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Abstract

In this paper, the corn canopy hyperspectral character and yield loss were studied after infested by
Asian corn borer, Ostrinia furnacali and maize curvalaria leaf spot, Curvalaria lunata at the two maize
varieties in 2005 and 2006. One was highly susceptible to Asian Corn Borer, and the other one was
highly susceptible to Maize curvalaria leaf spot. The ASD FieldSpec HandHeld was used to collecte the
canopy spectrum at different damage level and growth stages of maize, and meanwhile, the disease
index and leaf feeding rating were surveyed. The yield loss was measured at the harvest. The data were
analyzed with statistics and main results were summarized as follows:

1. The reflectance of canopy spectrum after infested with maize curvalaria leaf spot were getting bigger

in the red region (630nm~724nm) but were getting smaller in the near infrared region (745~900nm)

along with the increase of the disease indexes.The significant differences were shown among the control

and 4 disease treatments.

2. When the maize was damaged by the Asian Corn Borer, negative correlation coefficients were shown

between leaf feeding rating and the reflectance of spectrum from 400nm to 900nm. The correlation

coefficients in the near infrared region were higher than those in other spectrum regions. Comparing the

corn canopy hyperspectral character of damaged by the insect pest with the disease, the reflectances of
spectrum in the near infrared region have the higher negative correlation with leaf feeding rating and the

disease index, respectively, so that the region from 745nm to 900nm can be used as the sensitive band

for estimating the occurrence of the Asian corn borer and the maize disease.

3. The changing of the chlorophyll content were different after damaged with the ACB and Maize

Curvalaria Leaf Spot.There were no significant differences among the chlorophyll contents of 5 infested

levels with ACB, While after damaged by the Maize Curvalaria Leaf Spot, the leafs chlorophyll

contents were remarkable decreased and more significant differences among the 5 infested levels were

found. 26 days after infesting, the chlorophyll content in the treatment of the highest disease index (78%)
was lessen 1.41mg/g than that in the control .

4. After damaged by the ACB and Maize Curvalaria Leaf Spot, the maximum of the first derivative

value of canopy spectrum and the near infrared sprectrum values have significant negative correlation

with the yield loss. Both can be used to assess yield loss(L). The equation for Maize Curvalaria Leaf
Spot was L(dis)=53.8-3231.5P’(max), r=-0.84""; the equation for ACB was L(borer)=84.93-224.79 Rg,,,

r=0.75",

5. The 4 vegetation indexes of the reflectance of spectrum form the red spectrum region and the near
infrared region were calculated according to the reported equations. All of them have a significant
negative correlation with the leaf feeding rating (LF) or the disease index (DI). The vegetation index

RDVI was the best one to assess LF or DI. The two equations are: for Maize Curvalaria Leaf Spot, DI=

123.27-167.71RDVI, r=-0.83; for ACB, LF=42.145-71.965RDVI, 1=-0.634.

Key words: Corn canopy hyperspectral character, Asian Corn Borer, Maize Curvalaria Leaf Spot, leaf

feeding rating, disease index, yield loss
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XA BRI, 5 AR 2% Z AR IR AN [ 8] 3% S BRAE D' 1% 1 2 A 3 ADUAR ) R A
o M FARES, BT AR R, KA, AP D s, s
B TR AR GRS A o A0 M Y e ' 1% B8 SRR S A (1 S SR T 17 B

1.4.2 4SERKERIIERE

I

RGBT R L, PR BB B, B AR e i b $R A A
2N, T TR A ORI B BUR 1 5GBS B R . SR TX AN (VR 2 2 [
PR HCE AR, SRR SR BUR AN R s X TR R, 52 B R R 0 SRUMME S f B
TR BB AN 1 0 X 5 ZEAMOK R AR SEAS R S AN ) L5 8 35 1R e
J

1.5 A KL BRYFIE X

1.5.1 32 BBy

FJH ASD Fieldspec Handheld F-RF{E45 X003 73 4, BT FOK 52 WP KRR FOK 25 R B
B0 5 55 5 R R R AE AR b, A WG IR AE AR AR oK B2 SRR 2 IR DGR A R i A
I IR RBURRD BORBBURK I S0, 22 S T3 175 R i B T OKE Ky 36 (R4 5 R o 8L 3 BT AN [ B 38
TERFIE R A= B I OR AR, LASRAR T = 458 2 1 o i 45l 2 Tl =K

TR HRICT A RO TR R BRI, R R AR K I AR R MR
HE) J DR REASBE A I S SR U BEAT TN S0 o A% S K T T4 5 92 B e FH 1) AR
RIS AWT, TPk, RZEER, IFHZN 20 AR A R 3%k, W] LA AT KT
AR NI, FrAs o ze W Ao IF HLtErf o mT USRS B (0 4 3 i 2 B v S5 AR Fs 3,
Bk T AR IEF R, AR T AR RIRI, B 7RSI R T A ASD
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1.5.3 LW ig it

A A BOE A R G E RN X L8, AR AU R L, N TR 1K i 1
AL TR SRR 2 e, 3 A R SE IR N Tk FE B EARG . BERS 10 AR e AT IEFEIT IR
AIRE ST K RN R A KR T 1) B G A RS A O TR I s TR E. R
BT JZ P [ = N REAT AR F S R, PO ANt B 5 2 ) P2 3 R AR A DU [ —
I ERIRGE T AN R SR 1] (A2 A . S TR B

FH TR I K 25 R By i B9 (GPS SE A7)

l J

ANTR) A= F 3140 T DG TS BRI, o 1 4 ANFZE T e J2= A
e oA, ORI E H-4x 28 5 I E

ﬂ ﬂ

RO R IEA SR E, g, I arat & i Ko i 7 S iR Y
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BT EARTKEAEH R E )RR CERERL &7
BRKIFR

T K HU TR B Curvalaria lunata (Wakker) Boed X FR S BE « WIRBERG . BEm, ok —
H e F R 20t AI80FEA I, LA R4S SEAS SR A AC M T Mk, & H &, H
A BOTTAL S WTRg R ipl . 307 AR, bt RS FOK B X I . 1994
AR B34, RAEDHREMN B, J87720%~30%; 1996410 e B, 1.8 AWK
RS FRR I BER 9 R 800 kg 5 A T I BEA 1E FOK Al A J5 9 i S ARG, P EAE R,
W AT BE, FEA A, R SRR K o K R AT BT R P SR AL T KNG
h i R S, 2 W ORI R TR R A . O 3858, 2002) 120 S @ Uk 5
ST P R AR R AR TR , RINAE AU, 13 R B . fEARL I, R e
FERKAAESS, B8 A FRIR9H b, BT § I (2~3K), 7 ~10RRIT] 58—k
TRYAFER, JE IR A SR I, Ws e S, WIAES AN A S U MR FE AT T H
AR DB S, — LR A 25 TR R I B I B A I 2 B v o AT R B L WERf . OKTHIR 1 AR
Wity EAE AR R T, i S AT, AT R BR, R IR AR 5 ZEA TR
11 R 1 8

FEEAL, WA AME R BARAE VY 2 B K O 2 (R T W 0 A S v F) RN A e M A )
T3 o 2 D 9 7 KNG ) I R s T R A A AL MR BRI ) M A s
rmictt, AR RRE B AL TH AR SR (Bauer ME, 1971). Clark 45 (1981) F it
UL LL MBS A AR AN K BE 27, 450 R S8 08 75003 LA /N 22 R 1 A58 1) i S
[ . Blazquez %5(1983)FI 1T 21 AbF 15 5 A1 S G e F 5 1 2 i R S5 48 S 35, i) 38
TR R CRRE (LT A RN DB TEREAT T WF9T . Blazquez (1993) XPHIAS M AR (A 20 4b
HEAHAE T ARSI SC o [RIINE,  AATTRER) F 7 2 i B v 6 £ 08 BORN A 21 4 B R 6 i S St
FOPIE, LA PR RL IR R (O, 2005) WF9Y T ARFIEKCE F&/NER %S5 6
R R ARG

R Tt T SO AR 8 J2 16 135 114 00 5 2 3 S EL A R ] 7 S B ARG ) P b T T
TGRS THF FOKAS f i 12 e TR b, 78 BRIV & WA T el 2 i i, &
GHBEIE T IR FHAF R AR e EIAROGIERE, JR4 G e H R A o g
FO R SANX PRV E S, WG RIE S R S R UR DR, TR
HCH W DK 25 6 T P X 1) SRR I A RO B, by ) P B ST B SN DK 25 6 g P XE o
vk BRI AL S (A
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2.1 Bl 5 5%

2.1.1 538 #1 #

T R K25 A T I e s AR A > B A S S (I TR R O i s
KA 70 B B LR 3005, T 2005 4 A 2006 4 1R TR AL AR MR B A ORI A 3 B 4

2.1.2 ZHBKE. BEMAZE

AN RIS S T AR R R A 5 F B AR 1 P B e S AR ) KR B AT, oK
RESAE L i w MR A b, b 20 A DA RO R (4R 08, B 30 BRIP4 M EY
Iro BF 4 RIFRE E TORRL KR, SR IO R0, Rommf 7 Uett, oK, &EPEILiE.
R Jr RVt IO IR BERE Y], T BB R R — g A B b, T B 40 A8 FOLEE, guit
— LB NI AN, TSR KRR 4 B A BRI A TR P

WEIL I 4 DEFIR AL B, — DA, R 3K, BRAEEVNXRY 5X6m, %4t
BUNX HIRIBEHLHES o 75 A SR IEOpRERS L, 78 TR AR I RSN T 25 A R L 1
KSR RR R IR TRV RT 5 1 DR 1) o HERl 4 A3 BRIAR B2 LU J AN [RI R 2 (R T 4R 2. R HRIX
AL IS PRY o

R AR RS U I 2L B WA

Table 1 The stage and bacterium quantity of inoculating Curvularia lunata in two years

2005 4F 2006 4
kb | KWK (8 A 11 HD KU\ ARS8 B 13 H) | KMIWERE (8 A 11 HD
40 58 F IR 40 58 F IR 40 585 F T
X R 0 — —
RhT 1 4 (FEERLL I W% — 3
RhTH 2 4 (4BEmEZ) 4 (HRmEED 6
Qb 3 7 (EREWED 7 (EREWE) 12
T 4 15 (HEmIE) 15 (ERmi%) 25

2.1.3 REMNENRREHREMNRZRZNMVERZNTELAR

WA ES: S 228 K H S [EASD  (Analytical Spectral Device) 72 7] A= 7= 1 ZMgE 45 5
Y14 (ASD FieldSpec HandHeld, DL R faiFR “ HiEA ") o S REA i BB v 2325 ~1050nm,
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[ AR MR B - 2 7 i 3 W RSO B RO AR R BRI ST
f25° , JFRCAH3.5° miiaEik.

Mg WEKIRAT G, B 10 R4, PR = VBN, ok
sk S I BEAT I i . EREAS /NI BT, A EEIEAT O R AU 1 S S e R (I ) S b
IFTA) 11:30-14:000 05 R 3 IR (AR, SRR 2 1.5 KIEH W T, R 25° SRKIEI
KIABE 1 LIS IR FORAERREAT I 5. BN/ D 10 I, BRaRIRIRG | Fbod. HCPE3(E
VRN G0 S 2%

X . . DNH Fr
BN TR R= ———— — eR &= iR
WEAR: R Hbr Y% % W.R EPEE

— W SEOCRE AT INEN: P (MDD = {P(Nit])- P(Mi-D)}2a 4, R, Ai AR
WK, P OAD SRR A — i e, A ARBK A1 B Ad (KRG

SFRENAL (GPS): Garmin’y 7] 47 HIGPS Map 760

PHAE ORI T 2R 26 5 2 DU RS A (N: 38°57.386", E: 115°26.664"), PhIbf (N: 38°57.436/,
E: 115°26.671"), %L (N: 38°57.434', E: 115°26.687"), 4<Fg fi (N: 38°57.384', E: 115°26.675'),

2.1.4 MEXIERNERAAMEEHRMXSER

2 WA AR I KT A A A 2 R ACR B

Table 2 The maize stage and weather condition while collect information in 2 years

G Eiiai] Hhe231 Hd Uit 23
2005 RGN fits i i
2006 i i fi i

2.1.5 SHEMMFRHFEFEREBITEMBIEL E

75 H 1) S0E 1 0—9 G2 I b A8 N RE RN B AR VAT M A — R K R K 28 fR i - B
PUESE 2 it 7 AN BUPE VP AR )R FORAEMRIEAT R L A, AN /NX 4 mUHORE, B R
38k, YA AR e IS S, ]SRRI RS O, SRS R S ER R4 (Disease
Index, {58 DD:

DI_Oxn|+1xnz+ ....... + 9% 1w
9X(I’ll+7’lz+ ....... l’llo)

ny, ny.......0o 2 HACKRA RGO I AR R AL

10
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3 R AR RO 2> PO b
Table 3 The estimated standard of DI of Maize Curvalaria Leaf Spot

Wt 7> Eiiipay
1 R I BB ARG A LT i i B BB, B o A > T 5%
3 BEAZ LR B e B BE, IR 6%~ 10%, FEAL L EHT 2 20 5
5 RO R E OB 2, AR 11%~30%, ARAL I A AR 2 5
7 FEAL LA A R BE, WBEAIE, AR 31%~70%, R AR RGAE
9 BRI REAC P i, T RGAE

2.1.6 HERESEWMMNEMSE . AZMNLR

23 M EAY . Spectrumlab 7528 84 a] WL 6 EE T

4% R IIGE 35 RGBT BY S SERE N Tmm 747, KN T 2em /N4, HIHT
FPREHIRREL 0.2g. AN 10ml JoK SEERRRE T, BELr, B TREALE N 24 0, 8
IK O R4 3% o CH 3 66 BE VTl 663nm I 645nm P K AR IR 4 -

-2 E A 20 R Amon VETHS SR Z I & &, HHEKE a(mg/1)=12.7 X A663—2.69 X A645;
4% 2% b(mg/1)=22.9 X A645 —4.68 X A663; M4tz M m=I%¢ 3 atM 488 b, &WJG#E N me/g.

2.1.7 WHRHMFERFERRKENHEARZ

BRNXAT 10 47, AP RIPUATHCR, JF LERRHAT ISR S PR oK PTG TORBEXT . i
Riy BRI, SRAFEREDX AR TR . BRI H AR N L= (1- (E/A)) X100%.
L L RERURE, ENRRNX R, A RN X

2.1.8 EHHEERMITEFZE

FE ik DA (Landsat 5)  F4547 (1) & @] B {—TM (Thematic Mapper), & — et A1)
R TM 76T WG/ ZEAN oy H3 0k 30 oK, BHE 23 #5308 16 K (233 B, @824 705km,
—BEE Y 185km. 7 450~1250nm, FL53k 7 ANMRAE B, O RIS UAT T
XA TM3(630~690nm)F1 TM4(760~900nm). TM3 {7 T -2 25 (K BRIy, Al R4 6 A [A]
A 25 I ROBOR X A 2 . B B, PIWTRE I A KR B ERIRGL S . T™M4 A7 THE
MmO, SRR IE A A B SR, ARSI R, AR KT IR FE AR AR
AU

11
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H—Afohibfa % (NDVD, LCEMHFRE (RVD, ZEMPIEE (DVD M H-— iR

. (RDVD HTHEAKIE 4. 4 FRIAHERE0H DVI AR AE AL X 3 R 2y

U, RHCR R T 80% N, REBUZ MEE, G THIPORE IS I . NDVI i fet: ki

PRSI T o EXHHEE T S M BB, 1KA1Y NDVIURE S Al v R e B i JE

MAEAAE ] NDVIE k. RVI 4 2 SR Zr g B i, AR e 8, w1

At AR EE S A OCHE S . RDVIEL DVI R NDVI B (0 25, ) - i (A R A e 8 5 2

4 VOB R AR Bt T

Table4 4 vegetation indexs equations

B S TS A Bt TR 5 A 2
IA—AL B FHNDVIT  NDVI=(Ryir -Rrep)/( RuirtRrep) NDVI=(TM4-TM3)/( TM4+TM3)
M B R AL RVE RVI=Ryr/Rrep RVI=TM4/TM3
ZAQMMARE DVP DVI=Ryp ~ Rgep DVI=TM4 - TM3
AR R BRD VT RDVI=(NDVI X DVI)'"? RDVI=(NDVI X DVI)'"?

M VAT AL B RN FEL IR B R 23 K I TG 335 S 24 4E 1Y) 760~900nm Al 630~ 690nm 1)+
S KBRS R A 5 B S0k B 5 BE TMA(760~900nm) FTM3(630~690nm)AH 24 . NDVI', RVI?
W5 AKX B MRousess (1974), DVEIHEA X ZMIordan (1969) RDVIMFELA R Z M Reujean (1995).,

2.1.9 #iFEAE

FI G H 75 B4 ASD ViewSpec Program HEAT G EE A BE, AN [R) AL EE RO 22 70 # 2
LA, TRl s AAR 2 s A ] U B DGR o A28 o FHBCBR G vt 20 BT 1A SAS JEAT Hicdk 73
Mrab B

2.2 HRESW

2.2.1 ANEIRHEERERGLIERFIE

ME T AT BUR 1, TORAR S RARAE 2 H I S et S il S = il 22 A7 22 40 )
LA S A AE B AR 1K) A AT I WS K, 0 Sl STk B doe KA, XN 0 vt T AR 4
N, ZJa TR NSRS, MR BT, I LA R RO S OB R R
T RBRTE S RN, S RERG A AT G TERR AL, X SRAT I IR DG S R AT — B S B ik
A KA DG SN A AR 22 S AE ZL3U X dk 700nm-750nm AL EEIE 1 B EHEC (K 2).

12
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[ = | [ v ]

i

= ]
[ AT palt=l ] ma L

&0 70 BOD o0 1000 1100

Bl 12 3005 ASZ T RIRAN R A 7 0 (K06 2 P

Fig 1 The healthy shenshi 3005°s spectrum curve in all growth stages

0.030.
0.026
0,020
0,015
0.0
D005

-0.000

=0.005

=0.010

603 B50 TOO 750 BOO 850

B 2 YL 3005 AR SZ FHRARAN A 7 39T — B S HOL R E

Fig 2 The healthy shenshi 3005°s the maximum of the first derivative value of canopy spectrum in all stages

Pl 3 KA 0 B B AL B 4 PR I 3 R A R

Fig3 The maize level 4 infected by Maize Curvalaria Leaf Spot after 3 days
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K4 FOKREAE RO P 4 O 13 KRG

Fig4 The maize level 4 infected by Maize Curvalaria Leaf Spot after 13 days

BlS  HORHpi RO AR EE 4 IR 23 K5 T
Fig5 The maize level 4 infected by Maize Curvalaria Leaf Spot after 23 days
5. 3R 6 MK T 23 PERE JE AN AR WA BB S TR AT Z04MX 810nm DG
SN R — B P B KA A AR R AN F I, G Fie B W B T R G oK T
2 LU W 45 R W5 Ab B ) 22 Sl B W K o B A B RS, & A 3R R i R H e A
Wik oK Chanil 3—I&] 5D, HeAh i ds R AL 2R DI i Al e il DT £ 9.83 (2005 4F) T 21.0 (2006
) AR AIIRK Y 92.67 (2005 ) F186.7 (2006 4F).
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e AR R B2 B ORI BOR b F5 ORI KB 5
222 EMERTHARRARNEEALRELE E R EHFEMRBEFE

WM XA

R 5 PN AT I K A i Ecto e

Tab 5 The DI of different maize stages in two years

A i 2z 1 LRI A

BT Ab TR 2005 2006 2005 2005 2006 2005 2006
ot 1.17+ 0.8+ 233+ 3.67+ 5.0+ 933+ 7.7+
0.29d 0.3d 0.58 ¢ 0.58 ¢ 1.0e 1.53 ¢ 15¢e
AT | 1.50+ 3.0+ 12.0+ 35.0+ 33.0+ 4433+ 423+
0.50d 1.0d 3.6d 3.0d 36d 4.04d 25d
433+ 3+ 283+ 0+ 483+ 433+ 3+

fh3E 2 33 8.3 8.3 57.0 8.3 74.33 59.3
0.58 ¢ 0.6c¢c 7.6c 30c 42 ¢ 2.52¢ 51¢c
R 3 8.67+ 13.0+ 443+ 67.7t 613+ 84.0+ 76.7+
0.29b 2.0b 40b 25b 51b 20b 6.1b
AR 4 9.83+ 21.0%+ 64.3+ 85.7+ 78.7+ 92.67+ 86.7+
0.76 a 3.0a 40a 3.06a 40a 2.52a 3.1a

DI A 1 F5 80, £ R FUAN A - BER R Duncan [C2 LR ZE 7 3%, RE K p<0.05, R,

6 PR AL AN AT ] 810nm jefJ2 e S S A

Tab 6 The reflectrance of 810nm of different maize stages in two years

il 301 223 Y it 23
AT 2005 2006 2005 2005 2006 2005 2006
0.685+  0.738+ 0.62+ 0.37+ 0.325+ 0.34+ 0.433+
pagicl

0.005 a 0.007 a 0.02 a 0.07 a 0.031 ab 0.02 a 0.071 a

0.671+  0.702+ 0.58+ 0.34+ 0.365+ 0.29+ 0.420+
JSLi|

0.002 b 0.002 a 0.09 ab 0.01 ab 0.033a 0.02b 0.007 a

0.655+  0.565+ 0.50+ 031+ 0.340+ 0.21+ 0.305+
ALFE 2

0.003 ¢ 0.063 b 0.07 b 0.02 b 0.034 ab 0.0l ¢ 0.059 b
AbEE 3 0621+  0.563+ 0.38+ 0.24+ 0.301+ 0.17+ 0311+
0.002d  0.028b 0.02 ¢ 0.0l ¢ 0.037 be 0.02d 0.054 b
WFE4 0597+ 0.612+ 033+ 020+ 0.246+ 0.11+ 0.236+
0.002 e 0.026 b 0.02 ¢ 0.01 ¢ 0.026 ¢ 0.01 e 0.022 b

15
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T PIE AL A W PR

Tab 7 The maximum of the first derivative value of maize different stages in two years

Fit1 e 191 223 FLEAY) i 24101
B A E 2005 2006 2005 2005 2006 2005 2006
W 2.500% 2.6+ 2,07+ 1.47% 1.2+ 1.07x 1.5+
0.265 a 0.1a 0.21 a 0.25a 0.1 ab 0.06 a 0.2a
AR 1 2433+ 2.5+ 1.90 % 1.30% 1.3+ 0.93% 14+
0.115 ab 02a 0.26 a 0.10 ab 0.1a 0.12b 0.1a
JhTH 2 2.300% 1.9+ 1.33% 1.10£ 1.2+ 0.57+ 0.8+
0 abc 03b 0.23b 0.17b 0.1 ab 0.06 ¢ 02b
AbEE 3 2233+ 1.9+ 0.90+£ 0.77% 1.0 0.33% 0.8+
0.058 be 02b Oc 0.06 ¢ 0.1b 0.06d 02b
QLB 4 2.1+ 2.0x 0.83+ 0.57+ 0.8+ 0.17x 0.6t
Oc 02b 0.06 ¢ 0.06 ¢ 02c 0.06 ¢ 0.1b

WELLAMGIX 810nm Jeb Joi ik S S A 5 W I R 45U AR DGR DG 3R o SO 20 B b A 6 T e 11
B RMTkN, 2006 AFELERLE I (R JE 3 R) XY 0.738 FIALEE 4 24 0.612 M1 E 7. 1F
B CHRRIS 23 KD, S HREm NS R, Jails BON A 2 2 PR, LAy
HEAIAL TR 4 1¥) 810nm D% S5 A 504 [A) 1) 2 et AN IS K, 0F R 0.433, 4bFE 4 8 0.236, MAL
A 25 AT A o [RINE, AR IR % A BB o G R L R AR A A A A — 5L,

B R0 F B S SR ALK B 3 B AR S MM 1) S e T AN TR A998 X (R YRR (0 22 5 o (B
TRAIIE 2] 1% B2 225, W 2.6X10%nm™, ALPE 4 24 2.0X10%nm™ . 2] T &G
R, RS 4 1) 2.5 %, ZERE Y.

LAl 22 30 90 (Bl 6.4 11 7) 3 BT AN T b B8 T R K PRI R R A R 1R R B O 2R o i 2t T A
T Ml S WO 5 FiR ) AR A D o R T £E A0 X 1% S S 2R T DA SN o o Aif b s A A 52 4 ol
PR AR S B, BT LR 810nm B AR IR 6 S22 1% SR SRR A0 B o FERER 13 R il 2
W, 5 AN ALIR R ek ST 2T AR B S AR KB A W A AT 3G KT/ o I ELR 17 i A
BEVHIFHK R FEAREEEN 3%, 810nm AR 26 S RN 0.62, H5 R AN
4 [ I PR EUR e B 60%, 810nm ALK S HAH FFEE] 0.33. — M SO d5e AR IR RE R 1
EHCE AR UG, B 8 SR ZZ ] 810nm Tt J2E i B S S (RN 1 PR B IR A R
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S22 CHREI3R0T) 54 AR 4tk Bk 2 4 41

[ | [a] [m] Ea @ Ea
12% 28% - 3% 44% . B0%

Q.7+

Reflectance

500 600 700 800 200 1000 1100
Wavelength

Kl 6 FAR R 13 K5l 22 AN R 15 4R O 1 S 18
Fig 6 The spectrum value of 5 treatments (different DI) after inoculated the bacterium 13 days
L2 PR3 ) SA-MRAy B R b 14
0.020
0.0158 |
0.010

0.005 |

Reflectance

-0.000

-0.005 |

625 650 675 700 725 750 775 200 825
Wavelength

B 7 R 13 KJa 2 AN 1R £ Fr S RO R 3

Fig 7 The maximum of the first derivative value of 5 treatments (different DI) after inoculated the bacterium 13 days

y = —86.787Ln(x) - 35.885
R=-0. 97

*

1003 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7
223918 10nmt % e S 21

B8 T oK il 22 3175 705 93 175 5 ORI 2 06 15 B S = [l 5 R

Fig 8 The regression equation of DI with the Rg) at corn silk stage
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[ AR MR B - 2 7 i 3 W RO B E S IR A BRI

W LR, AE20054F R K7 fR s SO G s 22391, 20 AN K8 10nm el 2 0 1% S A
AV IS FRECA IR S A G, ARG REOA21-0.97, AR 1% 57K . 20064E 1145 1 5
20054F A e A .

2.2.3 EREMEMMBEEERERE R EH AR ROIEE

¥ 2006 4F T K FLEY] 5 ANAEEE 3 AT L 15 25602 506 1 Bt AU /N DX R0 95 13 i B tbor ¢
PEAHT (n=15). 76 )2 A2 B 400~900nm 3 K3 Bl A (1936 317 ANeil s it (8, & — N
BAB R 15 45 20 AR SGPE A, AAHOCIE R AL, B 317 AMAHOCIE R AL 5 il S A G
FRAOME, DA 2% il 2 R D095 15 A R A5 0 1 B A U B Lo B 724nm 20 S4B, 400nm 2
724nm Z ], SeJEOGHE SO AR PR EOZ IEAH ORI OC AR, RIBEA o 15 R £ B K, XN BOE
B A PR 2 AN DB R B A R IR 385K, JUR SRR BE AN o 7 690nm FRIE A Z0GI B, AH
TN RBOA BB KIIEMI G, 0 0.5, K3 5% AP R B F L6 B I R ALt A
P T FR B B R T B K XA R E A (2001) FTf3&5ie 2 —31. i 724nm ] 900nm
I LLARIX ek 2 S SN A AE A T Fa B R A 0 . AT R 3-0.60 247, 24 n=15 HITG
DU, BE B 76 2 vl S AR 1 FR AR AR BB T 0.01 ZCF B BE SR G . RITBEAE s
TEFREUR AT Y R AT 21 AN BB 1) S S B T B o ORI TR 2 B0 B 4 e — S
M1 T LA BEIAR DG REUR R, SR I 20 A B ) M 45 TR 25 Rl Wk 4ok B, i
FIKE 7450m F] 900nm XA EATE FE Ay D0 TR K25 6 T 1 SR PR AR B . 2005 411 2006
SR 2.

0.6

HK/nm
9 2006 FFLF 400~900nm 1176 2 Y6 i S HAB TN 15 Fa 2 AH K R AL T 26 (n=15)

Fig9 The correlation coefficients between canopy spectrum value and DI from 400nm to 900nm in milk stage in 2006
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2.2 4 EMEXRTHERENBERERNNRFERELHBXEDH

AR T N ARE (4R OGS S S A HE ST FR ) A~ =X, 2005 4R 2006 4F F K25 10 B i
B A T 5 A B W 40 ik B SO F P A T 21 A i B BT IAELAR N 2 3045 DU b il e 4
Bl o I B T UG, FEASF R RIS, 55 R R AL AN ) Ab R 0 22 S AN [R) A
PR S MBI, BRZE(E R DVI AF, JEARFEHUM % b 315 00 HR) 22 S BB AN 35 o 0] JRIX R Ak
B 1 2R FE A DV 5 AR AL BE ) 22 58 B T W35 K o ZERERS b 0, DU 4 i 4L
BT DU Sk B s i FR B0 AR A0 10

XF TR AN B SE, Fanab I 2, MEHEHE % NDVIL DVI HI RVI ) EE R 2L & W 4R
MEHTAL /N, 1T RDVI HIRIU AR e # . X B2 5 RS2 5 fR R B A 35, 2006
W LTAMR G SO 2B AR AN ] 3 B

* 8 PIEAFAET WA p a8

Tab 8 The Normalized Difference Vegetation Indexes of maize different stages in two years

34 2z 11 LRI A
e Ab B 2005 2006 2005 2005 2006 2005 2006
e 0.903 + 0.88+ 0.81+ 0.83+ 0.88+ 0.83+ 0.83+
™ 0a 0.02a 0.04a 0.09a 0.03a 0.01a 0.03a
4hTE 1 0.901 + 0.91+ 0.78+ 0.79+ 0.83+ 0.81+ 0.78+
0b 0.02a 0.03a 0.01a 0.05ab 0.03a 0.02ab
JhTE 2 0.893+ 0.87+ 0.62+ 0.72+ 0.81+ 0.72+ 0.75+
Oc 0.03a 0.09ab 0.09ab 0.04bc 0.08ab 0.01b
HAT 3 0.882+ 0.86+ 0.68+ 0.61+ 0.79+ 0.57+ 0.73+
0d 0.08a 0.08b 0.07bc 0.03bc 0.08b 0.05b
+ + + + + + +
JhTH 4 0.847+ 0.88+ 0.62+ 0.57+ 0.75+ 0.54+ 0.67+

Oe 0.04a 0.06b 0.02¢ 0.02¢c 0.17b 0.03c
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Tab 9 The Ratio of Vegetation Indexes of maize different stages in two years

il SH e ] FLAAY) Y]
E2A PO 2005 2006 2005 2005 2006 2005 2006
S} 19.6 = 17.38+ 21.7+ 172+ 16.48+ 11.16 = 11.18%
0a 4.25a 0a 15.7a 4.74a 0.92a 2.10a
Qb 1 19.1+ 2296+ 213+ 8.96+ 11.89+ 9.58+ 8.52+
0b 3.89a 0b 0.45a 4.32ab 1.76a 0.89b
QL FE 2 17.6+ 16.53+ 19.7+ 6.67% 10.14+ 647+ 725+
Oc 4.14a Oc 2.23a 2.24b 1.95b 0.46bc
Qb HE 3 159+ 16.48 &+ 18.1% 434+ 9.06 = 3.79+ 6.75+
0d 7.49a 0d 1.01a 1.55b 0.86b 1.28bc
KRBT 4 12.0+ 1741+ 142+ 3.74% 6.99+ 3.97+ 528+
Oe 6.21a Oe 0.23a 0.73b 2.30b 0.74c
10 PIEAFEF W ZE EAE B RO
Tab 10 The Difference Vegetation Indexes of maize different stages in two years
il 35 23] FL A i ]
£ PO 2005 2006 2005 2005 2006 2005 2006
ol 1 0.65+ 0.68 % 0.55+ 0.29+ 0.30% 0.29+ 0.39+
o Oa 0.01a 0.03a 0.02a 0.03ab 0.02a 0.06a
LR 1 0.63+ 0.68+ 0.51% 0.28+ 033+ 0.28+ 036t
0b 0.03a 0.07ab 0.04a 0.02a 0.04a 0.01a
) 0.61+ 0.52+ 037+ 0.19+ 0.30+ 0.19+ 0.26+
Oc 0.06b 0.04bc 0.04ab 0.03ab 0.04ab 0.05b
Lh T 3 0.58+ 0.51% 036+ 0.13% 0.26% 0.13+ 0.26+
Oe 0.02b 0.13bc 0.02b 0.03b 0.02b 0.05b
Lh T 4 0.61% 0.57+ 031% 0.13% 021+ 0.13% 0.19+
0d 0.04b 0.09¢ 0.11b 0.03¢ 0.11b 0.03b
F 11 PUEAFEF IR 8o
Tab 11 The Renomalized Difference Vegetation Indexes of maize different stages in two years
il 35 224 FLEAY] i A 1Y
PR AL B 2005 2006 2005 2005 2006 2005 2006
ot 1 0.76 = 0.17% 0.67% 049+ 0.51% 0.49+ 0.56+
Oa 0.02a 0.04a 0.02a 0.03a 0.02a 0.04a
L EE | 0.75+ 0.15+ 0.63+ 047+ 0.52+ 047+ 0.54+
0b 0.02a 0.03a 0.05a 0.01a 0.05a 0.02a
T 0.74+ 0.14+ 0.48+ 037+ 0.49+ 037+ 0.44+
Oc Oa 0.04b 0.06ab 0.01a 0.06ab 0.05b
LT 3 0.72+ 0.14+ 0.49+ 027+ 045+ 027+ 0.44+
Oe 0.05a 0.11b 0.04b 0.02b 0.04b 0.05b
b 4 0.72+ 0.14+ 043+ 026+ 0.39+ 0.26+ 0.35+
0d 0.03a 0.08b 0.16b 0.03¢ 0.16b 0.03c
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2.2.4.1 ERIRIBIEES 4 MEBIERRIUS 21

R 12 AOKHNHERRE TSR RS 4 FORBR BUR LS S B e R AL

Tab 12 The R-square of DI with 4 vegetation indexes in tasseling stage of corn

2005 4E 2006 4E
RVI NDVI DVI RDVI RVI NDVI DVI RDVI
H 0.63 0.76 0.74 0.83 0.12 0.14 0.44 0.01
S 0.71 0.76 0.74 0.84 0.14 0.14 0.40 0.02
fa ¥ 0.70 0.76 0.83 0.89 0.04 0.06 0.58 0.12

AR A S 17 PR R (3R 5O FIIZAN DU AR e 08U (3R 8 3% 1) 4 i B £k
SRR EI A T REHT, 158155 REL (R 12). 4 PR R 0 v s REOH B R G 2005
SF PR A B F RS 5 F 0T £ T 7 R vl RO T AR S, ok LR HOT R
E#E K, N 0.8896, JiFEDI=2E+10e> OV (| 10D, 1fifE 2006 4F, Z AR TEDVIFIE
TEFEBURTE U S T P R, b 0.58, 7Rl DI=4240.2¢-"""2PV" (J& 11).

12

0.7 0.72 0.74 0.76 0.78 0.8
FEESIRDVT

B 10 2005 7 F k] RDVI AUp 5 550 45507 12

Fig 10 The exponential equation of RDVI with DI in corn tasseling stage in 2005
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30 r
25 1

* . v - 4240.2¢ 11
20 R? = 0. 581

iz 15

10

0.4  0.45 0.5 0.55 0.6  0.65 0.7  0.75
DV

B 11 2006 471 148 BORTRL A i 2 4 Kt 5 U fE

Fig 11 The exponential equation of DVI with DI in corn tasseling stage in 2006

2.2.4.2 HLHRFIFIENS 4 MERERRIUES 2T

W 22 3905 Ak B (55 155 P ORI AN A & AR 6 i B 45 HE 1 S5 R g4 B A TR ik R R X
HOTRRMBIE . B REULE 13 o 78R 22 0145 70 R Ik B o4 3 J 1 016 1 B SR A5H 1
VURPRE AR ST, FHE— AR BRD VIR TR SO St i, HAREOT BN Rt &
Fo fEn=15 MGG, e IR IS TR 450 A Fr B4 22 LA 5 R rh s R AU KT T FE A
DI=3177.5¢"%"PVI R?=0.66

13 2005 LKA IR S 4 FbTAREON LS 2T e R

Tab 13 The R-square of DI with 4 vegetation indexes in corn silk stage in 2005

RVI NDVI DVI RDVI
B 0.45 0.40 0.61 0.60
TR 0.44 0.38 0.60 0.59
TREOTE 0.55 0.47 0.65 0.66
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£ WIRDVI

K 12 2231 RDVI A s e S ie sy #

Fig 12 The exponential equation of RDVI in silk stage with DI in 2005
2.2.4.3 FLAHRITIRES 4 MERREHS S0

K L YT 5 A P55 15 FR BRI AN A IR b i B A5 HE 1 S5 R AR B AT Rk HR R X
HOTFEIRE . FTAOE REOLE 11, fEFLRUY, ZEMBHR D VIR IH — R BRDVI
FOR R EUE v AL A AR i 7 FE X, o S)CBAD VIR I Fa 0 S o 507 B e RECH
WO . E 2005 4 FLO#GI N I B A0S R B IR BUDVIRL & 5 BRI vk o R B K,
DI=-76.123Ln(DVI)-61.352, R =0.78 (/& 13), M7E 2006 4, #ifE4&BAMRD VIG5 FL vk & &
Hfe K, DI=-425.73RDVI+250.31, R*=0.6872 (& 14).

R 14 FLAIR TR 4 PR BN T K e R A

Tab 14 The R-square of DI with 4 vegetation indexes in milk stage

2005 4 2006 £E
RVI NDVI DVI RDVI RVI NDVI DVI RDVI
B4 0.38 0.70 0.77 0.77 0.57 0.65 0.52 0.69
ot i 0.62 0.70 0.77 0.77 0.63 0.65 0.53 0.67
Fa ¥ 0.45 0.52 0.56 0.56 0.55 0.53 0.23 0.37
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100
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70 -
60 -
50 -
40 -
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0 ‘ ‘
0.1 015 0.2 0.25 0.3 035 0.4  0.45
FLHIIDVT

y = —76.123Ln(x) - 61.352
R = 0. 7781

Wil a4

K 13 2005 4F F K FLE DVI AR IS TEER 5 BOr FE=

Fig 13 The logarithm equation of DVI with DI in corn silk stage in 2005

100 r
90 r
80 r
70
60 r
50 r
40 r
30 r
20 r
10 r

0 | |
0.3 0.35 0.4 0.45 0.5 0.55 0.6
FLAJYIRDVT

y = -425.73x + 250.31
R* = 0.6872

Wil %

Bl 14 2006 4 FOKFLA RDVI R 1748 5% £y #
Fig 14 The line equation of RDVI with DI in corn silk stage in 2006

2.2.4. 4 HHAFIFEYS 4 MEREROBES SR

Rt Y25 A0 BT AR B8O AR B, RN B IR0 Bt 15 Hh i DU R R R B0 T 2
Pey SREFIN BT RIS . P 7 R PE REOLE 15.
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N5 BRI SR A 4 PHORIBR B 5 T R I e R AL

Tab 15 The R-square of DI with 4 vegetation indexes in corn waxy stage

2005 4 2006 4
RVI NDVI DVI RDVI RVI NDVI DVI RDVI
He o 0.82 0.65 0.62 0.64 0.77 0.76 0.74 0.78
W 073 0.59 0.55 0.57 0.78 0.74 0.71 0.75
5% 0.66 0.48 0.47 0.48 0.68 0.59 0.55 0.59

AT R W, 7 EOKRE B B R R, e TR EOR ZE (A B PR ARV I 1R 4 I AR
KM, 2005 SEAEFT AL MO RE, MRS T RE R p o R EUEIE-0.84 . I B IS FR A S A%
AN RSB (3005 75 R v s BB K77 DI = -10.103x+124.01, R*=0.8173. 2006 4

45 355 2005 4 REAALL
120
100
D
80
9
60
= = -10.103x + 124.01
40 r R? = 0.8173
20
* Q’
0 L
2 4 6 8 10 12
I ARV T
Kl 15 2005 4E a8 2 RVI AR 820 x40y 7 =X
Fig 15 The logarithm equation of RVI with DI in corn waxy stage in 2005
120
100 r
.
= 80 r PS
= y = —90.506Ln(x) + 237.01
= 60 - 2 _
i R = 0. 7831
K
40
20
.
O L
2 5 8 11 14 17
FLAEIHRV T

K 16 2006 “EuS 20 RVI R 15 F8 5k (0 % 507 FE &

Fig 16 The logarithm equation of RVI with DI in corn waxy stage in 2006
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fEn=15, 99%E(5IE T, HER>0.2641 HEAFIMCHENE%. &b, ENANMEFNT, %
AN FEHCRI I 48 S & 5 R e REEIA BN B K. ARG, 7 T KAEK AT
A, 8T R 1 TR HC S DVILLSNDVIAH G M dee i, TIAEJS R Tt Fa g n, He bk
R, MR, MERE R N, R A RS R, R R S RV DG B
VU 4 F 5 REAR L R RS R BRI, BB SR 5 /KT o KT I b T ' 5% 303 5 380 7 B b
TR 5 5 ATV AR 0 K25 R R A= 5 B T AT 1

2.2.5 EREHMEFRBAREEARZSEETSEHIFHEZSENTLHLEER
BB XES

16 2006 AT A B WK JZ M 4R 5 f(mg/g)

Tab 16 The chlorophyll content of canopy leafs in corn 3 stages(2006)

E2A] HMER] (RS 5 R FLAY (BERE 26 KD IR (BERTE 33 KD
JEEL Chia Chlb Chl Chla Chlb Chl Chla Chl b Chl
CK 153+ 1, 14+ 266+ 147+ 1.77+ 324+ 1.48+ 1.57+ 3.05+
0.0laA  0.07aA  0.06aA  0.03abA  0.13aA (. joaa  0.02aA  024aA (2244
ML 151+ 1.03+ 254+ 1.52+ 112+ 2.64+ 1.51+ 114+ 2.65+
0aA 0.16abA  0.16abA  0.0laA  0.23bAB  (23.bAB 0.0laA  0.29bAB  0.27aAB
WEE2 153+ 0.98+ 251+ 1.52+ 1.17+ 2.68+ 1.44+ 0.71+ 2.16+
0aA 0.14abA  0.14abA  0.0laA  0.15bAB  0.13abAB  0.07aA  024cBC  0.31bBC
KEE3 1.60+ 0.95+ 256+ 147+ 0.91+ 238+ 1.43+ 0.57+ 2.00+
0.14aA  0.06abA  0.13abA  0.07abA  0.32bcB  0.39bcAB  0.04aA  0.04cC  (08bC
KhEE 4 149+ 0.83+ 232+ 120+ 0.63+ 1.83+ 114+ 0.41+ 1.54+

0.06aA  021bA  027bA  034bA  032cB  (ges5c8  O0.13bB  0.05cC  18¢D

H3E 16 RH: 70 FOKER R RN EE, AR B R 4% 3R b AL ISR 38 B A 5%7K
VR ZES . MR B SRS RN 2.66mg/g, 1AL 4 TSRS BN 2.32me/g, PIALHL(H]
ZEFRE. BT A, ARSI, WER RN, MRS E
AbEEA R PRI, AR AR AN TR AR B () 22 A B . R TLLE L, XTI b TS B bR, S
BTSRRI 2.66mg/g BN 3.24mg/g, JE X FEMLA 3.05mg/g, K FethRJE BAGT A A
o IXRHIIE R AR 2L A2 3 B i I R, S IIRE AR Y s, kR
i AW N B T TR AN AL B, ST AN ], SR R R AR A A Y
BN, AP 4 FIAUE, M 2.32mg/g FREF] 1.83mg/g, & FEH] 1.54mg/g. X
W BE 15 (KA R R, BBIR T E 1 AL R gk, it s & s 2 N %
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KT AR R R SRR (mg/g) IUE RERGHEHR R (N=15)

Tab 17 The R-square of chlorophyll content with 4 vegetation indexs in 3 growth of maize stages

IR R T H FLRIYIR R AR AL WSR2

NDVI RVI DVI RDVI NDVI RVI DVI RDVI NDVI RVI DVI RDVI

Chla 0.01 002 004 002 014 012 019 022 044 040 039" 0427

* *

Chlb 0.001  0.001 0.08 005 031" 030" 031" 038 0547 0617 0597 0627

* *

Chl(a+b) 0.03 002 006 002 031" 029 033 04" 060" 0607 065" 067"

Frpx, g RIFRORIEE] 5% 1% BFH KT
1% 18 W] . 75 R KZS A G BT 0 5 B0, SRR EOI 43R a, 2R3 b Sl 4
RO RGO, IX RIS 1) AL PR R ) 2 S AN R O AR E A A, Y
TR RE R BRI 28 2% b LA SR 1A 5% AP EAHSCHE 2, FIMH4R 3 a TR EAHGME. 7o
FHFREW, VURREBARERI 4438 a, 43R b LUALE 43235 JEAE 1%K°1 AR AR
FEA VUM B 455, P A — bR 2 RDVI A DU AF i et s R ) &, 5 3 MRS
SERIRNE T FE ) W e R ik F 0.42, 0.62 1 0.6.7. FEAIIA 3 M #EFe S beiserh, BrSnt
e FR a MPUE RECVN T IH- MRS NDVI, He W v REY NI, Prblonl i IH—1k
R E RDVI 2K S 25 48 5 - 5503 i ST 2% 35 1 () K AR A O

226 EREMERRBEFERRETSZR AL BN EHBEHA DN

R 18 PR R B RRE

Tab 18 The averge seed weight and yield loss in two years

‘ 20055 7w 20064 7= 5 K4
st —— —
AAMBNE RHTRE MW ]
®oo BURH(%) . BETRT(g)  BURER®%)
% (g) fa¥h
3.67+ 146.0+ — 5.0+ 15533+ —
X H
0.58 ¢ 6.0a A 1.0 ¢E 1.53 aA
35.0+ 126.7+ 13.3+ 33.0+ 133.00+ 14.33+
MEFR1
3.0d 35abAB 21.8bcAB 3.6dD 10.44 bAB 7.23 ¢ BC
57.0+ 93.0+ 344+ 483+ 117.33+ 2433+
L $LiY)
3.0c 23.5bcAB 15.2abAB 42cC 1.15 beBC 1.53 bc AB
67.7+ 86.0+ 412+ 613+ 113.33+ 27.00+
JOSEK]
2.5b 14.1cB 8.8aA 5.1bB 15.28 ¢ BC 9.85b AB
85.7+ 75.0+ 48.7+ 78.7+ 95.33+ 38.67+
AbPH4
3.06a 12.1cB 7.2aA 4.0 aA 11.15d C 6.81aA
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18 420054F MI20064F 1) £ A0 BH X 14T R TR S ™ B R 3R, Y 4 () 4% b 3 B i %
e 9 155 e IR 1S 0 T I, 0 AR R HBORT 7 A 2R R N BRI AR I R+ 20054, 35% Al
13.3%<57.0 1 34.4%<67.7% 1 41.2%<85.7% 1 48.7%; 2006 ££ , 33.0% H1 14.3%<48.3%
24.33%<61.3%F127%<78.7%M38.67%. HIEHEE 1, PITERISA b H K PR ThE 5 DL UR A
Holls BT MZE0R, 408 J5U R ) e 55 00 a6 e AN A K

W= OGS R — B SEOCIE AR RS Fe R 2R T 20 AT A 23 iy, ek
SE RBUR R REABINZ 20 o AP i 5 (RRTRED L™ SRR R LU
5 I ) — B RS S AR RAT I B e 0 ) e 2 D1 i e SR AR = i, IR A S5 18 A K
(2004) Frf3&iie 22U (RN HIAL S8 1 1 18 2O 2k il f A3 21 TR EF I 45 2R . 7
2005 4, F T s 00 B i RCR G T I S Fa B i i 45 2R, v R &k 0.78 F10.74;
IMAE 2006 4F, I Fis B & 10 45 O T DG Bl s v 5 8, Yoe 2800500 0.85
F0.71 RUECASREA & R 7 i B 4 o R I3d mT AP R B PR ok ool =k, JL[R1H 77 R =) e
REEE T 1%KF EIR R,

19 R KT BRI E A R E R R R

Tab 19 The regression equation of averge seed weight and yield loss with spectrum data and vegetation index

Ry 24 Ef S sy R’ Df
2005 I A — B OGS L= 60.241-5332.8 X, 078 14
2006 BB RO B A L,=53.8-3231.5 X, 0.71 14
2005 U BRI — B SO B A 7=56.773+7934.8 X, 076 14
2006 WS BRI — B S RO 1 e A Y=71.89+4997X, 0.71 14
2005 S IR 1 K 7=158.73-0.8804X, 072 14
2006 SR 1 e K Y=161.73-0.71X; 085 14
2006 F A H W fE A L,=-4.16+0.46X; 0.85 14
2006 S RS B Y=-130.2+335.6X; 078 14
2005 S 1 8 L,=8.4892+0.5951X, 074 14
2006 PRNR il L g L,=148.18-146.4 Xs-57.68X 077 14

L4 2005 47 BARK R, LA 2006 47 BAURF . 240K 2005 PR TR . YUK 2006 bk TRE. X R
2 2005 MR SR I — I SEOGIE B . XoAR3R 2005 AR E TR Xo 3 2 006 A5 2 1
et X 38 2006 EUF M — B SHOGIE, X 2006 FiF B EH— L IEHNDVI, X483 2006 i
IR AR EDVI.
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2.3 £t 5itig

5.

o AR A TOKOE SR G LA B S AR LA R — B S O 1 S AR A 15 A S AT

Ko FACLFRREAT Y4645 5 I AL e J= 060 S S 5 R 2035 BESO -AH_ET T 204k
P B A PR o XA AN RIE T (2001) WFIU/KRE 52 FEa s oA 05 45 B SO el AR
g — 8.

. AELLANEBE (745nm-900nm) A NS AR D B (U B . K FL AU 400nm #] 900nm H

317 N BUEFR TR BUE AE A G TR 2 T B A G R A 263, 7E 724nm W BLZ i, 76
JE I S AR S R B S IE DS, 10 724nm £ 900nm, &2 1 S 5 SR AR 5 PR B
HAHIEIE R o X FEZLE N AE 700nm Z [ i)W WOGIX, 7374 350-490nm F1 600-700nm 7 P4
AR SRA SRR . BRI R, REUH SRR S R R R, BRI AR PN
B XA RO, MO SRELI O, JF B ek R, BRI R AR, e
DY PR S ZR R o BRI 724nm Y BB TR 20 1 SO SRR TR B IE ARG &R . 1
15 700 Z G T LLANBBL, B RIS SR EBONIKTG O, I 25 i B e A TR i e, 2R 26 T AR
A AT BRI G AT, T LA L0 MBI SO 2l TR, I ELRIT I 45 25 S A 25 47 A
KRR HTITLLAN B BURARDCHE RO T H G AT B, I AT 214N B e e 4% £
TRIGB CAHRYLIE B, PrLlik+E (745nm-900nm) Ik 5 1 BURk 8 B

A DA F i 2000 i 1% B A 28— B e B R R T 7 o K AR B e s K fE
DA et 7% 810nm S #5522 AR 1A by B AR F R S e S g AT XU IE AR [R] ), 19 H i 324
AP 3 Hm A AN 6 S E A R A T AR DG Pk e, 7T AR A

oA TR TR R, PR A A O TR I P K AR R B [ AT, AT SRS
AT ' TS A 3 (1) 21 I BRI £ A B 3B IR S AE A 2 A5 21 4 Rl 48 200) %
AEE IR HR BT W . &5 SRR TR ORI SR BT b S AT AR R, i HR Ak
A LA ZE (R Fe D VIR — b Rl Fe BURD VIR S 1 s vt . HLdl st il R v &
HOEFB) 1% T IR B E G fEE W], TS E o, SEU 238 & BAE R O
AN ] A 2 ) 22 S W 2, T A AT DUR LG AR R B B BUORVILEAT S o 3 (R BA L g5 R HT A
NG R IR M Sk AR B BT FHRDVIE#E DV, JE I FHRVIIZ5 18 2 584 — 3. AT FR U%
T 3G 8 R R A B BB AR VAT M T G TS B (R0, p7(max)) D003 175 45 B R ME A 2 v
AR EN T 1% 8K, S84 n] DL T I U IR i . 72 4, Nutterds (1989)
1 Fi Landsat TM T35 38 [ I 25 5 GIS AR G B2k (¥ & 55 00T 17 e o)y b e o i
DGR AN AT W o B TR SO I, WS 5 RIHERI, HE ke
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H DVI 8i# RDVI gl a] DRG0 S8 fi 4R 25, B AR e 1 288 S et vl LU I 3t 3o 93 25
FANE DUBEAT MEI o AN ST B B8] 5 PR R R U 5 A A2 A A AR TR KRS R . 28 1
JERERE I AT UK KNS B8, A8 48 S8R, FERROE S AR I HE Y
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r R AP R e A 2 A7 18 3 SR SRR ORI 3 5 e 2O 6 i AR AR BRI 5T

=8 RORRWH IR, F 5 KR Z e R 2R & &
BRI

WY FKUE Ostrinia furnacalis (Guenée) @B M H, WEIKEL, A4 FKREOH, R KBILIEE
B KA B F A, EFEMROR, WA FIE N 10-20% 00 UK, KR AR IN AT 3
30-50%LA b0 2 FKD M 52 B FOKERTE O 0 F I, G4 UL KD, R IFE,
Jr AT RO SHE AN KU S EUR I A 3 FORZEAT . RN . MRS A MRS, {34 S Mk
Rty ZEFPAUEZ MR, PEE A AR TR o (M, B0

A7 RN TR Ay 55 5 7 B R AT AR AT VF 2008, TR 7R IR T 2 3 (1 40 s g
L AR LA P EUR IR, AR T AR R A T OB AR, 1987 3
WA, 19925 M EAE, 1993; ZEIrfliss, 2002) . MBLEREE FOCIEE R AR LR, FHA
AR RSB SR SR 2 0 IR A2 Qe R A A (RIESEAE, 2001 FR203%5%, 2005:
Guan®%, 2002) o {E0F T~ M P KM ol RVER iy SCRG I FOKZEFF 0 TG RAAE T UL AR I
O HON G ORI RO G R AE AR A 5 B R R FoR L P AR IR DG RIE AN . AR SE
B RGWIIT T N LE M FOKIR ) O A AR N G, K& AL H IR 5E 26 s Ho F g 2%
Gl B PR AR AR R o A N ORI A £ 36 TR TR AN Ay 3 7= B 2R Al TR 2% 4K
i

3.1 Ml 5 F &
3.1.1 K Ia# 4

A B 20 i B AR MY R e AR ) ORGP 0 5 BT T R LA 5 A N A IR A 268 0 B K M 4y
o AR S Ay e O KM 148 5958 o T AL AR ARMBL 2 Bt bl AR T A 3 B4

3.1.2 IR IR T A IE N E K

WIS SR E, 3R ISMXBELHEST, SRR SmX om. AEBEI R, A
e, FARAMN AR BEAE ORI FUYIE L, BERR M R2ie gl iDL 2. 3. 43k,
DGR TE S S T 120 WS R 2.1.371
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[ A D R 5 - 2 7 348 5 B TR KR 1 R SR A L R R R T ST
3.1.3 MEZMEHIERHNE
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Fig 17 The spectrum value of healthy zhengdan 958 at the different stages
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Fig 18 The spectrum value of 5 infected levels in tasseling stage of maize ~ Fig 19 The maximum of the first derivative value of canopy

spectrum of 5 levels in tasseling stage of maize
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Fig 20 The maize without the damage of ACB  Fig 21 The LFR after one second instar larva Fig 22 The LFR after two second instar larva
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Fig 23 The LFR after three second instar larva Fig 24 The LFR after four second instar larva
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Fig 25 The spectrum value of 5 treatments in milk stage of maize Fig 26 The maximum of the first derivative value of canopy

spectrum of 5 treatments in milk stage of maize
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Tab 21 The LFR and spectrum Rg;oand the maximum of the first derivative value of canopy spectrum in maize tasseling

and milk stages

FERES) 810nm SEIE MY — P S EOE LAY 810nm Jeilt FLRJY B T Hot LUl

SR AE WK AE PR RS W {E
it 0.759+0.011a 0.026+0.000a 0.371£0.012a 0.014+0.001a 0%0e D
fFE13k 0.730%0.012ab 0.025+0.001a 0.34740.030ab 0.01440.000a 26+0.8d4C
KRRk 0.686+0.054bc  0.02320.002ab  0.324£0.022bc  0.013£0.001ab 58%0.2cB
R3Sk 0.64310.044c 0.022+0.004ab  0.303%0.007dc 0.012+0.001b 7520.2bA
Rk 0.62140.048¢ 0.021+0.002b 0.280+0.011d 0.010+0.000c 8.31+0.2aA

e ARG, M REOER] 2 KPR, B R RITLAMX 810nm ji /206 SR AE 0.05
AP LSRR W SO R AR RO 3 Sk SXHRBA W 2=, Bk
Bl WA 210 TORIE AL BRI 7 RIEEZE 00 5, AR R 1R TORAEARAH LA, 08 Tk (Ml )= 0
B AR R R 200 A I AR ZEA MR BB 2 T R 1B 27 SR FLRIUILZLAR X 1) 810nm A&
ek 2 e S S AR ARG . (0 A S B Gl R RE S, B 28 D LB S B AR A
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v = 8L7x + 3.4 o
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Fig 27 The regression equation of Rg;q with leaf feeding rating in tasseling stage and milk stage

10
9,
8,
T 5
& o4 L
3,
y = —1574.7x + 24.¢8
2T R =-0. 81%*
1,
041—1—._._.—1
0.007 0.009 0.011 0.013 0.015 0.017

FLEGY B S B N E

P 28 FL Y B 3 Bdm AR A 3 0 B i 00 R AR

Fig 28 The regression equation of p ‘(max) with leaf feeding rating in milk stage
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Tab 22 the hlorophyll contents in 5 treatments in maize tasseling and milk stages

BRI 2835 5 B (mg/g) FLAIM 2R3 B (mg/g)

2=y e - - - - - )
4t a e b 4% % (ath) s ¥ e b 4% % (ath)
I 15040.02aA 1.344022aA  2.84+021aA  147+0.04aA  1.44+0.52aA  2.91+0.49aA
FHRLL 15240.01aA 0.95+0.09bAB 2.47+0.09abAB  1.50+0.03aA  133+0.44aA  2.83+0.40aA
B2k 1454+0.08aA 0.72£0.17bB 2.174025bB  1.48+0.0laA  1.66+0.06aA  3.1440.06aA
B3k 15040.02aA 073+0.10bB  2.2240.12bB  1.4740.02aA  1.72+021aA  3.19+0.19aA
R4k 15040.03aA 1.0240.27abAB 2.5240.30abAB  1.4610.02aA  1.57+£0.23aA  3.03£0.21aA

MR AT I ORI TORIE N B2 05, BRSO 2% 30 LU S SR 3R AE 5% KBRS TR L b
2. ACPE3ZESRE A, XML EIA (AR RN R, IR U] ORI SE B R IR BT B B A
xR S AL . FLRA, Hoax3Ra, 4R LA LG 4 38 IO AS [l AL B 2 ) 22 e AN b 2
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o LA AR 2 B -2 o7 1 S W ORI R F R 0 R P R A R
K2 21 vhh T 810nm jak 2 6 1% S G AR B R — - 5 A0 K (E DL FL AT 810nm et )22 %

S AR — B FH A A VI A2 E I S S S AR A 508, TS T R e REUR/N,

739 0.088. 0.059 #10.04. 0.078, Gl Eodha M KIE Dy T 5 (-2 = & AR TEA W25
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Tab 23 The 4 vegetation indexs in tasseling stage and milk stage

PE RHR? Gl YUERHR® CALEID
el
NDVI RVI DVI RDVI NDVI RVI DVI RDVI
R 091+  21.68+  0.70+ 0.80+ 087+  1634% 034+0aA 054+
0.0laA  3.14aA  0.03aA  0.0laA  0.04aA  6.80aA 0.02aA

BRI 091+ 2006+ 064+ 076+ 086+ 1261+ 032+ 053+
0.0laA  057abA  0.05aA  0.03aA  0.02aA  025aA  0.03aAB  0.02aAB
2k 088+ 1689+ 064+ 075+ 086+ 1400+ 031+ 052+
0.032A  4.80abA  0.08aA  0.06aA  0.04aA  4.04aA  0.03aAB  0.02abA
BH3L 090+ 1922+ 065+ 076+ 085+ 1317+ 033+ 053+
0.0laA  1.75abA  0.10aA  0.06aA  0.04aA  4.15aA  0.052AB  0.03aAB
4k 088+ 1579+ 059+ 072+ 087+ 1442+ 026+ 048+
0.02aA  2.54bA  0.04aA  0.03aA  0.02aA  237aA  0.01bB  0.01bB
{I:: NDVI, RVI, DVI, RDVI il AR A E A X EgeE,  * £pE—2h R A FR NG FRER
£t Duncan K% B HEUSTE 1% 5%/K 1 B2 R B34
BT UG Y, BERRERNASK &)y 1 A ELE ol I 4 P AR HR RV IAE 5% 7K P F 5 o0) i 5L
FIESE, WHRIX A21.68, AbFE4415.79. HAWIFPRE L HREA A BRIR] 22 AN W o ARSI 4R
FAARECE, DVIRIRDVIE1%/K T 2 et 2, WRhHe 20t SRR 3244 55080 43 531k 0.34 1
0.26, 0.54F10.48. IEFN1% A7 e B HARPFIHE 35 BAONDVIFIRVIFE % &b # 2 [R] 22
SEVEAS T3 o B R L B B R R ORI 4 2 B S B R A T, AR TS
Fo R TeE RBRF WP :
24 APPREAFREUE AR S i RO e REGH R

Tab 24 The R-square of chlorophyll content and leaf feeding rating with 4 vegetation indexs in 2 stages

PUE RBR® Gl ) PoE RHR LD
i H
NDVI RVI DVI RDVI NDVI RVI DVI RDVI
UEES 0.013 0.011 0.015 0.0068 0.009 0.002 0.031 0.058
M4 b 0.013 0.012 0.046 0.0407 0.040 0.022 0.0006 0.002
JEU RS 0.015 0.014 0.033 0.031 0.041 0.023 0.002 0.0006
-2 0.286* 0.365* 0.33% 0.3574* 0.017 0.032 0.296*  0.4022%*

MEEHRTLAE DA IR AR R B AN BEAR 7 1) B s 2 R K5 e, il ME 1) 4 el 4l
FRBOAT LMR LT 0 St et 200, Bk 3] 5% Rk, FLRAIR i H— AR RDVI St £
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Fig 29 The line equation of milk stage RDVI with leaf feeding rating

3.2.4 EMERENHFFEMRE. FEMZ B IERFME. EHIE
HWRYMB XS

H1 T — B S BOGHE AT B L A e PE s T S PERO T 5. e dt HAROGIE R RE R, ASC
XA G SR A AT B SEOCTE AL B, Frsm R S HO6 it vl Y LA S K AB PR
L. P RO L T VA 2,137

25 TORIEAE F e REARIESL AL, FLAIIB10nmE T S b A AN — B S OG22 B b ™ (1 ) 2 Al
Tab 25 The holes per plant,Rg;, in milk stage and the maximum first derivative and yield data

PeHUbE Mg PSSR PREERE B REOEE PRk TR R g PR R

B I KAE/ X AR Z/%
102nm™!
X HE 0+0eD 0.31+0.07c B 0.37£0.0laA 1.4%0.1aA 138.7£11.9aA —

k1% 2.6+0.8dC 0.57£0.15bcB  0.35+0.03abAB  1.3+0.2abAB  134.0+8.7aAB  3.1+7.3bc B
k23 5.840.2¢B  0.74%0.15bB  0.32+0.02bcABC 1.3+0.1abAB  123.31+13.6abAB 11.242.7b AB
3k 7.5£02bA  0.754+0.12bB  0.30+0.01dc BC 1.1+0.2bcAB  108.7+9.3bB  21.3+8.0aA
R4k  83+02aA 1.424030aA  0.2840.01dC 1.0£0c B 1053+£7.6bB  239%5.1aA

B 25 5 TR T M il ) & 2O e TOK S MERON 5 28 Bl R fE, U E0K
WAy FFURIE 25 A T o A RE T R ICR I LA X I SO Al R B 3, — I RO R O (E TR,
IR R I AL B3 SOOG, RICY FBE, e 2l SO R A B — B S HOG i s i )
/N o FEAT Sk BN S I PR BB R RN 3.1% 20 A7, T IAE IR 1P Sk e J0) 77 o453 2 o4 bk 1
INEN 11.2%, FEFR 3 KA 4 SO FIN P BHURF 000 21.3%M 23.9%, PIALPLZ (0] 22 53 A 5
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Tab 26 the regression equation of yield and yield loss with spectrum and per plant hole number

ZH [EVEpipEay R F
- S Ot R f KA (P'max) Y=31.79+7475.57P'max 0.78%* 20.67
FLAYI810nmAl S 5 % AH (R810) Y=9.11+347.42 R810 0.78%* 19.89
S EIBERR B LE(X) Y=143.31-27.32X -0.65%* 9.57
FLAI810nm Ak 2 ) FAH(R810) L=84.93-224.79 R810 -0.75%* 17.19
SRR LX) L=-3.06+18.99X 0.66%* 10.29

PR A R (26) Filh: R TRIE(Y) 00 5 I SEOERE B R (Pmax)-
FLAAII8 1 0nmik B 1) S S FAB (R o) R TR BERR A LB (X0 @SN R, & 7 REIAR G R
Ok AR (P<0.01) o F=HEBUR R (L) )5 810nmAb S HAH (Rgio)~ P8R B ALEL (3O
Z RS K R H 75 FR A O R BB R RE IR 3 T A 27K 7 (P<0.01). HPZLJ5 F rh i 2 Lok i
HE Ay AR 0 75 FRAE DG RS T A Ui o B AR R T R AR S R A
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Fig 30 The correlation coefficients between canopy spectrum value and hole number per plant from 400nm to 900nm in

milk stage
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Fig 31 The 810nm reflectrance of Zhengdan 958 and Shenshi 3005 in three growth stages
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Fig 32 The correlation coefficients between canopy spectrum value from 400nm to 900nm and DI caused by Curvalaria

lunata,hole number per plant caused by Ostrinia furnacalis in maize milk stage
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