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Export of nutrients to the sea in a karstic basin in the west of Cuba
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Abstract

Few studies relate soil water erosion and associated nutrient losses in flat karst landscapes to marine waters. This is due to
the complexity of these peculiar ecosystems, given their scarce distribution in the world (20%) and the low erosion rates.
Adding that in Cuba these marine waters, where these soils discharge are oligotrophic with a strong historical reduction
of their nutrients as a result anthropic-engineering causes; therefore, these are one of their main sources of nutrients. The
present research constitutes an approximation of the influence of soil erosion on La Teresa basin, a karstic environment
where there are practically no permanent surface streams, to the marine platform of the Batabané Gulf. The influence of
soil erosion and its associated nutrients (0.064 kg ha™" yr™' (2.3t) of P, 1 kg ha™" yr~" (35 t) of N) on marine waters coincides
with the oligotrophication effect suffered by the island’s water bodies reported by Baisre (Biogeochemistry 79:91-108,
2006) and Baisre and Arboleya (Fish Res 81:283-292, 2006) as a result of the damming by agricultural programs.

Keywords Export of nutrients - Soil erosion - Gulf of Batabano

1 Introduction

Numerous studies have been carried out to determine
the amount of nutrients that reach the marine platforms
coming from the soils, most of them in permanent water
flows [44],Farian et al., 2003; [1, 54, 71, 74]. An analogy
of this type of (permanent) flow is that of a highway for
transporting nutrients between sea and land. However, in
flat karst regions (Fig. 1), this highway turns into a series
of labyrinthine routes that only work in an episodic way,
given the superficial—intermittent drainage pattern that
characterizes them.

In other words, the speed of diffusion of nutrients in flat
karst regions without permanent surface streams varies
greatly from one sector of the basin to another according

to the peculiarities of the relief and permeability of the
underlying stone material, in some cases their incorpo-
ration occurs directly into the drainage network which
allows their transmission in a rapid manner, while in other
sectors they are incorporated in areas distant from the
network of karstic channels of "organized heterogene-
ity" where they can reside in the surroundings for a long
time, which singularizes the karstic landscape, dynamics
that coincide with those described by Van Beynen and
Towsend [95] and Fernandez de Ortega [30]. Inside the
karst massif (which is not the aim of the research). The
karst aquifer structure is characterized by conduit, frac-
ture and matrix flow resulting in fast (e.g., conduit) and
slow (e.g., fracture and matrix) flow pathways [33, 47]. The

Electronic supplementary material The online version of this article (https://doi.org/10.1007/s42452-020-03679-x) contains

supplementary material, which is available to authorized users.

P4 José Miguel Febles Diaz, jmifebles@gmail.com; José Manuel Febles Gonzélez, febles@rect.uh.cu; Julia Azanza Ricardo,
jaricardo@instec.cu; Maria Sotelo Pérez, maria.sotelo.perez@urjc.es; Thalia Gonzalez Calvo, tgonzalez2496@yahoo.com | 'University
of Havana, Havana, Cuba. 2University of Rey Juan Carlos, Paseo Artilleros, s/n, 28032 Madrid, Spain. 3Centro de Investigacién y Desarrollo

de Medicamentos, Havana, Cuba.

®

Check for
updates

SN Applied Sciences (2020) 2:1917 | https://doi.org/10.1007/s42452-020-03679-x

SN Applied Sciences

A SPRINGERNATURE journal


http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-020-03679-x&domain=pdf
http://orcid.org/0000-0002-2776-8779
https://doi.org/10.1007/s42452-020-03679-x

Research Article

SN Applied Sciences (2020) 2:1917 | https://doi.org/10.1007/s42452-020-03679-x

INTERFLUVIAL SPACE

Impact of raindrops
Soil released by the impact of

l raindrops (splash)
/ Removal of soil by the ephemeral

" - > (—superﬁcial transport

1 -
Erosion by surface runoff

Erosion by concentrated flow
(erosion of linear character)

.
Accumulation of solid material from the basin. The clayey
fractions travel in suspension and the detritus as a bottom trawl

INTERFLUVIAL SPACE

Erosion by impact

Splatter of clays l
Suspension of the clayey fraction _\

(<0,002 mm) i - 2 _;-’

Possible undermining in concave
flexes of the slope

Drainage through
the ponor

Fig. 1 Karst dynamics—erosion in inter-river space in the middle of the basin

relative proportions of two flows will influence discharge
and nutrients distribution.

In this context, the MMF (Morgan-Morgan-Finney) soil
erosion model [73] plus the Verstraeten and Poesen [99]
equation to estimate the nutrients bound to the eroded
sediment, especially in the roll that performs the size of
the particles, through the variable of nutrients sediment
trap (NTE), which allows us a discussion between the
amount of sediment caused by erosion, but also the factor
of sedimentation by the texture of that sediment removed.

The above mentioned, contribute to solve this incapac-
ity, compared to other models existing in the literature for
the estimation of nutrient exports, because the soil ero-
sion models are as follows: (a) Sensitive to the estimation
of removal by areal runoff (laminar erosion), which is the
main phenomenon of surface transport in the absence
of permanent flows (b) They are sensitive to the selective
removal of soil particles, which will prevail in this type of
environment. (c) These can deal with diffuse runoff; this is
due to the lack of morphometric potential, for the devel-
opment of linear forms of erosion [43]. In summary, soil
erosion models focus more on interfluvial processes.

The Cuban archipelago is strongly influenced by the
sea, accentuated by the elongated and narrow shape
of the land areas with a predominance of coastal karst
plains and with low slopes which limits the development
of large river systems. It is also characterized by a marine
system, which has strong connectivity at three levels of
scale, inter-platform, mangrove, grassland and reef [42],
between gulfs and within the Caribbean Sea [36]. Due to
the location of Cuba in the oligotrophic Caribbean Sea, in
absence of significant processes of coastal upwelling and
because the very small tidal range; the runoff and river
discharge, delivering terrestrial material in particulate and
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dissolved form, is the most important source of nutrients
supporting Cuban marine coastal fisheries [8].

On the island through a program entitled “Voluntad
Hidrdulica [Hydraulic Will]”in 1962, which aims to create
infrastructure and mechanisms to control phenomena of
excess (flooding due to storms and cyclones) or lack of
water (drought) and its consequences. The mechanism
of execution was an extensive “Programa Constructivo
de Obras Hidrdulicas [Construction Program of Hydraulic
Works],” which increased the capacity of water reservoirs
to 48 million cubic meters stored in 13 reservoirs in 1959 to
more than 9000 million cubic meters in 240 reservoirs and
more than 800 micro-dams. Within this program, one of
the most outstanding works is the “Dique Sur [South Dike],”
which extends from the Bataband outlet in Mayabeque to
Majana Beach in Artemisa (Fig. 2), approximately 51.7 km
long; between 7 and 8 m wide in the crown; an average
height of 2 m above sea level and a capacity of 45 million
cubic meters of water in a space of 13,000 hectares. This
has altered the surface drainage and, in some cases, even
the subsurface drainage of Cuba [7, 8, 9, 39, 68].

On the other hand, the waters of the La Teresa basin
drain into the Gulf of Bataband, which is a source of
important marine resources and human settlements that
live from them. This contributes to 66.5% of the national
capture of moorland crab (Menippe mercenatria) [13] and
75% of the national capture of Spiny Lobster (Panulirus
argus) [90]. The most caught snapper species on this
shelf have been lane snapper (Lutjanus synagris), mutton
snapper (L. analis), grey snapper (L. griseus), yellowtail
snapper (Ocyurus chrysurus) and cubera snapper (L. cyan-
opterus) [16]. The International Union for the Conserva-
tion of Nature (IUCN) classifies L. cyanopterusas vulner-
able on the Red List of Threatened Species (IUCN 2017).
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Landing data on this area indicate that in the 70s, about
35% of the total finfish catch was constituted by snap-
pers, but in 1990 this percentage dropped to 18% [14].
Taking into account that the basin belongs to the physi-
cal geographical unit Habana-Matanzas Karst Plains,
where the predominant soil is Ferralitic, with a change
from this to Humic Calciorphic in the part near the coast-
line. The most common land use in the plain is for vari-
ous crops and pastures. Its surface runoff flows into the
sea, not truncated by the southern dike. This makes it a
good pilot basin for a first approximation of the biogeo-
chemical cycle between the plain and the gulf.

In this context, the scarce research developed on the
export of nutrients in the island has been characterized
by an essentially linear domain (stream and river), such as
those reported by Baisre [7], Baisre and Arboleya [8], with-
out yet knowing the contribution of soil runoff, which is of
an areal component. Taking into account this background,
the aim of this work is to estimate the amount of nutrients
that reach the sea in a karst basin from water erosion and
to give a first approximation of its influence.

2 Materials and methods
2.1 Description of the area of study

The research was carried out in the La Teresa karstic basin
located on the southern coast of Cuba (Fig. 2), belonging
to the Southern Havana-Matanzas Karstic Plain (Table 1),
in Mayabeque province.

The region has a climate that characterizes the rest
of the country, which can be considered as tropical with
alternating humidity (Fig. 3).

The geomorphology corresponds to a plain with a sys-
tem of flat terraces made up of carbonate rocks from the
Guines mid-late Miocene; Cojimar early-middle Miocene;
Coldn Oligocene—Miocene inferior, formation and marshy
deposits Holocene [55]; the predominant soils correspond
to the Red Ferralitic Grouping [81, 92], destined basically
to various crops and pastures (Fig. 4).

2.2 Methodology used

In order to calculate the amount of nutrients exported to
the sea by soil erosion (Fig. 5), the MMF parametric erosion
model was applied (Table 2) [73], based on the dynamics
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Table 1 Main morphometric

Description Unit Values Interpretation Methods
parameters of the La Teresa
karstic basin Shape of the basin - 0,40 Very wide Horton [53]
Drainage density km-km™2 0,81 Low Strahler [91]
Average slope Grade; % 1,64;2,87% Light Alvord (Horton [51])
Basin area Km? 362 - -
Average depth m 49 - -
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Fig.3 Accumulated rainfall between 2010-2014 in the basin (INRH, 2014)

of erosion processes, soil properties, climatic characteristics
and conditions of use, which made it possible to evaluate
the magnitude of losses. While the Verstraeten and Poesen
[99] equation was used to quantify the export of nutrients
bound to the eroded sediment estimated by MMF, this equa-
tion is designed to be used in small basins, so the sub-basins
were mapped (Fig. 2).

The MMF erosion model [73] was used to determine
the quantitative values of soil loss, which has already been
used in Cuba in similar conditioner by Vega and Febles
[96]; Febles et al. [27]; Vega et al. [97],Febles Diaz and Vega
[25].

E=R(11,9+8,7-log,y/) M

where E=Kinetic energy of rain (Wischmeier and Smith,
1958) (J/m2); I=Typical value of the rain intensity for tropi-
cal climates (mm/h)

Q=R exp(-R./Ry) 2
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R = 1000 - MS - BD - RD(E/Ey)*° 3)

Ry =R/R, ()

where Q=Volume of superficial flow (mm); R=Annual
rainfall amount (mm), R.=Critical value of moisture stor-
age; Ry=Average rain of the rainy days per year (mm/
day); MS =Soil moisture (%); BD =Soil density (kg/m3);
RD =Depth of rooting (m); E; = Current Evapotranspiration;
E,=Potential evapotranspiration.

In this phase, the dispersed soil splash rate (F) and
the surface flow transport capacity (G) are evaluated by
means of the following equations:
F = K(Ee™™)* . 102 )
where F=Particles mobilized by splash (kg/m2),
K=Index of erodability, E=Kinetic energy of rain (J/m2),
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A=Interception factor due to rain (%); Exponent values  where G=Surface flow transport capacity (kg/m2),

a=0.05;b=1
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Table 2 Parameters for

8 . . Characteristics Parameters Source
estimating soil losses
according to the MMF erosion Soil types MS BD K Figure. 5
model (Morgan, [73] Ferralitic 0.45 1.10 0.02 Source: Table 6.5 in Morgan [72]
Brown 0.20 1.30 0.30
Humic Calciorphic 0.45 1.10 0.02
Land Use Un EnEy, C Figure. 5
Temporary crops 17.00 0.80 0.40 Source: Table 6.11 in Morgan [72]
Permanent crops 25.00 0.66 0.40
Sugar cane 25.00 0.74 0.20
Pasture 25.00 0.80 0.001
Forest 25.00 090  0.001
Idle lands 25.00 0.80  0.001
Unsuitable land, watery 100.00 1.35 0.10
Other unsuitable land 25.00 0.80 0.001
Climatic
Number of windy days 119 Llacer [67]
The intensity of rainfall (mm h™) 25 Morgan [71]
Annual rainfall accumulation (mm)  Figure. 2 INRH (2014)

The final prediction of the soil loss is made by compar-
ing the values obtained of G and F. The lower of they are
take like annual loss rate of soil.

For the estimation of nutrient losses, the assumption
was made that the basin discharges by a single sector into
the sea. Equation (7) with slight modifications (Eq. 8) was
used to estimate the effects of the amount of nutrients
and sediments coming from the upper part of the basin
through 13 small sub-basins that were mapped (Fig. 1).

NE = Z SV, - dBD; - NC;

10-n-A-NTE %

i=1

(X, SV, -dBD; - NC;) + (SV;_; - dBD;_; - NC;_;))

NE; =
10-n-A-NTE
(8)
Svi—l = SVupperbasin * NTEupperbasin (9)
. NEI'_-I * 106
NGi,_, = ———— (10)
d-p

where NE: Nutrient exportation (kg ha™' yr™'); SV: Volume
of sediment moved (m3 yr™'), dBDi i: Density of soil in sam-
ple i (Mg m3), NCi: Nutrient content associated with the
sediment in the sample i (ppm), NTE: Efficiency of the nutri-
ent trap in the basin (%), A: Basin area (ha), SV;_;: Amount
of sediment from the upper basin (t), NCi;_,: Amount of
the nutrient from the upper basin (ppm), d: Depth of soil
(m), p: Density of soil (mg kg"), dBDi;_;: Soil density of the
upper basin (Mg m3), NE,_;: Exporting nutrients from the
upper basin (kg ha™" yr™).
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The parameters for running the equation are shown in
Table 3.

3 Results and discussion
3.1 Erosion estimation

The estimated average annual erosion was 0.6+0.1
(tha™), classified as very low according to Geler [37], with
the transport capacity of the surface flow being the lim-
iting factor for erosion. The low rates are the result of a
gentle slope and the mechanical composition of the soils
is predominantly clay (85%), which has a high degree of
resistance to detachment by the drop of rain, results that
are consistent with De Ploey [18], Poesen [83] in similar
soils.

In addition, the plant cover acts as a buffer between
the atmosphere and the soil. The highest erosion rates
were estimated in the crop sectors (min 0.04-max 0.89,
mean 0.1 kg m™2 yr™"), both in short and long periods
(Fig. 6). These can produce a fleeting runoff by increas-
ing the size of the raindrops on their leaves; these can
achieve water accumulations at the drip points, capa-
ble of producing accumulations that can eventually
overcome the infiltration capacity [4, 17, 50]. According
to an effect that could be verified in the intensive and
continuous use of the soils with almost permanent pre-
dominance of multiple crops, promotes the detachment
and the areal migration of the finest fractions, at a rate
directly related to the energetic speeds of the raindrops,
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Table 3 Parameters for the estimation of nutrient export according to the equation of Verstraeten and Poesen (99)

Parameters Values
NCi Soils K P d Source N Source
(ppm) m gcm™ %
Ferralitic 20 212 0.7 1.32 Source: Table of attributes of 0.25 INRA (1975);
Soil Map 1: 500 000 (Tremols Soca Nuiez, (2017)
Brown 29 69 03 1 and Hernandez, 2006) 0.14 Espinosa (2015);
Soca Nuhez, (2017)
Humic Calciorphic 30 320 03 1.1 0.18 INRA, 1975

SV - dBDi = Soil loss in tons

MMF giadelasubcuencai (£ - ha ") * Agupeuencai(h@) = soil loss in tons of the sub — basin

NTE Estimated by the methodology proposed by Verstraeten and Poesen [99] through the sediment trap model
proposed by Verstraeten and Poesen [98]

Fig. 6 Soil erosion rate of La
Teresa karstic basin in the
Southern Havana-Matanzas
Karstic Plain, Cuba
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originating a sequential descent of the solum towards
the concave flexions of the micro-relief that act as local
base levels [28].

The areas of pasture (min 0.01-max 1.01, mean
0.04 kg m~2 yr ")and forest ( min 0.001-max 0.82, mean
0.03 kg m~2 yr™') present lower values than the crops,
because they have a low level of tillage, which gives them
a high degree of roughness and decreases the speed of
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surface flow, which is strongly determined by the mor-
phology and density of the plants [85]. In forest areas, the
root network not only influences roughness, but also pro-
vides effective soil retention [10].

Another element that influences the low erosion val-
ues are the karstic canyons with valleys in the shape of “U”
and“V"that act as geomorphological barriers transversally
to the slopes, which intercept the runoff, as well as the
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erosion of the soils that transport the nutrients; this causes
the redistribution of the nutrients in the basin (Fig. 1). This
“regulating” effect of surface flow is a basic element of the
hydrographic fabric in the Southern Havana-Matanzas
Karstic Plain, where the forms of absorption and its com-
ponent elements exercise control over surface and sub-
surface drainage on their way to the sea, which coincides
with the descriptions of Fernandez de Valderrama [31] and
Febles et al. [24].

Fig.7 N, P, K values exported

3.2 Estimation of the export of nutrients
in the basin

The highest export rates in the basin (Fig. 7) were recorded
in those sectors occupied by crops in soils with a clayey
texture (Fig. 3), coinciding with the most eroded sectors
(Fig. 6). Being those of the sub-basins No. 6 and 10 the
highest (Table 4).

In fact, a spatial-zonal pattern can be distinguished
in the export of nutrients, with low values in the upper
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Table 4 Estimated nutrient

export values for each sub- SUb- Areza 6 6 -2 nTE K P N NEK NEP NEN

basin basin  (m“10°) (kgm™) (%) (ppm) % (kg ha"yr™)
1 14.87 0.05+0.01 3870 2341 1824 0.22 0.03£0.05 0.02+0.03 1.51+0.04
2 11.52 0.09+0.01 38.65 2498 14.13 0.19 0.03£0.01 0.02+0.03 2.15+0.01
3 20.67 0.01+0.02 39.83 2492 1476 0.19 0.004+0.03 0.002+0.02 0.26+0.03
4 54.01 0.04+0.06 39.14 2526 1568 0.20 0.02+0.20 0.01£0.20 1.08+0.3
5 38.86 0.11+0.02 36.97 2261 1872 0.22 0.22+0.01 0.03£0.04 2.28+0.01
6 40.70 0.16+0.03 1.00 2130 2324 0.25 3.34+1.00 3.65+1.00 77.6+1.00
7 2643 0.06+0.01 1.00 19.00 21.71 025 0.25+1.00 1.22+1.00 27.7+1.00
8 34.14 0.05+0.01 1.00 19.16 21.82 0.25 1.86+0.30 2.12+0.34 25.65+1.00
9 19.19 0.03+0.01 1.00 1946 2211 0.25 0.27+0.04 031+£0.1 11.14+0.10
10 27.68 0.05+0.01 1.00 19.26 21.89 0.25 556+0.10 6.31+£0.13 52.4+0.20
1 13.96 0.01+0.02 1.00 2335 2579 022 0.49+0.1 0.54+0.1 6.02+0.10
12 31.14 0.01+0.02 1.00 2541 27.73 0.21 0.72+0.1 0.78+0.1 2.53+0.10
13 28.83 0.01+0.02 1.00 2992 3196 0.18 0.06+0.01 0.06£0.01 0.96+0.02

part, high values in the middle sector and again another
decrease in the lower sector of the basin. This in the upper
sector is associated with the coarser texture type of Brown
soils, which causes the effectiveness of sediment traps to
be superior to those with clayey texture and in the lower
sector, the cause is the low geomorphic potential of the
slopes near the coast to be able to move the particles
(Fig. 7 and Table 4).

The behaviors of the traps in the sub-basins 6 to 13
are low, due to the mechanical composition of the soils,
which are mainly of a clayey texture (Red Ferrallitic and
Humic Calcimorphic), since the fractions with diame-
ters <0.01 mm require more energy to be suspended [62],
but once suspended, they will only require weak flows for
their transport and the weaker these are the finer the frac-
tions [19, 51].

Therefore, this fraction does not sediment until it
reaches the sea, as the salts act as a weak electrolyte and
precipitates them, corroborating the results obtained by
Hjulstrom [51], Derruau [19] and Febles et al. [24]. This frac-
tion has a colloidal character, so the amount of nutrients
lost with it is higher than the other texture. Which shows
that not necessarily where the highest rate of erosion
exists, is where the highest rates of nutrient export may
exist.

3.3 Influence of soil erosion on the waters
of the Gulf of Batabano

The export of nutrients such as nitrogen and phospho-
rus to the Gulf of Batabano (Table 5) can be classified as
low when compared to other studies (Table 6), only the
study by Yue et al. [102] was developed in karst regions,
their estimates were in groundwater drainage condi-
tions, the only surface area was a river, not in basins with

Table 5 Total nutrients exported to the sea by La Teresa karstic
basin, Mayabeque Province

Variables  P(t) P N(t) N
(kg ha™'yr™) (kg ha™'yr™)
Values 23+04 0.064+0.01 35+0.02 1.0+£0.02

intermittent drainage as in the present study. These low
values are a consequence of the natural physical-geo-
graphical characteristics of the basin, whose effects are
the low erosion values. Not because of the nutrient con-
tent (Table 4), since Ferralitic and Humic Calcimorphic soils
which present moderate (10-17 ppm), high (17-25 ppm)
and very high (<25 ppm) phosphorus values [48, 52] and
medium (0.14-0.25%) nitrogen values[11, 48].

The waters of the Gulf of Bataban6 are oligotrophic
waters (Montalvo, 2010; [41] under strong historical pres-
sure. This is product of the execution of various hydrotech-
nical works during the 1970s (damming) for the develop-
ment of agricultural programs[6, 701, in which the Dique
Sur [South Dike] stands out, these actions have had a nota-
ble influence on the contributions of nitrogen from the
land, by acting as barriers to the waters that previously
discharged into the sea, together with the drastic reduc-
tion in fertilizer imports during the so-called Special Period
in Cuba (1991-1996)[7, 26].

The reduced amount of nutrients reaching the sea from
the land (Table 5), due to the low geomorphic potential for
runoff typical of a karst plain plus the effects of engineer-
ing works built along the plain (dams), has resulted in a
further decrease in the natural speed of biogeochemical
cycles. Results that are in agreement with those of Baisre
[5, 6], Claro et al. [14] on the decrease of total biomass and
size of fish in the golf from the early 90s coinciding with
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Table 6 Export nitrogen and
phosphorus values ( taken
from Iverson et al. [59] and

Author

updated by the authors) Iverson et al. [60]

Line [43]

Withers et al. [100]
Upstream of Septic
Downstream of Septic

NC DENR [76]
Shields et al. [88]
Groffman et al. [45]
Castroetal. [12]
Oblinger et al. [79]
Forested

Mixed agricultural
Mixed residential
Nikolaidis et al. [77]
Valiela et al. [94]
Iverson et al. [59]

High—density (input significant nutri-

ents to receiving waters)

Low density (not input significant nutri-

ents to receiving waters)
Ferreira et al. [32]
Napoli et al. [75]
In grass plot (vineyard)
In harrowed plot(vineyard)
Ramos et al. (2006) (vineyard)
Vadas and Powell [93]
Vegetated (in dairy cattle lots)
Partially vegetated
Unvegetated (in dairy cattle lots)
Corn silage (in dairy cattle lots)

Yue et al., [102] (karst environment)

Houzhai River (river)

Maoshuikeng (groundwater and surface)

Average

Place N p
(kgyr'ha™) (kgyr'ha™)

North Carolina Coastal Plain  0.3-13 -

North Carolina Piedmont 1.92-6.65 0.01-0.14

Loddington, Leicestershire, 14.07 0.16

UK 17.25 0.26

North Carolina Piedmont 1.8-14.4 0.2-0.3

Maryland Piedmont 6.0 -

45-7.2 -

Various basins in USA 11.7(1.9-41.9) -

North Carolina Piedmont 2.22 0.08
3.15-5.25 0.16-0.52
0.73-2.17 0.27-0.81

Connecticut New England 3.6 (nitrate) -

Massachusetts Coastal Plain 2.2 -

Durham country 4.1(0.01-44.1) 0.15(0.0-1.9)
1.5(0.0-35.3) <0.1(0.0-0.8)

Séo Lourenco (Portugal) 1.3-10.8 0.5-3.6

Central Italy 45 6.2
12.5 5.0

Penedés region (NE Spain)  14.9 1.5

Farms in Wisconsin 10.2 29
29.2 6.8
46.6 116
59.9 100

Houzhai Catchment 75 -

(Guizhou Province, SW 14.7 _
China)
11.41 2.05*

“The values of Vadas and Powell were not taken into account because they are extreme values

the completion of the southern dam (1985-1991) [46] and
the conclusion of the last dam in 1991 [8]. This reduction
in biomass is produced by the drastic decrease of land-
based nutrient inputs to the marine platform, generating
food deprivation, which leads to alterations in the food
chain [7, 8, 39], indicating that the system is under strong
stress. This stress also affects the fishing communities that
depend on these marine resources.

Because of this, the adoption of measures that further
reduce soil erosion in the basin would limit the inputs of
nutrients or the speed of their cycles; which implies increas-
ing the pressure on the aquatic ecosystems of the Gulf
of Batabano, where important economic resources and
populations dependent on them converge. Therefore, a
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management alternative to be considered, without exert-
ing additional pressure on these peculiar ecosystems, would
be the appropriate management of gramineae (sugar cane,
saccharum officinarum) as these are very demanding of
Nitrogen, the planting of leguminous plants, green fertilizers
(crotalaria juncea, dolichos pruriens), worm farming, mulch-
ing, waste returns, and any source of organic fertilizer that
is decomposed and provides the soils with nitrogen and
organic phosphate. These measures will also promote the
increase of organic matter in the soil and increase the avail-
ability of phosphorus to the crops by reducing the tendency
of the mineral fraction to fix the nutrients; for this reason, it is
difficult to know if the increase of phosphorus will increase
the export of it to the platform.
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4 Conclusion

The influence of soil erosion in the karstic basin of La
Teresa has a dual character, beneficial for the soil resource
due to the low erosion and loss of nutrients, but it does
not foresee improvements for the stress suffered by the
marine resources due to its historical reduction of nutri-
ents. This export of nutrients from the basin is regulated,
after erosion, by the texture of the soils, as this is the cause
of the low values of the nutrient traps. These factors cause
the rates of export of nutrients from the soil to the sea
to be low with input levels of 0.064 kg ha-1 yr-1 (2.3 t) of
P, 1 kg ha-1 yr-1 (35 t) of N and 0.06 kg ha-1 yr-1 (2.1 t)
of K. These estimates provide a rough quantitative idea
of the region’s geomorphic potential, which explains the
changes that have taken place in the past and can be used
to predict those that will take place in the future. The use
of this methodology, in all the basins that drain into the
gulf, with more detailed data on land use and in a seasonal
manner, would make possible a more holistic framework
for the integrated management of natural resources by
being able to analyze their relationship with marine cur-
rents, spawning sites, fishing seasons and closures, etc.
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