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B E [H#9)] FAEbidSAOKREREEFIE KB Niaparvata lugens (SA) KA. HE 11
SRRV R R L B E ARG SRR, SR BURE U R SR AR o AR SGE AR R
AAHR 115 LMERMSE . & RIAEE ., MRS T8 6 E SR, UATES 115
X CELA B O SO S A CEVRR R RIE R . [ Ak ] RAEGRNE, RN 202 1
jﬁmﬂﬁ iFh, Rathu Heenati /F 4T JUxt B SR, BIFFEAS [l BT K R X KRS SR RF IR . 2B K &
B AEMERE R B8R ] B CEEHET 11 S EUE( 7.82 mg/ 24 h), 75 BTG R (Kl 74.00%,
ﬁ”ﬁ% 90.64% ). MR (46.22% ), BURAEHR (80.77% ). Midi Ay (14.9d). MipUhiAE (171 mgsk)
FF=IREE (524.1 Ri/lfi ) 5 78RR dO IR AT Ih &5 202 ER AR (P>0.05), Fk3E (61.00%)
%ﬂﬁﬂﬁ&%ﬂcz (76.86% ) & &ML TZEMIVDI A 202 () ( P<0.05); HECE R, #HAFIR . PR W%
L VREE . 7R AR (LR 2 S T AP A IR T R Rathu Heenati (1) ( P<0.05), {35 B 5 (15.52d)
ﬁ%&ﬁ??xﬂﬁ LFh Rathu Heenati 1] ( P<0.05). ‘EMRSEERG TN LI, 5 CEER R X IR S A D
M 202, HEF 11 5RO B F A Rathu Heenati AYFPEERA 38504510 84.97, 61.52 il 0.00, #5 Kl
R 11 SR RSP Rathu Heenati A9AXT & B3 & 40510 0.72 F10.00, [ 438 ] 767 VU 4 mi & #1
RSN, HEE 11 5XHE CE P A e, A RO B AR 202, # REEEEE 11
SHEBIES R TR, ol RER o R Rl K 50 .
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Feeding and population growth of the brown planthopper,
Nilaparvata lugens (Stal) on the resistant rice variety Guiyu No.11
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Abstract [Objectives] To determine the resistance of the Guiyu No.11 rice variety, a high-yield, high-quality variety with
efficient nitrogen utilization that is widely planted in Guangxi, to the brown planthopper (Nilaparvata lugens, BPH) and the
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effect of feeding on this variety on BPH population growth. [Methods] The amount of honey-dew secreted, nymph survival
rate, population trend index, relative developmental fitness, and other BPH population indices were measured on three
different rice varieties with varying degrees of resistance to the BPH; Guiyu No.11 (moderate resistance), Rathu heenati
(resistant) and Liuhsayouzhan 202 (susceptible). Life tables were then used to compare the effects of feeding on each rice
variety on BPH feeding, growth, development, survival and reproduction. [Results] There was no significant difference in
the amount of honeydew secreted (7.82 mg/ 24 h), nymph surviva rate (74.00% young nymphs, 90.64% older nymphs),
female: male sex ratio (46.22%), proportion of brachypterous individuals (80.77%), adult female longevity (14.9 d), adult
female body weight (1.71 mg) or egg capsules per female (524.10 capsules), between BPH that fed on Guiyu No.11 and those
that fed on Liushayouzhan 202 (P>0.05), but the eclosion rate (61.00%) and egg hatchability rate (76.86%) of those that that
fed on Guiyu No.11 were significantly lower than that of those that fed on Liushayouzhan 202 (P<0.05). The amount of
honeydew secreted, nymph survival rate, eclosion rate, adult longevity, female body weight, oviposition and hatchability of
BPH that fed on Guiyu No.11 were al significantly higher than those that fed on Rathu heenati (P<0.05). Only the duration of
the nymph period (15.52 d) was significantly lower on Guiyu No.11 than on Rathu heenati (P<0.05). The population trend
indices for Liushayouzhan 202, Guiyu No.11 and Rathu heenati were 84.97, 61.52 and 0.00, respectively, and relative
developmental fitness on Guiyu No.11 and Rathu heenati were 0.72 and 0.00, respectively. [Conclusion] Guiyu No.11 is
moderately resistant to the BPH under current conventional nitrogen application conditions in Guangxi. Compared to the

susceptible variety Liushayouzhan 202, the development of the BPH is significantly lower on Guiyu No.11, which may slow
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the population growth of this pest in the field.

Key words Guiyu No.11; Nilaparvata lugens; insect resistance; developmental fitness; population growth

# KE\ Nuaparvata lugens (Stal) 27 mE W45
FEKRE LAY E RFER, ZEA T WL
P, KRR )P R G R S
B AR 2 i, T P A B s ) M L
F 52 ) B [ H A KRR AR X 1) A A AR o I
U, A L R ) V8 R R R 4 E B
FECEUOCHE . BFFT R, AT L SRR K R 2
FEHIZ R BE L B MR A BB $E i ( Horgan et al.,
2015; Sarao and Bentur, 2016 ), & 11 52
POAME B BEK AE A58 BT 7 B S e e FH LR ot
FOORE AN, 2018 ARl Lt) T PEARVEY) TR e 2
DSHE, PERERFIEE R | BRRE R R
— R (BRIEIESE, 2019), HER 11 55hFh
KRB R, SR 6 735.0 kg/hm?; K Ji
RO, A5G BB AR O0 BT — 55 B TR Rl 5 o
JERLEER (BRfE4E5%, 2019), 2019 4R34
AT E A I 55 e 4 L T R 5 e A A R
SPPRIFR A 4% (HE%, 2019); B TA A
FIFHT KRG AR (X7 ARAE, 2020), HETTEZE
T PE AT R )RR A 2 BN ()it e e Ak
FIHIEAE T 115 1, RS CEUR 5% B 34 I

AT 20 5OR) R b P v ik 7 202 11
Hr= e ik iRt 2K P 5 4ese | &
9978 2 AN, H W3 =TIV 202 (&=
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bidly KAl (AL, 2021), HEHEF 115 F
QLAY B0 TR S B R
202 (1 R R Pz Ao C A K A E
FVEFEA R A RIE , 8 CEVEAS Rk 5 R
E& AW SRR — B CROR 4
2000 ). S FREAE Ay 2 TR AN RE S e s L
KB DR AE K ARE, PR AT K R
FRE RN, IEA7 B FLR BTN VERIAR B fh Rl Bt
BtE (ZEEESE, 1994), KRR ETEE
Tk REE M R G (T YASE, 2012),
HEEREET 11 5 R B REUw ST, 48
AVFMIZ A S RER B, AP R AL
MR E BT EET 11 5. Jrdod | Fh
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1 MREAE
11 fRmiE

8 CECY R TRRA RS, N TNL 4
P

1.2 iRk BmFh

HEE 11 S b 202 ) vt AR
DX Al k2 e 7K e i A J5 8RR 75 o o s 4
fit, HHEEE 11 SRSk, . A
e ORI R pE L RLK A A WD
202 J& . PR AR ORI K R
(XU MREE, 2020), Hkds Rl (AT S,
2021 ), SRR SRR R SR Rk G R A Rathu
Heenati, KI8T EBR/AKRE T, ARl & BLK FE T
HOuE R A A

1.3 REFH*

¥ EEHE 115  Rathu Heenati FIMI7R I 5 202
X 3K FE ARG 3 d S-SR 2 B N
15cm ByfEZE, WEFEAR 6 Hi o BT
A BAE/KRERE AR F 8 R AL s TR R E A &, 43
MTRARSE 7d. 14 d FZEAER 0T LS AR 30%.
45971 25%FH U, Ut 150 kgl hm?, AR
s R F 5 2K RS SUIE it i R AE
K2 45-60d filty, HEATLAT S5,
131 KEHFHE CAE RN EN
TEEEH 115  Rathu Heenati NIV 4 202 F bk
FZEHIRE 1-2 AR/ NS (3.0 cmx3.4cm),
ALYV 2 h (14 CECP L 1-2 d MRSE
BCA M e 13k, BUE 24 h JFEUR /NS, FKG
WATHT R TR RS REVUHIRE R R, DRI
i (XDEARAE, 2003 ), R4S S FPHE 20 kel A,
RIEER 20 K. RIGEIR R 24-37 °C . AHXHE
ok 65%-85% LJEI I 16 L : 8D WA T M=
WiE1T o
132 HBYEEARKERMLEEKEZETSH
LB EGRME ¥ 45 dHEF 115,
Rathu Heenati FIMIV b7 202 FE BT HEARHGE ,
VERRFRER 2R, BRI 5 35 mL ZE 1R 7K Y 35 8

RE (HZ3cm, ®24cem), RJE, A TNL
AEFRA 24 h NIFILAGHE CEGET HL 10 3k, AR
AEEFRAE 1 o S PR 5250 [B) o B ARAS 5 AR
RAE—SKRETE , 4 3 d TR i it 2
TR, A 10 K SLRAEIR R (2621) °C,
FHXE R Sk 80%+2% ., SEJEIHAk 16L : 8 D A
TR P AT o B E IS S HUt iz Al
FARIA A B FBET GO, B R A A G 47 P
A L, A3 GE TR R (R-2 1% ) £7
TR EE R (351 ) fA0GR S U .
TR P RT, AE R 53 R P Ak gk
B OMERIREA, JREC 12 h R kR, 7R
K TR (K58 0.0001g) ERREAE,
PERTEHUE 25 db AP B P 4E 24 h IR 43E
Rt PP e PR T X, o e R A TG AT
] — i AP BARRRE I (45d) MBI (B
3cm, = 24cm) W, EHECE . SSECHIEON,
FE YRR e A BUBET R, R TR R DL AR R AE
B, #EH5E 4 K5, HFFE 48 h BRI
HEMERURAET N Ik o AR A PR ERE E T IR A
(26+1) °C. FHXFRIE N 80%+2%. Jt:J& 1K
16L : 8 D M AN TAMAARLLIE T, HE NI
W L, ARSI D SRR U, B4 3d
WA A7 BUBEH Ik, PR B9 i BT e AR U
(SM2745) #FEDIE, CR AL EaE . 5K
IS, ST MR SR Ay BRI, SR Op A
KR P CEVE K E BT SE0TE W)
W HOBOR R RS a8 (277 1L, 1994, XIJ¥E
A, 2001), FREREPTHL TR & F A
IAEAL . SERFETRIE A (26£1) °C . AHXHEEE N
80%+2%. SGJEMI K 16L : 8 D W AN T4
HEAT o
FIEF A AFEEL 1= Se x Ss X S X FPeX Py X Po
Horp, Se MR ER ; Ss MR AT AT R
SL AR AT ARG A FPe RT3 57 Bl i
P JERR (VI ); Pollfe LA,

PFHX\TET%E%E:II—Z

Horpr, Ir 0 R ETEGT AU AL R R A
FAFHEEL s ot KRR L B Rl
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14 HEGITHH

K Excel LS HHE JwI R, R
SPSS22.0 Hr g TR H R BRI 3 22 43 A LA
o REVEEAS R KRR S Fh L BB i | (RIS 27 HA7
TR SR AT PR A i M
R, R MR R | MERR R AR L
R A PO IR 25 5 e,
K6 He ety REVERET 11 SR & 202 |
P DT 25 5 2

2 GR59H

21 KB&AFHFE CENRAFIE

Wy QEUHE R R ARV L BEE 11 SR
Rathu Heenati I (1% &% & WM& 1, #3 CEEAR]
KRS i Al %) o fR R BRI - MDD
202 (11.65 mg) >H:7 115 (7.82 mg) >Rathu
Heenati (5.34 mg), Hris CEVEMITH L 202
U Y R A R 3 E T/F Rathu Heenati [
I R (P<0.01), TEAER 115 L4

=)
2§o A aA
=+ 14} T
Sg 121
g5 101 abAB
~B gl | bB
IS 61 I
R 4L
) é Hiybi g 202 112 Rathu Heenati

Liushayouzhan 202 Guiyu No.11
JK & H P Rice varieties

B1 B EEARKERMESBHERE

Fig.1 Honeydew secretion of brown planthopper on
different rice varieties

Bl VbR ERR o FE EARA AR RING R R IR
PR N R Ty 220 22 5 3 (P<0.05),
PR AR KRS F R RN B it BN R Ty 2%
IIMT2E S R (P<0.01),

Data are mean+SE. Histograms with different lowercase
|etters indicate the honeydew amount is significantly
different by one-way ANOVA (P<0.05), while with
different capital |etters indicate the honeydew amount
extremely significantly different by one-way
ANOVA (P<0.01).

W E B2 R AR (P>0.05), UiHIKR
Xt REWLIE R R R R 2.

22 AEKERHXNECEEKEZ TR

221 ARAKBHRMHMNERFEMEZE LN
gm W REENI S 202, HER 11 S
Rathu Heenati I IG5 HU ( 9700%-2 #8451 ) £735
R 82.09% ., 74.00%F1 55.21%, Tl
(3-5 W) TGRS0 97.50%. 90.6%71
63.10%, Hr, BEHE 11 -5 a9k R
W5 AT R S ECE YD 202 1% R
ARZE (P>0.05), HEES FHRE Rahu
Heenati f)( P<0.01 ). #5 K El A H 7F Rathu Heenati
FHEREIYRK (1842 d), MEEK TIRE
HHE 11 5 (1552 d) FAHEEMITbS 202 1
(1515 d) (P<0.01), HJF W& 25 AL E
(P>0.05) (£ 1),

222 AEKFEmFXT R H I b H L FnBE
SRR 4 REUREWIT S 202 J5 0
% e, ik 7400%, BESTREHET 1Y
) (61.00% ) ( P<0.05), &% & FHUE Rathu
Heenati 14 (27.48% ) ( P<0.01); H WECEH:
B 11 SRR LR, B Rathu Heenati 1Y PI1b
R®E, HPhReEs 1 SRR eEEs T
B Rathu Heenati 11 ( P<0.01), # KEHEEH)
bt 202, H:F 11 5 H1 Rathu Heenati f5 Pk
B LA 0 ) R 42.56% . 46.22%F1 47.02%,

Jr R A R L L ] 3 ) R 76.66% . 80.77% Fil
89.64%, H=FMEFWIAEE (P>0.05) (£
1), VAT 11 SXHE CEUSCR P — &
S, (EDGT I S AR B SR A 2 AR /N EAh,
ey REURE 3 P/KFE M PL R K2 N
ST Rl A, Al A A AR R T ERCE
s 202, H:F 11 51 Rathu Heenati Ji5 4351
R IR R 14, 11 F1 5 3k

223 AEKFE Xt B B B 0 % a RS
EHEE 11 S48 CEWI PR R A i K
(10.80d), H fi 4 FHUEMIVH  202(7.90d )
1 Rathu Heenati 11 (6.90d) ( P<0.01), TiiJ5 M
HHZERARE (P>0.05), BEWaL 202
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4 REW] P MR R i fr i< (16.30 d),
FRTHRERT 115/ (1490 d) (P<0.05),
W E K THE Rathu Heenati fi (12.80 d)
(P<0.01); HUCHIEHET 115 10) PILHE K
B A4, i E K THE Rathu Heenati 1)
(P<0.01), £ 3 /KRG M AP R B4 R 1k
AR E A = BRI : H:F 1145 (1.71mg)
SHIvbih 5 202 (1.60 mg) >Rathu Heenati ( 1.30
mg), HPFEEE 11 SRS 202 FECE
FIMER IR E 22 R AR E (P>0.05), {HIHE
e F7F Rathu Heenati I B & 19 M B
(P<0.01) (£ 1),

224 ARKBHRFHIIFINE. U0 H AR
i 4 CEUESCRAEREE 11 SRR
(524.10 %7 ), HUCHFEMIY> I 5 202 (1)( 477.10

$i ), 7E Rathu Heenati 117 Bl & 45c /0, (U h 144.50
by Hohis CEMERUREREE 11 SRR S
TEMITD I 5 202 Y77 R i 25 S AN i 3 ( P>0.05 ),
B H B % & T 78 Rathu Heenati 1Y 7= by &
(P<0.01), #& QEUME = FEMI VDI b7 202 (1)
PRI LR B (92,18 %), HUCHEEET 11
5 (76.86%) MYBH, 7=7F Rathu Heenati 1 5l
R EAR(0), H =34 8] 22 F 0 i 2 ( P<0.01 ),
o FWiEE 25 d JE /5 Il Rathu Heenati b 47 75 1t
W, SR R BT AR R L R TR DR AT
RS, JURFIE A RS2 KGO0 . PRI, SR K25 b
A REGEAEMIY S 202 AR 11 5 L ORY
i, SR AP CEUEERER 11 5 R
Wik 1546 d, B EKFEENYm Y 202
(12.64d) LBRAIIM (P<0.01) (% 1),

*1 BYEAEAEEM LLNERKEZENIRMIHEEGRSH
Tablel Lifetableand growth parameters of experimental populations of
Nilaparvata lugens on different rice varieties

JKFE AP Rice variety

RS — —
Life table parameters Bty 202 =R 11 Rathu Heenati
Liushayouzhan 202 Guiyu No.11

AN
PIRA AR ) 100 100 100
Neonate number (ind.)
ﬁﬂﬁﬁ AP (%) 82.09+3.61aA 74.00+£3.06aA 55.21+3.59bB
Survival rate of young nymphs (%)
%ﬂﬁéﬁﬁﬁ@% (%) 97.50+1.67aA 90.6443.73aA 63.10+7.18bB
Survival rate of old nymphs (%)
M (%) 74.00+4.00aA 61.00+£3.48bA 27.48+2.66cB
Emergence rate (%)
2k R
Ui (,d ) 15.15+0.43bA 15.52+0.27bA 18.42+0.58aB
Larvaduration (d)
e EC .( %) 42.56+8.01aA 46.22+6.70aA 47.02+11.33aA
Female ratio

522 (A
R CERTWE) (%) 76.66+7.84aA 80.77+5.48aA 89.64+3.87aA
Residence rate (brachypterous ratio)

. N
Heplt A () . 7.90+0.53bB 10.80+0.91aA 6.90+1.05bB
Female adult duration (d)

_— N
Wt 7 (d.) 16.30+0.93aA 14.90+£0.57aAB 12.80+1.93bB
Male adult duration (d)
ME LR (mg) 1.60+0.050A 1.71+0.050A 1.30+0.07bB
Weight of female adult (mg)
Bt CHL) 477.10+62.01aA 524.10+68.82aA 144.50+12.53bB

Average eggs
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4% 1 (Table 1 continued)

JKFE AP Rice variety

A RSHL — P
Life table parameters Hbam i 202 EH 15 Rathu Heenati
Liushayouzhan 202 Guiyu No.11
AP (0
e (%) 92.18+1.608A 76.86+4.06bB 0.00+0.00cC
Hatchabitity rate (%)
Bpi (d) 12.640.25 15.46+0.31** -
Egg duration (d)
. T e (S
HESE AU At (5 ) 8 497.00 6 152.00 0.00
Next generation nymph
e L
ﬁlﬂﬁ@ﬁl;ﬁﬁ‘?ﬂﬁ _ 84.97 61.52 0.00
Population number tendency index
e 2SS AR
X R F G A 1.00 0.72 0.00

Relative developmental fithess

[V S AR A /NG F RN BN R T 20 225 B3 (P<0.05), [RZVEHEEIA A RS FRERR A
R 2R E (P<0.0L), **F/ml CEEHUR SR FAY 0PI 22 2k 3% (K5, P<0.01),

Data with different lowercase letters in the same column indicate significant differences through one-way ANOVA (P<0.05),
while with different uppercase letters in the same column indicate extremely significant differences through one-way
ANOVA (P<0.01). ** indicates that the egg duration of brown planthopper on resistant and susceptible varieties is

significantly diferent (z-test, P<0.01).

23 BTEAERHKESMLNATESE

AR TR AL LA I 5 202, 48 K EE H
PLHESBAEEE 11 SBE R 5 RATE RN
AT R, MR A L, A T ARG i
FEA, DPIRE AL AR B T AR P AL S Rl Rathu
Heenati LIWHCE R, A HAFER . PR, =
B et RO SRR R, O R T i A i AR
VAR S, T I A LB R LA
T T — A L TR R R B BOR
EHEE 11 51 Rathu Heenati X748 & a1 AH YT &
HidEA 900 0.72 #1 0.00, UEHIEEE 11 5%F
W REUN LB IE A N, 1 Rathu Heenati 4R
ARAE A ALK ER .

3 HFit5iig

W REVE KR LR o I 1 B R i — S
AR I B TR B AR O, PRI, 4 KL
TEAS R KA it b [) — B 7 BF ] P4 43 10 1Y) %5
HAENIE RS %55 (Ramulanma et al.,
2015), i, RAEPTHR RS EOR SR EA
Ivi) 45l B 2 (R , (LA REUME LA ISR F BT B
Pl B A0S S5 IR (Jinand Im, 2005 ), M

FHHE CEEDT AL R 0 7R I T
HOERD (SR RAASE, 1992; Manisegaran et al.,
1993 ), it CEZE PP KRG S Fh i 2 55
PUAARIE], A7 2o i A B e g T Ek A S
B SERAHMERARE, WHE CEW) P
I HUAE L AP 577741 F1 577663 | FR B E
JEHUT IR TN A9 22 5% A8 8 2 ( Ramulammacet al.,
2015), X SARMREE AL, B CEERER
11 5 W% R i 57 B AU BRI 5 202 1
225 A%

ARIEAEY o 3 R B, H LRI AT 43 =
WEE . BUAETERIR E M 3 Fh, KRS KERR
P R AR PEAIL I R BT HUOK RS 42 e ¢
AVERERR DR . fEs . AR AR MEm S
YrrERe i CEUIE R (Jenaet al.,
2015 ). FEARA HU% B RIAE TS % (Prahaladacet al.
2017), ERK AR KB IIH (Thamarai and
Soundarargian, 2017 ), 18D P Reddy et al.,
2016; Singhet al., 2017 ), MG CEFREE
WK 8% ( Singh et al., 2017; Thamarai and
Soundararajan, 2017 ), ik RAfi 5 5% (1992)
W5 K BRI B pE 5 R b 22 LA ool 32, e iy
PUPEARHEA PP . — & REE I AP B A
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2 M2 R DA R 34 A R ) R
FMERARE; T RAEPURSF L, RE R
%% J32 0 SR O A1 R b ot R, (H LA A7 R
FAT U2 3 5 B U R R 22 S 3 L AR T
FRERERW, i CEEHET 11 SRERE., &
HAFE R | HERCH LB R B R (SR ).,
O G e A A R 7 B 4 A R X R
w202 FERARE (P>0.05), Pk
2N B 0 Ak % B SN T AE MY 0 202 1)
(P<0.05); {HEUE &, & HAEER ., P,
R A R PRI E IR R B T
B HUH IS Rathu Heenati 11 ( P<0.05), (U
i K T Rathu Heenati 11 ( P<0.05 ),
o EL BT SR UCEL . 5 58 o3 i RAC R (R 19 in
SRS KRR AR B UIAR G, P
FRAH L, # R EUEE — e vh e S R 9 B R A
R IE FARE R I EGS (Reddy and
Kalode, 1985), A58 k8, # CEIEHET 11
SR W R V)P A R A T R O S
PR FR SRR VD S 202 AR HE 22 AN
=, WP P RS R A R R B e
Uit 202, XULIHEER 11 S A S CElE
WAEKER. AREE. b REEASET,
o KEVEREE 11 5 EAY s IS BT
Ui 202 1Y (REERSE, 2020). ZE LTI,
ATt (150 kg/ hm?) &0 FEEE 11 S 448
RN EOE 77 = o R e

WOAESE (2021) XPHEE 11 Shil CaElit
VMY, RIS REVERET 11 5% s %
I FAE R SR 5 202 F1 TNL 1% 7
B, MSEPURS A Rathu Heenati |- % 5
ZRANGE, X GARMITEE R . FTHEH,
A i 5 AT BUCR R 0T 5% B B2 13 A ZORE 1 22 R )
MR AN EEA S, AT 115 Bl
i 202 Al Rathu Heenati 4% 18 41| VE 4 R /KRS
WA R 150 kg/hm?® FEATALBE, T 5 B A 45
(2021) HEATHCE BT R R Lt A AL B,
B K ARG AL Tt UK o o T4 KRR it
RUKEHER 11 5 A B A L O3 R b 25
FAEMITR S 202 Ay, ok B4 RS R o

(1992 ) XJAEFhXIHE CHET HLM: B G A e b it
INATERIE Z K AT 11 Sx 8 R dTrE al
RSB PUAE, BB RN RS AE T . AKX
R T L A 2 R B AR KR I X 4K L
Sk haE I FERE I AR BRAR AL, WNTESZ A CECh
S, B0l R R 25 5 A s i) L g o R T R
(Reddy et al., 2016), iiEMEHEHORTHidrE
Fe (BFREEIHSE, 2009), IhfEtEi ot 5
EALF RO IR (FOKA S, 2016) F, HR
11 5 R S SR KR b R, AR it R
(1125 kg/hm?) 00T, Hir i he ik 2 el
Jiti & (150 kg/hm?®) FIE & (187.5 kg/hm?) it
(=, HLR X BRI 5 202 78 it
AEA T8 (R AREE, 2020); ANFlitA
HHEEH 11 SRS CEF RO B E T
bl 202, FBAE CEVRMESCR B s
FIMER (SRzapkd:, 2020), Sy KEl (BEFT
A4, 2021), PRI AEAME T, HEE 1154
o CE TR RN P S A M, B T
EBURME? XA R TP R

Jit SR A2 B2 R KR X Ay B R DG A A
#Z— (Horgan et al., 2016a). [® Mo EWF
FEEM, MiHEAEE, AR, SR
AT BERCEE A K AR FREE N ( Salim, 2002; Azarpour
et al., 2014), FEWRE . PIVEHEME . AT MEE A
SR G E Y T & =34 m ((Salim, 2002;
Rashid et al., 2017), WFARRT . &, ¥ &P
SR RS B ) 5 % bt T F( Rashid et al.,
2017), W tE REWRMLE R 2T EY LINGE
IR A7 BP 454 (Salim, 2002), M i hnsk fg
X8 KA A RSB A (LU et al., 2004; Horgan
et al., 2016b ), 4252 MHE R E A 3 o JRH0E ,
& T ok, L ] A it G 1 KRR L B
77B8 (Lieral., 2005; Rashidetal., 2017 ). 1E
e AR L BT R AT R (Lu et al., 2004 ),
B Fy = BPR3E in( Sogawa, 1970; Horgan et al.,
2016¢ ); = AUMEE B8 CEWER R AT (B
Bt e, 2005), BEWRALR | 5 A7 SR AR
A58 77 0A S s FARSEURE AR (ABVFRASE , 2009; Sun
etal., 2020), {Eii#E CEFEEE YIS K (Preap
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etal., 2001; Liietal., 2004 ), M IfiREAR KRG Rt
o REAYHE( Srinivasan et al., 2015; Horgan et al.
2016a). ZAEAFIH AR 11 SAE IR A
AKF-RIREAS =, T ARSI T, & A
FERR A AR B (T AR Ak 7 %48 CEL APk R B D
fu] 7 IRFTEAEHE— P T .
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