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Abstract ; Plant chlorophyll content directly affects its photosynthesis and is closely related to the spectral characteristics of
plants. In this study, summer maize was used as the research object, and the characteristics of chlorophyll content and its
spectral characteristics under different water irrigations of summer maize at seven-leaf stage were studied by the water control
method. The results showed that with the decrease of water irrigation, the chlorophyll content of the summer maize canopy
leaves decreased and the spectral reflectance of the canopy increased. At the same time, the green peak position was “red
shifted” , but the red edge position was “blue shifted”. There was a significant relationship of chlorophyll content with
spectral characteristic parameters and vegetation spectral index. Based on these relationships, several hyperspectral
inversion models of canopy chlorophyll content were established. The model validations indicated that canopy chlorophyll

content was simulated better by vegetation index than single spectral characteristic parameter. The results provide the basis
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for rapid non-destructive determination of chlorophyll content in summer maize and drought monitoring of summer maize

production.

Key Words; summer maize; different irrigations; chlorophyll content; hyperspectral characteristics; inverse model
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9P KA Sy WA B SRR K s [RIEs LA SRR K (CANHE K, R TR £) /M ab B 1 (R 1) o B4
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Table 1 The different water irrigation conditions on summer maize in seven-leaf stage

b3 Jub B b N B I AL BT
Treatment Soil moisture before the experiment Treatments of the experiment
SE WG DN E IR P bR i, B R AR R T I
’ > 43 B TR B 4
T1 K B 9 70% 72 FORRREIK , R FH I R A 4
- RE VR 1 I R R T B AL, B AT X MR AR A T I — U ERE K 80mm , BEJR A HBEK, I ]
[AIHRFK LR 70% 7247 ERHH
3 R TSR, IR PR A, R AR X B R TE L L K 60mm , S AR FREEK , 3T
[l Fp K BB 70% 2647 L EETT)
T4 B 0 T SRR R DK I AR R R K 25 mm , R AR FEREK, I
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IR 70% 74 WERTHR 14T
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Fig.1 Changes of soil relative moisture under different water irrigationtreatments
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Table 2 Chlorophyll content of summer maize under different water irrigation treatments

ALFH Treatment

Tl T2 T3 T4 T5
P11 Jointing stage 40.50+2.22a 34.53+1.75b 34.67+1.45b 35.50+1.41b 33.90+2.29h
Y] Tasseling stage 43.711.10a 36.01x2.78b 35.40£2.22b 34.63+2.11b 32.23+1.45b
FLPJUY Milk stage 41.58+1.31a 35.43+2.22b 35.70+2.73b 32.01+2.44b 33.67+2.01 b
Y] Maturation stage 25.08+3.42a 23.22+3.00b 20.31+2.56b 17.49+2.74¢ 15.25+2.85¢

ANR/ING FREFRIR 22 5 35 PR 5 0.05 KR8

2.3 AN[EREKE T E KR RGeS AR

FH T 2 60, 52 FOKRAESRT I A 300 AR 2L 280 B D'k S S SRR B 1 S (A R SIS R AR - 78 AT DLk B A7
TEWI Y« Sl “ 2047 BIFE 550nm BRI (2R 0GB ) FEAE—A ST  7E 680nm [T (210G B ) FEfE—1>
I8 N 1P {51 D4 el VA (T3 aalb? N V0 B L N~ B B T =9 oy R DRk ey
PARFE—F, BIAE R WG B, AN TR HE /K b 38 3 K e J2 I 3 3R A HL 28 /N, #2320 90 I 3 5 (750—
1300nm ) , S5 R EABENS  JE L — A U R 1

ANTRIHE 7K 2 Ah R B K 56 2G5 S S 5 /NG B S s AHRT A B R | s B S R R —
AR A AT WIS 53 B (400—680 nm ) M 21 AN BE , A% S i 3R AR AN ) Ak 34 (] 2 BB W 22 5| Bl 7K 49
JolIEL R I B ST S SR B, 7E 680—750 nm I B, ik S B R 2 R A (EAS [ b B A 3 e B R
2258 o BRI RN ZLAY Bl KA B IR, DG S S SR/ IN A B R R s (H A
WG, s S S RIS AR K 2 e A BN B T K 56 2 i S i « Sk g™ A3 B ARG R ), Bl K 43 W 3
FERYHEIN, < LR B LU, RNARIG AT B I ZDC I BemAS . WNAEST B, AL 3 1 ARG B R 550nm , T4k
BH 2 KbFE 3 ALFE 4 FIALFE 5 A LRGN B4 WS 554 556 557nm 1 559nm, SA0HE 1 A FE, ABFE 2 BALFE 5 AY
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Fig.2 Spectra of summer maize canopy at different developmental stages under different water irrigationtreatmens
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Table 3 Temporal variations of red edge parameters of summer maize canopy spectra at different stages

Aib B FARVIE 2 P Tl L et
Treatment Red edge parameters Jointing stage Tasseling stage Milk stage Maturation stage
Tl FARVE ALY 725 730 725 700
2L TR 0.149 0.098 0.056 0.038
T2 FARVL A= 719 724 719 700
2L TR 0.132 0.138 0.083 0.059
T3 FARVL A= 719 724 719 700
2L TR 0.086 0.162 0.089 0.059
T4 FARVL A=Y 719 724 719 696
2L TR 0.074 0.134 0.081 0.054
TS FARVL VA= 719 719 719 700
2L TR 0.069 0.094 0.127 0.062

2.5 HEKEEGERESES M40 A A e

A A B WIS R AL BT BTl 5 oK w2610
SRS 2 06 g A 2B A DG R A, F BRI AN B
HMGF22 BAH 5C R BB P AR i 42 (L 4) . thIE 4
A AT I R N, G R R SRR A R B
AR IE R (P<0.01) , HP7E 685nm LhAHOC R 548 %f
HIEFR K (r=-0.689) . [FHE, AT LI 1 & A4 5 )
ANTRAE PR 3 — B 5 AR s AR G R AR, 4
FIR TE 459nm &b A OC R B 4 % B 35 B e oK (r =
-0.832)

FEIERHIESE 8 L SIL S 4R & A R
B 4 R, KM R R &2 S0 R
CIAN ISR R ET AR 2145 TR | B el (R e 3 1 A
Z AL R A G OC &R (P<0.01 B P<0.001) , 11 5
CTINMRAE 21 30 T R 22 1] S 3 TR AH 56 2R (P<0.001)
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Fig.4 The correlation coefficient between summer maize canopy
reflectance and chlorophyll content
ARRBOYIEN, B2k SR L BBy 5@ i 0.05.0.01 K&
FAENERR I A RBON Tt , Lk Sk LU Be sl i 0.05
0.01 /K 2 PEVERR B

o

R4 RENEFESHNELRESHEERSENHEXRY

Table 4 The spectral reflectance characteristic parameters

and its correlation coefficient with chlorophyll content

28 R 5E L LBV

Variable Name Definition Correlation coefficient
R, fleg J S % PERAE 510—560 nm PR ROGIE U A -0.395*
R, FARS R g PERAE 650—690 nm P IR KT S 3 -0.684 "
SR, LS TN PARAE 510—560 nm PN I IR 61 S 2 BRI -0.434*"
SR, EARANTY AN PWATE 650—690 nm A ik i KT R B A -0.683
D, W R AR PR AE 490—530nm N % S 55— B S 480w R 0.226
D, B E WAL 560—640nm A GG K2 S5 — B S 850w R (. -0.609 **
D, FARUL () PERAE 680—760nm A GG 2 5 48— i S 450w R 0.580 "
SD, WA WA AE 490—530nm YIS R GT R — B SACE A -0.010
SD, Epuligl P AE 560—640nm YIS ST R — B AR -0.697 **
SD, LLHITHAR P AE 680—760nm PG 5T — B 48 0.549 **

w o RN 0.01,0.001 7K A 56
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2.6 FHBOCIHETEECS AR SRR B

e H AT 2 R R BOEIE R RS M2 K & AT S R B SE R BNk 5, dik 5 B,
TR 2 25 i 5 — AR B S 0 ) — A i B 2010 0 — A Bl R S A AR 4 i (3

RS L AR HE) AR AR B2 IE A RO & (P<0.001)

2.7 HAEOKkmt R Mg R S A AN I S5

RIS 4 2 B A O R B R OGS R E S ORI B G 18 45, BT 30 A0 2L 38t Al 2 4
T Ak AL R AR A A LG A 1 55 A 2 B
P (n=30) K IR IRIROR, 25 N2 6, W5 0 1 A5 20 TR A (RS TR0 R s 0 1 AR 40 0 T AR A U — b A
R H e R B, RMSE FlRE 3/, PRI R 3047 5 6 U — AR AT B 48 BB AU AN NDVI AL A 9 e 3R
K Z ,RMSE \RE W3/ BRI AU ; DR o B B SR P i R AR, {HJ2 RMSE Hil RE AR K, AL4M3%

DI KA (n=60) SRAGHE R TR 2R R & i

AR ZE
£S5 HEEAEEENELREESHEESENEXRY
Table 5 The vegetation index and its correlation coefficient with chlorophyll content
S8 AR S A FREL
Variable Name Definition Correlation coefficient
NDVI I — A 4 A 2820 (R800-R680) /( R800+R680) 0.805 "
GNDVI LA — A e s (R750-R550)/(R750+R550) 0.812*"
NDss FAR Y] )= Y gy i % =5 (R750-R705)/(R750+R705) 0.808 "
R,/R, Rt LRI SR R S LA U R LA 0.622 **
(R,~R,)/(R,*R,) SR S S R G LA R BRI — L 0.691 **
SR,/SR, U THI PR 55 2145 TR AR A LR A 0.635*"
(SR,=SR,)/(SR,+SR,) Sl A 2L A AR S — R fE 0.693 "
SD,/SD, T TR S 20 TR LE(E 0.798 **
(SD,=SD,,/(SD,+SD,) WA AR 2L A — AR (A 0.855**
SD,/5D, B RLG LL EA H -0.030
(SD,=SD,)/(SD,+SD,) BN TR S £L AR )3 —fR A 0.739 **

% FeRimat 0.001 7K R 1

F6 BEERMAMHZESSMEHEREIT

Table 6 Validation of summer maize leaf chlorophyll content estimation model

PR EL

vt PR

Variable Prediction model R? ¥ iR 2 RMSE FHXT R 25 RE/ %
Riss y=-182.02x+43.4 0.475 5.36 18.8
DR s y=—124442x+40.639 0.693 7.90 25.5
(Rioga=Ren )/ (Rioga+Rent ) y=48.43x—0.6821 0.649 5.36 15.3
Rgoo/ Rego y=10.96[n(x) +14.52 0.583 5.86 16.8
(Rgoo—Reso )/ (Rggo+Rego) ¥=40.392x+6.319 0.648 5.12 14.5
(Ros0=Rsso)/ (Ryso+Rss) ¥=66.097x-4.397 0.660 5.15 14.5
SD,/SD, y=2.566x+11.57 0.636 4.33 11.7
(SD,=SD,)/(SD,+SD,) ¥=93.705x-39.038 0.730 4.79 13.4

3 itig
3.1 KA B KRR R R

2R R BRI O e (O CRER B i, S 2 D AR E T YD RATRE S AL A R
b, (EHE2R AL SPAD-502 BB K bl i AR M4 3R 35 5 1) SPAD {HL, AN BIREBAS 5
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W B R B R R A5 MR LT 4R S B M b R SRR R S 0 DR e S R SRR R
VTSR KRR AR B H, e A AT L ARTRE R IR, AT LGN BT KOG RO R S R e R
MRAHIER, 5 RE i & AR TR R R B4 R B, AP R, B R ORI K
685nm Ab Y ST R G A R AR REURK, 5 Horler™ G55 BFS0 45—, Horler 55 45 1
Wk 700nm A2 A7 61 B X S 3 RAFIOARCHE RTINS Rk 45 B 904, EOKRTE 713 nm 247
PN ESETIRE S N TP 6 N

AFEEERFRN], — B Cis 5 i R A DCHE B T IR ARG S R ARG, SR B R —
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BOLE TR A S R S e 35 . AR TS T B8 G A s MOk S i 2 oK i i 2 %
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