36

Vol 19 No 5
Sept 2003

19 5

2003 9 T ransactionsof the CSA E

Evaluating soil parameter swith visible spectroscopy

LiM inzan
(K ey L aboratory o M odern Precision A griculture Systean |ntegration Research of
M inistry o Education, China A gricultural U niversity, B eijing 100083, China)

Abstract: U sing gectroscopic techniques, ocorrelation analysis and regression w ere conducted betw een il paran eters and
visible reflectance pectraof rav il sanples The sanplesw ere collected in a cornfieldw ith low er moisture content and a
forage field w ith higher moisture content Five il paraneters, il moisture, SOM , NOsN, EC and pH, w ere analyzed
by conventional method in a laboratory. V isible reflectance gpectraof the sanplesw eremeasured by a pectrophotometer.

The ectral variable used w as the first derivative of visible reflectance Results show ed that all five il paraneters could
be evaluated by visible reflectance In the cornfieldw ith low er moisture (< 30% db), a single linear regression model w as
available for moisture estmation, and amultiple exponential model w as recommended to evaluate NOsN. However, it
failed to establish the evaluating model of SOM because of its snall variation, and itw as difficult to obtain the estimation
model of EC and pH because of lower moisture content In the forage field with higher moisture (> 70% db), a
multinom ialmodel w ith single variablew as better for moisture estimation, and a single linear model and two multiple linear
modelsw ere reconmended to evaluate SOM , EC and pH regectively. For NOsN, amultiple exponential model w as alo

recomm ended

sanplesw ith middlemoisture (30% 70% db).

It would be necessary to study the correlation betw een visible reflectance and il paraneters of rav il
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1 Introduction

Precision agriculture is a management gpproach to
variations in thefield, such as @il paraneters, yields,
weeds, insects, in order to adjust agricultural inputs
to the site gecific requiranents Describing the
variability of il paraneters is an mportant step for
promoting precision agriculture Hence it is necessary
to look for a real-time evaluating method of il
parameters

M any 9ectrosoopic approaches, mainly near
infrared (N IR) spectrosoopic gpproaches, have been
introduced in il paraneters evaluating Krishnan et
al analyzed the correlation betw een il organicmatter
(30M ) and N IR spectral reflectance over 800 2400
nm w avelengths, and developed a multiple linear
regression model using 1100, 1350, 1398 and 2210 nm
w avelengthsw ith correlation coefficient of Q 9342
Sudduth and Humm el evaluated CEC and SOM using a
portable N IR gpectrophotom eter in the
laboratory®® °. Reeves, III et al analyzed agricultural
oils by N IR spectroscopy'®’. A nalyzed parameters
werepH, total C, totalN, activeN, biomassN, and
mineralisable N. Evaluating models for these
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parameters show ed high R-Square

How ever, above studies provided the dried and
crushed il sanples in the experment in order to
elim inate the influence of moisture and particle size of
il samples So that the resultsobtained could not be
directly used to real-time evaluate il paraneters L i
M inzan et al carried out a series of the experiments to
rav il samples in order to develop a real-time il
pectrophotometer™®®. N IR ectra of the il
samplesw eremeasured rapidly after ssmplingw ithout
any treatment Soil paraneters analyzed were il
moisture, SOM , nitrate nitrogen (NOsN ), electric
conductivity (EC) and pH. Results show ed that itw as
possible to evaluate those five il paranetersw ith the
N IR gectral reflectance And itwas al shown that
the first derivative of the reflectance gectrum was
more effective for fitting the regression models

M earw hile, it was al® reported that visible
reflectance ectra could be used for evaluating il
paraneters’®™  Since elanents and instruments for
measuring visible light have smpler structure and
cheaper price, itwould be easier to develop real-tme
il senr with visible gectral reflectance than that
with N IR gectral reflectance Therefore it is
necessary to explore oorrelation between il
parameters and visible reflectance gectra of rav il
samples collected from field in order to develop real-
time il senor.

The aim of this study is to reveal the possibility
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evaluating il paraneters with visible reflectance
gectra of rav il sanples using 9gectrosoopic
goproach and statistic analysis, and then to construct
the theoretic and practical basis for the development of
real-time il senor.

2 M ethodsand mater ials

21 Soil smples

Two fields, a cornfield and a forage field were
selected for the study. 15 il samplesw ere random ly
oollected from the layersof topsil 0 10 an depth in
the cornfield with lower moisture content (< 30%
db). And 25 il sanples were randomly collected
from the layers of subsoil 20 30 an deep in the
forage field with higher moisture content (> 70%
db). Soil texturew as 20% clay, 34% silt, 46% sand
for the cornfield oil, and 20% clay, 28% silt, 52%
sand for the forage field =il Both of them were
classified into CL.
2 2 M ethods

The desktop pectrophotometer UV -3100PC,
Shimadzu Ltd , was used for measuring sectral
reflectance of the il sanples It has 250 2500 nm
measurable range in 2 nm reolution and 20 nm band
width Since the am of this study is to reveal the
possibility evaluating =il paraneters with visible
reflectance ectra, only 400 800 nm of reflectance
gectraw ere analyzed here

Collected il samples were directly provided for
gectral analysis and moisturemeasurement, and then
for analysis of other il parameters M oisture was
measured by 105 - 24 h method with the electric
oven heater SOM was defined here by ignition loss
after burning at 800 for 3 h in the electric muffle

oven NOsN, EC and pH were measured with
portableNOsN meter C-141, EC meter B-173 and pH
meter B-212, made by Horiba L td , resectively.

Incorporate 5 g air dried ils into 25 g distilled w ater,
and then shake it for 30 minutes, and then take the
top clear olution for measureanent of NOsN, EC and
pH.

A Ithough visible reflectance gectra could be used
for the correlation analysis and regression analysis,
the first derivative of the original spectral reflectance
w as thought more effective since it might eliminate
vme gystamic errors, such as the fluctuation of light
urce, the change of distance from light ource to the
surface of il sanples Thus in this study the first
derivative of the visible reflectance was selected as
gectral variable

The first derivative was calculated by Eq (1)
developed by Shibusava S et al'™.

_ 1
yi= g (-
W here, yi is the first derivative, xi is the visible
reflectance; h is the sampling interval (2 nm).

11xi + 18Xis1- OXis2+ 2Xis3) (1)

3 Reaultsand discussion

3 1 Data processing
311 <Soil paraneters

Table 1 show s the statistic characteristics The il
samples in the cornfield were low moisture il with
low EC values while the il samples in the forage
field were high moisture il with high EC values
NOsN, SOM and pH showed smilar variations In
addition, SOM w as higher than common il sanples,
w hich usually changed from 1% to 6%.

Table 1 Statistic character istics of il parameters in the test f ields

Cornfield Forage field
Parameters
Min M ax M ean Std deviation Min M ax M ean Std deviation
M oisture/% 29 254 13 2 56 723 108 0 95 7 88
NOs-NA‘ng- (1OOg)‘1 31 113 54 21 32 136 60 23
OM /% 212 233 22 3 Q7 186 271 237 24
EC/uS an 1! 72 190 128 36 148 280 220 34
pH 65 74 70 Q2 60 66 6 3 a2
Texture 20% clay, 34% silt, 46% sand 20% clay, 28% silt, 52% sand

3 1 2 Visible reflectance gectra

The il paraneters and il type of 4 exanples
were shown in table 2 Four exanples of visible
reflectance gpectra and its first derivative w ere show n
in Fig 1 The original gectra had no obvious peaks
and gike drops, and simply increased alone w ith
w avelength went up. For the first derivative, it had

ome peaks (428 nm, 542 nm, 746mm) and ike
drops (460 nm, 592 nm). The result showed that
there w ere sme ecial aborptionsw ithin 400 800
nm though the absrption mechanisn could not be
clearly understood yet as N IR™ L Furthemore,
both in original reflectance and the first derivative, the
difference of gectra anong different samples was
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observed It showed that to evaluate il paraneters  w ith visible reflectancewould be possible and feasible
20 " 0.05
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g $ 0.03
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= = 0.02
0.01 |
3
0 L i 1 J
400 500 600 700 800 400 500 600 700 800
Wavelength/nm Wavelength/nm
a. Original reflectance spectra b. First derivative of original reflectance spectra
Fig 1 Visible reflectance and its first derivative
Table 2 Soil parameter sand il type of 4 examples shown in Fig 1
Spectrum number Field Sanple nunber M oisture % (db) NOsN/mg- (100 ¢g)" ! DM /% EC/uS an™ 1! pH
1 Cornfield 6 10 5 6 55 21 8 830 71
2 Cornfield 15 20 3 4 18 21 2 180 0 72
3 Forage field 1 72 3 8 93 257 250 0 60
4 Forage field 15 108 0 3 62 21 9 194 6 6

3 1 3 Data treatment

Firstly the wavelength area of 400 800 nm was
divided into four parts, 400 500, 500 600, 600
700, and 700 800 nm. Then, the sum of reflectance
in each partw as calculated regectively, i e four data
w ere obtained for each sample Table 3 gives the new
data of the sanples shown in Fig 1

Table 3 New spectral data of the ssmples shown in Fig 1

W avelength  Sample 6 Sanple 15 Sanple 1 Sample 15
/mm in cornfield in cornfield in forage field in forage field
400 500 118 Q 420 Q 257 Q 445
500 600 2 06 Q 973 Q 418 103
600 700 2 03 102 Q 479 Q 916
700 800 2 07 1 08 Q 589 Q 805

Defined a calculated sum as a datum Xij.x, herei
represents test field, i= 1. cornfieldandi= 2 forage
field; | represents the sequence of il sample, for
cornfield j = 1 15and for foragefieldj = 1 25, k
represents the sequence of thew avelength area, k= 1,
2, 3, 4 correponding w ith w avelength area of 400

500, 500 600, 600 700, and 700 800 nm
repectively. Based on above definition, next eight
data setsw ere obtained, {xwj«x, j= 1,2, ,15}, k=

1 4dand{xz2jx j= 1,2, ,15}, k=1 4
Finally, the correlation analysisand regressionw ere
carried out betw een each il paraneter and each data
set
3 1 4 Check of correlation coefficients
Correlation coefficients betw een each il parameter
and each nev data set were checked Table 4 show s
the result The highest ocorrelation was observed

betw een il moisture and the data set (500 600 nm)
in the cornfield A nd the low est correlation was als
observed in the cornfield between SOM and the data
set (700 800 nm). U sing these coefficients, it was
perfomed to fit evaluating models of all il
parameters

Table 4 Correlation coeff icient between il parameter s
and data set of visible sgpectral ref lectance

400 500 600 700
500 nm 600 nm 700 nm 800 nm
Cornfield
M oisture - Q960 - Q965 - Q955 - 0913
OM - Q044 - Q069 - 0 068 - 0032
NOsN - Q334 - Q343 - Q369 - 0441
EC Q 110 Q 034 - 0048 - 0125
pH - 0290 - 0305 - 0315 - 0294
Forage field
M oisture Q 578 Q 608 Q 628 Q 786
OM - Q890 - Q 886 - Q878 - Q748
NOsN - Q361 - Q380 - Q389 - Q471
EC - Q824 - 0 836 - 0833 - Q799
pH Q 663 Q 665 Q 679 Q 801
3 2 M oisture

It was observed that the correlation coefficients
betw een il moisture content and the nev 9ectral
data w as negative in the cornfield, while there was
positive oorrelation in the forage field Next
hypothesisw as given to explain the fact

For the cornfield, sincemoisture content w as low er
(< 30% db), il moisture mainly existed as
molecular state, and combined with il particle
tightly. W hen =il moisture content went up, the
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color of il would become dark, = that more light
might be absorbed by il In otherwords, reflecting
light from =il sample surface would decrease as il
moisture increased However for the forage field,
since moisture content was very high (> 70% db),
il moisturemainly existed as snall drip, and formed
aw ater film in the surfaceof il sanple like amirror.
A s il moisturewent up, the "mirror" would become
snoother 20 that reflecting light would increase

Regressions w ere conducted Figure 2 show s the
single linear models of the cornfield and the forage
field For the cornfield it has a good fitting betw een
test data and evaluatingmodel The bestmodel shown
in Fig 2aw as obtained betw een the moisture content
and data set {x1;.2, j = 1,2, ,15}

For the forage field, although coefficients obtained

y=-9.36x+28.9
R*=0.932

Moisture content/%db
o

0 6.5 1.0 1.5 20 25 3.0

First derivative of visible reflectance spectra
a. Cornfield

w ere comparatively high, they were not high enough
to evaluate il moisture directly. U sing all four data
sets amultiple linear regression w as executed, and a
high oorrelation coefficient of @ 858 was obtained

M eanw hile, single variable model is aw ays expected
better for evaluating because of its high stability.

Thus, the correlation betw een il moisture and data
set in the forage field w as exan ined again by draw ing
dataplot Fig 2b show s the plot of data set {xz2j.4, j
= 1,2, ,25} Itwasobvious that linear model w as
not suitable to the data A fter a seriesof calculation,
amultinomial model shown in Fig 2b was obtained

TheR-sguarew as mproved to O 710, and good fitting
betw een test data and evaluating model w as observed

It would be more suitable than a multiple linear
model

120

110 y==821.38%°+575.75x~152, 15

R*=0.7103

L
)

Moisture content/%db

70 2) 1 1 )
0.5 0.6 0.7 0.8 0.9
First derivative of visible reflectance spectra
b. Forage field

Fig 2 Regressivemodelsof soil moisture

33 M

In the forage field, quite high correlation was
observed between SOM  oontent and visible
reflectance The highest coefficient was obtained in
the data set {x2,.1, j = 1,2, ,25}. Fig 3 show s the
dataplot and the regressivemodel The SOM oontent

could bew ell evaluated by visible reflectance ectra

30
y=-20.6x+30.8
R?=0,792

25 F

20 -

SOM content/%

15 1 L I 1 ]
0.2 0.3 0.4 0.5 0.6 0.7
First derivative of visible spectral reflectance

Fig 3 Regressivemodel of SOM in the forage field

How ever, the coefficients betw een SOM and visible
reflectance were too snall to execute multiple
regression in the oornfield One of the possible
reaonsw as snall variation of SOM data Itsvariation
ooefficient (0/u) was only Q 003 For this snall
variation, visible sectral reflectance could not have
enough sensitivity to differ from the difference of SOM

content It was necessary to intentionally collect soil
samplesw ith great variation in SOM coontent in order
to get suitable estimation model
34 NOs-N

As shown in table 4, the single correlation
ooefficients betw een NOs-N content and each data set
were lower. For both the cornfield and the forage
field, multiple linear regressions were performed
However all estimation models obtained were not
significant Thus, it was necessary to conduct non-
linear regressions V arious models were tested
Finally, an exponential model defined by Eq (2) was
detemm ined

Cn = ao+ Zl aiexp (biXi) (2)

W here, Cv isNOsN oontent; xi is the first derivative
of visible reflectance a0, ai and b are model
ocoefficients i is the number of data set Since the
model was non-linear, the model paraneters were
estimated w ith genetic algorithm.

Table 5 shows the regression result of the
exponential model High coefficients of Q 900 and
Q 836 were obtained It made it clear that NOsN
content, an mportant il nutrient parameter, can be
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evaluated by visible reflectance 35 EC

In addition, the models had comparatively many From table 4, high correlation (negative) betw een
model coefficientsas shown in table 5 It might result EC and visible reflectance w as observed in the forage
in model diverging Thus it would be necessary to field, while therew as no significant correlation in the
conduct more experiments and tests to reduce the cornfield
num ber of model coefficients

Table 5 Regressive coeff icients of evaluatingmodels for NOs-N

M odel y=ao+ Y aexp(bixi) (i= 1 4)
W avelength Cornfield Cornfield
/nm 400 500 500 600 600 700 700 800 400 500 500 600 600 700 700 800
M odel ao. 4 38 ao: 4 37
o ai - 152 - 753 - 268 2 62 ai 218 8 86 - 797 - 175
Coefficient
bi - 11 4 3 62 - 140 - 114 bi - 7.99 - 182 6 35 12 1
Correlation
. Q 900 Q 836
Coefficient

EC dependson many kinds of ions concentrated in 36 pH
il W hen il moisture was higher as the forage pH is al®o an integrated il parameter relating to
field, ions in the =il would be very live And the H". It alo showed some correlation with il
concentration difference of ions might result in the moisture as EC. High positive coefficients were
change of light absrption or reflectance Conversely, observed in the forage field w ith higher moisture but
when ilmoisturew as low er as the cornfield, ionsin in the cornfieldw ith low ermoisture It seem sdifficult
the il would be not live and the ion concentration to evaluate pH in low moisture il with visible
would alo be quite low. Thus itwould be difficult to reflectance
identify the difference of ions concentration using Regression analysis between pH and visible
visible reflectance in dry field reflectance in the forage field was conducted in the
A multiple linear regression was conducted to the smilar way to EC estimation, and the result, with
forage field The result (Fig 4a) show s a good fitting high correlation coefficient of above Q 880 (R’ =

betw een tested data and estim ated data Q 780), was shown in Fig 4b
.29 6.8
§ 260 s
b - 6.6 R*=0.780
g 230 -:' 6.4 * ¢ ¢
o £ .
8 200 E 6.2 . ¢ . o
£ 1m0 = 6.0 .
= 140 ) 5.8 1 1 1 1 i
140 170 200 230 260 290 5.8 6.0 6.2 6.4 6.6 6.8
Test EC/ uS-cm™ Test pH
a. EC b. pH

Fig 4 Regressive result of EC and pH in the forage field

was recommended to evaluate NOsN. However, it

failed to establish the evaluating model of SOM

It was studied to evaluate il paraneters with because of its snall variation, and it was difficult to
visible reflectance gectra of rav il samples The obtain the estimation model of EC and pH.

4 Conclusion

il sanples were oollected from a cornfield and a In the forage field with higher moisture (> 70%
forage field, and the il paraneters analyzed w ere db), a multinomial model with single variable w as
ilmoisture, SOM, NOsN, EC and pH. better for moisture estimation, and a single linear

In the cornfieldw ith low er moisture (< 30% db), a model and two multiple liner modelsw ere recomm en-
single linear regression model was available for ded to evaluate SOM, EC and pH regectively. For
moisture estimation, and amultiple exponential model NOsN, a multiple exponential model was al®
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necessary.

M eanw hile,
ocorrelation between visible

it would be necessary to study the
reflectance and il

parameters of rav il samplesw ith middle moisture

(30%
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