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ABSTRACT: Soil water content (6) and bulk density (p_) greatly influence important soil and plant processes,
such as water movement, soil compaction, soil aeration, and plant root system development. Spatial and
temporal variability of 8 and p_during different periods of the year and different phases of crops are of
fundamental interest. This work involves the characterization of spatial and temporal patterns of © and p_
during different climatic periods of year, aiming to verify whether there are significant temporal changes in
p, at the soil surface layer when submitted to wetting and drying cycles. The field experiment was carried out
in a coffee plantation, Rhodic Kandiudalf soil, clayey texture. Using a neutron/gamma surface probe, 6 and
p, were measured meter by meter along a 200 m spatial transect, along an interrow contour line. During the
wet period there was no difference of spatial patterns of 6 while during the dry period differences were
observed, and can be associated to precipitation events. It was also observed that there are p_ temporal
changes at the soil surface along the studied period as a consequence of the in situ wetting and drying cycles.
Key words: neutron/gamma surface probe, wetting/drying cycles, spatial and temporal variability

PADROES ESPACIAL E TEMPORAL DE MUDANCAS DA
UMIDADE E DENSIDADE DO SOLO NO CAMPO

RESUMO: Umidade (6) e densidade do solo (p_) influenciam importantes processos no solo e planta tais
como: movimento de &gua, compactacéo do solo, aeracdo do solo e desenvolvimento radicular. Baseado
neste fato, questGes referentes a variabilidade espacial e temporal de 6 e p_para diferentes periodos do ano e
diferentes fases de desenvolvimento da cultura do café tornam-se de extremo interesse. Este trabalho teve
como objetivo caracterizar padrGes espaciais e temporais de 6 e p_durante diferentes periodos do ano e
verificar se existem mudancas temporais significativas de p_na superficie do solo quando submetida a ciclos
de umedecimento/secagem. O experimento foi conduzido em campo cultivado com café em um solo
classificado como Nitossolo Vermelho Eutréfico. O experimento iniciou-se em maio de 2001 com espagamento
de 1,75 m entre linhas e 0,75 m entre plantas. Medidas de 6 e p_foram feitas metro a metro ao longo de 200
m usando uma sonda de superficie néutron/gama. Durante o periodo imido ndo houve padrdes de diferenca
espacial para 6, enquanto que para o periodo seco o contrario foi observado. Estes padrées podem ser associados
a eventos de precipitacdo alterando a estrutura de correlagdo espacial para observagdes adjacentes de 6. Para
p, existem mudancas temporais na superficie do solo ao longo do periodo estudado como uma consequéncia
dos ciclos de umedecimento/secagem no campo.

Palavras-chave: sonda de superficie néutron/gama, ciclos de umedecimento/secagem, variabilidade espacial
e temporal
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INTRODUCTION

Several factors affect crop productivity, espe-
cially the edaphic, climatic and management factors.
Among edaphic factors, physico-chemical attributes of
farmed soils stand out because they affect directly
plants dry matter accumulation in different periods of
the year and in all development phases of the crop.
Tominaga et al. (2002) showed that on tropical soils,
physical attributes such as soil water content and bulk
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density, greatly influence important soil and plant pro-
cesses like water movement (Reichardt & Timm,
2004), soil compaction (Logsdon & Karlen, 2004), soil
aeration (Stepniewski et al., 1994), and plant root sys-
tem development (Boone & Veen, 1994).

An important question is whether soil bulk
density can be considered a static soil property or if
small temporal changes are important (Logsdon &
Karlen, 2004). In this sense, Logsdon & Cambardella
(2000) detected significant temporal changes in near-
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surface soil bulk densities for tillage systems in a sub-
humid climate.

At soil surface, soil water content influences
the partitioning of precipitation into infiltration and
runoff, and controls evapotranspiration by controlling
evaporation and water availability to plants, therefore
affecting also the partitioning of latent and sensible
heat (Grayson et al., 1997). An improved understand-
ing of the spatial distribution of soil water content is
thus useful for a range of hydrologic factors affecting
crop production. However, an important question for
hydrology is “how does the temporal variation in soil
water content affect its spatial patterns evaluated
through geostatistical tools”. Ahuja et al. (1993) re-
ported that temporal changes of soil surface moisture
two days after wetting revealed a lot about the spatial
distribution of drainage and hydraulic properties within
the soil profile.

Wendroth et al. (1999) monitored the soil wa-
ter pressure heads in surface horizons at two field
sites, a sandy loam and a heavy clay soil, between
April and November 1995 in north-east Germany, and
concluded that with decreasing soil water pressure
head, the variance of log, (-h) decreased to a critical
value, for which a spatial correlation structure disap-
peared. On the other hand, with further drying, its
variance increased again, and a spatial range of cor-
relation appeared.

Soil spatial variability occurs at different
scales and is related to variations of the parent mate-
rial, climate, relief, organisms and time, i.e., related
to the processes of soil formation and/or effects
of adopted management practices for each agricultural
use (McGraw, 1994). Large areas have been
managed as homogeneous, although presenting a con-
siderable spatial variability inherent to the soil, caus-
ing the appearance of zones of distinct soil physical
properties and distinct soil fertility (Wendroth et al.,
2003).

Several statistical tools have been used to
evaluate the variabilities of soil attributes, which can
contribute to improve management and the understand-
ing of atmosphere-plant-soil interactions (Vieira et al.,
1981; Cassel, 1983; Morkoc et al., 1985; Wendroth et
al., 2001; 2003; Dourado-Neto et al., 1999; Timm et
al., 2003; 2004; Tominaga et al., 2002; Martinez &
Zinck, 2004). This work studies the importance of soil
water content and bulk density changes, using some
of these tools to characterize spatial and temporal pat-
terns of changes during different climatic periods of
the year, with the objective of examining possible dif-
ferences that might occur when a soil is submitted to
wetting or drying processes.
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MATERIAL AND METHODS

The field experiment was carried out along
interrows of a coffee plantation in Piracicaba, SP, Bra-
zil (22°42’ S; 47°38’ W, altitude 580 m), on a Rhodic
Kandiudalf, clayey texture. According to Koppen’s
classification, the region’s climate is the Cwa type,
tropical highland, mesothermal with dry winter. Aver-
age values for air temperature, rainfall, and relative
humidity are 21.2°C; 1,253 mm/year; and 74%, respec-
tively. The dry season covers June-August, July being
the driest month. During spring-summer, October to
March, very high intensity rainfall events are common,
several of them reaching 50 mm h™ or more. Soil wa-
ter content 6 (m°m™) and soil bulk density p_ (Mg m®)
were evalueted in a coffee crop field (variety Catuali
Red IAC44) planted in May 2001, along rows 1.75 m
apart, with 0.75 m between plants. This narrow spac-
ing between coffee plants (0.75 m) resulted in high
density plant ranks. During the development of the
crop, according to Rena & Maestri (1987), the ranked
plants undergo less water stress due to their adaptation
to a higher intra-specific competition, i.e., plant roots
grow deeper into the soil seeking water and nutrients.
The ranked plant system also reduces leaf and soil tem-
peratures. Mendes (2001) noted that although the prog-
enies of the Catuai variety are vigorous, they should
not be submitted to stress conditions such as high pe-
riods of hydric deficiency, among others.

Monitoring of 8 and p_ at the soil surface layer
(0 — 0.15 m) was made along the bare interrow, when
the coffee crop was two years old (April to August
2003), during the end of its vegetative cycle (Marin,
2003). At the first 6 and p_ evaluation (April 2003) cof-
fee plants were all green along the spatial transect, pre-
senting large quantity of leaves, being about 1m tall,
shading a 1 m strip of interrow, leaving a bare central
strip of about 0.75 m on which measurements were
taken, in a period without hydric stress problems. Dur-
ing the July to August 2003 period, hydric stress prob-
lems could visually be observed on the plants, caus-
ing leaf loss and a consequent higher exposition of the
soil surface to solar radiation. This period corresponds
to the winter season in the Southern Hemisphere, in
which events of precipitation are rare and of low in-
tensity in Piracicaba.

This study focuses 6 and p_ measurements car-
ried out every meter along a 200 meter spatial transect.
Measurements were made using a neutron-gamma sur-
face gauge (SG), which yields average values of the
0-0.15 m soil layer, calibrated for this particular soil
according to Céssaro et al. (2000). The advantage of
this methodology is that the “sampled” layer remains
undisturbed for several measurements made at the very
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same point. Two distinct climatic periods were chosen:
i. April to May 2003, a wet period - 1" measurement
MW : 04/24/2003; 2" measurement MW, 05/07/2003;
3¢ measurement MW,: 05/23/2003; and i || July to Au-
gust 2003, a dry perlod 1% measurement MD,: 07/04/
2003; 2™ measurement MD,: 07/18/2003; 3 measure-
ment MD,: 08/02/2003. These 6 dates (measurements)
were chosen according to the possibility of obtaining a
good contrast between wetting and drying processes. In
any other season of the year this would not be possible.

Daily variation of precipitation and reference
evapotranspiration ETo of the experimental field are
presented for the period under study in Figure 1. MW,
was measured five days after a precipitation event of
12.2 mm (04/19/2003); MW, after two precipitation
events of 26.1 mm and 9.4 mm on days 05/02 and 05/
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05/2003, shown on Figure 1. The third spatial series
MW, was measured after a period of sixteen days with-
out precipitation events, the crop being submitted to a
long period of evapotranspiration only. Changes in 6
between consecutive measurements (A6) were analysed
to examine wetting and drying cycles during both sea-
sons.

Soil texture (clay, sand and silt contents) was
evaluated using disturbed soil samples, collected at the
end of the experiment, also every meter along the 200
meter spatial transect, in the 0-0.15 m soil layer at the
same points where © and p_were taken. Details about
the soil mechanical analysis can be found in
EMBRAPA (1997). Relations of soil texture variabil-
ity to water content and bulk density were also inves-
tigated.
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Figure 1 - Daily precipitation and evapotranspiration (Penman-Monteith — FAO method) for the April to August 2003 experimental

period.
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Statistical analysis was performed using the
classical concepts of mean, standard deviation, coef-
ficients of variation and the t test (oo = 0.05) through
the GLM procedure of SAS® (SAS Institute, 1996).
The significance level used for the variance analysis
was of 5% through the Duncan test, using the
LSMEANS procedure. To analyse and characterize
spatial data distributions, geostatistical tools such as
autho- and cross-correlations (Nielsen & Wendroth,
2003) were used:

n—

c(j)= o) 1_J {
c(j)
SZ

J

~X)x,., —x)} (1A)

r(j) = (1B)

_C(Xilyi+jxvsf's§ )1 (2)
where n is the number of observations; j is the num-
ber of lags h between observations used for correla-
tion; x, the variable at position i and x, . at posmon
i+j; I’(j) are correlation coefficients forj lags; s
the variance; and the cross-correlations r_ (j): X, and
Y,y are the variables under study, with variances s;
and s;

To determine whether precipitation events
change the spatial correlation structure among the ad-
jacent © observations, autocorrelograms of each spa-
tial series were calculated, since according to Nielsen
& Wendroth (2003) the autocorrelation function ACF
is a primary diagnostic tool which indicates if there
is a spatial or temporal pattern of on-site sampled
data. The number of points considered as replicates
for calculating the p_mean values for each data set
was also calculated. After this, the Duncan statisti-
cal test (o0 = 0.05) was used to compare the mean val-
ues of each data set using SAS software (SAS Insti-
tute, 1996).
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RESULTS AND DISCUSSION

Wet period MW,, MW,, MW, (April 24 to May 23,
2003): precipitation 56.4 mm

To visualize the spatial distribution of the soil
water content data sets, Figure 2 is presented as a
sample, corresponding to: MW, 04/24/2003. The
statistical parameters for all six dates are shown in
Table 1.

For the MW series, ©__ is inversely related to
the CV showing a clear tendency of increased variabil-
ity with soil drying, i.e., the dispersion of soil water
contents around their mean is lower when the soil is
wet. The MW, measurement had the highest 6__ be-
cause of recent precipitation, whereas the MW, had the
lowest ©__ because of the previous dry period. The
wetting spatial patterns of A6 presented higher disper-
sion of data in relation to its mean (CV = 32.3%) as
compared to the drying spatial pattern (CV = 22.1%).
This fact may be explained by the hysteresis effect,
which can strongly affect the water redistribution in the
soil profile (Kutilek & Nielsen, 1994). Figure 3 pre-
sents the spatial dependence of 6 data sets in relation
to their neighborhood for the three different dates.

Adjacent 0 observations for MW, are spatially
dependent up to 2 m (2 lags), i.e., based on the t test
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Figure 2 - Soil water content 6 (m* m) distribution along transect
for date MW, (04/24/2003).

Table 1 - Classical statistics parameters for MW , MW,, MW_, MD,, MD, and MD, soil water content 6 (m®m®) data sets:

average (9,,); stand deviation [s(0)]; maX|mum value ®,.) m|n|mum value C]

); amplitude between 6__ and

min

0, coefficient of variation (CV).

0,. s(0) - in Amplitude CV%
MW, 0.210 0.025 0.291 0.144 0.147 12.2
MW, 0.304 0.025 0.369 0.233 0.136 8.3
MW, 0.134 0.021 0.196 0.078 0.118 15.7
MD, 0.163 0.025 0.219 0.095 0.124 15.2
MD, 0.194 0.025 0.248 0.133 0.115 12.7
MD, 0.147 0.022 0.207 0.098 0.108 14.9
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(o0 = 0.05), observations separated by a distance of less
than 2 m would not have different soil water content.
It is important to note that 1 lag = 1 m so that the num-
ber of lags becomes equal to distances. For MW, in
which the highest 6 values were measured at any lo-
cation is representative for a nearly 10 m domain, i.e.,
adjacent 6 observations are spatially dependent up to
5 m using the t test (o« = 0.05). Adjacent 6 observa-
tions on MW, are spatially dependent up to 4 m using
the same statistical test. It was not possible to identify
for the wet period, a relationship between the precipi-
tation event and spatial pattern of 6 along the transect,
since the spatial correlation structure presented in Fig-
ures 3B (MW,) and 3C (MW,) were similar. Grayson
et al. (1997) proposed two hypotheses in respect to sur-
face O spatial patterns in temperate regions of Austra-
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Figure 3 - Autocorrelation functions (ACF) for soil and water
content data sets for dates of: (A) MW, (04/24/2003),
(B) MW, (05/07/2003); and (C) MW, (05/23/2003).
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lia (and similar climates elsewhere): i. in periods when
precipitation continually exceeds evapotranspiration, it
would be expected that the soil water content data set
would present a spatial correlation structure; and ii. in
periods when evapotranspiration continually exceeds
precipitation, it would be expected that the soil water
content data set would present a more random appear-
ance, i.e., a data set without a spatial correlation struc-
ture among observations. These hypotheses were for-
mulated for temperate regions, different of the tropi-
cal highland climate of the Piracicaba region, which
has higher rainfall and a clayey loam soil. From all soil
bulk density (p.) data sets (MW,, MW, and MW.,) a
sample (MW,) is presented in Figure 4. Table 2 shows
all classical statistics parameters for these data sets.
The CV ranged from 3.8 (MW,) to 4.5%
(MW,), lower than in the case of 6, an indication that
observations of p_present a certain spatial homogene-
ity along the spatial transect for the three different
dates. For the date at which the highest 6 values were
observed (MW,) it was registered that p_ presented the
lowest dispersion in relation to their mean (CV =
3.8%), i.e., CVs for 6 and p_ data sets are lower when
the soil is wet, indicating higher spatial homogeneity
of data in this condition. The autocorrelation function
ACF for the p_ data sets are shown in Figure 5.
Adjacent p_observations are spatially corre-
lated only up to 1 m for MW, (Figure 5A) and MW,
(Figure 5B), with no spatial correlation for MW, (Fig-
ure 5C), presenting a random behavior at this date.
Crosscorrelation functions CCF for the differences A6
and Ap_ for both wet periods, are shown in Figure 6.
For the wet soil (MW, to MW, Figure 6A) as
well as for the dry soil (MW, to MW, Figure 6B) there
is only a significant spatial correlation between 6 and
p, variations at the same spatial point of transect (lag
= 0), showing that they are not spatially correlated, fol-
lowing a random distribution. The spatial distribution
of clay, sand and silt contents of the 0-0.15 m layer

1.800
1.7001
1.600
1.500 {4*
1.400

1.300 Mean = 1.532 Mg m®
1.200 1 SD =0.0671 kg m*
CV = 4.4%

1.100]

1.000

Soil bulk density p, (Mg m®)

40 60 80 100 120 140 160 180 200
Distance (m)

0 20

Figure 4 - Soil bulk density p_ (Mg m?) distribution along the
transect for MW, (04/24/2003).
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Table 2 - Classical statistics parameters for MW,, MW,, MW, MD,, MD, and MD soil bulk density p_ (Mg m~) data sets:

average (p,.); stand derivation [s(p)]; maximum value (p__); minimum value (p

P....» coefficient variation (CV).

); amplitude between p__ and

min

ps (ave) S (ps) ps (max) ps (min) Amplitude CV%
MW, 1.532 0.067 1.702 1.315 0.387 4.4
MW, 1.520 0.058 1.663 1.320 0.343 3.8
MW, 1.495 0.067 1.678 1.304 0.374 4.5
MD, 1.552 0.076 1.734 1.298 0.436 4.9
MD, 1.558 0.072 1.733 1.260 0.473 4.6
MD, 1.579 0.067 1.709 1.348 0.361 4.2
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Figure 5 - Autocorrelation functions ACF for soil bulk density
(p,) sets for dates: (A) MW, (04/24/2003); (B) MW,
(05/07/2003); and (C) MW, (05/23/2003).

along the transect can be observed in Figure 7. The
soil, as mentioned before, is clayey with predominance
of 1:1 clay minerals (mainly kaolinite) with visible
swelling and shrinking movements causing cracks
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Distance (m)

Figure 6 - Crosscorrelation functions CCF for soil water content
variations A6 (m* m=) and soil bulk density variations
Ap, (Mg m?) during the wet period for both periods:
(A) 04/24 (MW,) to 05/07/2003 (MW,); and (B) 05/
07 (MW,) to 05/23/2003 (MW.).

down to the depth of 0.20 m during dry periods, as ob-
served in situ.

The spatial degree of the linkage between A6
and soil texture for both wet periods was also made
through crosscorrelograms (Figure 8). A significant
correlation was found at the same spatial point between
A in the MW, to MW, period and silt content (Fig-
ure 8A), and no significant correlation with clay or
sand. From Figures 8 B and C, a significant correla-
tion was found at the same spatial point between A0
and clay content as well as silt content in the next MW,
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Figure 8 - Crosscorrelation functions CCF for soil water content
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variations A6 (m®m=) for tl

he wet period: (A) A6 (MW,

(04/24) to MW, (05/07/2003)) and silt content; (B)
A6 [MW, (05/07) to MW, (05/23/2003)] and clay
content; and (C) A8 [MW, (05/07) to MW, (05/23/

2003)] and silt content.
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to MW, period, indicating that during the drying of the
soil, A® at the same point is correlated with the Ap_
(soil structure) and with clay and silt contents which
are the soil particles of lowest diameter and more im-
portant for soil water retention when the soil is dry-
ing. Nielsen & Wendroth (2003) comment that near
soil water saturation, retention of water is not domi-
nated by the total soil particle surface area, but is in-
fluenced more by soil aggregation and the internal ar-
chitecture of soil pores (soil structure).

Dry period MD,, MD,, MD, (July 04 to August 02,
2003): 18.6 mm

The classical statistics parameters for these
data sets are also presented in Table 1. MD, presented
mean of 0.147 m*m™ which corresponds to the low-
est 6, measured along the spatial transect in all pe-
riods. MD, period was taken six days after two pre-
cipitation events and this is the reason why we ob-
served the highest 6, of the dry period at this date.
After 16 days without precipitation, when the high-
est evapotranspiration was observed, measurements
of MD, were taken with the lowest 6 observations
along the transect.

The wetting spatial pattern of the differences
A0 presented a higher dispersion in relation to its mean
(CV of 91.4%) as compared to the drying spatial pat-
tern (CV of 60.3%), the same behavior as in the wet
period. Figure 9 presents the autocorrelograms of these
data sets.

The spatial dependency of 6 up to one lag for
MD, (Figure 9A) means that q measured at any loca-
tion represents the soil water content of a 2 m domain,
observations being spatially independent among them
beyond this. For MD, (Figure 9B), which includes the
highest 0 values in this period, adjacent 6 observations
are spatially dependent up to eight lags (9 m), and for
MD, (Figure 9C), up to 2 m. A joint analysis indicates
that the precipitation event (07/10/2003) modified the
spatial correlation structure of soil water content data
sets for the dry period, i.e., the spatial correlation range
for the soil water content data set measured at date of
MD, (Figure 9B) was higher in comparison to the other
two dates. This fact can be associated to the presence
of cracks along the spatial transect due to wetting and
drying cycles, causing a soil mass contraction and in-
creasing p_ of the soil matrix between cracks. This in-
crease in p_reduces vertical water infiltration and fa-
cilitates lateral water movement (cracks form prefer-
ential channels), increasing the similarity between ad-
jacent © observations.

Simultaneously measured p_ data sets (Table
2), show again that the observations present a certain
spatial homogeneity along the transect for the three dif-
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Figure 9 - Autocorrelation functions (ACF) for soil water content
data sets for dates: (A) MD, (07/04/2003); (B) MD,
(07/18/2003); and (C) MD, (08/02/2003).

ferent dates. According to the CV classification pro-
posed by Wilding & Drees (1983), these p_ measure-
ments can be classified as low variability (CV < 15%).
As an example, Grossman & Reinsch (2002) reported
p, spatial variability of 10% and Warrick & Nielsen
(1980) found a p_of 7% for p_in three different ex-
perimental areas. Autocorrelograms for our data sets
are shown in Figure 10.

Only for MD, (Figure 10C) there was a spa-
tial correlation for 2 m distance. Figures 4 and 10 re-
veal that adjacent p_ observations present a higher spa-
tial dependence range in the dry period as compared
to the wet period. This fact was also observed for the
6 measurements. Crosscorrelation functions CCF be-
tween the differences A8 and Ap_ and soil texture, are
shown in Figure 11.
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MD, (07/18/2003); and (C) MD, (08/02/2003).

For the MD, to MD, period there is no signifi-
cant spatial correlation between A® and: (i) Ap, (Fig-
ure 11A); (ii) clay content (Figure 11B); (iii) sand con-
tent (Figure 11C); and (iv) silt content (Figure 11D);
i.e., in this period, for lag = 0, there is no correlation.
Same results (not presented) were found for the MD,
to MD, period.

From the soil water content autocorrelograms
shown for wet (Figures 3A - C) and dry (Figures 9A
- C) periods it is verified that the spatial correlation
structure of 6 measurements is not unique along the
transect for the different dates, i.e., it is time-depen-
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Figure 11 - Crosscorrelation functions (CCF) for soil water content variations A8 (m* m-) (MD, (07/04) to MD, (07/18/2003)) for the
dry period and: (A) soil bulk density variations Ap_(Mg m?); (B) clay content; (C) sand content; and (D) silt content.

dent, not being unique within the field. The same be-
havior was observed for the crosscorrelograms shown
in Figures 6A-B, 8A-C and 11A-D with a different
spatial correlation structure among 6 and p, varia-
tions, and 6 variations and soil texture. This can be
attributed to the fact that 6 is rarely in hydraulic equi-
librium in the soil profile, constantly being under re-
distribution within the profile as a result of plant root
extraction, evaporation and infiltration at the soil sur-
face.  Therefore, autocorrelograms and
crosscorrelograms of soil water properties and at-
tributes are not expected to be unique within a field
(Nielsen & Wendroth, 2003).

Comparisons made among the p_ mean val-
ues for each date, to verify if there were significant
temporal changes of the p_ mean value along the stud-
ied period (April to August 2003) due to the natural
mechanisms of consolidation of soil parent material
in the 0-0.15 m soil layer of the experimental field,
presented interesting results (Table 3). As mentioned
before, the soil presents swelling and shrinking move-
ments during the wetting and drying cycles along the
different periods of the year. Based on the p_
autocorrelograms in the wet (Figures 5A-C) and dry
(Figures 10A-C) periods, and on the low CV values
found for each soil bulk density data set (CVs ranged
from 3.8% to 4.9%), mean values of the p_data sets
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Table 3 - Comparison among the soil bulk density p_ mean
values (Mg m?) for each date along all studied
period using the Duncan statistical test at the 5%
probability level.

Date/measurement Soil bulk density p_ mean
Mg m3*

MW, (04/24/2003) 1.532 ¢

MW, (05/07/2003) 1.520 ¢

MW, (05/23/2003) 1.560 B

MD, (07/04/2003) 1.5528

MD, (07/18/2003) 1.558 B

MD, (08/02/2003) 1.579 4

measured at MW, and MW, dates can be obtained
considering one hundred points as replicates; 200
points for MW,, MD, and MD,; and sixty six points
for MD..

Soil bulk density temporal changes here pre-
sented (Table 3) indicate the p_cannot be considered
as a static soil property. It can also be observed that
there is an increase of its mean value during the dry
period as a consequence of shrinking soil movements.
There are no significant differences among mean val-
ues of p_for MW,, MD, and MD, and between p_
mean values for MW, and MW,. Although MW, was
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considered to belong to the wet period, its mean value
along the spatial transect was not statistically differ-
ent from the mean values for MD, and MD, which
belong to the dry period.
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