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SPECTRAL DISCRIMINATION OF ARABLE FROM FALLOW FIELDS
AS LANDSCAPE COMPONENTS

ABSTRACT: Remote sensing methods, in-
cluding aerial photography and satellite images,
could be successfully used for detecting and
acreage assessing of landscape components like
fallow fields. The objective of the present study
was to characterize the reflectance of fallow fields
situated in various soil conditions and of different
age and compare them with spectral characteris-
tics of main arable crops: winter rye, spring oat,
winter oilseed rape, corn, potatoes and meadow.
Field spectral reflectance measurements were
made with the CIMEL CE313 luminancemeter
and five vegetation indices (NDVI, STVI, MSI,
MNDVI and GRVI) were developed by combin-
ing the reflectance factors in the five wavebands
(450, 550, 650, 850 and 1650 nm). In the second
part of May, when seasonal biomass peak of win-
ter crops and meadows occurs and spring crops
partly covers the soil, significant differences were
observed in the spectral properties of fallow and
cultivated fields. Results showed that among the
analyzed vegetation indices MSI index (R /
R,.,) was found to be the best for discriminating
among the fallow fields and GRVI (R, /R, ) and
NDVI (R, -R_, )/(R, +R . )), were the best dis-
criminators between the fallow fields and arable
crops.

KEY WORDS: remote sensing, landscape

changes, field spectrometry, reflectance, fallow
tields, vegetation indices

1. INTRODUCTION

Significant changes in land use structure
follow the structural transformation of ag-
riculture in Poland that has been occurring
since 1989. In this year a new economic sys-
tem with free-market rules was initiated by
the parliament democratically elected. From
the beginning of the transition, reduced pro-
duction and an unfavourable development
of the terms of trade caused agricultural re-
cession. A great part of plough-land remains
uncultivated and lies fallow as abandoned
lands (Balcerkiewicz 1997). According to
the Polish Central Statistical Office (GUS),
there are two categories of fallow grounds.
The first are grounds uncropped for the cur-
rent year. The second are grounds left un-
cropped for at least two years and vegetation
growing on these fields does not yield. In
Poland in 2003 the acreage in both of these
categories amounted to 1.8 million ha, which
is almost 14% of the total ploughed grounds
area. The greatest acreage of fallow fields lies
in the north-western parts of Poland, in the
Lubuskie and Slaskie voivodeships and in
the north-eastern part, in the Podkarpackie
voivodship, where the share of abandoned
fields in the total ploughed area was 31, 28
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and 27%, respectively (GUS 2004). In the
four years period, between 1999 and 2003,
the total acreage of fallow fields in Poland
increased by about 300 000 ha. In the future
the acreage of abandoned grounds probably
will rise and monitoring and forecasting of
this process will acquire greater importance.
Accurate forecasting facilitates proper man-
agement of rural regions and correct deci-
sions about their development in the new
economic situation. Inappropriately manag-
ing abandoned lands can lead to decrease of
the natural environment. Remote sensing
methods, including aerial photography and
satellite images, could be successfully used
for monitoring these changes.

Remote sensing can provide quantita-
tive and timely information essential in
landscape ecology and in environmental
management (Phinn ef al. 2003, Jorge and
Garcia 1997) as well as in agricultural plan-
ning and policy making (Lelong et al. 1998,
Seelan et al. 2003) at both national and re-
gional level. During the past three decades a
great amount of research has been dedicated
to agricultural land cover classification and
acreage estimation using remote sensing
techniques (Lillesand and Kiefer 2000).
Interpretation of remotely sensed data from
aircraft and satellite sensors requires an un-
derstanding of the spectral behaviour of ar-
able crops through ground-based reflectance
measurements. Much research has been ded-
icated to describe the spectral properties of
different agricultural crops, (Kuusk 1991,
Ridao et al. 1996, Daughtry et al. 2000,
Vaesen et al. 2001, Piekarczyk 2001) and
grasslands (Purevdorj et al. 1998, Price
et al. 2002). However, little information is
available on the spectral characteristics of
abandoned fields. The spectral behavior
of grassland vegetation may be similar to
that of fallow field vegetation since they are
both comprised of a mixture of “green” and
“nonphotosynthetic” vegetation. In the re-
mote sensing literature live, chlorophyll-rich
plants are termed as “green” vegetation while
dry, senescent and dead fragments of plants
as well as standing litter or debris are termed
as “nonphotosynthetic” vegetation - NPV
(Asner et al. 1998, Numata et al. 2003).

The presence of NPV can significantly
affect the spectral properties of vegetation

(Asner 1998). Senescence of plant compo-
nents cause a breakdown of all pigments and
changes in intercellular leaf space, thus the
reflectance from dried plant material is often
greater than from “green” vegetation at nearly
all wavelengths (Woolley 1971). According
to Numata (2003) the proportion of NPV
to “green” vegetation biomass in the pastures
depends on soil conditions and age, and in
well-grazed pasture is smaller than in un-
grazed pasture (van Leeuwen and Huete
1996). Rychnowska (1976) found that in
meadow vegetation on poor and dry soil, the
proportion of the NPV was 60% while on
the better, wet soils it amounted to only 30%.
On the fallow fields during the course of the
season, senescence of plant components oc-
curs and proportions of NPV and “green”
vegetation change. Jensen (2000) suggested
that the optimum time to separate spectrally
one vegetation type from another is early in
the growing season, when vegetation cover
and biomass of various crops differ signifi-
cantly. Piekarczyk (2004) showed that the
most suitable time for separating the cereal
crops from fallow fields on the basis of spec-
tral data was in the second half of May. Ac-
cording to Bochenek (1999), at this time
in Wielkopolska region (Central Poland) the
peak annual NDVT occurs - the vegetation
index which is directly related to the vegeta-
tion biomass.

In vegetation monitoring typically, re-
flectance measurements in the near-infrared
(NIR 700-1500 nm) and visible (VIS 400-
700 nm), usually red, wavebands are used
(Steven et al. 2003). However, reflectance
in the shortwave infrared (SWIR 1500 nm-1
cm) waveband, heavily influenced by the wa-
ter in the plant tissue (Baret and Fourty
1997), seems to be useful in discriminating
fallow fields containing dry NPV from crop
fields consisting of green, “wet” plants.

The objective of the present study was to
characterize the reflectance of three fallow
fields and six arable crops, and determine
whether the fallow fields of different age,
situated in different soil conditions could be
separated and then distinguished spectrally
from the crop fields. The usefulness of reflec-
tance data obtained in the SWIR waveband
for discriminating fallow from crop fields
was assessed.
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2. METHODS

The study area was located approximate-
ly 20 km southwest of Poznan in the Wielko-
polska voivodship (Central Poland) with an
annual rainfall of 528 mm. Spectral measure-
ments, as well as soil and vegetation samples
were taken on three dates: 10 and 22 May
and 19 June 2002 at farm fields surrounding
a village (52°16’ N, 17°01” E). Five field sites
(area of 10 m?) were randomly located within
each of the arable crops: winter oilseed rape,
winter rye, spring oat, corn, potatoes, natu-
ral meadow (Table 1) and three fallow fields
(Table 2). At each site three spectral mea-
surements were taken. The fallow fields were
chosen to represent various soil conditions
and age. The two fallows were situated on
degraded black earth (Abruptia Argiaquolls
according to US Soil Taxonomy (1975))
formed with a loamy sand texture and the
third was on rusty soil (Typic udipsamments,
Arents) formed with sand. Soil texture data
were obtained from the soil maps 1:5000.
For estimating organic matter content in soil
samples, dry-ashing method was employed
(Carter 1993). On each fallow field, in five
sites, vegetation biomas was sampled im-
mediately after the spectral measurements.
Plants were cut off at ground level from the
area of 0.16 m? (40 cm x 40 cm) and taken
to the laboratory, where the green parts were
separated from dead components, weighed
and then all plant material desiccated in an
oven at 105°C for 24 hours, until a constant
weight was obtained. Similarly, the biomass
samples were collected from five points at
each of five arable fields, as well as the mead-
ow. Crop growth stages were determined ac-
cording to BBCH-Identification keys (Biolo-
gishe Bundesanstalt, Bundessortenamt und
Chemical Industry)(Adamczewski and
Matysiak 2002). At the spring oat, corn and
potato fields the percentage of “green” veg-
etation cover at each measurement point was
estimated from the photographs taken with a
digital camera.

Field spectral reflectance measurements
were made with the CIMEL CE313 lumi-
nancemeter, the head of which was mounted
onahand-held boom, elevated approximately
2.5 meters above the canopy. Measurements
were made only at clear sky conditions. The

luminancemeter’s sensor with a field-of-view
(FOV) of 10°, covers an area of 0.15 m?. The
three spectra were obtained for each mea-
surement point at the nadir direction and
were then averaged. Reference panel (Spec-
tralon) measurements were collected imme-
diately before the luminance measurements.
Reflectance factors were calculated as the ra-
tio of the reflected radiance from crop and
fallow fields to that reflected from a refer-
ence panel in five wavebands: 450, 550, 650,
850 and 1650 nm. A sum, difference, ratio or
other linear combination of reflectance fac-
tors from two or more wavelength intervals
produce various spectral vegetation indices
(Wiegand et al. 1991). Vegetation indices
are commonly used in remote sensing since
they are relatively independent of illumina-
tion intensity and reduce errors introduced
by the presence of the soil background
(Pinter et al. 1983). In this study five veg-
etation indices were calculated by combining
the reflectance factors:

NDVI=(R_,-R_)/(R,+,...)

850

(1)
(acc. to Rouse et al. 1973),
STVI:(R1650*R650)/R850 (2)
(acc. to Ridao et al. 1998),
MSI:RIGSO/R850

(3)

(acc. to Rock et al. 1985),

MNDVI=(1+0.03H,)(NDVD/(1+0.6H,) (4)
where:

HI = (0.55*R R, +0.12)/( R, ~R__)

H2 = 1/(0.55*R650— R450+0.12),

(acc. tovan Leeuwen and Huete 1996)
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GRVI=R_ /R

650

(5)
where: R0 R R Rego Ryt reflectance
factors in the 450, 550, 650, 850 and 1650 nm
bands, respectively.

An analysis of variance was conducted to
determine significant differences among the
mean reflectance factors and vegetation in-
dices of fallow fields and between fallow and
crop fields. The means were separated by the
least significant difference (LSD) method
according to the Tukey test at the P <0.01
level.

3. RESULTS AND DISCUSSION
3.1. Spectral variation among fallow fields

The aboveground biomass values were
different on the three fallow fields F1, F2 and
F3 due to various soil conditions and the pe-
riod when they were uncultivated. The soil
characteristics and species composition of
the fallow fields are listed in Table 1. Both,
“green” and “NPV” vegetation biomass on
the F1 field, were greatest due to relatively
good soil conditions (loamy sand) and a
long period of noncultivation (five years).
This resulted in higher soil organic matter
content (Straczynska and Rola, 1998,
Niedzwiecki et al. 1998) and thus more
nutrient absorption and release through the
decomposition of organic matter. Although
on the F2 and F1, the soil texture was similar,
the shorter period of noncultivation on the
F2 meant that its total aboveground biomass
was about twice lower than on the F1 field.
The field F3 represented the lowest vegetation
biomass due to poor soil condition. The total
aboveground biomass on the F3 field was al-
most fivefold lower than on the F1 field. The
greatest proportion of the NPV, (60% of the
total aboveground biomass), occurred on 22
May on F3, while the lowest was 29% on the
F1 on the same date (Table 2).

The variation in the aboveground bio-
mass and proportion of its “green” and NPV
components on the fallow fields affects their
spectral properties. A comparision of the
three dates of the reflectance factors is pre-
sented in Figure 1 and shows that the varia-

tion in spectral reflectance between three fal-
low fields was smaller in the VIS wavebands
(R,» R, and R ) than in NIR (R, ) and
SWIR (R ,,) wavebands. The greatest differ-
ences in reflectance among the fallow fields
as well as between the fallow and crop fields
were found on 22 May (Fig. 1).

Absorption of incident sunlight in the
red portion of the spectrum decreases as
“green” leaves lose pigments (Jensen 1996),
thus with increasing proportion of NPV in
the vegetation of the fallow fields red reflec-
tance increases. F3, with 60% NPV and the
lowest share of “green” biomass among fal-
low fields, showed the highest reflectance in
the red wavelengths (Fig. 2). However, differ-
ences between the red band reflectance fac-
tors of the three fallow fields were small and
statistically nonsignificant (Fig. 2).

NIR energy is strongly reflected due to
micro-cellular structures in leaf material
and responds to the amount of “green” foli-
age (Vaesen et al. 2001), thus the NIR re-
flectances of the F1 and F2 with the greater
“green” biomass per m* (1550 g and 755 g,
respectively on 22 May), were significantly
higher than the reflectance of F3, with 200
g m™ of “green” vegetation. The differences
between the NIR band reflectance factors of
F1 and F2 were nonsignificant, however F1
showed slightly lower reflectance resulting
from a greater amount of “green” vegetation
per m? (Fig. 2).

The greatest variation among the fallow
fields occurred in the SWIR band. On 22
May differences among the 1650 nm reflec-
tance factors of all three fallows were statisti-
cally significant. The reflectance in the SWIR
band increases as leaves lose water (Jensen
2000) thus with increasing share of NPV on
the fallow fields the reflectance in the SWIR
wavelengths increased. The highest reflec-
tance in the SWIR was recorded from F3
where NPV share values were near 60% of
aboveground biomass (Fig. 2).

The vegetation indices developed from
spectral measurements in the five wave-
lengths, have enlarged spectral variation
among fallow fields (Fig. 3). The greatest
sensitivity to differences in NPV share to
aboveground live biomass showed MSI (3),
an vegetation index that incorporate the
NIR (850 nm) and SWIR (1650 nm) reflec-
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Fig. 1. Reflectance factor (R) for five wavebands (450, 550, 650, 850, 1650 nm) of the three fallow fields

(Table 2), the five arable crops and the meadow (Table 1) measured on the three dates.
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Fig. 2. Spectral variation (R - reflectance factor) in the five wavelengths among three fallow fields
(Table 2), five arable crops and the natural meadow (Table 1) on 22 May.
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Fig. 3. Five vegetation indices NDVI (see (1) in
text), STVI (2), MSI (3), MNDVI (4) and GRVI
(5) for fallow fields (Table 2) and arable crops
(Table 1) developed by combining the reflectance
factors measured on 22 May.

tance factors. On 22 May the differences in
MSI (3) values of the three fallow fields were
significant, while in NDVI (1) and STVI (2)
values only F3 differed significantly from F1
and F2. NDVI (1), STVI (2), GRVI (5) and
MNDVI (4) presented a smaller variation
than MSI (3) as these indices also involve
red and green bands, which were the poorer
discriminator of fallow fields than NIR and
SWIR bands (Fig. 3).

3.2. Spectral differences between
fallow fields and arable crops

At the time when the measurements were
made, significant differences in the spectral
response between the fallow fields and six ar-
able crops occurred. Table 2 contains infor-
mation about the crop growth stage, ground
cover and aboveground biomass of the five
arable crops and the meadow. In May, soil
was partially covered by plants in corn, po-
tatoes and spring oat crop and the spectral
responses of these crops were determined,
to a large extent, by soil background (Tuel-
ler 1987). Spectral properties of winter rye,
winter oilseed rape and meadow were deter-
mined by “green” plants which entirely cover
the soil.

Due to the presence of NPV in the veg-
etation on fallow fields their red reflectances
on 22 May were relatively high and signifi-
cantly higher than reflectances from winter
rye and the meadow consisted of “green”
plants only. However, absorption of red ra-
diation by “green” plants of the fallow fields
caused that their red reflectances were sig-
nificantly lower than the reflectances from
corn and potato crops. The red (650 nm) re-
flectance factors of fallows F1 and F2 did not
differ significantly from the factors of winter
oilseed rape and spring oat. Relatively high
red reflectance from the winter oilseed rape
was caused by the presence of yellow flow-
ers and from the spring oat by the presence
of bare soil for which the average percent-
age field-of-view of the luminancemeter was
20% (Fig. 3).

In the NIR waveband on 22 May the
fallow fields, as well as the potato and corn
crops, showed much lower spectral response
than “green” crops. In the NIR wavelengths
the reflectance from dead plant material is
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often greater than from “green” vegetation
(Nagler et al. 2003), however according to
van Leeuwen (1996) plant litter reflectance
may be lower if the NPV is dark. A high
proportion of dark NPV and low amount of
“green” biomass on F3 resulted in the lowest
NIR reflectance compared to the reflectance
from all crops and fallows. Insignificant dif-
ferences in R,., values occurred between F1,
F2, potato and corn fields (Fig. 3).

The lowest reflectance in the SWIR
waveband was recorded from winter oilseed
rape and winter rye where plant biomass was
highest. The values of the 1650 nm reflec-
tance factors of both these crops were about
twice lower than average values from all
fallow fields, as well as the potato and corn
fields. With the increasing amount of NPV
on the fallow fields and the proportion of
bare soil in the crops, the reflectance in the
SWIR wavelengths increased and differences
between F2 and spring oat, as well as between
F1 and F3 and potato and corn fields were in-
significant.

The spectral differences between fallow
fields and arable crops were greater using
vegetation indices than reflectance factors
of individual wavelengths. Among the five
indices only GRVI (5) and NDVI (1) of fal-

R (%) —@— fallow F1
60 —l— fallow F2
—A— fallow F3
50 — - - — winter oilseed rape
—k— winter rye
40 —8—— spring oat
—#— comn
potatoes

low fields were significantly different from
these indices of all arable crops and the
meadow. The GRVI (5) and NDVI (1) of
the fallow fields showed significantly lower
values than that of crops with high “green”
vegetation cover and significantly higher
values than that of crops where a soil back-
ground dominated. However, the greatest
differences between the fallow fields and
the arable crops showed STVI (2), using
red, NIR and SWIR wavelengths. The aver-
age value of this index for the three fallow
fields was about fivefold higher than for the
winter rye and the meadow, while NDVT (1)
and GRVT (5) values were only 1.3 and 1.6
times lower respectively (Fig. 3).

The spectral variation among fallow
fields and differences between fallow and
crop fields can be observed by changes in
reflectances around the ‘red edge’ The ‘red
edge’ is the sharp change in leaf reflectance,
approximately between 650 nm, where the
strong absorption of radiation by chlorophyll
is observed and 850 nm, where the increased
multiple scattering of radiation occurs (Cur-
ran et al. 1991). The crops with the high
amount of “green” biomass have the greatest
slopes of the red edge among the three fal-
low and six crop fields (Fig. 4). The slopes

650 850
Wavelenghts (nm)

1650

Fig. 4. The spectral reflectance (R - %) curves of the three fallow fields (Table 2), the five arable crops
and the natural meadow (Table 1) recorded on 22 May.
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for fallow fields, where NPV was mixed with
“green” vegetation, are intermediate to those
for crops with a high amount of “green” bio-
mass and crops with a large proportion of
bare soil. With increasing proportion of NPV
in fallow fields the red edge decreased, and
became similar to the slope for corn crop,
which spectral properties were determined
by the soil. This is consistent with Asner
(1998) who found that as NPV content in-
creases in “green” grass canopies the red edge
becomes flatten and spectral reflectance
curves of NPV and soils have similar shapes
in the red and NIR wavelength ranges. How-
ever, according to Nagler (2000) the red
edge is generally greater for NPV than for
soils.

The slope of spectra from 850 nm to 1650
nm also changed in relation to the biomass
of “green” vegetation and the proportion of
NPV and soil in the field-of-view of the lu-
minancemeter. The slope of the reflectance
in this spectral region for crops with a high
biomass of “green” vegetation decreased,
while it increased for crops with plants par-
tially covering the soil and fallow fields with
an NPV proportion greater than about 40%
(F1 and F3).

4. CONCLUSIONS

The research shows that there is a pos-
sibility of separating fallow fields of different
age and situated on different soil types using
using reflectance spectra. The soil conditions
and the time for which the fields remain
uncultivated determine the amount of the
aboveground biomass, as well as its “green”
to dead parts ratio. As the proportion of non-
photosynthetic vegetation NPV (nonphoto-
synthetic vegetation), increased in the total
biomass on the fallow fields, the reflectance
in the red and the SWIR (shortwave infra-
red) wavelengths increased, whereas the re-
flectance in the NIR (near-infrared) wave-
lengths decreased. The most considerable
spectral variance among the three analysed
fallow fields was observed in the reflectance
of the SWIR wavelengths. Since the variance
in the reflections of red wavelengths was sta-
tistically insignificant among fallow fields,
the easiest method of differentiating individ-
ual fields was by means of the MSI index (3),

calculated only from the NIR and the SWIR
reflectance factors.

In the second part of May, when seasonal
biomass peak of winter crops and meadows
occurs and spring crops partly covers the
soil, significant differences were observed
in the spectral properties of fallow and cul-
tivated fields. Using remotely sensed crop
reflectance data, fallow fields can be success-
fully discriminated from the arable crops.
Reflectance in the individual wavebands did
not discriminate between the three fallow
fields and five arable crops and the natural
meadow and the vegetation indices gave bet-
ter discrimination. Among the evaluated
vegetation indices NDVI (1) and GRVI (5)
were the best for discriminating between
the fallow fields and crops. The fallow fields
and crops with small vegetation cover (e.g.
corn) which could practically be treated as
base soil surface were better separated using
NDVI (1). When differentiating fallow fields
from crops in which the soil was totally cov-
ered by plants (e.g. winter rape, winter rye
and meadow), the STVI index (2) was more
useful as it combines reflectance factors from
the red bandwidths as well as the NIR and
SWIR wavelengths.

The most similar spectral characteristics
were between fallow fields and crops in which
the soil was only partially covered by plants
(potatoes and oat). This results from similar
NPV spectral characteristics that are present
in fallow fields and soils not fully covered
by cultivated plants. Further research is re-
quired since, depending on the humidity and
the decay of dead parts of plants, NPV can
be lighter or darker than the soil, and conse-
quently resemble its spectrum to a greater or
a lesser degree
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