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ABSTRACT

Calculation of water consumption and nutrient fluxes were made
for four Quercus pyrenaica forests along a rainfall gradient, located in
the “Sierra de Gata” mountains (CW Spain), to obtain information
about the evolution of fertility in long terms.

It is concluded that the water content at the beginning of the acti-
ve growth period of the vegetation depends mainly of the soil charac-
teristics; for that, there was a positive correlation between the annual
evapotranspiration and the precipitation in the May-August period, but
not with annual precipitation. So, the greater abundance of rainfall in
the wet season did not tend substantially to increase water consump-
tion by the vegetation. On the other hand, there was a high correlation
between the volume of annual rainwater and that of drained water; the
excess of water in the soil produced on winter gives as result a nu-
trient leaching of the soil and a consequent loss of fertility. This was
confirmed by the net balance of several bioelements, the Ca/Al ratio
and pH of the soil solution, and canopy leaching values.

Key words: water balance, nutrient balance, soil fertility, rainfail
gradient, forest , ecosystem.

1. INTRODUCTION

Evapotranspiration is a relevant parameter in the un-
derstanding of terrestrial ecosystems, especially in Me-
diterranean areas, where water availability is scarce du-
ring dry periods (Pifiol et al. 1991). The soil behaves as
a buffered system which receives water intermittently
and releases it continually by evapotranspiration (Gar-
nier ez al. 1986). Thus, in climates with a Mediterranean

influence, a greater winter rainfall may positively affect
soil moisture during the active period. Pifiol et al.
(1991) point out that annual evapotranspiration is positi-
vely correlated to annual rainfall in the Mediterranean
area. This possible variation in water availability may
cause differences in both photosynthetic efficiency and
light interception (Jarvis & Leverenz 1983, quoted in
Tenhunen et al. 1990), as a consequence of a lesser li-
mitation in transpiration.

However, the differences in the volume of rainfall affect
the evolution and properties of the soil profile (Birke-
land 1984). Low saturation of bases and greater weathe-
ring of the original material is usually associated with
humid regions (Quilchano 1993); this is due to the diffe-
rences in the excess of water in the soil produced by the
different pluviometry, giving rise to leaching processes
of nutrients in the soil, with the resulting loss of fertility.

This double influence of rainfall on hydric and nutritio-
nal availabilities appears to have positive and negative
effects, respectively, on forest productivity. The first re-
sults found in four Quercus pyrenaica forests, situated
along a pluviometric gradient, indicate that neither pro-
ductivity (Martin et af. 1993) nor the leaf area index
(Gallego et al. 1994) respond to that gradient.

This study is part of a research project on the ecology of
Quercus pyrenaica forests. Water fluxes have been con-

119



FRANCE
=) SALAMANCA
Q ovaorip ) SPAIN
-
@
g
W | PROVINCE ®Ss
O * OF A
€l Rebollar & « SALAMANCA os;
region. S
Q /x .S] * 2 ¢ oo ay
2 .’
~+"* "N - ./
Sy: Navasfrias Sl ‘,'/
\0-0’
S2:El Payo
S3: Villasrubias PROVINCE OF  CACERES
S, : Fuenteguinaldo .

Figure 1. Localization map of the studied area.

sidered as a major determinant of vegetation growth as
well as a vector for nutrient transport to and across the
ecosystem. In this study we have tried to establish water
and several bioelements balances in four Quercus pyre-
naica forests along a marked pluviometric gradient, in
order to obtain information on the effect of rainfall
amounts on annual and summer evapotranspiration, and
on nutrient leaching from the soils, and their fertility.
Results are also related to productivity of these forests.

2. METHODS
2.1. The study area

This study was carried out in Quercus pyrenaica natural
forests, classified as Quercus robori-pyrenaicae com-
munities, located on the Northern face of the Sierra de
Gata (40_ 2’ 40” N; 3_ 0’ 50” W, Salamanca Province,
CW Spain; Figure 1). Quercus pyrenaica is a deciduous
Mediterranean species, whose chorology corresponds to
the southwestern region of Europe. The climate is hu-
mid Mediterranean, according to Emberger’s climo-
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gram, most of the rainfall being concentrated in the cold
part of the year, and dryness coinciding with the warmer
season and the growing period. The soils are generally
humic Cambisols (Gallardo ez al. 1980), over Paleozoic
granites and slates.

Four experimental plots, situated close to one another
(maximum 15 km), were selected along a pluviometric
gradient. The major characteristics of the plots are sum-
marized in Table 1.

2.2 Field sampling procedure

The devices used in each plot for collecting water to
chemical analysis are:

a) Above the canopy or in a large forest gap close to
the plot:

- Three aerodynamically shielded rain gauges (“open
gauge™) for collecting bulk precipitation {Bp);

- Three funnels surmounted by an inert wind filtering




Table 1. Specific characteristics of the plots.

Experimental Navasfrias El Payo Villasrubias Fuenteguinaldo
plot (S1) (S2) (S3) (S4)
Altitude (m.a.s.1.) 1000 940 900 870
P, mm 1,580 1,245 872 720
tm _C 114 N.d. N.d. 13.3
Substrate Slates and Calc-alkaline Slates and Calc-alkaline
grauwackes granite grauwackes granite
Dominant Q. pyrenaica+ Q. pyrenaica+ Q. pyrenaica+ Q. pyrenaica+
vegetation Pteridium+ grasses. scrubs+ abundant
grasses. grasses. scrubs.
T.d. (N_/Ha) 820 406 1043 738
M.th, m 13 17 8.5 12
D.B.H., cm 15.2 254 11.0 16.5
L.AL 1.8 1.9 2.0 2.6

P, mm: Mean annual precipitation;
tm, _C: Mean annual temperature.
T.d.: Tree density.

of polyethylene coated wire mesh (“filter gauges”),
collecting bulk precipitation plus certain amount of
dry deposition (Fg).

The ‘filter gauge’ enhaces the aerosol impaction, and
the ‘open gauge’ minimizes this component in bulk pre-
cipitation (Miller & Miller 1980).

b) Beneath the trees:

- 12 standard rain gauges, randomly located, for co-
llecting throughfall (Tf);

- 12 helicoidal gutters, around trunks, covering the ba-
sal area size ranges, for collecting stemflow (Sf).

¢) On and in the soil:

- Six non-bounded gerlach type collector troughs in
each plot (Sala, 1988) for measuring surface runoff
(Sr).

- Soil solutions were collected using zero-tension lysi-
meters; six installed 20 cm below the soil surface, to
collect water draining from the humic horizon (SSr),
and other six installed at 60-100 cm of depth, to co-
llect water of deep drainage (D)

The lysimeters were made from PVC, and the different
type of rain gauges consisted of a polyethylene funnel.
All devices were connected to a 5 1 collecting bottle.
Different filters were used to prevent contamination of
water.

Water precipitation was recorded hourly with two tip-

M.t.h.: Mean tree height
D.B.H: Mean tree diameter at a height of 1.3 m.
L.AL: Leaf area index.

The S1, S2, S3, and S4 notation in Table 1 follows
the decreasing order of precipitation and will be
used hereafter in the text.

ping-bucket rain-gauges located above the crown in S1
and S4. Global shortwave radiation, air temperature, re-
lative humidity and wind velocity were recorded as
hourly means, using a data logger (Starlog 7000B Uni-
data) also only in S1 and S4.

Soil water content was measured with a neutron moistu-
re gauge (Troxler 3321 A 110 mC of Americium/Beri-
lium) at 12 access tubes in each stand. Soil moisture
was measured every 20 cm from 20 to 100 cm depth, as
a maximum, according to the depth of the soil. On the
surface, soil moisture was measured by gravimetric met-
hod. Measurements were taken approximately once a
month (occasionally every two weeks) over forty
months: from March 1990 until September 1993. The
calibration curves were determined from gravimetric
samples and dry bulk densities, according to Vachaud et
al. (1977).

The physical and chemical soil characteristics were stu-
died in three selected profiles of each plot. The results
have been discussed in previous papers (e.g. Moreno et
al. 1993 and Quilchano 1993).

3.3. Calculation of water balance
Taking as a basis the hourly record in S1 and S4, the
daily distribution of rainfall on S2 and S3 was estima-

ted, once the high correlation existing between the dis-
tribution of rainfall on the four sites was verified. The

121



records were also used to estimate the daily distribution
of throughfall, taking into account the crown capacity
for water retention (Zinke 1967). The Penman potential
evapotranspiration was estimated following the recom-
mendations of the FAO (Smith 1991).

The water balance equation was used as a basis: dS/dt
=Bp-EA-Sr-D; )

where S is the soil water storage, Bp the precipitation,
EA the actual evapotranspiration, Sr the surface runoff,
and D the deep drainage, i.e. the flow of water below
the root zone (including almost all the roots). This nota-
tion will be used hereafter, The precipitation, runoff and
changes in soil water storage are readily measurable, but
both EA and D are difficult to measure or to calculate.

Hence a water balance model was used which employed
a simplified relationship between the drainage compo-
nent and soil water content, characterizing the down-
flow of water across a certain level according to the wa-
ter content existing above that level (this function is
called the drainage characteristic; more detailed infor-
mation in Rambal 1984 and Joffre & Rambal 1993).

The equation (1) is solved iteratively, for each period
comprised between two readings of soil moisture, with a
time step of one day (during periods of heavy precipita-
tion, time step of one hour), i.e., starting at Sn and en-
ding at Sn+1, fitting the term EA, the only unknown.
The iterations continue until the measured and calcula-
ted value of Sn+1 coincide. It is always considered that
EA <EP (potential evapotranspiration).

When it is not possible to obtain this equality (1), a term
known as “others” is introduced. It is probably a combi-
nation of EA, Sr and D. This is because in a rainy period
EA can be greater than EP (Rutter 1975); moreover,
even when the soil is not humid enough, deep drainage
can exist, flowing through paths of rapid circulation, i.
e. macropores (Beven & German 1981}, which is not in-
cluded in the calculation model used.

3.4.Calculation of nutrient fluxes

Above ground, water fluxes were measured, on an event
basis (64 cases), immediately after each rainfall event,
over the period 21 September 1990 - 20 September
1993. In 23 events, water was collected for chemical
analysis.
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The fluxes on a mass basis (kg ha'!), for each parameter,
were calculated multiplying the average weighted con-
centration (mg 1'') by amount of water (mm), either me-
asured (aboveground parameters and surface runoff) or
calculated (deep drainage).

The net forest water (i.e., deposition in throughfall +
stemflow, minus bulk deposition) is regressed against
the gain in the deposition resulting from the aerosol de-
position on the “filter gauge” (Bp - Pf). This regression
results in an intercept term representing the mean value
of canopy exchange (CE) for equal time periods (Lakha-
ni & Miller 1980). Dry deposition (Dd) is calculated
thus: Dd = Tf + Sf - Bp - CE, where Tf, Ef, Bp and CE
are known. Total deposition (Tdep) from atmosphere is
Bp + Dd. More detailed information can be found in
Lakhani & Miller (1980) and Bellot (1988).

3.5. Laboratory analytical procedure

pH was measured with a pHmeter Beckman 3500, and
dissolved organic carbon (D.0.C.) was measured on a
T.0.C.A. (315A Beckman). These analyses were perfor-
med as soon as possible after collection (within first
day). Na and K were analyzed by flame emission; Ca
and Mg by atomic absorption spectrometry; Fe, Mn and
Al, by ICP; P were determined spectroscopically by
molybdenum-blue method; Cl, NO3-, SO4% and NH4*,
were analyzed by ion-chromatography. Complete analy-
sis were generally done within about one week.

3.6. Statistical Analyses

Statistical analyses were performed by one-way analysis
of variance with repeated measures, followed by a pos-
teriori contrasts (Tukey-test) for multiple comparison of
means, in order to detect variations between sites and
between years. The results were expressed as equality
probabilities (p). Simple regresion models were used to
assess relationships between P and EA or D. The results
were expressed as regression coefficients (r2) and level
of significance (p).



Table 2. Annual water balance of the four plots, in mm / year. % in relation to precipitation. The years refer to

the period between 21/IX to 20/IX.

S1 S1 S2 S2 S3 S3 S4 S4
Year Flows mm % mm % mm % mm %%
Precipitation 1306 1188 1045 782
1990 Interception 144 11 95 8 112 11 76 10
91 Surface Runoff 2.1 0.2 1 0.1 3 0.3 0 0.0
Deep Drainage 868 66 791 67 626 60 443 57
Others 16 12 0 0.0 20 19 0 0.0
Actual Evapotr. 408 31 382 32 385 37 325 42
Potential Evapotr. 817 820 822 825
Precipitation 777 658 610 442
1991 Interception 147 19 160 24 112 18 96 22
-92 Surface Runoff 4 0.5 2 03 1 0.2 0 0.0
Deep Drainage 212 27 170 26 111 18 19 4
Others 49 6.3 15 2.3 25 4.1 13 2.9
Actual Evapotr. 506 65 475 72 475 78 421 95
Potential Evapotr. 806 819 832 845
Precipitation 1086 953 820 650
1992 Interception 163 15 131 14 127 15 125 19
-93 Surface Runoff 6 0.6 1 0.1 1 0.1 0 0.0
Deep Drainage 404 37 373 39 239 29 106 16
Others 54 5.0 18 1.9 20 2.4 8 12
Actual Evapotr. 525 48 506 53 536 65 509 78
Potential Evapotr. 753 763 773 783

4 RESULTS AND DISCUSSION
4.1. Water balance
Precipitation

Table 2 shows the annual rainfall values for the three
years, which, from the point of view of pluviometry and
comparing them with the mean annual values (see Table
1) can be defined as normal (1990-91), very dry (1991-
92) and moderately dry (1992-93). During the three stu-
died years, the pluviometric gradient from which we
started a priori was maintained; the differences between
plots remained fairly constant during the three years, in
relative terms (88, 78 and 59% of the rainfall in S1, for
S2, 83 and S4, respectively). Annual precipitation diffe-
red significantly, among all plots and among all years
(ANOVA, p < 0.001 in both cases). Nevertheless, daily
rainfall distribution is similar in all the plots, with corre-
lation coefficients around 90%. The seasonality of the
rainfall and its acute irregularity are outstanding featu-
res; in this sense, in the 1990-91 period, rainfall was
very abundant during autumn-winter but no important
precipitations were recorded after mid-March. On the

other hand, over the following two years the rainfall,
although less abundant, was distributed more regularly
with important precipitation recorded until the begin-
ning of June. Averaged across all plots and years, the in-
tensity of the precipitation was generally moderate and
it was never above 14 mm h'l. The intercepted water
was 16% of the annual rainfall, and 14% during leafless
period.

Evapotranspiration

EA only differs significantly among S4 - S1 plots
(ANOVA, p < 0.05); S4 generally gives lower values,
due to less precipitation and its smaller soil water stora-
ge (Table 2). These differences are mitigated even more
if we subtract from EA the intercepted water, of little
value for the vegetation (Rutter 1975). Between years
significant differences are, in fact, found (ANOVA, p =
0.001), but with the lowest during the year of highest
precipitation. Pooling together all plots, anual Bp and
EA are uncorrelated (> = 0.17, p < 0.05). The annual
values of EA in relation to EP average 46% (range 39-
50%), 55% (range 50-61%) and 72% (range 70-74%), in
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the years 1990-91, 1991-92 and 1992-93, successively.
The moderate amount of water stored in the soil (More-
no et al. 1993) does not prevent there being a large wa-
ter deficit during the active period. The maximum va-
lues of actual evapotranspiration in absolute terms were
generally reached in June (sometimes May or July).
Consumption begins to decrease generally in July, rea-
ching very low values as early as August, when availa-
ble soil water is practically depleted, remaining almost
constant for approximately one month, depending on
when the first autumn rains occur. Paz & Diaz-Fierros
(1985) found in Quercus robur that the soil remained
dry for two months in a year with 1368 mm of rainfall
in the northwest of Spain; Joffre & Rambal (1988,
1993) obtained similar results in southern Spain. The
daily mean values of EA, for the May-July period and
for August, are shown in Table 3. Polling all plots, a po-
sitive relationship (> = 0.72, p < 0.001) between total
precipitation in the May-August period and the EA du-
ring this same period was found.

Comparing the monthly EA values of the four plots, sig-
nificant differences were obtained between S4 and the
other three plots, which showed slightly higher values;
however, if the water intercepted is subtracted, these
differences become considerably reduced. Daily EA dis-
tribution in the four plots is very similar, with correla-
tion coeficients above 0.85.

Drainage

Drainage (D) increased with rainfall (Table 2), and sig-
nificant differences were established both on the level of
years and of plots (ANOVA, p < 0.001 and p = 0.05,
respectively). Thus, pooling all plots, the existing rela-
tionship is: D = 0.997*Bp - 494 (1> = 0.85; p < 0.001),
expressing D and Bp as mm year. This relationships
did not be set up for each plot indvidually due to a in-
sufficient number of data (only 3 years).

These results indicate how easily an excess of water,
and therefore deep drainage, can occur in these soils; a
precipitation above 490 mm year! causes an excess of
water in the soil, and practically all the rainwater over
that figure will be drained. In other papers consulted,
this limit was (mmyear!) 360 (Avila 1988), 400 (Pifiol
et al. 1991), 578 (Rambal 1984), 450 (Likens et al.
1977), 420 (Hudson 1988), 470-500 (Lewis 1968). Ad-
ditionally, the rapid moistening of the deep horizons
could imply the existence of water loss by drainage, due
to rapid circulation in macropores {Beven & German
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1981), although the soil is still far from reaching field
capacity, a fact that is not included in the model used.

Surface runoff

The results indicate that the runoff decreases according
to the following order: S1>83>52>S4 (table 2), and is
well correlated with the slope of the plots (Table 1); the
latter plot, with almost no slope, has null runoff. The
greatest amounts were obtained for the year with the le-
ast precipitation. It occurs mainly in autumn (when rain
intesity is greater); at no time the runoff was due to sa-
turation of water in the soil. In these plots, according to
our observations, this water did not transport apprecia-
ble amounts of sediment. The volume of water lost th-
rough surface runoff can also be said to be very low, as
is frequently true in forest ecosystems (Rambal 1984;
Francis & Thomes 1990; Soler & Sala 1992).

4.2. Nutrient balances
Atmospheric deposition

Amounts of atmospheric deposition can be described as
moderate to scarce, in almost all the elements (Figure
2), when compared with those obtained in the northeas-
tern Spain (e.g., Avila 1988; Bellot 1988; Belillas & Ro-
dé 1991 ), Europe (e.g., Miller et al. 1987; van Breemen
et al. 1988; Tietema & Verstraten 1991), U.S.A. (e.g.,
Likens et al. 1977; Lindberg & Owens 1993), and with
mean values obtained by Parker (1983). They are espe-
cially low for ions such as SO4%, NH4* and NO3~
which are mainly anthropogenic (Belillas & Roda
1991), which in more industrialized regions show cle-
arly higher values. There is no evidence of acid or po-
lluted depositions of anthropogenic origin in this region.
Regarding the differences along the pluviometric gra-
dient, when the total deposition is considered (bulk and
dry) the amounts were similar among plots.

Losses from the soil

The leaching of elements, nutritive or otherwise, from
the soil, is a process controlled mainly by the content in
anions and hydrogen ions, as the electrochemical equili-
brium in the solution draining from the soil is maintai-
ned (Johnson et al. 1986).

The results obtained are shown in Table 4 and Figure 2.
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Figure 2. Annual balance of dissolved elements in four different plots (S1 to S4), calculated as the difference between input (bulk and dry deposition,
upper bars) minus output (surface runoff and deep drainage, lower bars).
Values expressed as kg ha-1 year-1, except H+ (g ha-1 year-1).
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Table 3. Mean daily values of actual evapotranspiration in two different periods, May-June-July (M-J-J) and
August (A). Values expressed in mm day-1.

EA S1 S1 S2 S2 S3 S3 S4 S4
M-J-J A M-J-J A M-J-J A M-J-J A
1990 1.85 0.90 1.84 0.76 1.83 0.86 1.42 0.62
1991 1.83 043 1.49 0.74 1.76 0.94 1.33 0.45
1992 2.28 1.05 2.09 0.80 2.06 0.81 1.67 0.43
1993 2.59 1.14 2.59 0.99 273 0.90 2.65 0.80
Means 2.14 0.88 2.00 0.82 2.10 0.88 1.77 0.57

The scanty change produced in the pH of the water when
passing through the soil is indicative of the reduced ef-
fect of the hydrogen ions on the leaching process of ba-
ses in the soils studied, except on the surface, where the-
re is an important increase in the nutritive cations in the
solution. In the rest of the soil the process is inverted,
with a retention of bases and a leaching of hydrogen ions
(Table 4). The increase in pH is higher in S2 and S4
(granite) than in S1 and S3 (grauwackes); also the incre-
ase is lower in the more rainy plots. These differences
coincide with the content in base-cation and thus the buf-
fering capacity of the soils (Quilchano 1993).

As for the anions, their behaviour is highly irregular,
although all of them experiment a considerable increase
on passing through the forest floor (Table 4). Almost all
the phosphate is subsequently retained as a consequence
of the high adsorption capacity of P that the soil mine-
rals have (Yanai 1991). NO3-, together with the cation
NH4*, show more complex behaviour, which will not be
discussed in this paper. Cl- and SO4% pass through the
soil with hardly any significant gains or losses; as a
whole they may represent an important flow as regards
the washing of cations; this is, however, not so much
due to the fact that they represent fairly low atmospheric
deposition rates, especially in SO4%, considered to be
largely responsible for the leaching of bases (David et
al. 1991).

Therefore, neither the hydrogen ions nor the anions seem
to be an important source for causing the leaching of ba-
ses in the studied soils. Thus, although Na, K, Mg and
Ca undergo a considerable increase on passing through
the forest floor (especially K}, together with an increase
in pH, the concentration of all of them decreases again
in both the humic and the exchange horizons (together
with a decrease in pH) (Table 4). That is, the cations are
retained in the soil (either by root absorption or by entry
into the exchange sites), so that the losses from the soil
are lower than the atmospheric inflow, there being thus a
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net gain (Figure 2). The order of these gains (% with res-
pect to the Tdep) is: K > Ca = Na > Mg > Mn > Fe > Al

The sum of the net losses (outputs - inputs) of the four
major cations is known as the Cationic Denudation Rate
(CDR, Avila 1988), expressed in keq ha! yearl. In our
case the results are: -0.24 (S1), -0.35 (S2), -0.24 (S3) y -
0.57, i.e., the CDR is negative due to the existence of
net gains. If we consider Bp instead of Tdep, in order to
contrast it with the results in the literature, the results
are: 0.14 (S1), 0.06 (52), 0.07 (S3) y 0.10 (S4). In any
case these values are well below the mean of 1.03 keq
ha! year!, described by Avila (1988); of the 22 cases
given by this author, 19 show net loss values higher
than those obtained in our plots, two of them show simi-
lar values, and only one shows net losses lower than our
case. The values in the 22 cases vary from -0.12 to 4.4.
In the Mediterranean region, the values obtained are 1.3
in Montseny (Avila 1988) and 1.8 in Prades (Escarré et
al. 1984),

The soils show a greatly decreased base saturation level,
lower in the plots with higher rainfall (Quilchano 1993),
hence the availability of bases, to be exchanged for H*
or to accompany an anion, is scarce. This fact, together
with the scant acidity of the precipitation and the anion
content of the atmospheric inflow, contributes to the
scant leaching of the bases of these soils.Another aspect
of interest in obtaining a knowledge of the fertility con-
ditions of the soil is the Ca/Al ratio (molar quotient) in
the soil solution as Abrahamsen (1983) pointed out; this
author, quoting Ulrich (1981), points out that a value of
1 or less indicates a degraded state of the forest soils,
even phytotoxicity by Al. In our case the values obtai-
ned were:

S1 S2 S3 S4
Ess 0.95 152 207 4.04
D 1.79 4.3 2.23 14.73



Table 4. Volume weigted mean annual chemical concentratios in four different flows (S1 to S4).

mg/l pH DOC CI SO4 PO4 NO3 NH4 Na K Mg Ca Mn Fe Al

Tf-S1 (23) 545 99 19 161 015 053 026 053 085 050 136 0050 0030 005
Tf-S2 (23) 553 139 23 189 046 083 031 067 184 072 148 009 0030 006
Tf-S3 (23) 564 157 25 192 043 083 032 070 18 085 162 0.130 0.040 0.10
Tf-S4 (23) 559 235 35 230 116 073 060 065 319 114 200 0100 0050 0.10
Sr-81 (17) 573 488 307 273 040 156 078 073 587 159 258 0176 0120 034
S1-S2 (16) 581 1159 566 354 162 629 311 0921 754 218 319 0312 0172 078
S1-83 (14) 622 810 675 692 250 412 253 1131 635 355 406 0348 0154 060
Sr-54 (7) 662 1472 734 1167 871 1600 952 183 4506 484 997 0487 0175 026
SS1-81 (9) 574 210 309 381 003 049 060 102 172 108 108 0.034 0038 077
S8r-82 (10) 553 289 284 314 009 443 129 087 338 104 121 0054 0054 054
S5r-83 (8) 580 572 329 293 025 667 122 100 28 189 274 0060 0.080 090
S51-54 (5) 601 478 517 615 021 1629 138 0761 0.4 270 651 0.093 0081 109
D-S1(9) 549 84 281 296 004 067 023 106 054 063 122 0085 0079 046
D-S2(5) 579 48 397 246 007 164 039 113 084 069 179 0074 0069 026
D-S3 (5) 572 172 446 422 045 328 049 141 114 094 185 0116 0152 056
D-S4 (3) 612 123 801 611 007 274 045 120 168 104 370 0083 0011 017

Tf= Througfall; Sr=Surface runoff; SSr= Subsurface runoff; D=Deep drainage.
The numbers of analysed events, for each flow and plot, are shown in n parentheses.

Ess is water draining from the humic horizons and D
is water of deep drainage.

Although the Ca/Al values do not indicate a very un-
favourable situation, common in areas with much more
acid precipitation than that obtained in this study (Abra-
hamsen 1983), they do show the effect of the abundant
precipitation on the soil fertility in this area, with S1 va-
lues which indicate a very low level of fertility, and
with high levels of Al in the soil water. The situation
improves (lower relative importance of Al) as the plu-
viometric gradient decreases.

In addition to the Ca/Al quotient, the net gains for K,
Mg, Na, NH4*, H4PO4", Fe, Mn, among others, increase
when precipitation decreases (Figure 2).

5 CONCLUSION

Although the study dealt with situations where the
precipitation was markedly different, both on the level
of years and of plots (range from 442-1306 mm year..),
the soils had a similar water content in the different ye-
ars at the beginning of the active growth period of the
vegetation; the water content depends mainly on the soil
characteristics and not so much on the precipitation re-
ceived during the wet season (Moreno ef al., 1993).

Taking as a basis the soil water balance, we obtained
decreasing transpiration rates over the active period, re-
aching acutely low levels. Unless the oaks have an effi-
cient deep radicular system for extracting water from
the weathered bedrock, they could be subjected to an
important restriction of water during part of the summer
season. Moreover, the vegetation shows great dependen-
ce on the rains of the dry season. The water gradient do-
es not seem to define outstanding differences in the wa-
ter consumption patterns for the vegetation in this area.

The relative facility with which an excess of water in
the soil is produced in winter, together with the high co-
rrelation existing between the volume of rainwater and
that of drained water, cause an important leaching of the
soil and a consequent loss of fertility, which becomes
greater as the pluviometry gradient increases. This fact
is evident in the figures of the CDR and the Ca/Al ratio.
In fact, both on the level of dry matter production and
leaf area index, the higher values are obtained in the
plots with less precipitation (Martin et al. 1993; Gallego
et al. 1994).

It can be concluded that the greater abundance of
rain in the wet season did not tend to increase water
consumption by the vegetation, at least not substan-
tially; on the other hand, it did entail a greater leaching
of the soil and the consequent loss of fertility, which is
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especially manifested in a decrease of bases, degree of
saturation and pH, as demonstrated by Quilchano (1993)
in these same forests.
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