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The growth process of corn
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Fig. 2 The Spectral of corn leaves in 2016
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Fig. 3 The Spectral of corn leaves in 2014
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AEA (pgeg™ b (pgeg
Cu(0) 0 9.77
Cu(200) 200 31.29
2016 Cu(300) 300 75.78
Cu(500) 500 54.51
Cu(700) 700 114. 79
Cu(0) 0 1.08
2014 Cu(250) 250 4. 96
Cu(500) 500 9. 46
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Fig. 4 Schematic diagram of the spectral

subintervals in corn leaves
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BEAR B T3 AR S B0 B BE Y 1L AT DX () %) g NCS-
VI, #5455 I = A 35 80 WBI, MCARI #1 NDWI. 5%
KR Co® ' 803 Bl HEAT AR SC A 23 A7 . 45 20 A0 B B4 AH G
PERRCR AR R ZE RMSE, 858403 3 MIE 5 Pron. A
F 3R 5 AT RUE X T 11 At 7 X [ . NCSVI 5 it
Jr Cu® S iR AT B B AR DG T 2 B LR G AR e k)
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Table 3 Statistics and correlation calculation results of NCSVI and conventional VIs by experiment in 2016

i FIX ] Cu(0) Cu(200) Cu(300) Cu(500) Cu(700) R RMSE
350~430 nm(¥4) 0.33 0.37 0.27 0. 34 0.16 —0.88 17.09
430~530 nm(# ) 0.29 0.33 0.23 0.32 0.12 —0. 85 19. 22
530~580 nm(&gI4) 0.12 0.12 0. 04 0. 10 —0.09 —0.94" 12.57
580~650 nm(# 1) 0.16 0. 26 0. 06 0.15 —0.06 —0.88 17. 47
650~690 nm(ZL %) 0.21 0.27 0.15 0.25 0.03 —0. 84 19. 64
NCSVI 690~750 nm(ZL 1) —0.05 —0.07 —0.12 —0.07 —0.17 —0.97" 8. 71
750~1 301 nmGEZLANEE) —0.13 —0.12 —0.15 —0.13 —0.19 —0.87 17.97
1301~1 500 nmGEZ4) 0.11 0.11 0.07 0.11 0.01 —0.94* 12.71
1500~1 590 nmE i) 0. 09 0.18 0.03 0.08 —0.02 —0.82 20. 68
1590~1 919 nmGIgE A) 0. 06 0. 05 0.01 0. 04 —0.05 —0.96" 10. 06
1919~2 500 nmGiF I B) 0.18 0.28 0.12 0.17 0. 06 —0.79 22. 09
WBI — 1. 05 1.03 1.03 1. 04 1.03 —0.68 26. 63
MCARI — 16. 95 28. 03 33. 49 29. 71 30. 57 0.75 24. 21
NDWI — 0. 06 0. 04 0. 04 0. 05 0. 04 —0.65 27.48
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Fig. 5 Correlation between VIs and Cu’>" contents

in corn leaves by experiment in 2016
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Fig. 6 Correlation between VIs and Cu’>" contents

in corn leaves by experiment in 2014
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2016 4£ 523075 3 /Y Y A UK X A — B, 1 WBI, MCARI Fi
NDWI ix = Fi 8 505 £ ok it i Cu™™ & i iy A 6 M R B0 K
F 0.9, HFEWIHTRIRZE RMSE (B {# 4 1. 55, RMSE /M F
155 P4 Gk, £030 . T 4 T 0 A X Y A~ F X fa], X R
NCSVI f#§ RMSE 43514 1. 50, 0.85, 0.78 Fl 1. 29, H A+ 4~
FIX A% NCSVI i) RMSE #) Kk F 1. 55, 5 2016 4F 52 4%
JT 15 40 45, WBI, MCARI 1 NDWI 3% = Ff % #1048 9k 48 B0p
RMSE /My 1. 78 AR 36 1 52 36 00 45 (9 48 OC P 3 B 1y
TR LA BWIAE R T AR A T Cu®™ Bl v R . NCS-
VI B A% A 38 %t T K V5 G SURR i) - IXC 1] 43 3] oAy ¢ 0 (530
~580 nm) . ZLi1(690~750 nm) . FEA (1 301~1 500 nm) FlUL
g A(1 590~1 919 nm), Akt F WBL, MCARI f1 NDWI H7
Pt AR E P . RBAE A R0 W E K i R A T

R4 204 FRE NCSVIMEANERELRITREXMETEER

Table 4 Statistics and correlation calculation results of NCSVI and conventional VIs by experiment in 2014

Bk T X i) Cu(0) Cu(250) Cu(500) r RMSE

350~430 nm(EA) 0. 40 0. 39 0. 39 —0.75 2. 25

430~530 nm(i# 1) 0. 36 0.35 0. 36 0.61 2.71

530~580 nm(4¢1I%) 0.21 0.19 0.18 —0.90" 1. 50

580~650 nm(# 1) 0.32 0. 30 0. 30 —0.79 2.08

650~690 nm(ZL4) 0. 37 0. 36 0.37 0.19 3. 36

NCSVI 690~750 nm(£L.i1) 0. 04 0.02 0.01 —0.97" 0.85
750~1 301 nmGEZLAMFE- &) —0.10 —0.10 —0.10 —0.27 3. 30

1 301~1 500 nmGEA) 0.16 0.15 0.14 —0.97" 0.78

1500~1 590 nm(T i) 0.13 0.12 0.11 —0.89 1.58

1590~1 919 nmGEIE A) 0.09 0.08 0.08 —0.93" 1.29

1919~2 500 nm(iz i B) 0.23 0. 21 0. 21 —0. 80 2. 04

WBI — 0.99 1. 03 1. 03 0.81 2. 02

MCARI — 14. 43 12.75 16. 00 0.52 2.92
NDWI — 0.07 0.05 0.05 —0.85 1.78
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A New Copper Stress Vegetation Index NCSVI Explores the Sensitive
Range of Corn Leaves Spectral Under Copper Pollution
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Abstract At present, heavy metal pollution in the soil is becoming more and more serious in China. Hyperspectral remote
sensing has become a hot spot in the research of heavy metal pollution in crops by reason of its characteristics such as high
spectral resolution and integrated maps with spectral. The spectral of crops will change slightly after being contaminated by
heavy metals, how to explore the sensitive bands in the leaves spectral stresses by heavy metal pollution is a current research
direction. In this study, a new copper stress vegetation index (NCSVI) was proposed to explore the sensitive range of corn
leaves spectral under copper stress. By designing corn stress experiments with different gradients, the spectral and the contents
of Cu*" in corn leaves under each copper stress concentration were determined. First, the spectral of corn leaves were divided
into 11 sub-band intervals, NCSVI were constructed by spectral reflectance corresponded to the middle wavelength of each
sub-band interval. Then, the Pearson correlation coefficient and RMSE (Root Mean Square Error) between NCSVI and the
contents of Cu*" in each corn leaves was calculated, combined with three conventional vegetation indexes of water band index
(WBD, modified chlorophyll absorption ratio index (MCARI) and normalized water index (NDWI). Finally. the corn leaves
spectral which obtained under the same experimental conditions in other year were selected for verification to confirm the stability
and effectiveness of NCSVI. The results show that among the 11 sub-band intervals, only the four sub-band intervals of a green
peak, red edge. near the valley, and near peak A. the absolute value of the correlation coefficient between NCSVI and Cu®"
contents of corn leaves were higher than 0.9, respectively to —0.94, —0.97, —0.94, —0.96, as for RMSE, the root mean
square error were less than 15, reached to 12. 57, 8. 71, 12. 71 and 10. 06. However, the highest correlation coefficient of WBI,
MCARI and NDWTI only reached to 0.75. The smallest RMSE was 24. 21. Indicating that NCSVI corresponded to the four
subintervals had a better indicator of copper pollution in corn leaves. The above results were verified by corn experiments under
the same conditions in a different year, and it was found that among the 11 subintervals, only four subintervals of a green peak,
red edge, near the valley, and near peak A had its absolute value of the coefficient R between NCSVI and the contents of Cu*" in
corn leaves were greater than 0. 9, respectively to —0.9, —0.97, —0.97 and —0. 93, as for RMSE, the root mean square error
were less than 1. 55, reached to 1. 50, 0.85, 0.78 and 1. 29, which were higher than WBI, MCARI and NDWI, and with the
same sensitive sub-band intervals in the experiment of 2016, indicating that NCSVI could detect the sensitive range of corn leaves
spectral stressed by Cu®" , with the characteristics of high efficiency and good stability. The NCSVI index proposed in this paper
can be used as a method to monitor copper pollution in corn leaves. and provide some theoretical supports for the research of

heavy metal pollution in other crops.

Keywords Hyperspectral remote sensing; Corn leaves; Heavy metal pollution; New copper stress vegetation index; Spectral

sensitive interval
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