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Hyperspectral Estimation of Leaf Area Index of Spring Maize under
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Abstract; Spring maize is the main food crop in the alpine black soil area of Northeast China. As an
effective measure to increase the final yield of crops, film mulching has the potential to be widely used in
Northeast China. In order to monitor leaf area index ( LAI) of spring maize under film mulching in real
time and explore the influence of film mulching factors on LAI and hyperspectral reflectance of canopy,
field experiments were carried out in the black soil area of Northeast China in 2019. In the experiments,
three treatments, including no film mulching (MO) , degradable film mulching (M1), and conventional
plastic film mulching (M2) were tested. The hyperspectral reflectance data of each growth stage were
obtained by hyperspectral remote sensing technology. After pre-processing the spectral data, the sensitive
bands, sensitive vegetation indices and characteristic indexes of the LAI values of each film mulching
treatment were extracted by correlation analysis, and the hyperspectral estimating models of LAI during
the whole growth period were constructed. The results showed that the effect of film mulching on LAI was
mainly before the tasseling stage. The difference in LAI between film mulching and non-mulching
treatments under the same fertilization level showed a trend of first decreasing and then increasing with the
growing of maize. The difference of LAI in seedling stage was the largest, and the LAI was increased by
78% under film mulching condition. The difference in hyperspectral reflectance of canopies was the
largest in the middle growth period, followed by the end of growth period, and the smallest in the early
growth period. Film mulching mainly affected the absorption of green and red lights by maize. The

sensitive hyperspectral parameters of LAI values were different among the different film mulching
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treatments. Among the LAI estimation models established based on the three sensitive hyperspectral

parameters ( mentioned above) , the models established based on the characteristic indexes had relatively

high accuracy for LAT inversion results. Their fitting and verification determination coefficient R* were

above 0. 80, the root mean square error RMSE were between 0. 45 ¢cm’/em” and 0. 66 ¢cm®/cm’ |, and the

residual prediction deviation RPD were greater than 2. Film mulching had impact on LAI inversion, the

inversion accuracy of LAI without film mulching was higher than that with film mulching. Model based on

characteristic index was the best to monitor LAI of all treatments. Based on the characteristic index

NI(722,731) showed the superiority of inversion, which was stable, accurate and effective for all film

mulching treatments.

Key words: leaf area index; spring maize; hyperspectral remote sensing; film mulching; regression model
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Fig.2 Canopy spectral curves of spring maize at different growth stages under different film mulching treatments
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Fig.3 Changes of canopy reflectance of spring maize under different film mulching treatments

2.2 HXMESH
2.2.1 SRR — WMo i 5 LA

R T — R IE K LAT 5 UG 3 Al — By
AT TG B A O R, I 4 A 40 0 7 4% 7
Ab PRI LAT FXE 7 9 56 1% B , £ 17 Pearson 56 14
O3B A DG A A 2 R UL TR 4 A% A R A B N A
KHFEA KL 5y 5 R 53.33.60, BE$F W 3E MK
0.05.0.01 PEAT B ZE MR L

p1 & 4 AL, MO 4k B8 7E 3 BE 707 ~ 1 000 nm {8
Fl NG R TR 5 LAL 2 B F IEMH X (P<0.01),
TEWE Bt 760 ~ 800 nm 3w [ P S 5 % 5 LAT [A] #H 3¢ &
BE S R 0. 80, 2 LAT By BRI By, M1 &b 3
TEWE Bt 690 ~720 nm 35 [H 4 S i %25 LAT ] ) 46 3¢
ZR s KT 0.50, HoAH 6 R BB (N
- 0. 52, 78 P Bt 400 ~ 500 nm 3 4 A % R HOF- 1
B —0.52, 3 WG A~ % By ] S 3 %6 5 LAT ¥ g 2%
AH G (B % Bt 350 ~ 500 nm 1 [ 4 B 61 I 5 2 5
32 MR E R R I P B BE 690 ~ 720 nm

fE2 M1 4b P LAT (9 S0S% J Br . M2 b 3 78 ik Bt
700 ~725 nm i [l N LAL 5 % 3% 2 5 % 2 8 2 A
K, HAME R B A H I KT 0.50, A b3 LAT
5B 690 ~715 nm i [l Py S A 2 835 AH OC, H
X RBOFHME N -0.35, — Bl 6ig 5 LAL [A]
R O 3 B0 — Sk BEAL = F IR AR 65 5 LAT i 4H
KRB, X TR B L bR T AR X R
WO AR, SRS W AR L e
HATE . Horp MO M1 M2 b B3 5 K AR 56 — B sk 4
JERER A 3B N 742 773 546 nm B AH K B KL )
¥ 7E 0. 68 LI I,

25 A AL B LAT 1 SRR R b 6 1% i B A
A LT A B P (R B AL B LAT (1) SOk B
A B R g
2.2.2 YRS LAT

R T B R A R R S e HEAT T O 2
ST, FEIET SR 0" Db AT B DR T 5 o A 3 R
JE B VEAS % S 8 e T PR AR e (R B S R0 1 7R S



1M B G N R B AL B R AR K i AR R IS G 189
— DRI R R — R R R — R R A B
— BB —Brpsr i —— — BB E%‘j\ég‘,f‘}@i '
.............. o - 05 e P05 P=005
. =—0.05
K LOF s P20,01
-------------- P=-0.01
0.5k A 0.5
% . ¢ rqbﬁr
M ® 0 ® 0
= -2 = —
-0.5————% T -0.5
_10 Il Il J _1_0 L 1 ] _10 1 L J _10 1 1 J
400 600 800 1000 400 600 800 1000 400 600 800 1000 400 600 800 1000
WK /mm K /nm P /mm P /nm
(a) MO4b 7! (b) M14b 38 (c) M24h 38 (d) fr b

4 B EBEAL A Tk LAL 556385 SUAE A — B B A S vk o B

Fig.4 Correlation analysis between LAI values and canopy reflectance spectrum and first derivative

spectral of spring maize under each film mulching treatment
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Tab.2 Influence of film mulching type factor on values of

vegetation indices of spring maize in whole growth period

HL B FE %L B P 7

RVI 13.20 0.53 0. 009
NDVI 0. 84 0.12 0.029
RVI/NDVI 15. 40 0.53 0. 009
DVI 0.48 0. 06 0.038
SAVI 0. 65 0.16 0.026
RDVI 0.63 0.10 0.032
MSAVI 0. 69 0.39 0.017
ARVI 0. 84 0. 04 0. 045
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Fig.5 Contour maps of R’ between LAI values and three types of two-band indexes based on the first derivative spectral
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Tab.4 Results of statistical estimating models based on sensitive hyperspectral parameters for LAI of each

film mulching treatment
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