15 =
175 T 1Y AR W) X s T B AY B AR S Y ( Govind
etal., 2016). [FHf, BRI YRRIPE
H, R 5 A9 458 2 — ( Goddijn and Dun,
1999 ), 3 52 # 5 PR B AR o B T 2 A JE
SR BT AR AR 2 77 ( Abebe et al., 2003 ),
BEE DT TR, T BB EAR ) AR e 5 P8
THT A AL BB ok 32 B BIF 9 AT T OG0

(IR 7/RE R NP uN s NS i B E [ L/ R
Yilhia (s, Ho i R AR Y A L dE T
5 RGP A, 3K L XA Y E R
R, AR EE . AT HER ™ il AU =G
% (Madan, 2015). 7EIEAMHa AT, M
WA PN P S A ORI B A TR A H2
Bt 5 390 5 A AR B T, R R ) M R
2, AR A ARVE RN, i B iz 3 fin (4=
Hi 2455, 2015 ), N % ( Malondialdehyde,, MDA )
TERERT, EREREMEFEGE, [
FEARAR TG PR E I KRR, X SE o240 4
ffl DNA., FE AT, ARIRSE4H 73 (Gill and Tuteja,
2010 ). A T HRPUIGPEE 0, MBS Tt
AL RS . XE RS T2 A YL

( Superoxide dismutase, SOD ) Filid % b ¥ i
( Peroxidase, POD ) &5 ( XIEH 45, 2010 ). SOD
AYEBRAB A A 3L, 1 POD JEALYIIAR N 4EHFTS
PESEACHPT- i ) B MR 2 —  BE AT 3L R SOD

PEAIE AL SN A2 1LY HoO, (ZE 2585, 2004 )
XL A] D — e FEEE E O ln R A m AR R
VS VAR AEAE DR N PR — B AR L P IR
. SOD F1 POD fEH 2 i 2L HT & AL, —
F TE P MDA 7 i 2 R A A A ALk
RS HEEEbR . BENET , B NPUA LR
TR LR MDA 7% i A] LR IR 4 88 1 Pt
WA RE ) AR R Pt E L RE ) (Ma et al.,
2013 ), ] LUF T S A i A0 & 4 o i 2 el =
FHA G2 it HE R 32 2801k, ol JBik 2 X A 400 400 R 7D 1
FOBATR, 1993),

T AT PR R A, 2 A bt AR
B —FhEZY T, T Lotk e w2y
F A AR R AR AEFNRE T, A B TR
Y2 MR AR A S bt v (O REAE, 2010 ),
TEHTHCE T, ALY & i S KR 3 bt
PEARDG, B AP I S T A A (O
A, 2001 ); A KECK FE KR AT PERE S R
TR, SEMBHASR REURE (&L, 2011 ).

¥ & & Nilaparvata lugens J2& IV P 5 ™ 5 i)
KFEERZ—(Xue etal., 2010 ), ZEHE H 2005
AERCE, 5 REVEAR IS IECA T ) K R
P 3 AR R /KRB 26805 ( Cheng and Zhu,
2006 ), #WEL 3 S 38 i MUK R PRI S |
AEAFRAG 22 A 0, R B IRSOK A ) e 3T W F4%
YT EM Y A (Hibino, 1996 ). 1E
IKFEFAE LIS, H T B A T 4 s R E ik
SR R SR, I A A S ™
G IR CEPT M ™A 2
GRS RO A % TR BN = NS S &2
DA/ XAk 2R 25 A o VR b S5 /K R
J7 T PO FE A A i3, R I ifg s 2 A XK R
il a5 [ T IRATAY %

FE K 2 BE #5225 $8 54 ( Functional plant loss
index, FPLI) A9l J& A 55 AH Y0 bt ik i —Fb
ik, ERERIUAE Y A A2 s U F S
PR N5 EE /) ( Strauss and Agrawal,
1999; Simms, 2000 ), HIW LA AR (Electrical
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penetration graph, EPG ) J&— 7 Hkic M &1
& O =X 10 2R 76 77 E A SV R AR TN
M AE IR, BRHOE N ERR . B, T B
FERI AR BT B BT B, AR
10 mmol-L ™' F1 50 mmol-L ™" ¥ i Vg sl b FH 1y
KAEHEAT POD, SOD. MDA LI K ATV Pl ]
T, PRI [ B g M RN K R B IR A= 0 oy
TRE ST RE , DL K AR R T B0t 2k 8 e )
FEF EPG W7 i CEbTHE b T i — DR 5T
515N H G 3 — DRG0 Bl K R Pt v 1Y)
AR

1 #R57E
11 RBHH

111 fEKFE S280 A R F Y 2K e o T
455, USRI R, BAEZEERET
WA RBEET (K 38 em, i 22 cm, &
8cm), FEKREKZEKRY 4 H)E, BUKH—E
FIKFE I TERR T (B4R Sem, & 12cem) +
By, 1S RIE KA, SEOK R 23S A A I fE
YRR SR

1.1.2 X BIE W CEVFREER A T EDK R T
SEIT CRERON ), FEHM R ES TR ERE
PRAMR SR, AFRAIE: R (2642) °C, RJE
M 70%-80%, JCFEWIN 16 L : 8 D, TEAN A
WEHE, HEREE CEE AR TR S5 3

UG AT H o
1.2 KEEPFEHE K IBFRENE

W (MDA ) & & Il R 4 6Ot
T (R, 2017); BAYIE A LEE (SOD)
T DN R FH &8 Pdms (NBT ) 7 ( Beauchamp
and Fridovich, 1971); RHAAIAM L ( Award,
1990 ) MK FE it ALY (POD) Wk, Al
P B R R A CBREDE, 2017 ),

1.3 B YREBNRZIIMNEEEELENKES,
KBEHZERH BN E

KRR E 4 11, B 24 MRAEK RLE, K
K RE, 10 mmol-L™" FI 50
mmol-L ™" HE SO I T W A0 B e b LA A
W9 10 mL, XHEH 0.5%0iRiAw, B AbE 8
WS . %R B A ARG e
DI R R . A0 24 h R, 1 d
ALK REE EEIA 30 3k 2-3 i3 KE
F, TEIEHAB TR, SIS,
7 d JE KA RS SRR N KRS A2 AR, SR
AR [EEG S (1986 ) BYSEERRE (£ 1),

1.4 BYANELZIMNREEELEKER,
EHAII R K IEH (FPLD MNE

SHAERR DI RES S F8 %0 ( FPLI ) AR 3 R
H#U (2014) W, SR AN & . FPLI
(ELESE /)N, TRF P D e

F1 KEEHNECANMEEERE (ZEWHE, 1986)
Table 1 Identification criteria of rice resistance to brown planthopper at seedling stage (Wu et al., 1986)

I FER (%)
Injury grade at seedling stage (level)

[ B K AT 5 P o

The standard of International Rice Research Institute

0 K% Unharmed
1 ZER Victimization is very light
3 ZHAEMRSE 1. 55 2 MR

The first and second leaves of most plants turn yellow

5 FRRIA A BRI AL, oA R R DL ARG 22 LSBT

Plants become noticeably yellow and dwarfed, or more than half of the plants

wither and die

7 FRUA ERIRAG AT, HARRR AL, BT AT
More than half of the plants withered and died, and the remaining plants were
severely dwarfed and were near death

9 FrAFEARIETS All plants die
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Fig. 1

Effects of exogenous trehalose on physiological and biochemical characteristics of rice

A. W _; B. BEMAYELE; C.

SEACYIEE; D. AT

A. Malondialdehyde (MDA); B.Superoxide dismutase (SOD); C. Peroxidase (POD); D. Soluble sugar.
Bl om P EE R DR . HE EARAT AR P RERIRTE 0.05 /KF RV A 225 (LSD ¥ ). THIFE.
Data are means£SE. Histograms with the different letters indicate significant
difference at the 0.05 level by LSD test. The same below.
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85.36%F1 59.37% (& 1: B); AlAMERE S R
XFRAY ) B2 ET T 16.78%411 59.91% (& 1:
D), 50 mmol-L ™" el b B 5 /KA M v b 2
R ET 10 mmol-L ™' My iEki b1, 2 Fhik
JE b B KRG F R B POD I M 55 0 I 22
ARE (E1: C)

22 #HYANARRKENTHZERS REHK
heeRkIEH (FPLD E

10 mmol-L ™" 1 50 mmol-L ™" ¥ i 14 1 v A
AL S K RE g KRR S, KRS 2 E
MERARRE (F=241, d=2, 21, P>0.05) (& 2.
A ) IKFEAE KR D BEA0 S H8 B0 o) 1 g 2 1
F T 96.36%F1 55.02% (E 2. B), A[E)HEE
TR AL B 5 X IR ] 22 55 B 2% (F=6.95, df=2,21,
P<0.05 ),
23 SMNEEEEAEAENE CANETAHN
EPG 9 #1

& LR A [R] e B VAF 8 B AL B G UK RS
EPG 1T R ESE R aE 3 frx, 10 mmol- L™ ' #l

A a
_ a I i

CK 10 mmol-L! 50 mmol-L™!

P12 EF
Average injury scale (level)
S = N W A N2

50 mmol-L ™" ¥k FE RS MHAL RS , e AR IR I B
BRI NP % B Rpet i) 53 e W 22 5, Hpak
PHZH X IR 20.74%, T AL B TR 25 ORI
(F=8.91, df=2,21, P<0.05), # KaE T
bR R AT SRR BB N I TG
258, N2 POomE KE ARG 17 -4 R A2 s F
PEBEA MR 230, ACFEIA] R 5. 18 KA
U 50 mmol- L™ MM AL A KRS, N3 Ik
1T S 115 305 990 o 750 4 B S A% 3 11 4 52 1) () A
SRt PR W ETH T 39.19%, 1fii 10 mmol-L ™!
MR S X A B &S (F=7.53, df=2,21,
P<0.05 )., ZMEE SN FROK RS IS 5% IR4L7E N4
B FEEzata] B 225 B3 (F=20.71, df=2,21,
P<0.05 ), N4 P4 € E7E ) B e & T e
AU, N4 FEZ2Et ] 43 5B 0 IR S e K T
30.44% ( 10 mmol-L ~ ' i B ) Al 11.01%
(50 mmol-L ™" k% ). 8 K EUCE A T 8
R NS U B F5LEmsta], Xt BE 4 5 74~ b BEZH 8] O
B35 {H 50 mmol-L ' H 10 mmol-L ™' g3
BRI NS PERFLET A 2 BT T 76.73%.

B a
a
| I

CK 10 mmol-L! 50 mmol-L™!

W A U N
S O o O O
T T T T

FEMR T BB R HE 5K
S

Functional plant loss index (%)

—
(=]
T

(=]

ANV R B Exogenous trehalose concentration
2 BYERRRKENFEAZERINREKRINGEREKEL (FPLD ME

Fig. 2 Average injury scale and plant function loss index of rice after fed by BPH
A, KFEVPEIZER; B, MRIIBEHI K H8% (FPLI),

A. Average injury scale; B. Functional plant loss index.

3 #Fig5itie

HIKAEAE 2 Mol 2 0 v e Wl Ak B R 9 1)
N, SOD. POD LLKnl i HE0E & I &
SER ] DL, 3 I O A B M TR RS BTAR AW
FRE RE T B R, T TR A AT 4 2R BRI
il AT LA — 7 A R 4R e KR 9 AR AR 8 B —

BH(AF5E, 2003 ), WX T CEUREX —2K
AW, AL B , SE A R KRS Y
i R S RRAN , A= iikas AR AR s B
BERAHR, X T IRATATIE D4R

SOD. POD J& i [ I 1tk A Bl 2 495 v B 22 1Y
i, MDA & & R A Ag i A Ak i — A~
TGN (BEER, 2017), =F0240mT DL
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Fig. 3 EPG analysis of BPH feeding behavior in rice treated with different concentrations of trehalose
NP: ARRIERBBAHFLE ] N1: HAEFRIREG N2 D R RS S p e i o] 3 N3 I 0 ) B R 240 &b
Fe Bl RHF LT AL 5 N4 . TEB) M R AR 2 1] 5 NS W B AR TR i 4R S ) ]
NP: The duration of non probing stage; N1: The number of probing; N2: The duration of trocar movement in

vascular bundle; N3: The duration of phloem extracellular movement; N4: The duration of sucking sap in phloem;
N5: The duration of sucking xylem sap.

N A AE B TR e RE ) (Ma et al.,
2013 ), 7EASZE H, MDA 12 5 1 ik B AR
LA X, 10 mmol-L ™" 1 50 mmol-L”
UL B A 22 N, X IS T A
Ab BT DR e KR AE 8 i b 38 fig
MDA Fra i/, AN B R R RN,
FIF R R A4 L AR B PR (2 R A,
2006 ), KFEZ 10 mmol-L ™" AT #EREAb S

SOD 5 POD Ji PE#REBE b FH i adA, i ik i
(50 mmol-L ™" )AbHI/KFE I £:[% ik SOD 5 POD
e, Hd POD il MEXT IS AL B A v 22
5, SOD EPEXT M GAEE = # 2 R =57 0% .

RT3 o 1) T e W AL PN A Bl K A b
POD #i1 SOD & & 4 Ft+. FEAEIAH, POD
SOD 4T (Lt [Rl JE il 1 — Lo di S (b o,

1577 0 AR P ARG A S R ) 45, G g A ot
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Ak, REKRBERPLE (RESE, 2014 ),

AL PEREE — R e A PR 098 05 T T AR
WINPT, AR h 8 i 8 3%
XoF 240 i R A o s A B A R /E A ( Yang
etal., 2006 ), ASZE WS, &0 E R AL B
A AR IK RS v 0 T PR o, B A AR Y
FIB B R RE T, RIS AT LA H e 20 SR i A
AL R R A R i, A B T4k S o BE
IKFE R 20 M SR I R B a1

TP P RA Y SEE H B AR DL
FARE SRR, 1R 22 5 AR A % 45 A
Pl r , R Az W FAME R RE T (1
1A, 2005 ), ASLER], SXFREAHL, T
FEAL B (KRB A CEUS , KRS RER G 48
BRE LT KR ERONZRARE, M
TR RER R A8 B0 25 57 B 3 . X T RE A& i T1fF
BMEZ AR PG A VER, Y R AR
R R 390 35 M) O S R ) A BT R ( AR A
2017 ), X KM B AR DI REIRIE R AT
25 AR o FATT R PR SR A B AR T K R A i
B, XS KRR AZ AR AR YA i, 3 T
WA A R F K R 2 A5 e B T or
J& (Olivier et al., 2010 ), X nJ BEJ& A MM TEAL
W) A0 300 5 5 7 H A ARURM R AR S i) A7 7 X TT
P (JRIEWS, 2014), DR ESME e K FE BT S
T S — A WU 4> T B IR R AR M
{E .

EPG /& — 7l ke ic s e =X 11 4 B s T 4
TETF FALUH BRI T R B EOR JEPG AT LAHER
b 3 I 2 T L A A R A 2 ol
AT MR E R DA e B N BT sh A
W—FESILHES (Miao and Han, 2008 ),
[, EPG 4 At AT A Sy bRk s s oA 4 1) —
PRI B (FR R RERIEHE, 1998 ), 7E NP
H3ELERtE |, 10 mmol-L ™' Fl 50 mmol-L ™' i
T AL P S B [ () 4, Ab P 55 0 R ZH
25 X RN FEE T s R EX KA
BT AR . NT S N2 Ik i F 2kt a)
I, AbERAIRI R 25 SN R, FORIG BEpE AL

B REU AR EL, 5 TR AR
Mol A B, N3 2 Velusamy
Heinirichs ( 1986 ) &I CEREA KT,
50 mmol-L ™" Mot Ab B g E 4R N3 Pk ihas
BRI, 330 3/ fo W 3 A Vs 2 B A LAY 1
BT B AR AN M A RS S RS2 R] . N4 R
8 IRTE ) B2 SRR £ YR st s R A, 5 e s )
FL 2 A ) B AR R T LA W e A AR P
W7, Hibe Ryt E RS (PR
45,2005 ), ASSZEG T N4 R B 2H Ak B
4125 5 W%, 10 mmol-L ™' M EOBAL B 19 K Fg
N4 U 422 i ) K, 50 mmol-L ™! g b b 3
ok, 454 NP k048 5 N T B T I S Ak
PRA T4 REL I .

BWsEERN, RRAGHEE . HHATHR
REW S HZEmE R ETT N (3%,
2013 )o A SZIR R 7RG 78 I 5 W Ak B i H P £
LA TS, A2 ER A . Isein g ts
IR EPG =AJ7H, WA S50 & e
AbHEAG A T8 BT KRS B o FE AT 2 i
TR ARAT X Ak B 5 K R T AR SRS, I
IEAEERAT 2596 B ERE L, FRAT TR 2ot — 2 %8 &
APGE £ B ) LA K7 0 e 5y T — 2
Y. BEAk, MRAEIA R4S, RAITEIMHE
TSR B 7 10 mmol-L ™' 7554 50 mmol-L ™!,
A RS ERT KRS B AR AR
R LAY T CEU R, S T
R I R 2 K RE TR M TR E R T
Xt IRAL A KA, (S — 5.

5 TV SR AR L A 0 B 3 T B T
FE At FEAN B IFSE , 53 A e XS
JEAT TR 1, HJEAE S — 5 T, WS
SR T MR A B, HATH S AR5 IR
AR /D o ASSIZ 08 DR A= W et A= g o3 5 4 1
TRIT T W AL B K RE O R A5 ), 2 B
BT KRBT A Y W Bl B B e, 4R
I ENA 48 IS KRR BCE, HI55 T X4 K
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