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Spectral characteristics of the secondary saline soil
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Abstract: In this paper,the soil nitrate content(NOj)and the associated spectral reflectance were measured
and analysed during the microbial remediation of secondary saline soil. Extrema of correlation coefficients
(ECE) and interval partial least squares regression (iPLS) methods were used to find out the optimal
sensitive bands for nitrate content detection based on seven spectral data sets. On this basis, partial least
squares regression (PLSR) was used to build relational models between nitrate content and spectral
reflectance based on full bands (400 -1 650 nm) and optimal sensitive bands, respectively. The results
showed that the optimal sensitive spectral bands selected by two methods were concentrated on 844. 5 and
846.18 nm. The Savitzky-Golay first derivative (SGFD) obtained more robust calibration and prediction
accuracies than other pre-processing inversion models with respect to the PLSR predicting models of nitrate
content based on full bands and optimal bands from two different ways. Among all of the seven spectral

data sets,the prediction accuracy of SGFD in optimal bands(775 =899 and 1 025 -1 149 nm)was the best,
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the corresponding R’ and root mean standard error of prediction (RMSEP) of the predicted model were
0.962 and 0. 057, respectively. The results of this study provided a significant scientific reference for the
rapid and non-destructive detection of nitrate content in secondary saline soil in the future.
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Tab.1 The physico-chemical characteristics of the tested soil g/kg
N 2+ 2 + - ~— ~\ ~ 2~
Indicator pH Organic matter Ca? Mg?* Na K NO; cl HCO;, SO;
7.440 26. 850 2.104 0.625 0. 649 0.132 0.714 0. 385 0.107 0.629

Measured value
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Tab.2 The PLSR model accuracy by ECE for nitrate content of soil

Pre-processing trans Calibration set

Validation set

formations of PC
spectra R? SEC RMSEC R SEP RMSEP
R 1 0.191 0.275 0.272 0.296 0.252 0. 247
FD 2 0.536 0.208 0. 206 0.501 0.211 0.208
SGFD 2 0.532 0.209 0.207 0.505 0.210 0.207
1/R 1 0.192 0.275 0.272 0.291 0.253 0. 248
LogR 1 0.192 0.275 0.272 0.294 0. 252 0.247
1/LogR 1 0.193 0.275 0.272 0.294 0. 252 0. 247
Log(1/R) 1 0.192 0.275 0.272 0.295 0.252 0. 247
« 3,
: : 10 : R 0. 962, (SEP)
RMSECV 2 NO; 0. 056, (RMSEP) 0.057,
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Method pPC
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* 1110 10 2 .
14 p
° ’ 1.2 1 ----1:1line
2 PLSR T, 10t
o0
s NO; X ,NO; 20208t
~
Y . . . =E o6t
— 273
NO: % =04 0.865 458x+0.059 807
. 5 =0. x+0.
2 . 2a SGFD 02 R=0.869
RMSEP=0.107
b 2b O .
SGFD 0 02 04 06 08 10 12 14
, 2¢ S / (gkg™)
Measured value
SGFD o (a) Full bands:SGFD 3
14 -
L+l ’ 12 | ----1:1line
NO; LiPLS o
. PERKY
ECE 0. 869.,0. 962 B
=208}
0.505, . o g
) T Eé 0.6 |
SGFD iPLS =22
BT 04y 1=0.929 599x+0.040 724
PLSR ) 1 336 02t R2=0.962
. ’ RMSEP=0.057
317 ., SGFD ECE ol
2 0 02 04 06 08 10 12 14
, SEWIME / (gkg™)
° Measured value
(b) iPLS:SGFD
3 1.0r ;
08 | ----l:1lline
3.1 74d ,775~899 nm 2206t
o S
1025~1 149 nm Zo
@204
NO; o 28 ~ S
7 2Loor e
74 d, NO; . = e 7 3=0.507 958x+0.215 465
! ol e R*=0.505
28 56 NO;, , e RMSEP=0.207
° _0.2 L 1 1 1 L 1 1 1
. 0 02 04 06 08 1.0 12 14
NO; , SEPME / (ke ™)
NO; Measured value
' ° (c) ECE:SGFD
3.2 2
. 2 NO;
NO; s . :
Fig. 2 The scatterplot of measured values and predicted
844. 50 846. 18 nm s



94

) 36

[7.9-10] 3
3~14
s
s

3.3 PLSR ,

NO; ,
775~899 1025~

1 149 nm NO;

: R
0.962,RMSEP 0. 057, ,
NO,
s ol
s o s
, _
[1] ) , ,
L. , 2004, 36
(1):25-29.
(2] . . , PLSR 813C
[J1. ( ).
2015(5):11-18.
[3] ; ; ,
. ,2015,46(2) :292-298.

[4] ZhuY, Shen G, Xiang Q. Quantitative analysis of
salinized soil reflectance spectra during microbial re-
mediation processes based on PLSR[ A7]//In Agro-
Geoinformatics( Agro-Geoinformatics) , 2016 Fifth In-
ternational Conference on [C]. 2016:1-6.

[5] Ma C,Shen G,Zhi Yset al. Spectral Characteristics
of Salinized Soils during Microbial Remediation
Processes [ J]. Spectroscopy and Spectral Analysis,
2015,35(9):2602-2608.

[6] ) ,

[J]. , 2014, 34 (4) .
1081-1084.
[ 7] TItoh H,Kanda S,Matsuura H,et al. Measurement of

nitrate concentration distribution in vegetables by
Near-Infrared hyperspectral imaging [ J]. Environmen-

tal Control in Biology,2010,48(2) :37-49.

[8]

L9]

(10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

Ito H. Idezawa F. Non-destructive determination of
nitrate ion in leal stalk of Qing gin cai using visible
(VIS)-near infrared (NIR) spectroscopy [ A]//In IV
International Conference on Managing Quality in
Chains-The Integrated View on Fruits and Vegetables
Quality 712 [C],2006:363-370.
Ito H,Horie H, Ippoushi K, et al. Potential of Visi-
ble-Near Infrared ( VIS-NIR) Spectroscopy for Non-
destructive Estimation of Nitrate Content Oin Japa-
nese Radishes [ A]//In International Conference on
Quality in Chains. An Integrated View on Fruit and
Vegetable Quality 604 [C]. 2003:549-552,
Srivichien S, Terdwongworakul A, Teerachaichayut
S. Quantitative prediction of nitrate level in intact
pineapple using Vis — NIRS [J]. Journal of Food En-
gineering,2015,150:29-34.
Norgaard L.,Saudland A, Wagner ], et al. Interval partial
least-squares regression(iPLS) :a comparative chemometric
study with an example from near-infrared spectroscopy
[J]. Applied Spectroscopy,2000,54(3) :413-419.
. IPLS-SPA

L.

’ ’ ’

,2015,35(5) :1233-1238.

[D]. : ,2012.
) s s PLSR
- [Jl.
,2010,47(6) :1255-1263.

Nawar S, Buddenbaum H, Hill J. Estimation of soil
salinity using three quantitative methods based on vis-
ible and near-infrared reflectance spectroscopy:a case
study from Egypt [J]. Arabian Journal of Geosciences,
2015(8) :1-14.
[Jl. »2014,30(17);
167-174.
Gao X,Yang Y,Zhang W,et al. Visiblenear infrared
reflectance spectroscopy for estimating soil total ni-
trogen contents in the Sanjiang Yuan Regions,China:
a case study of Yushu County and Maduo County,
Qinghai province [ A]//In SPIE Asia Pacific Remote
Sensing [ C],2014:926310-926310-12.

(. , 2003, 15 (1),
135-137.

[yl ,2015, 46

(11):112-120.



