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WE. [ 883K %48 %2 Nilaparvata lugens 7~ F) 55 & 5 BOR BF ¥ Wi T K AS AL AR 4 22 4 Lok 57
[Fx] BB AR R I ANEE(2,4 8 Kk/#k) 5 4 NREREK(6, 24, 48 #7296 h) e 20440 22
JG , B R A A 5 ST T kA ) K AS HLAR F #F 4E  (chlorophyll, Chl) 5 %% & (total protein, TP)
4%, g 8.6 (lipoxygenase, LOX) | % #8 A 4L My 3 AL B (total superoxide dismutase, T-SOD) it &,
.44 B ( peroxidase, POD) 5 % B 248 ( polyphenol oxidase, PPO) &, [ 2R )5 sF B ( k44
R R ) A R 6 h B K (2 K/ ) B TR EUR R Tl ARKAGH AR T Chl 22 2% B,
TP 2% 4= PPO FH R X I3 & %L (8 K/ ) 8 2w & 51 A2 KA ML AR F Chlb F= % Chl &3,
TP 4% & LOX #= POD F MR %7 &, SR, B 24 h o 4K 5 E A8 & B & 5] A KAG
Hikk P Chl 484 PPO &M 2 Z 4%, LOX, T-SOD #= POD %W 2 243, & % EH CE R %73
A RKAGHMF Chl 4-F 4= PPO 7F1 2 %71 &, T-SOD 4= POD F 4 5 4K, HafRaak, 8¢
% KBRS 48 h B Ak Ae (4 k/#k) FEARAGH AP Chl 48 & T-SOD #= POD &M 2 5 HAK,
TP &% 2 Z & ; BUR 96 h BF, 3 % E 4 KA A4k F Chl 4% F= T-SOD F 1 B % %1%, TP &% A=
POD HEHEEtFH. [4£] B IR R RRAEELS REF Ko R Mt 3 7] A2 R AGH 4P Chl
5 TP 4%, % LOX, PPO, T-SOD #= POD /&9 E 4k, T AL3& & L5 vh 5 Bt 18] 48 & 2R R IRA &
ERBRARLEF,
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Physiological and biochemical responses of rice plants to the stress
imposed by different densities of the adult brown planthopper,

Nilaparvata lugens ( Hemiptera ; Delphacidae ) for different time

ZHAO Wen-Hua, YANG Guang-Mei, LIU Yu-Fang® ( College of Life Science and Health, Hunan
University of Science and Technology, Xiangtan 411201, China)

Abstract: [ Aim]The purpose of this study is to explore the physiological and biochemical responses in
rice plants to the stress imposed by different densities of the adult brown planthopper ( BPH) ,
Nilaparvata lugens for different time. [ Methods ] The contents of chlorophyll ( Chl) and total protein
(TP), and the activities of lipoxygenase ( LOX), total superoxide dismutase ( T-SOD), peroxidase
(POD) and polyphenol oxidase (PPO) in rice plants fed by N. lugens adults at the densities of 2, 4 and
8 individuals/plant for 6, 24, 48 and 96 h were tested by biochemical methods. [ Results] At 6 h after
being fed by N. lugens adults at the low density (2 individuals/plant), the Chl content in rice plants

decreased significantly and the TP content and PPO activity in rice plants increased significantly, while
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the Chlb and total Chl contents, TP content and activities of LOX and POD in rice plants at 6 h after
being fed by N. lugens adults at the high density (8 individuals/plant) increased significantly as
compared to those in the control group non-inoculated with N. [lugens adults. Compared to the control
group, the stress imposed by low density of N. lugens adults resulted in significantly reduced Chl content
and PPO activity, and significantly enhanced activities of LOX, T-SOD and POD in rice plants, and that
imposed by high density of N. lugens adults caused significantly increased Chl content and PPO activity,
and significantly decreased activities of T-SOD and POD in rice plants at 24 h. In rice plants fed by N.
lugens adults at the low density and medium density (4 individuals/plant) , the Chl content and activities
of T-SOD and POD decreased significantly, and the TP content significantly enhanced at 48 h, while in
rice plants fed by V. lugens adults at the high density, the Chl content and T-SOD activity significantly
reduced and the TP content and POD activity increased significantly at 96 h, as compared to those in the
control group. [ Conclusion] The stress imposed by different densities of N. [lugens adults for different
time induces changes in the contents of Chl and TP, and activities of LOX, PPO, T-SOD and POD. The

change intensity and response time are obviously different due to the feeding density of N. lugens adults.

Key words: Nilaparvata lugens; feeding stress; Oryza sativa; induced reaction; enzyme activity
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(Madhava et al., 2006; Zhou et al., 2011) A[A] 55
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Joi KRR 4 | MR H (total protein, TP) & & DL &
FENAEIABEEN A, T CECh ES
JE R IS 25 AR AR e b AR R R ) SC R St
— ARG CEUIR B 5 T AP R i 1 S
Je R AE LR B LR A FRIS AR

1 MRS

1.1 ###
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1.1.2 5 REFEER RS 0 48 CERT R IE T
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10 min J5 B EI5 5 B Do RS FIRE i 48 Oof IR 2 3K
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2 W 0.3 mL + 3205 3 W W 0.2 mL + B
0.1 mL),37 C/K¥# 30 min Ji5 73 5 i AL 5] 4
1 mL,j8%5) 3 500 r/min 4 °C &.> 10 min J5 T 420
nm 40 OD {E, POD &AL
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PoD (U7 =

USSR L) |
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HYWRH (g)
SJHA BARFR (mL)
1.6 HiESH
FH Excel 2010 52 5 it 5 FAEE, H Origin Pro
2021 ) Fisher [& LSD £ Wi ik idb 17 25 5 W 35 1k
30T o

x1 000,

2 #R

2.1 MHERESETH
AR % A QB R 6 h s, IR %% B 2
(2 3k/BR) Fh s BE 2 (4 Sk/BR) KRSt R i i 28 1

BB IR (R AN KAL) S W R AR (P <
0.01) , B& AL (8 K/#k) KGRI 43K a &t
B HRZAIR 3 R (P <0.01) , M4 b 5 G
SR TE o RIS TR (P <
0.01) ; PEHUE 24 h i}, %% B ALK FE AR 4R 55 a
M43 b 5 AR A i T i EAR 3 T R
PR (4 S/ M) SARE AL (2 Sk/#k) (P <
0.01) iy, iK% B4l 5 % B AUK RS 4 3R a it
b 5EMgR GRS, BINEEANTTRE a,
M2t 2 b & W E LT X B4R (P <0.05) , Sif
SEFE AR E TR AR (P <0.01) , has i
YUKREM K a M E b 5 AR T B E
FRT X IR (P <0.01) s g IBCE 48 h i, fIR h
WAV EA LR a MR b SRR EY
R R T R AL (P <0.01) , 4% BE 4Lt
GE a HHMR BN S EK T A, H
MERE b S ER I E S TX A (P <0.01); #
HUEE 96 h B, K% B UK ARG R R T 4R R a P 4%
£ b SR o mnThe Al e E & TRy
H S B EEA (P <0.01) | S EEA 4R R a,
M2 EE b 5 R 4R S R B LT AL
(P<0.01)(%£1),

F1 BEANERETEMNREKHE TABEKIHRESE (mg/g FW)
Table 1 Chlorophyll contents(mg/g FW)in rice plants fed by different densities
of Nilaparvata lugens adults for different time

W REEE Ch/BR)

BUir i) Feeding time(h)

Parameters

Density of N. lugens

(individuals/plant) 6 24 48 96
4% a HiE 0 (CK) 1.83 +0.08 Aa 0.80 £0.00 Bb 2.25+0.01 Aa 0.64 +0.00 Bb
Chlorophyll a content 2 0.36 +0.01 Dd 0.60 +0.00 Be 0.39 +0.00 Dd 1.22 +0.00 Aa
4 0.64 £0.00 Ce 0.37 £0.00 Cd 1.66 +0.01 Bb 0.41 £0.00 Dd
8 1.41 £0.00 Bb 2.06 £0.01 Aa 1.35£0.00 Ce 0.52+0.00 Ce
e b 0 (CK) 0.60 £0.01 Bb 0.23 +0.00 Bb 0.72 +0.01 Bb 0.17 +0.00 Bb
Chlorophyll b content 2 0.11 £0.01 Dd 0.19 £0.00 Be 0.12£0.00 Dd 0.32£0.00 Aa
4 0.18 £0.00 Cc 0.15£0.01 Cd 0.63 £0.02 Cc 0.10 £0.00 Cd
8 1.55 £0.00 Aa 0.73 £0.02 Aa 0.78 £0.00 Aa 0.13 £0.00 Ce
B EEE 0(CK) 2.43 £0.16 Bb 1.03 £0.01 Bb 2.98 £0.03 Aa 0.81 £0.00 Bb
Total chlorophyll content 2 0.47 £0.01 Dd 0.79 £0.01 Ce 0.51 £0.00 Dd 1.54 £0.00 Aa
4 0.81 £0.00 Cc 0.52£0.02 Dd 2.29 £0.05 Bb 0.50 £0.00 Dd
8 2.96 +0.01 Aa 2.79 £0.04 Aa 2.12 £0.01 Cc 0.65 £0.00 Cc

CK: KA CEUEUH Non-inoculated with N. lugens adults. 2T S T 1 = bRt ;s #HIREIFE VR 09 [R50 )5 A AN R/ NG FR S 8 43 4
NIRRT 225 B3 (P <0.05) A3 (P <0.01) (Fisher [ LSD #:4) , Data in the table are mean + SE. Different small and capital letters

following the same parameter in the same column indicate significant difference ( P < 0. 05) and extremely significant difference (P < 0.01),

respectively, among different densities by Fisher’ s LSD test.

2.2 TP ZEMEW

LUK R R R TP &5 5 20 1 25 v T X IR ALY

BRI N R 6 h I3 AR KL, (B0, OL bbbyt drh o8 95 10 s 6 10 ¥
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e TR A (2 /bR ) Hh s B4 (4 /8K 1
(P<0.01) A&, 4% B2 4L W] 49 JC 3% 22 5% (P >
0.05) s BLHUE 24 h i, rhg FEAUKR RS AR P TP &
e HARR 2w TR 4L (P <0.01) &
AR BEL RIS BRZEL Y, (T . 2% 22 5 (P > 0. 05)
i K AR A R P TP i e AR, R TR
FEH 5 R (P <0.05) WS T X IR Y, (0
Jol 225 (P >0.05) s YR 48 h if, R4S
Hh g B LK REAEL R TP 5 B S0 25 o T 0 IR 4 45
AL TP SRR (P <0.01) i 5 B 21 A AR T3
MRy BIC B & 22 5% (P >0..05) s R 96 ho i,
o REAUK SR AR TP 5 AR 1 25 v T IR A 541K
WM (P <0.01), B&& THEEHR(P<
0.05) R BEAL P BEAL TP & 18 g T X% IR 4
9, HICRE 2SR (P>0.05) (K1),

0 (CK)
B 23k/#£2 individuals/plant
34 43k /#k4 individuals/plant

3.

[\S)
T

TP content

S F A (/L)

BUE s} [A]Feeding time (h)

BT 46 R EU AN R RO I
30 K R AR R S B
Fig. 1 Total protein (TP) contents in rice plants fed
by different densities of Nilaparvata lugens

adults for different time
CK: AK#EFh# KR L Non-inoculated with N. lugens adults. [&
BE A T ME + bR s fE [ BCR I AL FARA AN RS
FREH RN 2257 B2 (P <0.05) Fff 2 % (P <0.01) Fisher
[C LSD ¥5%;) . Data in the table are mean + SE. Different small and
capital letters above bars at the same time indicate significant
difference (P < 0.05) and extremely significant difference ( P <
0.01), respectively, by Fisher’s LSD test. | [&|[i], The same for the

following figures.

2.3 LOX HFHEHTH

WOR IR R G EUR A 6 b I A b
1 LOX J MR T I8 B2 (2 e/ b ) 19 25 )
RRALEY s EEAL (4 e/ bk ) WS T T RELEL IS (L
BB EZR (P >0.05) , [AARH 4L 0 535 0 T
ALY (P <0.05) , #5 % BEAL ML B 5 s, B
Fiphl 250 G P R R R (P <0.01) 5
WL 24 b I, KRS BB h LOX. 35 14 42 30 M {16 2%

(P <0.01) , %% B 20 () AR T X HEZEL A, 5 %86 B 2
(R i T BE AL S 0 IR, 3 e B 22 5 (P >
0.05) ; ¢ HUEE 48 h I, 2% % B 2H /K Ff LOX {5 141
WS v 10T HRZH A (HL 45 2 ) LOX 37 k34 T Jb 85k 22
S (P>0.05) ; BICE 96 h i}, AKFFHE AR Hh LOX 1K
PRI R B2 A B 0 25 8 T b R LA
XTREZHA (P <0.01) , v e %% B 20 (R ALK T X6 B 2
1, BT EZR(P>0.05) (F2),
00 (CK)
200¢ B 23/k2 individuals/plant

Aa 43k/#k4 individuals/plant
Ed 83k/#k8 individuals/plant

I
S
-

100

LOX activity

Nl A (U mg)
3

4 48 9%
B A Feeding time (h)

P2 A B HUAS (7] 8 R RBCET I ] ki
KRR B S5 T I 1R
Fig. 2 Lipoxygenase (LOX) activities in rice plants fed
by different densities of Nilaparvata lugens

adults for different time

2.4 PPO EMHZTL
PR A KA U 6 h B IR A
(2 3k/¥k) KRG A AR TP PPO 35 1P W I 2% 25 T X HA
Y B AL (4 Sk/BR) R B AL (8 k8K 1Y
(P<0.01), % B2 i &K T X IRAH 89 (P <
0.05) , /% B 21 B &I T X BR AL A, ELW v T
FEAM HE T 225 (P >0.05) s #HLE 24 h
B, 3 A4 L A K RS AR R H ) PPO I M I AIX
FXF LAY, FAK b B 2 5 % R4 L 4 PPO
PEZE S 3 (P <0.01) , /5 %5 B2 20 50 B4 LA
PPO T 1 25 5 2. 3% (P <0.05) ; B CE 48 h i), {I%
WYUK FERIR H PPO 15 PRSI T X R AL, 22 5+
ANEE(P>0.05), h 2 4 PPO J5 P4k o (KT
XREZH ) (P <0.01) , =% B4 PPO 4 i 2K T
XHEZH AT (P <0.05) ;9 HCE 96 h B3 N3 ALK
TR h PPO I PEBSAIC T 300 5 T 0 FRZH 1, (H 40
[ )70 % 2 5% (P >0.05) (Kl3),
2.5 T-SOD i&FHHZ4L
AR S BV R R 6 h B, 3 N3 A4
TKAFAEAR T T-SOD {5 M W 55 F 3l W1 X BR 4L i

JFELH ) 73 0 A 2 35 5 T AP o 4 0 T e f,r&ﬁﬁ%?ﬁ/@b%ﬁ%ﬁa&ér@b?izk.;ﬁéﬁ@?ﬁ&%%%é@sﬂn/ )
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00 (CK)
B3 23k/#£2 individuals/plant
43L/kk4 individuals/plant

2Ty E AL 1 (Ulg)
PPO activity

24
BT IR [A] Feeding time (h)
K3 4 CEUA A B RBCET IR R i
IKREHEL IR 14 22 By e A Bl
Fig. 3 Polyphenol oxidase (PPO) activities in rice plants
fed by different densities of Nilaparvata lugens

adults for different time

(47K % T-SOD i P i & 2 i T Hh % 4L i (4 3K/
BE) (P <0.01) ; B HCES 24 h B, %235 35 20 K RS AT B
th T-SOD 5 PEM 2 35 5 XA s Bl 5 %
FELR) (8 Sk/8K) , v (R % FE 21 T-SOD Jf P 34
FARTXT LM (P <0.01) , 2 B L E LT
A B (P <0.05) s B HCE 48 5 96 h if,3 4
ALK FERIRE T-SOD 15 P 4K Xt B4 iy, Horpr
R L) B IR X IR (P <0.05) , i = %
£ 0 B S S IR T X BB (P <0.01) ,fH 3 4~%%
JEAIR] T-SOD JH PG i #2553 (P >0.05) (K1 4) .

0 (CK)

B3 2:3k/#£2 individuals/plant

4 43k/#£4 individuals/plant
500 K 83k/#£8 individuals/plant A
Aa

a

BbpBb

I
j =
(=]

[\ 1)
=4 =3
(=] (=]
T T

A AL R (Ulg)
T-SOD activity
3

(=]

BTN A] Feeding time (h)

P4 Hy CEU B [ % B RIIBCE I 8] ik i
KR AR H ) A AR A B A Tl 1P
Fig. 4 Total superoxide dismutase(T-SOD) activities
in rice plants fed by different densities of Nilaparvata

lugens adults for different time

2.6 POD EMHEHZK
AR B Al R EU VIR 6 h B, K AE A AR

W ki 2 e TR L 2H (2 S/ Bk ) FXT BRE 1Y (P <
0.01), W& & TR R4 (8 /M) (P <0.05);
o 2 R L 1) W 2 T AR A R B (P <
0.05) ;K& FE AL MBS =5 T XTIy, (R i 5 22 7
(P>0.05), $HCE 24 h B, KESHEAR T POD 3P
TERE e i b, W i T R (P <0.05)
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Fig. 5 Peroxidase (POD) activities in rice plants fed
by different densities of Nilaparvata lugens

adults for different time
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