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Physiological Changes in Rice Plants After Infestation by Whitebacked Planthoppers at

Different Nitrogen Levels
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Abstract: [Objective ]In order to clarify the physiological mechanism in regulating the resistance of rice to whitebacked
planthoppers at different nitrogen levels, [ Method ] we compared the differences in contents of chlorophyll, relative water
content, bleeding sap, water content, dry matter content, soluble sugar contents in infected rice at different nitrogen levels
by indoors cage-raising method. [Result] The results showed that there were significant changes in different defensive
substances in rice after infection by whitebacked planthoppers. The contents of chlorophyll, dry matter weight and
soluble sugar contents in rice plants decreased after BPH infection, while the content of bleeding sap, relative water
content and water content increased. With increasing nitrogen levels, chlorophyll (SPAD) contents and dry matter weight
of rice increased, and the increase of water content and bleeding sap content followed an upward trend. Water content,
soluble sugar contents were on a decreasing trend. [ Conclusion] Nitrogen level could affect the resistance of rice to
whitebacked planthoppers by regulating the contents of chlorophyll (SPAD), relative water content, water content, dry
matter weight and soluble sugar contents in rice, subsequently influencing the population of whitebacked planthoppers.
Key words: rice; nitrogen level; whitebacked planthoppers; defensive substance

8 O HMY A A i EUKF R KR (8 R aE 7y (A B AL, U781 SR FH 38 N 8 B 0
BE, T AFEREKT FRBEZAE CERNFE, BMAMSGERSPAD) S &, /K&, iR E &M TR &
B OAVAERE S B A SR S R AR . [EER)Y KRR AT KENESS, KRR A FBEAR fA
WALEZES . KFEZAYE CANFERAM GRS E. TORSE. A EE TR, rimsss.
A KE. SKEAH BT BEEKREBEK M, ZFKBHSESE. TYRERIESE EFHES, &K
B IR S I R BT, D EKE . AR A R R R . (40 AEEEOKE R
BOKRAR NGRS AR SRR KR, TURSE. AEERES SRk RES A8 CEHREse s, A
(02 CISk= R e

XBIR: KR MUK AT R HAEYE
hESHEE:S143.1; $435.112° 3 HBARRRAD : A XEHES: 1001-7216(2018)05-0501-08

55812,

RS BITAEAR 5 R4 o B 7 AR R

1y K HEl[Sogatella furcifera (Horvath)]/& 3% E
X R AR f ™ B I WM i —, PR R R E K
FELEr= . FOpR . 2 ORI RE R BB R RV, i
BOKFEAEK LGNS, SrBEREIR, SR hn; RE™E
I, R AEARASIE, 2empe kM. [, BT
AERE R AR T, WK AE R 77 R SRR
W KRENRG R, SEPERE. #6E. A
Ak g 7K R B ok ™ L,

IKFETEZ RACNERE S, K s AH B 48

Yfs HER: 2018-01-29; &R ®IHEA: 2018-04-21.

PEVIIR, T2 R e Es B e R B A R b . 7EFE K AL
BHE T, KREERNYEZ ALY SR
Ko il M T nIE R, AriA TR
H. BEEERER. MRy, N BEMDA). i
A (H0,) AN EAEG(SOD). & H LA
(CAT). iTE A (POD) & B BIE M B — 1
ARk, HLASRIO(TR) I b P 2K R 28 p i P AR [0

FACR S & A 2 F R A AU KRR

HEEWH: FEREEWF WAL P R A5E O 4 % Bh I H (2015MS023);  KIT KSR 2B K S A 05 Wi H (2017).



502

RER R MR R E L ", SRR KRR A 4
= s s mt Y, Al kBl
Tt e S B, N B U ek B A i,
PR BRAEEREE, SRR RFEEERY
Ko Hr, HEZKREEALNH Ko 252 m 5
TR R A A, LR e S5 A it FH A Y
i SR, thE TR, BEEREUK TR
P, KA KB PUIE TR KA B KT AE
200 kg/hm® LU IR, /KRS 46 K AR i 26 1 ot
KT (b T i B,

BRAE KRR = B A ST i S A SR
H AT R AT & 2 8E 14% I K#8E%, b
2 ZAE A K E, 29 5t 5t = 30%, KEES
P F IS B R 150~250 kg/hm®!®), i i FE
12 3 B B R HE T AR o R R AR 20%, Tt
B A 350 kg/hm?, HAFEZHH KA, Bl
KT KFEAS R PrE PR 72 FE V& 93 e T
AR A A O R S TR AR A 2 T AL LA
KEHE. TR FRIEKREX B8R
RE DI AEFENLE MATE . Hoh, HEREE. K
SERE. GIRBE. TYRE. WEtERES EK
FER ARG« U e E R A PO, Mok, AREE T
WEAFTEKE, EKFEZAE RN E e
Ja, TR K N KR 283K (SPAD) & &
X EKE. FKE. R EM TR E. W%
PEVE & RSP 2 AR, DUEAE R A [F] it
ZUKFU KRR B EHC A B i A EEAL ] .

1 MESTE

1.1 KiEmFh

PERAKFE i Fh O R KRG R TNT, B R
MV B A A R4 i 7 B AL 35 B 9T EE KRS
AR
12 =g

1 %L R RO R} A B A A ORI B
Aok B 7T = KR EE U S AL PR AL, AEFR R (L
FE 26£1°C; 12 h J6HE/12 h AR ) A3 FH AR e 20 1 Je%
H R TNT(NOY A 7%
1.3 A EREKEESEE SEMW

# TN1 KFEF IR P 288 E, J5 AR P T
H A [ it B K KRS (3345 em®) /N KA w
=8.6 cm, d=5.2 cm, h=12.3 cm)H. HEE/KF7
549 04 500 150, 200+ 250. 350 kg/hm® (NO. N50.
N150. N200. N250. N350). 1EW/K>EH. 4

rf [E 7K F& A} 24(Chin J Rice Sci) 5 32 4555 5 #2018 4E 9 H)

KAE 45 HIgJE, WHE TRENEREQ6+1)TC,
12 h J8/12 h BEE. % 20 /AR EHN 3~4
WA, TR 80 HJE M R AT AN E, DA
RAZEIKFE AR, 10 d J5 il E KRG &4 e xR .
HFHE 3K
1.4 MEFEZESE(SPAD)RINE

FE4 9:00—12: 00, RHAMEGESENE
1 (SPAD-502, HAAEREA T H i) BRI A [F] it
BRI RBAR (52 55 AR 52 535 Tl (1) 4 Jg (1.5 i
WY ER R B i AT B, A R 3 em
b, WK B E 1R, DL 3 Ak e SIS E R OR
A4 R S8 (PL SPAD fHEIR). & %EUK
SEKAGI e EE 3R, HEENEMRKTE.
1.5 FEHEWEKE. SKENTFYRSSHINE

S BY AN [ it K P K g (32 A 2 3,
MoEZE, FREEEFREW). AR (EZ 2.5 cm,
10 cm)N, SEEDVENZRWEK, A2 HEE RO
10£1°CHIESFRFEN, EEZ2 MKk, 12h )5
B 2K, FHYRACR T 3R TH /K BR o PR AR 21 56 4
ARG B EZERE(TW). 5 EZEE 110C FAH
30min, 80°CHLFH N TJ% 24 h, BRI 25T & (DW),
HE 3 K. FEZMXEHKE=[(W-DW)/(TW-DW)]
x100; FZEE/KE=(W-DW)Wx100; EZETYHRE
NEZEG R ET IS TR E, EZE TR
E=DW,/W,.
16 FEHREBENE

P i 2 i AR AR AR RIS I E R AR, (5
MR E KRR RIE )50 R E/ NN R RIS
VAEEE

ME A i FOK K FE(Z FERRZE, k)
F 25 48 h IRt 4 F CLyH B2 BY JJERE SR 1T S cm
APGEET R RER, SRS E BT H O E W)
B 1 BEEZE L, MRERRERD D708
fid, WA, 24 h JEHUF BOE 1 HEREW,),
[F) N B 3 CLRR B (W) 50V 2, 48 h JFEU N B0 2
FEFRE (W) o AR B8 008 7E RIS LRI I 115
BAMRITHEEZHGRBME. LKEEE 3R 4
TE=(W—W)+(Ws—Ws),
1.7 MERAMREENE

SEMEEEN EDAEFEIEAR) Hr)
AR 2H 23 Fp R s 1 B A B T v N I A T
WIS
1.8 HIESH

15K A SPSS 17.0(SPSS Inc., Chicago,
IL, USAHREACEE KRG AT o fr. A CEURE



Z R A AR FKFRERE A5 CECAF SRR (L 503

o

50 r mEE 1 o% p T T T T T
A A5 FH Undamaged x%a' Dwmageﬂd H E 50 s o] oo »
s
40 2 a = 2
g § : b g M0F .
=g a o b b a3
7 8 30 b 2 g
= %35
< -20 f
wE 20 | §
e 2 41 - ab
% S =
¥& w2
=0 10 e 5‘ =30 F ab
i E
= b
0 . y i . L ) b e
NO N50 N150 N200 N250 N350 -40 * b
i E K F Nitrogen level T EKF Nitrogen level

NFANG FRFRRAER —TERKT R, RZEKIE S 2 HKREH R & BIGIRTE 0.05 KTFEREE.
Various lowercase letters above or under the bars mean that the fluctuation and increment of leaf chlorophyll contents in rice at a given nitrogen level after

WBPH infection are significantly different at 0.05 level.
1 TRERKFETKEZAE CGEAETEHERAENTHL

Fig. 1. Changes in chlorophyll contents in rice at various nitrogen levels as infected by whitebacked planthoppers.
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Fig. 2. Changes in water content in rice at various nitrogen levels as infected by whitebacked planthoppers.
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Fig. 3. Changes in bleeding sap content in rice at various nitrogen levels as affected by whitebacked planthoppers.
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Fig. 5. Changes in soluble sugar contents in rice at various nitrogen levels as infected by whitebacked planthoppers.

(P=0.027)(K 5-A).

AR K P R KRS 32 3 S A R
B Z FHKAEEIEERIAE 5-B), NO KFEHEE
9 17.86%, W3 Tt UKFE N150(P=0.027). i
EUKFEH, N150, N200, N250 F1 N350 271 €
aoAEE, Hr i erEERE S EEcb . K N150
RN, N—46.66%, B EALT N50(54.43%)
(P=0.002), {H15 N200(—16.48%) 250(—24.53%)+
350(—17.13%) 5 Z 5 (P=0.262, 0.405, 0.272).

26 KEFAB CVEANEREEMREESHESR
IKFE IR KM

KFEZAYE CECNEEHM SR S & NS
KE. FKE. RlE. TYRE. TENRE
B 5K E K 2 A G B3 AH 2P > 0.05),
R A HR (M 0.059~0.685(% 1).

3 gt

AW TT 25 R R WA A it %K P KRR 32 H

B RECNFEE, HAARNHE AT a4 B R
(MEETE. Ko&E. GiRkE. TYRE. v
BHERESE)SETGEER.

M4 K (SPAD) & EY A E R I EE N R
2, WA AL AR B bRz —. K
FEI Fr 7 SPAD & 5 AlER 1 i B 1) T B A K R i
PR EERER AR RVIKEEZ KA
EJF, HAKNSPADE BIH IR, A 77 45
RERPARBEAT T, KBEZAYE CENFE d
5, SPADE®IIAFTFAL, X 5T A AL R —
o AKREZAY KENFEG, S FKREISPAD
o 1 RS N R IV N N ) (R Y
SPAD & [41E 1, Jiti %R £0~250 kg/hm’Itf , SPAD
B B T it 7 R e 2 O G g . P R U R
N150. N200. N250FFMEH A AN A, X[
it 5K RE R UK A CE R (AT G
KRG S PRI E G 5% KRS KL
P S B A o i S/ T o T AR,

FEX 5 7K 5 S B AE 0 4 P A= B K T 5



506

*®1 kEFE

rf [E 7K F& A} 24(Chin J Rice Sci) 5 32 4555 5 #2018 4E 9 H)

EXAAEREEYRSESHEKEZEBXAELEEY

Table 1. Correlative coefficients and significance of physiological substances and nitrogen level in rice infested with

whitebacked planthoppers.

o L5 s AR K E HKE Priii e TR G E CIRGEE rop s
- Chlorophyll Relative water Bleeding sap Dry matter Soluble sugar
Parameters .
content content content content weight content
R {H R value 0.685 —0.276 0.059 —0.402 —0.394
P & P value 0.133 0.597 0.917 0.430 0.440

HCIRZSABAL, HEA AR P AR X 25 7K B 1) A 3 B
o B doM BRI B, ART R g BEY, ARG
RE/KFEZAYE CANERE, mE(N350)E A
BKERZERBIRG. BEUKFET, N50 FMxE
IKERIE R R, N350 HXF & /KEMIER /N, B
RUKERIHE R, AKFEARS S K 2GR 2 T FEE,
X AT RE S BB R K BN U R I LT T v 1
JRRZ — o KFEE /KSR, Rl o % R
K, WEMEMEPY, 2AT KEANER, KRR
AP R KRE S K ESA s, Bt EUK T g
IKFEE K BHIIE N 2 FFHE, X SsmA
TR E AR R L 1 5 — R A

PR PR 5 25000 TR R AR 2R 7 I B B 4
bR, BAALEAINAGIRTRE S, WIRAREYIE ARG
VAL B % G AL Sl N e N T
IKFEZ A KA RNE 10d 5, FEGREEE T
B, KREBE R KT R 2R E R 2
Y, XA SRR TR KT KRS S K
EWIEARE AR, AR A CEF R

IKAE % RN 5 A A T R RN A
P R PAAR,  H b B R S K RS T4 R R T A
WS B . B S AR RE R IE AN, AHE T ah
REH, ANATEE/KPKEZAS CENE 10 d
J&, TYIELA R R, X580 A Rg B —20.
KRR it K T (B 2 T R = P i, T A
B EIIE IR D, XA AE S O R KT KRR A
KAV A OC, KA AT R L e B
FACTHR T AR,

Wt R KRG A KECNE G H 4R
R HXEKE. BAKE. REE. TYRE.
VA VERE & B S EUKF 2 A . YA
iAW\ SRR GiBRRTE Y NS STt~ S D0 ey
KE. BKE. TYRSE. ATE S Rk
Xt A1 KRR A

AHIF 7 M AE B 5540 5 AR A 7 AN [ it K
EROKREE A RECNEME MR L, SRTK
FafEdE 2 CANEG, MNTTEEEA. EEE

2. WY . 5 B (MDA). &AL E(H0,)-
HBE Y EALEF(SOD). i EAL A B CAT). i
YIE(POD) & B BGE ME A — & AR, i,
ARVt K KRS R 1 R ECH E R RN AL
T Rt — DA

S 3CH

(1] TREME, e, xaas. P EEE S a0
R E K FERLEE, 2003, 17(S1): 7-22.

Shen J H, Shang J M, Liu G J. Management of the
whitebacked planthopper, Sogatella furcifera in China: A
mini-review. Chin J Rice Sci, 2003, 17(S1): 7-22.

[2] Li P, Li F, Han Y Q, Yang L, Liao X L, Hou M L.
Asymmetric spread of SRBSDV between rice and corn
plants by the vector Sogatella furcifera (Hemiptera:
Delphacidae). PloS one, 2016, 11(10): e0165014.

31 JAERE, KBS, A8% Kk, VFIkMh, A& KAEHTHN

& R T KA B R RR AR R AR R R SEE S .
PRI, 2010, 36(1):144-146.
Zhou G H, Zhang S G, Zou S F, Xu Z W, Zhou Z Q.
Occurrence and damage analysis of a new rice dwarf
disease caused by Southern rice black-streaked dwarf
virus. Plant Prot, 2010, 36(1):144-146.

[4] Jayasimha G T, Nalini R, Chinniah C, Muthamilan M,
Mini M L. Evaluation of biochemical constituents in
healthy and brown planthopper, Nilaparvata lugens
(Stal)(Hemiptera: Delphacidae) damaged rice plants.
Curr Biot, 2015, 9(2): 129-136.

[51 b, BhARER, T30k, A& KX AHE CEdE

B ER e S NN ANk R = Y 2= T
2014, 40(5): 501-505.
Sun K, Kai L R, Ding W B, Li Y Z. Physiological
response in different rice varieties against Sogatella
furcifera undergone feeding stress. J Hunan Agric Univ:
Nat Sci, 2014, 40(5): 501-505.

(6] BREL, FSR, 25K, fTE S A FZKRE o doE e
2R BRIR R, A2 254, 2006, 26(7): 2161-2166
Chen W, Zhou Q, Li X, He G F. Physiological responses
of different rice cultivars under herbivore stress. Acta
Ecol Sin, 2006, 26(7): 2161-2166.

(7] GkEE, BERT. FECECNH PR KRR A



Z R A AR FKFRERE A5 CECAF SRR (L

(8]

[10]

[12]

[13]

[15]

PR3P B M s . A [ RO R A2, 2004, 37(10):
1487-1491.

Zhang J F, Xue Q Z. The activity dynamics of main
protective enzymes in rice plants under feeding stresses
of Sogatella furcifera and Nilaparvata lugens. Sci Agric
Sin, 2004, 37(10): 1487-1491.

B %%, Sylvia V, firEF, HEONG K L, #HZE. ZHEXS
T 5 7K B AT AV PR R T o 5 0 4 R g T T 12
&, PIEUKFER, 2004, 18(2): 161-166.

Lu Z X, Sylvia V, Yu X P, HEONG K L, Hu C. Effect of
nitrogen on water content, sap flow of rice plants in
association with tolerance to brown planthopper,
Nilaparvata lugens. Chin J Rice Sci, 2004, 18(2):
161-166.

MRz ®], arietr, xR, Bh%, SR, R4E
AN TR K A8 il A oo K O T TR R AR A PR A
R EDKFERLEE, 2003, 17(3): 265-269.

Chen J M, Yu X P, Cheng J A, Lv Z X, Zhen X S, Xu H
X. Evaluation for tolerance and compensation of rice
varieties to infesting of brown planthopper, Nilaparvata
lugens. Chin J Rice Sci, 2003, 17(3): 265-269.
Rubia-Sanchez E, Suzuki Y, Miyamoto K, Watanabe T.
The potential for compensation of the effects of the
brown planthopper Nilaparvata lugens Stal (Homoptera:
Delphacidae) feeding on rice. Crop Prot, 1999, 18(1):
39-45.

ZJEME, HIESE, TR JEAEXT T EH A R
KFEFE B A, YL AR K 4R, 1991,
13(02): 125-128.

Qin H G, Ye Z X, Huang R H. Study on effect of
fertilization on the field population density of Sogatella
Furcifera (Horvath) and the rice yield. Acta Agric Univ
Jiangxiensis, 1991, 13(02): 125-128.

Horgan F G, Srinivasan T S, Naik B S, Ramal A F, Bernal
C C, Almazan M L P. Effects of nitrogen on egg-laying
inhibition and ovicidal response in planthopper-resistant
rice varieties. Crop Prot, 2016, 89: 223-230.

MZE, BRAoR, REZ, /0L, PR, %, B
FHARGE, WK, WIS, PSS RILAZRE S 0
T PR AN B o = R AR BRI g e R KR
Bl 2014, 28(5): 523-533.

Yang J, Chen X R, Zhu C L, Peng X S, He X P, Fu J R,
Ouyang L J, Bian J M, Hu L F, He H H. Effects of
nitrogen level and high temperature at late booting stage
on yield and physiological characteristics of two early
rice cultivars. Chin J Rice Sci, 2014, 28(5): 523-533.
Zhao Y, Xi M, Zhang X, Lin Z, Ding C, Tang S, Liu Z,
Wang S, Ding Y. Nitrogen effect on amino acid
composition in leaf and grain of japonica rice during
grain filling stage. J Cereal Sci, 2015, 64: 29-33.

Yang J, Yu Q Y, Cheng X R, Zhu C L, Peng X S, He X P,
FulJR, Ouyang L J, BianJ M, Hu L F, Sun X T, Xu J, He

[16]

[17]

[18]

[21]

[22]

507

H H. Effects of nitrogen level and high temperature stress
on yield, SPAD value and soluble sugar content of early
rice Ganxin 203. Agric Sci & Technol, 2016, 17(2):
385-390.

PREK, S, M, T8, HE KRR AE bR BUR
KB RFEKS M. FEICEY R, 2008, 28(9):
1794-1802.

Liang G B, Mo Y W, Liu M, Wang Z. Effects of nitrogen
fertilizer on rice seedling growth and caryopsis
development and grain quality. Acta Bot Boreali-Occid
Sin, 2008, 28(9): 1794-1802.

JAVNE, AR, MRS, MW, BRALBE, 45
B . UL Y B A S R KRR A
B rsm. Wil gl Sk, 2012, 24(5): 865-869.
Zhou X J, Xu H X, Zheng X S, Yang Y J, Chen L W, He J
H, Lv Z X. Population dynamics of white-backed
planthopper and its predatory spiders in hybrid rice fields
with  different nitrogen regimes. Acta  Agric
Zhejiangensis, 2012, 24(5): 865-869.

AR, BRE-T, BRIG. T EEEEEL TR R, AL
B AR R AR, 2000.

Zhang F S, Chen X P, Chen Q. Guidelines for
Fertilization of Major Crops in China. Beijing: China
Agricultural University Press, 2009.

Emest, #OREr. FRIEAR M EUEHEH IR | o i &
FEAE TR 5 LR R, 2014, 04: 783-795.

Ju X T, Gu B J. Status-quo, problem and trend of nitrogen
fertilization in China. J Plant Nut Fer, 2014, 04: 783-795.
Wb, FARE, H/NE. KRGS I HCAE AL S AT
IC. HAEYIFEAR, 2017 (4): 769-774.

Li Z Y, Wang F L, Tian X H. The resistance mechanism
of rice to rice plant hopper. Chin J Trop Crops, 2017 (4):
769-774.

BAE, ke, EHENY, KIRAR. HUBKAE &2 K
WEOYE G R O ZE R N R AR, 2013,
50(1): 145-153.

Duan C X, Peng G S, Wang X M, Zhu Z D. Differences
in the physiological response of resistant and susceptible
rice varieties infested by the small brown planthopper.
Chin J Appl Entomol, 2013, 50(1): 145-153.

R, DERb, FAEE, HAMNEG. EEUK XK
0 E 8 CEEE TR R LS. TR R MR, 2018,
2018, 46(03):88-91.

LiZY,MaY K, Wang F L, Tian X H. The influence
mechanism of nitrogen level resists Sogatella furcifera of
rice. Jiangsu Agric Sci, 2018, 46(03):88-91.

Mattson W J, Haack R A. The role of drought in
outbreaks of plant-eating insects. Bioscience, 1987, 37(2):
110-118.

BERA. ARG 5 B BRI G R, W
FALFEHE, 1986(7): 6, 24.

Xue J J. Relationship between insect resistance and leaf



508

water content of rice varieties. J Henan Agric Sci, 1986

(7): 6, 24.

[25] Morita S, Okamoto M, Abe J, Yamagishi J. Bleeding rate

of field-grown maize with reference to root system

development. Jap J Crop Sci, 2000, 69(1): 80-85.

[26] FREEH, Arker, xR, Efb

1
v,

IR, AFKHE

rf [E 7K F& A} 24(Chin J Rice Sci) 5 32 4555 5 #2018 4E 9 H)

AR AE K EEE S R A AR AR AR RS
24K, 2003, 30(3): 225-231.

ChenJ M, Yu X P, Cheng J A, Lv Z X, Xu H X. Changes
in physiological indexes of different rice varieties after
attacked by brown planthopper. J Plant Prot, 2003, 30(3):
225-231.



