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Table 1 Statistics of soil TN contents

EIEITES FEA KL i ¥l 2 ERRE BE it J5E

Dataset Number of samples Range (gkg') Mean (gkg') SD (gkg') CV (%) Kurtosis  Skewness
#IE4E Calibration dataset 10 0.221 ~ 1.859 1.005 0.633 63 1.46 0.26
BIE4E Validation dataset 5 0.493 ~ 1.792 1.068 0.644 60 1.21 0.15
S Total dataset 15 0.221 ~ 1.859 1.022 0.613 60 1.41 0.23
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Fig.2 Comparison between different types of supervised classification
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Fig.3 Spectral reflectance curves of case soil samples and profiles
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Fig.4 Supervised classification of the 3 soil profiles
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Table 2 Prediction precision of soil TN contents using PLSR model

T IE4E LoaTRCS
T
Calibration dataset Validation dataset
Model
LV R RMSEC R’ RMSEP  RPD
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a b
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Fig.5 Prediction of TN content stripe sampled of XL-1 (a) , XL-2 (b) , and XL-3 (¢)
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Fig.6 Comparison between predicted and measured values in TN content in stripe-sampled XL-1 (a) , XL-2 (b) , and XL-3 (¢)
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Fig.7 Prediction of TN content soil profiles of XL-1 (a) , XL-2 (b) , and XL-3 (¢ ) by layers
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Table 3  Overall prediction precision of soil TN contents in the

all soil profiles studied

W 2
R RMSEP RPD
Depth ( mm )
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PREDICTION OF VERTICAL DISTRIBUTION OF SOIL NITROGEN CONTENT IN
SOIL PROFILE USING SPECTRAL IMAGING TECHNIQUE

Li Shuo" > Wang Shanqin'"  Shi Zhou®
(1 College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China )

( 2 Institute of Remote Sensing and Information Technology, Zhejiang University, Hangzhou 310058, China )

Abstract The study on soil profiles and the various soil horizons they consist of are of great significance
to the studies on soil genesis and development, soil classification, and some other disciplines of soil science.
Traditional soil information acquisition methods are both time-and labor-consuming, however, the proximal
soil sensing technology can be used to provide soil information of various scales rapidly and periodically,
and has been widely applied to researches such as soil resource survey, land quality evaluation, soil
classification, soil mapping, etc. Traditional methods for measuring soil physical and chemical properties are
complicated, time-consuming and costly, and can hardly meet the demands for rapid monitoring of changes in
soil property. In recent years, the spectrometric technology has extensively been used to quantitatively analyze
samples in a fast, simple and non-destructive way in various fields with results. The data acquired with
using the imaging technology combined with the spectroscopic technology are high in both spatial resolution
and spectral resolution, and contain very rich soil remote sensing information and hence can provide a solid
foundation for quantitative monitoring and mapping of soils properties in the horizontal dimension. However,
in the light of the researches done by scholars both at home and abroad, it appears that the study of soil
science still lacks an imaging technique high in spatial and spectral resolution, specifically for measuring soil
total nitrogen (TN ) contents in entire soil profiles. At present, quantitative analyses of soil properties mostly
use soil samples collected in the topsoil, 0~ 150 mm or 0 ~ 200 mm in depth; studies on soil point samples in
the profile 0 ~ 1 000 mm in depth are rarely reported, and little has been found in literature on dot samples in

the 0 ~ 1 000 mm soil profile, let alone reports on mapping of vertical distribution of soil TN contents in entire
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soil profiles. In view of this situation, this study is oriented to explore the feasibility of using the technology of
vis—NIR imaging spectroscopy in instant prediction of vertical distribution of TN contents in soil profiles.

A total of 3 soil profiles (0 ~1 000 mm ) were collected from Chongyang, Hubei Province, China.
Vis—NIR hyperspectral images ( 753 spectral bands in 400 ~ 1 000 nm ) of the profiles were taken with an
imaging spectroscoper quipped with a 25 pwm slit, a 35mm focus lens 13.1° in angle of field and an area array
CCD of 1 004 pixels x 1 002 pixels. First, the digital photos with fixed scenical grid scale taken by a digital
camera were put to undergo geometric correction with reference to the hyperspectral images of the profiles
to solve the problem of image deformation caused by technological limitations of the spectrometer and the
shooting platform, and then modified to Imm in image precision. Through spatial and spectral dimensional
clipping, pixels of the wooden frame and platform background were removed leaving only soil image data

(160 pixels x 980 pixels ) and valid spectral bands (470 ~1 000 nm ) . After geometric correction and
clipping, the images were processed with a variety of supervised classification methods. Results show that the
minimum distance method is the best at distinguishing invalid data (e. g. , shadows and cracks ) from soil
data. A “sampling panel” method was proposed for strip-sampling with the panel in line with the specified,
averaging the samples similarly to ROI and finally solving the problem of scale inconsistency between point
samples and profile spectra. Furthermore, a PLSR calibration model was built up based on the spectral data
of 10 spot soil samples, and used to predict TN contents in three complete soil profiles based on their spectral
images. Results show that the technology of vis—NIR imaging spectroscopy could be used to inverse and map
soil TN vertically in profiles with good prediction results. Verification with measured data demonstrates
that R* and RPD was 0.56 and 1.41, respectively, for the 0~ 1 000 mm soil layer, which indicates that
the prediction method reached the range of rough estimation. And for the 0 ~ 600 mm soil layer, the effects
were better with R* and RPD being 0.87 and 1.76, respectively, which indicates that the technology of vis—
NIR imaging spectroscopy might have some limitation in the vertical direction, though it can well restore the
soil TN distribution patterns in the topsoil layer, especially in the 0 ~ 600mm soil layer. The above findings
demonstrate that this study has preliminarily established a set of procedures for soil TN inversion and mapping
using the technology of vis—NIR spectroscopy, and the method is applicable to rough estimation of soil TN
contents in whole soil profiles.

Key words Proximal soil sensing; Vis—NIR; Imaging spectroscopy; Profile; Nitrogen

(SREHRIE: Fiha)

http: //pedologica. issas. ac. cn



ACTA PEDOLOGICA SINICA Vol. 52 No.5 Sep., 2015

CONTENTS

Reviews and Comments
The historical venation of soil science in the past 30 years—Based on the bibliometric analysis +=:e-oeeeeeeees
.......................................................................................... Song Changqing, Tan Wenfeng (968)
Soil ecosystem services: Concept, quantification and response to urbanization —coeeeeresersersrereeieeeie.
.............................................................................. Wu Shaohua, Yu Yanna, Zhu Jiang, et al. ( 977 )
Research Articles
Analysis on spatial-temporal variability of soil organic matter in Henan Province based on Soil Taxonomy -
.............................................................................. Li Ling, Zhang Shaokai, Wu Kening, et al. (989)
Relationship between illite crystallinity (IC ) value and weathering degree of Quaternary Red Clay in southern
Anhui Province, Southeast China «+=sssssrerrereeererariieieee.. Liu Lihong, Hu Xuefeng, Ye Wei, et al. ( 1000 )
Micromorphology of ancient plow layer of paleosol in the Lajia Ruins in the Guanting Basin, Minhe County,
Qinghai Province -roeroeesersmrsarsareeaeneieeenne, Zhang Yuzhu, Huang Chunchang, Pang Jiangli, et al. (1013 )
Prediction of vertical distribution of soil nitrogen content in soil profile using spectral imaging technique -
....................................................................................... Li Shuo, Wang Shanqin, Shi Zhou (1022)
Estimation of thickness of soil layer on typical karst hillslopes using a ground penetrating radar -«++-cc---e--e
..................................................................... Wang Sheng, Chen Hongsong, Fu Zhiyong, et al. ( 1030 )
Spatio-temporal distribution of dry-wet alteration in surface soil layer of the Huaihe River Basin ««+-«soeeoeeee
.................................................................................... Cao Yongqiang, Xu Dan, Cao Yang (1042)
Erosion on dunes of overburden and waste slag in Shenfu coalfield and prediction =+=r-orserrerrerreeereeeeeeee.
.................................................................. Guo Mingming, Wang Wenlong, Li Jianming, et al. ( 1056)
Dynamics of soil water evaporation from soil mulched with sand-gravels in stripe +orerooeeereeerereeeriaeeeeeeee.
............................................................................................. Zhao Dan, Li Yi, Feng Hao ( 1067 )
Effect of pH and three kinds of anions on selenium abhsorption and desorption in purple soil +sxereeeereeeeeeeeee.
.................................................................................... Zhou Xinbin, Yu Shuhui, Xie Deti ( 1076 )
Release kinetics and bioavailability of nonexchangeable potassium in soil =+-eroerrerererrierieeieieeeeee.
........................................................................ Li Ting, Wang Huoyan, Chen Xiaoqin, et al. (1086)
Effects of bio-ash ameliorating red soil in acidity coseeeerereeeeees Shi Renyong, Li Jiuyu, Xu Renkou, et al. ( 1095 )
Effect of wheat straw biochar on high chlorinated benzene sorption process and mechanism =:+svveeereeeeeeeees
................................................................................. Li Yang, Song Yang, Wang Fang, et al. (1104)
Sorption kinetics and mechanism of naphthalene on corn-stalk-derived biochar with different pyrolysis temperature
........................................................................ Zhang Mo, Jia Mingyun, Bian Yongrong, et al. (1114)
Toxicity of deca-brominated diphenyl ether to Caenorhabditis elegans «+=«+==tssrrerrsreseesineniiiiiiini.
.................................................................. Wang Yingli, Chen Jiansong, Yang Yuxiang, et al. (1122)
Effects of clover and straw decomposition on soil microfaunal community =~ coeeseersessreserserienii .
........................................................................... Wang Hui, Gui Juan, Liu Manqiang, et al. ( 1133 )
Response of soil nematodes to soil salinization induced by seawater intrusion in coastal areas =====+-x-eeeeee
............................................................ Wang Chengnan, Zhang Weidong, Wang Xuefeng, et al. (1142)
Relationships of N,O emission with abundance and composition of denitrifying microorganisms in soil aggregates
..................................................................... Zhou Hanchang, Zhang Wenzhao, Liu Yi, et al. ( 1151 )
Optimizing blending ratio of controlled release N fertilizer for spring maize based on grain yield, N efficiency,
and economic benefit «orereeerrmererieeieeiiiiiiiee Wang Yin, Feng Guozhong, Zhang Tianshan, et al. ( 1164 )
Communications and Comments
Status quo and problems in setting-up and naming of basic taxon-Soil family in Chinese Soil Taxonomy -----
.............................................................................. Yi Chen, Ma Yuxin, Yang Jinling, et al. ( 1172)
Research Notes
Effects of drought and rehydration on photosynthetic characteristics of artificial algal crusts —=eeeeeeeeeeeeeees
................................................................................. Wu Li, Yang Hong, Lan Shu})in, et al. ( 1179 )
Effect of irrigation with saline water on plant root distribution and evolution of aeolian sandy soil in shelterbelts
along desert highways = worrorrorerrerreneeneiiiieeens Li Congjuan, Tang Junyan, Gao Pei, et al. ( 1186)
Distribution of Cu (11 ) desorption rate in variable charge soils relative to concentrations of NaNO; and its
affecting factors =roereeerrrsarremereeeieeieiieeieene.. Zhang Zhengqin, Luo Wenjian, Chen Yong, et al. (1194 )
Cover Picture: Toxicity of deca-brominated diphenyl ether ( BDE-209 ) to Caenorhabditis elegans
(by Wang Yingli )



(TEFR) REZERS
* . £F¥IE
HATHR F: (HUERZBHNTF)
T 43 En%¥  EIHHE IHE = A FIKRK  AAE
Zx#E  EFm ERE Z i ReKk HHEE KEL
KR KEH BRE BNE BB BAL AHE
HE® BT AAE  HER  SHE MR 9 4
e T WA 35 7k A RN FHAE REE KA -2/
& A wEM "N EWE OF% O ok G
% & EmX  EER A2z BERL  AHE
REMEE: REHA
REHBE: EHE Il 14 % %
T & F ® ACTA PEDOLOGICA SINICA
Turang Xuebao
(AT, 19484E617) ) ( Bimonthly, Started in 1948 )
B2 S 201549 H Vol. 52 No.5 Sep., 2015
e B (tEHEEAHE RS Edited by Editorial Board of Acta Pedologica Sinica
Mol R AL SR B 1B HREC4HTY 210008 Add: 71 East Beijing Road ,Nanjing 210008 , China
HLI% 1025 - 86881237 Tel: 025 - 86881237
E-mail ; actapedo@ issas. ac. cn E-mail ; actapedo@ issas. ac. cn
* EIT I S O Editor-in-Chief Shi Xuezheng
I & B o2 BE Superintended by Chinese Academy of Sciences
Ex o ®H O O+ O o 4 Sponsored by  Soil Science Society of China
K I P EB GRS R A AT Undertaken by Institute of Soil Science,
Chinese Academy of Sciences
K I 4+ & & B Published by Science Press
Hiu ik« b 5 AR BRI 16 5 F B 2 £ . 100717 Add: 16 Donghuangchenggen North Street,
Beijing 100717 , China
NI i - R | =W & S N = 1 i I S S /N Printed by Beijing Zhongke Printing Limited Company
Mook AT 44 4 & B Distributed by Science Press
M A 5 AR BB AR I B 16 5 BB TS 100717 Add: 16 Donghuangchenggen North Street,
Beijing 100717 , China
HLil :010 - 64017032 Tel: 010 - 64017032
E-mail: journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
(ES I A L Sl R EE N TN SIS i S /A Foreign China International Book Trading Corporation
M ik b5 399 546 BB S 0 100044 Add:P. 0. Box 399, Beijing 100044 , China
A4 — Tl :CN 32-1119/P AR & AT 2 2-560 [ 4 R AT AT - BM4S FE e 60.00 JT
B m % 2 F % 17

ISSN 0564-3929



