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EFFECTS OF SOIL MOISTURE CONTENT ON ABSORBANCE

SPECTRA OF SANDY SOILS IN SENSING PHOSPHORUS

CONCENTRATIONS USING UV-VIS-NIR SPECTROSCOPY

I. Bogrekci,  W. S. Lee

ABSTRACT. This study was conducted to investigate the effects of soil moisture content on the absorbance spectra of sandy
soils with different phosphorus (P) concentrations using ultraviolet (UV), visible (VIS), and near-infrared (NIR) absorbance
spectroscopy. Sieve sizes were 125, 250, and 600 m for fine, medium, and coarse, respectively. The medium size of the
samples was used for the study. Investigations were conducted at 0, 12.5, 62.5, 175, 375, 750, and 1000 mg kgï1 P application
rates. Three soil moisture contents (4%, 8%, and 12%) were investigated. P concentrations of the soil samples were analyzed
and reflectance of the samples was measured between 225 and 2550 nm with a 1 nm interval. Dried soil samples reflected
more light than wet soil in the 225-2550 nm range. As moisture content of the soils increased, reflectance from the soil sample
decreased, which indicates that water is a strong light absorber in sandy soils. Dry soil spectra were reconstructed from the
wet soil spectra by removing the moisture content effect and compared with the dry spectra of the same soil sample.
Absorbance and reconstructed absorbance data were prepared as calibration and validation data sets in order to measure
the performance of the spectral signal processing used for removing the moisture content effect on absorbance spectra. A
partial least squares (PLS) analysis was applied to the data to predict P concentration before and after processing the spectra.
The results showed that removing the moisture effect by spectral signal processing considerably improved prediction of P in
soils.
Keywords. Absorbance, Moisture content, NIR, Phosphates, Phosphorus, PLS, Reflectance, Sensor, Spectroscopy, UV, VIS.

oisture content of soils has always been a con-
cern for measurement of soil properties. Many
researchers have used spectral reflection to de-
termine moisture content of a soil sample. Soil

moisture and vegetation cover had a negative influence on
the prediction of organic matter and clay content using field
spectroscopy (Kooistra et al., 2003). Galvao and Vitorello
(1998) investigated the linear relationship (soil lines) be-
tween conventional red (R) and near-infrared (NIR) in
500-1100 nm. The authors studied the effects of spectral posi-
tioning and widths of approximately simulated bands of some
broad and narrow band sensors. In addition, they explored the
influence of the chemical constituent and moisture in soil
samples. Hummel et al. (2001) studied soil moisture and or-
ganic matter prediction of surface and subsurface soils using
an NIR sensor. Phosphorus sensing (Lee et al., 2003; Varvel
et al., 1999; Bogrekci et al., 2003) and phosphate sensing
(Yoon et al., 1993; Bogrekci and Lee, 2005) using spectral
measurement  were studied.
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In addition to previous studies, this research investigated
the effect of moisture content on soil absorbance spectra
within the 225-2550 nm range in determining P concentra-
tions from spectral information. This research also focused
on removal of moisture content effect on absorbance spectra
by reconstructing the dry spectra of a soil sample from the wet
soil spectra in order to improve the prediction of P in soils.

OBJECTIVE
The objectives of this research were to investigate the

effects of soil moisture content on absorbance spectra for
sandy soil samples, and to develop a calibration model for
predicting P concentration of unknown samples using diffuse
reflectance  spectroscopy in the ultraviolet (UV), visible
(VIS), and NIR regions.

MATERIALS AND METHODS
SOIL SAMPLE PREPARATION

In order to study the effects of moisture content on
absorbance spectra of soils, pure sandy soil was obtained
from Edgar, Putnam County, Florida. Sandy soil was graded
into three particle sizes using a sieve shaker (Ro-Tap, W. S.
Tyler, Inc., Mentor, Ohio). Sieve sizes of 125, 250, and
600 m were selected to categorize fine, medium, and coarse
samples, respectively. Medium samples were used for the
study. Soil samples were leached using 0.1 molar HCl acid
solutions and de-ionized water in order to remove existing P.
After leaching, pH and P concentration of the sandy soils
were analyzed. Soil pH was measured using a pH/tempera-
ture meter (HI 991000, Hanna Instruments, Woonsocket,
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Table 1. Sample preparation with different phosphorus concentrations and moisture contents.
Moisture Content (%) P Concentration (mg kgï1) Particle Size ( m) pH Spectral Range (nm)

No P 0.0
No moisture (dry) 0 Very low 12.5

Low 4 Low 62.5
Medium 8 Medium 175.0 Medium (250) 6 225-2550

High 12 High 375.0
Very high 750.0

Extremely high 1000.0

R.I.), and soil P was determined using a soil test kit (Luster
Leaf Products, Inc., Atlanta, Fla.). If P was detected in the soil
samples, further leaching was applied. P solution was pre-
pared from potassium phosphate monobasic (KH2PO4, Fish-
er Scientific, Fairlawn, N.J.). Phosphorus rates were 0 (no P),
12.5 (very low), 62.5 (low), 175 (medium), 375 (high), 750
(very high), and 1000 (extremely high) mg kgï1. Solutions
with all P concentrations were added to the soil samples and
mixed thoroughly. Soil samples were incubated for seven
days.

Phosphorus application rates with different moisture
contents are listed in table 1. After incubation of soil with
different P concentrations for seven days, the soil samples
were air-dried thoroughly. Different amounts of water were
added to the dried soil samples to prepare samples with three
different moisture contents (4%, 8%, and 12% wet basis).
Each just-moistened samples was mixed thoroughly, and the
reflectance  of the same sample was then measured. There
were seven different P concentrations, four different mois-
ture contents, and four replications, which produced 112 soil
reflectance  spectra (table 1).

REFLECTANCE MEASUREMENT
A spectrophotometer (Cary 500 Scan UV-VIS-NIR,

Varian, Inc., Palo Alto, Cal.) equipped with a diffuse
reflectance  accessory (DRA-CA-5500, Labsphere, Inc.,
North Sutton, N.H.) was used to collect spectral reflectance
data from each soil sample. Reflectance was measured for
each soil sample within the 225-2550 nm range with an
increment of 1 nm. After each reflectance measurement of
the wet soil samples, samples were oven-dried at 104 C for
24 h. The soil samples were sent to a laboratory for chemical
analysis of P concentration. All soil samples were analyzed
for total P. Reflectance of the soil samples was measured
before and after drying.

Reflectance  values of all samples were converted into
absorbance before further analysis in order to find the
relationship between P concentration and absorption of light
at different wavelengths using Beer-Lambert’s law (Williams
and Norris, 2001). Absorbance was calculated using follow-
ing formula:

 Abs = log(1/Ref) (1)

where Abs is absorbance, and Ref is reflectance.
The data were filtered using a Savitzky-Golay polynomial

convolution filter to remove the noise in the signal using
Matlab (The MathWorks, Inc., Natick, Mass.).

DATA ANALYSIS
The data were divided into two sets as calibration and

validation.  The calibration and validation data sets were
obtained using simple random sampling. In order to obtain

better performance in sensing the P concentration of a soil,
the effect of moisture content on the absorbance spectrum of
the soil sample needs to be removed. Phosphorus concentra-
tions were calculated from absorbance spectra of the soils
using both the original and the processed absorbance spectra
of soils with different moisture contents. To do this, the
following steps were performed (described in more detail
later):

1. The moisture content of a soil sample was computed
from the absorbance spectra.

2. The effect of 1% moisture content on the soil spectra
within the 225-2550 nm range was calculated.

3. The moisture effect on the absorbance spectra was re-
moved.

4. SAS PLS (SAS, 1999) analysis was conducted with the
original and the processed absorbance spectra to pre-
dict the P concentrations of the soils and to measure the
performance of removing the moisture content effect
from the wet soil spectra in determining the P con-
centrations of the soils.

There were 54 and 53 soil spectra in the calibration and
validation data sets, respectively. These data sets were
chosen randomly. Five spectra were discarded due to being
outliers from suspected experimental error. The discarded
spectra did not represent the same spectral information as
their replications.

Two wavelengths (1450 and 1940 nm) are well-known
water absorption bands (Williams and Norris, 2001). The
absorbance at 340 nm resulted in the lowest absorbance
change with regard to moisture content and P concentration
when absorbance changes at all wavelengths (225-2550 nm)
with different moisture contents and P concentrations were
compared. Therefore, these wavelengths (340, 1450, and
1940 nm) were used to calculate the moisture determination
ratio (MDR) for measuring the moisture content of a soil
sample from absorbance spectra:

 
340

19401450 )(
MDR

A
AA

 (2)

where
MDR = moisture determination ratio
A 145 = absorbance at 1450 nm
A 1940 = absorbance at 1940 nm
A 340 = absorbance at 340 nm.
Values of MDR were calculated for each spectrum. Based

on the moisture content of the soil samples, different MDR
values were obtained. If the sample was dry, the MDR value
was less than 1. If the sample was moist with 4% moisture,
the MDR value was between 1 and 2.6. If the sample was
moist with 8% moisture, the MDR value was between 2.6 and
2.88. If the sample was moist with 12% moisture, the MDR
value was more than 2.88. In addition, the success ratio was
calculated as the correctly classified number of samples
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divided by the number of samples, multiplied by 100 in the
validation set:

 100SR
n
CC

 (3)

where
SR = success ratio (%)
CC = number of correct classified samples
n = number of samples in data set.
The moisture content effect on the absorbance spectrum

of a soil sample was removed and an equivalent dry soil
spectrum was reconstructed using equations 4, 5, and 6:

 DSAWSAWA  (4)

 i
n
WA

WAU  (5)

 )MDR( WAUWSAEDSA  (6)

where
WSA  = wet soil absorbance
DSA  = dry soil absorbance
WA  = water absorbance
WAU  = unit water absorbance, i.e., the unit percent

moisture content of a soil sample (1%)
EDSA  = equivalent dry soil absorbance
n = number of samples
i = percent moisture content of a soil sample (%)

= wavelength (225-2525 nm)
MDR = moisture determination ratio.
In the calibration data set, equations 4 and 5 were used to

obtain 1% water (moisture) spectra from the soil samples.
The calculated 1% moisture spectra were then used to
reconstruct the equivalent dry soil spectra using equation 6
in the validation data set.

Partial least squares (PLS) regression analysis was used to
calibrate  and predict P concentrations of the samples (SAS,
1999). The number of extracted factors was determined by
cross-validation,  that is, fitting the model to part of the data
and minimizing the prediction error for the unfitted part. The
predicted residual sum of squares (PRESS) was used to
determine the number of factors. The NIPALS algorithm was
used. For cross-validation, the split-sample validation meth-
od was used.

RESULTS AND DISCUSSION
Average absorbance spectra of the phosphorus-free soil

samples at four different moisture contents (dry, 4%, 8%, and
12%) are plotted in figure 1. Each spectrum is an average of
four samples. Absorbance of dry soils was lower than that of
wet soils within the 225-2550 nm range. Absorbance
increased with an increase in moisture content for all
wavelengths.  However, the amount of absorbance change
was not constant at all wavelengths due to the light absorption
properties of water. The water effect was observed as
expected on the absorbance spectra of the soils. Two water
absorption bands at 1450 nm and 1940 nm were distinct.

Average absorbance values of soils with different P
concentrations  within the 225-2550 nm range are given in

Moisture Content

Wavelength (nm)

500 1000 1500 2000 2500
0.0

0.2

0.4

0.6

0.8 0%
4%
8%
12%

Figure 1. Average absorbance of the wet soil samples at different moisture
contents and phosphorus-free dry soils within the 225-2550 nm range.
Each spectrum is an average of four samples.
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Figure 2. Average absorbance of the soil samples at 4% moisture content
with different P concentrations within the 225-2550 nm range. Each spec-
trum is an average of four samples.
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Figure 3. Average absorbance of the soil samples at 8% moisture content
with different P concentrations within the 225-2550 nm range. Each spec-
trum is an average of four samples.

figures 2, 3, 4, and 5 for 4%, 8%, 12%, and 0% (dry) soil
moisture contents, respectively. Soil absorbance spectra in
the 225-2550 nm range showed that absorbance increased
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Phosphorus concentration

Wavelength (nm)
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Figure 4. Average absorbance of the soil samples at 12% moisture content
with different P concentrations within the 225-2550 nm range. Each spec-
trum is an average of four samples.

with an increase in soil moisture. As Beer-Lambert’s law ex-
plains, absorbance increased with an increase in P concentra-
tions of the soils. This relationship was observed clearly in
the NIR region for P in figures 2, 3, 4, and 5. However, the
amount of absorbance change for each increase in P con-
centration in the NIR region became smaller as the moisture
content increased. In other words, absorbance caused by the
P concentration in the soil was more distinct for each P con-
centration if the soil sample was drier. The increase in the
amount of absorbance change for the same P concentration
was caused by the increase in the moisture content; therefore,
this moisture effect should be corrected to improve the capa-
bility of P prediction models.

Correlation coefficient spectra of absorbance and P
concentrations  are shown in figure 6 for different soil
moisture contents. As seen from the correlation coefficient
spectra in the 1982-2550 nm range, there is a high correlation
between absorbance and P concentration as the soil sample
becomes drier.

The MDR value ranges for each moisture content range
were determined in the calibration data set and then applied

Phosphorus concentration
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Figure 5. Average absorbance of the dried soil samples with different P
concentrations within the 225-2550 nm range. Each spectrum is an aver-
age of four samples.
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Figure 6. Correlation coefficient spectra between absorbance and P con-
centration at different moisture contents within the 225-2550 nm range.

to the validation data set in order to predict the moisture
content of the soils. The results for the determination of mois-
ture content using MDR (eq. 2) are listed in table 2. Using both
the MDR and the defined class range, success ratios were 98.7%
and 88.7% for determining the moisture content of soils in the
calibration and validation data sets, respectively.

Absorbance spectra of a wet and dry soil sample and the
reconstructed dry soil spectrum from the same wet soil
spectrum within the 225-2550 nm range are shown in
figure 7. The reconstructed spectrum resembles the dry
spectrum of the same soil sample. This shows that the
moisture content removal algorithm successfully recon-
structed a spectrum equivalent to the original dry spectrum
from the wet spectrum within the 225-2550 nm range.

Partial least squares (PLS) analyses were applied to the
calibration and validation data sets for both the original and
reconstructed absorbance spectra with different P concentra-
tions. Results from the PLS for the calibration and validation
data sets using both original dry soil spectra and recon-
structed dry soil spectra with P concentrations are tabulated
in table 3. Soil P concentrations were predicted better when
the moisture content effect on the absorbance spectra of a soil
was removed. A strong relationship (R2 = 0.97; fig. 8d, and
table 3) between actual and predicted P concentrations of
soils was found for the validation data set. Using the
reconstructed spectra produced better predictions than using
the original spectra. Partial least squares results showed that
the prediction error (RMSE) decreased from 151 to 62 mg
kgï1 in the validation data set. The range tested was from 0
to 1000 mg kgï1.

Table 2. Classification results of the validation set for determining
soil moisture contents using the MDR equation.

Actual Number of Samples
Equivalent

MDR
Value

Moisture
Content Dry 4% 8% 12%

Predicted
Number of

Samples

Dry 14 0 0 0 <1
4% 0 13 2 0 1-2.6
8% 0 0 8 1 2.6-2.88
12% 0 0 3 12 >2.88

Success ratio (%) 88.7
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Figure 7. Absorbance of a soil sample in wet and dry conditions and recon-
structed absorbance of the same soil sample within the 225-2550 nm
range.

CONCLUSION
The moisture content effect on sandy soil absorbance

spectra in sensing soil P concentrations was investigated in
the UV, VIS, and NIR regions, and the influence of moisture

Table 3. Partial least squares results for the calibration and validation
data sets using both original dry soil absorbance spectra

and reconstructed dry soil absorbance spectra
with chemical data of P concentrations.

Calibration Validation

Sample Set R2
RMSE

(mg kgï1) R2
RMSE

(mg kgï1)

Original dry soils 0.99 26 0.83 151
Reconstructed dry soils 0.97 54 0.97 62

content on absorbance spectra was observed. The following
are major findings from this research:

Correlation coefficient spectra between absorbance
and P concentrations showed high correlations within
the 1982-2550 nm range.
A dry soil spectrum was reconstructed successfully
from a wet soil spectrum by removing the moisture
content effect. The reconstructed dry soil spectra re-
sembled the original dry soil spectra.
Spectral signal processing by removing the moisture
effect improved P prediction in soils considerably. Pre-
diction error (RMSE) for the validation data set was re-
duced from 151 to 62 mg kgï1 when reconstructed
absorbance spectra were used and the range tested was
from 0 to 1000 mg kgï1.
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Figure 8. Partial least squares results for: (a) original absorbance spectra, calibration data; (b) original absorbance spectra, validation data; (c) recon-
structed absorbance spectra, calibration data; and (d) reconstructed absorbance spectra, validation data.
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