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Remotely Estimation of Plant Nitrogen Concentration in Potato Using New Combined

Spectral Index
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Abstract: Optimally using satellite carrying channels of blue (B), green (G), red (R) and near-infrared (NIR) to estimate crop
N status play a crucial role in the management and estimation of regional N cycling. The current study was aimed to assess the
performance of optimized normalized and integrated spectral indices, derived from simulated broadband GF-2 (GF) and
Sentinel 2A (S) satellites data, to remotely sense plant N concentration in potato (Solanum tuberosum L.). Different field
experiments were conducted with different N levels for two potato cultivars in Wuchuan County and Siziwangqi County at the
northern Yinshan in Inner Mongolia from 2014 to 2016. The canopy reflectance data of potato at the growth stages of tuber
formation, tuber bulking and starch accumulation were collected by a canopy hyper-spectrometer tecS. The estimation models

of potato plant nitrogen concentration based on different spectral indices were constructed and validated by independent field
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data. The results showed that the extractive sensitive bands were able to guide the selection of satellite carrying channels. The
optimal multi-spectral indices GF-GBNDSI and S-GBNDSI calculated based on the green (G) and blue (B) channels selected
from the sensitive central bands had the highest coefficient of determination (R?) with plant N concentration of potato, and the
R* was 0.41 and 0.38, respectively. The multi-spectral indices GBNDSI/NDVI and GBNDSI/GNDVI constructed by
combining NDVI and GNDVI with GBNDSI, respectively, could significantly improve the explanation ability of plant N
concentration of potato. The R? of GBNDSI/NDVI and GBNDSI/GNDVI based on GF-2 and Sentinel 2A channel ranged from
0.54 to 0.57. Compared with the red edge multi-spectral index, GBNDSI/NDVI and GBNDSI/GNDVI not only overcame the
lacking the red edge channel with most high-resolution satellites, but also reached a better estimating ability like red edge
based REBNDSI/NDVI (R* = 0.53) and REBNDSI/GNDVI (R? = 0.59). The validated results showed that the root mean square
error and mean relative error of the S-GBNDSI/NDVI and GF-GBNDSI/NDVI models were about 0.40% and 10.27%,
respectively. Since most high-resolution satellites, especially most of the domestic satellites lacking the red edge channel, the

optimized GBNDSI/NDVI and GBNDSI/GNDVI involving conventional channels can be used to monitor plant N

concentration in crop.

Key words: Potato; Nitrogen concentration; Spectral index; Satellite based remote sensing
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Table 1  Spectral indices applied in this study
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Table 2 Selection of center sensitive bands of nitrogen
concentration of potato plants

5 R;| (nm) Rj>(nm) R’
1 434 698 0.62
2 492 494 0.62
3 432 588 0.61
4 472 620 0.58
5 668 672 0.55
6 886 876 0.46
7 816 818 0.53
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Table 3  Applicability analysis of multi-spectral indices estimation models based on GF-2 satellite

Al S GF-NDVI GF-GNDVI GF-RBNDSI GF-GBNDSI  GF-GBNDSI/NDVI  GF-GBNDSI/GNDVI
A A A HEEIY 0.01 0.10 0.06 0.22 0.33 0.30
I EN N 0.13 0.15 0.08 0.01 0.05 0.06
TE R TR 0.57 0.53 0.60 0.01 0.37 0.36
aaUN 2014 0.00 0.33 0.29 0.62 0.69 0.71
2015 0.19 0.45 0.34 0.24 0.55 0.54
2016 0.12 0.19 0.16 0.30 0.33 0.33
Hb A A 0.13 0.41 0.32 0.41 0.59 0.60
VY F F 0.12 0.19 0.16 0.30 0.33 0.33
it JE e 0~ 100 0.20 0.48 0.32 0.54 0.70 0.69
(kg/hm?) 100~200 0.01 0.19 0.16 0.45 0.56 0.56
>200 0.10 0.27 0.17 0.26 0.43 0.42
G 0.09 0.32 0.23 0.41 0.57 0.56

&4 ET Sentinel-2A T ERI % NiEIE M A MEEE RS

Table 4 Applicability analysis of multi-spectral indices estimation models based on Sentinel-2A satellite

AT

S-NDVI S-GNDVI S-NDRE S-RBNDSI S-REBNDSI S-GBNDSI S-GBNDSI/GNDVI S-GBNDSI/NDVI

AEEN HESE AU 0.01 0.12 0.09 0.01
I EN N 0.12 0.16 0.08 0.07

TE R R R A 0.54 0.48 0.52 0.56

aaUN 2014 0.01 0.40 0.47 0.02
2015 0.12 0.46 0.54 0.16

2016 0.11 0.22 0.10 0.14

Hb A 1B 0.08 0.43 0.53 0.13
-7 i 0.11 0.22 0.10 0.14

it JE 0~ 100 0.13 0.50 0.50 0.14
(kg/hm’) 100 ~ 200 0.00 0.23 0.20 0.04
>200 0.07 0.28 0.27 0.06

oie 0.05 0.35 0.33 0.09

0.17
0.00
0.07
0.66
0.33
0.06
0.43
0.06
0.58
0.37
0.22
0.37

0.20
0.02
0.03
0.60
0.19
0.34
0.37
0.34
0.50
0.42
0.22
0.38

0.28
0.09
0.19
0.70
0.51
0.36
0.59
0.36
0.67
0.54
0.41
0.55

0.30
0.07
0.15
0.67
0.49
0.38
0.56
0.38
0.68
0.53
0.40
0.54
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Fig. 6 Validation of models for estimating nitrogen concentration of potato plants based on combined spectral indices
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Fig. 7 Sensitive band changes of plant nitrogen concentration of potato based on hyperspectral data
(different band ranges were derived from channel widths corresponding to GF-2 and Sentinel-2A satellites)
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