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Hydrogeological surveys carried out in the polder area of northeastern Flanders (Belgium), showed the 
presence of saline water at varying depths. Mostly this saline water occurs too deep to have a direct 
influence on agriculture. At some places however, salts are present at shallow depths and agricultural 
use could be restricted. 

An experimental field design was set up in order to investigate the salt distribution and evolution of a 
soil with a shallow brackish groundwater and to evaluate the impact of salinization on agricultural ex
ploitation. In this soil, mercury tensiometers as well as soil-moisture extractors were installed. A 
piezometer was used to measure the groundwater table and a pluviometer allowed the recording of the 
rainfall. Tensiometers and pluviometer were recorded 6 days a week, the piezometer weekly and the 
soil-moisture extractors were sampled every 2 weeks. The electrical conductivity of the soil-water 
samples was measured as well as the chlorine concentration. Measurements started April 3 and were 
terminated October 26, 1986. The land use of this soil was pasture. 

The tensiometer recordings allowed the calculation of the hydraulic potential gradient, indicating the 
direction of water movement in the unsaturated zone, and water samples showed the salt distribution in 
this soil. 

Despite very rainy periods, drainage throughout the entire unsaturated zone was found to occur only 
during 18 (of which 12 in April) of the 207 days observed. Mostly an upward water movement was 
measured in the biggest part of the unsaturated zone, indicating water losses by evapotranspiration. 
Salt distribution was found to be rather stable. An electrical conductivity of 2000 J,lS/cm (at 20 °C) 
varied between a depth of ca. 80 em (beginning of April) and ca. 60 em (end of August). At the same 
moments, an E.C. of 8000 J,lS/cm was encountered between ca. 110 em and ca. 95 em. Nevertheless, a 
reduction of the non-saline zone by 20 em between April and August means a serious limitation of the 
agricultural use of this soil. Upward water movement was found to be the major cause of this increase 
in salt content. At the end of the growing season (October), the grass showed chlorosis and necrosis. 
Analyses of these leaves showed a Cl-concentration of 1, 69 % (on dry matter). Literature mentions 
concentrations between 0, 5 and 1, 5 % as toxic Cl-levels, indicating Cl-toxicity as a possible cause of 
these phenomena. Agricultural use of this soil is restricted to pasture. Winter cereals could be con
sidered as an alternative (barley being less salt sensitive than wheat), but beets and maize are to be 
expected to yield substantially less than optimal due to the saline groundwater. 
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1. INTRODUCTION 

Hydrogeological surveys carried out in the polder 
area of north East-Flanders (Belgium) showed the 
presence, at varying depths, of saline groundwa
ter, deposited during Holocene transgressions. 
Mostly this saline water occurs too deep to have a 
direct influence on agriculture. DE MOOR lr DE 
BREUCK (1969) report the 1,5 g/1 salts boundary 
(defined as slightly fresh) between 5 and 25 m 
depth. VANDERHENST (1980, Geo-elektrische 
verkenning van de verzilting van de freatische 
laag te Assenede, Thesis, R. U. G.) found depths 
of the fresh-/salt-water boundary ranging be
tween 8 and more than 20 m. 

At some places however, brackish water is pre
sent much closer to the soil surface. In a de
tailed geo-electrical survey along a 3, 3 km long 
transect, DE BREUCK et al. (1970) found, mainly 
in the "Rode Polder", the fresh-/salt-water 
boundary rising locally up to 1 m below the 
surface. Geo-electrical surveys carried out by 
the Laboratory of Applied Geology of the State 
University of Ghent between 1982 and 1985, 
including a pumping test in the "Rode Polder" 
(LEBBE et al., 1984), supplied additional informa
tion on the hydrogeology of this area. 

Water-balance studies of East-Flanders show an 
important surplus of precipitation compared to 
evapotranspiration : mean annual rainfall : 700 -
800 mm (DUPRIEZ lr SNEYERS, 1979), mear. 
annual actual evapotranspiration of grass : 400 -
500 mm (LEl\tEUR et al., 1984). Therefore, any 
continuous accumulation of salts in soils is ex-
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eluded, However, in summer evapotranspiration 
can exceed precipitation causing an upward 
unsaturated water flux in soils. Since the 
groundwater level in polders is not particularly 
deep (ca. 80 em in winter gradually increased up 
to ca. 150 em in summer), this upward f11,1x can 
transport salts from shallow saline groundwater 
into the rooting zone resulting in saline conditions 
of a temporal nature. 

The aim of this study is twofold. Firstly, to 
investigate the salt distribution and evolution in 
the unsaturated zone of a polder soil having 
shallow brackish groundwater and to analyse the 
relationship with unsaturated water movement. 
Secondly, to analyse the salinization hazards 
which might affect crop growth. 

2. MATERIALS AND METHODS 

An experimental plot was set up at one of the 
locations in the "Rode Polder" where brackish 
water occurs close to the soil surface. The 
co-ordinates of this plot are : 51 °15'33" N and 
3°45'19" E and the elevation is 2, 76 m above mean 
sea level (mTAW). The textural characterization 
of the soil, together with some other relevant 
chemical analyses, is given in table I. According 
to the U.S.D.A. texture triangle (F.A.O., 1977) 
the texture of the top 20 em is classified as clay, 
between 20 and 130 em the texture is loam and 
deeper it is sand. The soil is classified as an 
Aerie Haplaquent (U.S.D.A., 1975). Only perma
nent grass pasture is cultivated here, since the 
farmer experienced yield reduction of other crops, 

Table I. Texture, organic carbon (O.C.) and lime content of the soil studied. 

Depth 0-2 urn 2-50 urn 50-2000 urn o.c. Caco
3 

(em) (%) (%) (%) (%) (%) 

0 - 20 42,2 31,4 26,4 6,21 1,24 
20 - 80 17,1 36,0 46,9 1,4~ 3,72 
80 - 130 21,4 34,4 44,2 2,04 2,73 
ca. 150 3,3 5,2 91,5 1,96 3,47 
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probably due to salinization. 

Two sets of mercury tensiometers (HILLEL, 1980) 
were positioned in the soil. Each set consisted of 
7 tensiometers placed at the following depths 
below the soil surface : 15, 30, 45, 60, 75, 90 
and 105 em. At around noon, six days a week, 
from April 3 till October 26, 1986, the mercury 
levels were recorded. At the same time, the fall 
in precipitation since the previous mercury rea
ding was measured. 

Tensiometers were used to describe unsaturated 
one-dimensional vertical water flow. From the 
mercury levels the hydraulic potential H (em) can 
be calculated. In practice, the hydraulic-poten
tial gradient is the driving force for water move
ment, thus computing its value permits us to 
analyse the direction of water movement according 
to Darcy's law : 

q = - K( e) dH 
dz 

where q = flux density of water (m.s- 1), 

K(e) = hydraulic conductivity (m.s- 1 ) being a 
function of the volumetric water con
tent, 

z = vertical distance (em), 

dH = hydraulic-potential gradient. 
dz 

Different hydraulic-potential profiles can develop 
in the unsaturated part of soils with a shallow 
groundwater table, permitting us to delineate 
three different zones of water movement : one 
with an upward flux, one with a downward flux 
and one with no measurable flux (VAN MEIRVEN
NE et al. , 1987). 

Two sets of porous ceramic cups were used to 
take samples of the soil solution every 15 em 
between 30 and 105 em depth in the proximity of 
the tensiometers. The soil solution was extracted 
through the cups by applying a vacuum. This 
allowed samples to be taken without destroying 
the site by soil sample removal. The sampling 
interval was ca. 2 weeks, this was to allow the 
soil solution to equilibrate. As long as the soil 
was not too dry, solution could be extracted, but 
between June 19 and September 25 and between 
July 2 and October 27, no samples could be taken 
at 30 and 45 em depth respectively. Samples 
were analysed for electrical conductivity (E. C.) 
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at 20 °C and for chloride content. The first was 
measured with an ordinary electrical-conductivity 
cell, the latter was determined potentiometrically 
with a chloridometer. 

A piezometer was installed in the middle of the 
plot and the groundwater level recorded weekly. 
The groundwater level can be calculated from the 
tensiometer recordings, but when this level 
dropped below that of the deepest tensiometer, 
direct measurements were needed to correct the 
calculated level. 

On August 28, September 30 and October 27, 
grass leaf samples were taken in duplo. These 
leaves were dried, milled and 1 g was suspended 
in 40 ml 0,2 M HN0

3
. After filtration the chlo

ride content was determined in the same way as 
for the soil solution samples. 

3. RESULTS AND DISCUSSION 

3.1. Unsaturated water movement 
and salt distribution 

Fig. 1 compares the monthly rainfall measured at 
Eeklo (Royal Meteorological Institute station CS 1 
- located at 15 km from the experimental plot) 
during the period concerned with the normal 
rainfall of these months. It can be concluded 
that July and September were drier 
while October was clearly wetter. 
months had approximately normal 
rainfall. 
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Fig. 2. A. Daily rainfall at the experimental site; 
B. Positions of the groundwater level and the zones with a different water-flux direction; 

C. Electrical conductivity (mS/cm at 20 °C) of the soil solution 
(dotted line encloses not sampled part); 

D. Simulated moisture content (m 3 /m 1 ), line interval is 0,02. 
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The daily rainfall measured at the plot is given in 
fig. 2A. Monthly totals are comparable with those 
measured in Eeklo. However, it is possible to 
distinguish four heavy rain periods : the middle 
of April, the beginning of June, the end of 
August and the end of October. The latter three 
periods each had one day with more than 25 mm 
rain. 

Fig. 2B shows the groundwater-table fluctuations 
in the soil as well as the zones with a different 
unsaturated water-flux direction. Extreme 
groundwater-table positions were 20 (April 21) 
and 183 em (August 31) below soil surface. In 
general the groundwater level lowered gradually 
from ca. 60 em in April to ca. 160 em in August -
September. 

During the. rain periods mentioned above, the 
unsaturated water flux was downwards, indicating 
a drainage of excessive rain, mostly up to the 
groundwater level. After such a rain period with 
drainage up to the groundwater level, a zone with 
no measurable· flux was present above the satura
ted part of the soil. In this zone the hydraulic 
potential is in equilibrium with its position above 
the groundwater table. In the topsoil a distur
bance of the equilibrium is caused by evaporation 
at soil surface level and transpiration of the crop 
resulting in conditions drier than equilibrium. To 
minimize this disturbance, water is drawn up
wards reducing the zone with no flux. In this 
cropped soil, the no-flux zone disappeared as the 
growing season came to an end and moisture was 
drawn directly from the groundwater. The rainy 
period at the end of August succeeded in creating 
a downward moisture movement in the top 75 em 
of the soil only. Deeper, an upward flux was 
maintained. 

Since a very good and highly significant (P = 
0,001) correlation was found between the chloride 
content and the E. C. of the soil-moisture extrac
tions (fig. 3) the E. C. will be used as indication 
of salt content. 

Fig. 2C shows the E.C. of the sampled soil 
solution encountered between 25 and 110 em depth 
during the observation period. !so-conductivity 
lines were interpolated between the biweekly 
measurements. The period when the soil was too 
dry to extract moisture at 30 and 45 em depth is 
indicated and interpolations in this area are not 
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Fig. 3. Relationship between the chloride content 
and the electrical conductivity measured in the 

soil-solution samples. 

reliable. According to RICHARDS (1954) 2 mS/cm 
at 25 °C of the saturation extract is the limit 
beyond which yields of very sensitive crops may 
be restricted. Since most of our samples were 
not taken at saturation, comparison with this limit 
should be done with care. At the beginning of 
the growing season, the 2 mS I em line was found 
at a depth of ca. 80 em. Deeper, the salt con
tent increased sharply up to 7 mS/cm at 105 em. 
On April 10, the farmer fertilized his land, which 
explains the 1 mS/cm line in the top 35 em in 
April. The highest E.C. values were measured 
on August 28 (Julian day 240). At that moment, 
the 2 mS/cm line reached a depth of ca. 50 em 
and at 110 em more than 9 mS/cm was found. 

It will be clear that the evolution of the salt 
distribution was in close relationship with the 
direction of the unsaturated water flux and the 
moisture content of the soil. Fig. 2D gives the 
volumetric moisture content (e) simulated with the 
SWATRER model. This model will be discussed in 
the next chapter, but moisture-content data are 
given here for completeness. The driest condi
tions in this soil were found between 30 and 60 
em depth in August. 

To evaluate that part of salt-concentration in
crease which can be attributed to a decrease in 
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Table II. Simulated moisture content and measured chloride content used 
to evaluate the effect of drying and salt transport on increase 

in salt content. 

Depth Julian day 170 -(em) 0 Cl 
(m3Jm3) (mg/l) 

60 0,406 35 
75 0,412 524 
90 0,423 1490 

105 0,423 2591 

moisture content and that part caused by trans
port by water movement, the period between 
Julian day 170 (June 6) and 240 (August 28) is 
suitable. During this period a continuous upward 
flux was measured (at least in the top 40 em) and 
the highest salinization of the soil occurred. 
Table II gives the moisture content and chloride 
data of four depths found at the beginning and at 
the end of this period. The ratio of 0 of day 
240 and day 170 indicates the degree of drying. 

The degree of drying represents the maximal 
increase in concentration of chloride that could be 
attributed to a lowering of the moisture content 
only. If the c( concentration was higher, 
transport had occurred. Table III contains the 
results of these calculations. 

As a calculation example the depth of 60 em will 
be used : the soil was 1, 219 times drier at Julian 
day 240 than at day 170. So, 43 mg/1 c( would 
have been the chloride concentration if no net 
solution transport had taken place, or there was 
an increase of 8 mg/1 due to drying only. Since 
the measured concentration was 690 mg/1, 647 mg/1 

Julian day 240 _ Degree of 
0 Cl drying 

(m3Jm3) (mg/1) 

0,333 690 1,219 
0,362 1532 1,138 
0,378 2294 1,119 
0,388 3151 1,090 

must have been the result of net transpor
tation by the unsaturated water movement. 

In the upper part of the soil, water movement is 
far more responsible for salinization than concen
tration increase due to drying. However, since 
at 105 em depth the ratio approaches 1, deeper in 
the unsaturated part of the soil drying may cause 
a higher concentration increase than transport. 

The biggest increase in concentration was found 
at a depth of 75 em. 

3.2. Salinization hazard for crop growth 

The most important cause of damage due to salts 
is the toxicity of chloride (van den BURG, 1983). 
Firstly this results in a disturbance of the plant 
metabolism and photosynthesis, causing chlorosis, 
and when the chloride concentration increases, 
plant cells dehydrate and die (necrosis). More-

Table III. Evaluation of the relative influence of drying and of transport 
on the increase in salt concentration. 

- -Depth Increase of Cl Increase of Cl Ratio 
(em) due to drying due to transport drying/transport 

(mg/1) (mg/1) 

60 8 647 1/81 
75 72 936 1/13 
90 177 627 1/3,5 

105 234 326 1/1,4 



Salinization hazard in a polder soil of Belgium 

over, transpiration is reduced (LOUE, 1986). An 
additional problem is the increase in osmotic 
pressure of soil water restricting water uptake by 
roots. 

The chloride content of the sampled grass leaves 
(expressed as g Cl-/100 g dry matter) was the 
following : 

August 28 
September 30 
October 27 

0,68 % 
0,90 % 
0,95 %. 

At the end of September it was observed that 
some grass leaves, mainly older ories, displayed 
chlorosis and necrosis phenomena. Analysis of 
these leaves only showed a chloride content of 
1,69 %. 

BERGMANN r. NEUBERT (1976) indicate chloride 
contents between 0,5 and 1,5 % as toxic levels 
depending on the crop grown. LOUE (1986) men
tions 0,5 up to 2 %. 

Therefore, it is very likely that the chlorosis and 
necrosis of the older leaves was caused by Cl
toxicity. These leaves had been accumulating 
chloride longer than younger ones. W~ether the 
crop as a whole suffers from toxic Cl amounts 
can not be concluded, however, the contents 
measured are considerable. 

Since water uptake by roots can not be measured 
directly, the water balance was simulated by the 
Rewritten and Extended version of the Soil Water 
and Actual Transpiration Rate model (SWATRER) 
(BELMANS et al., 1983). This is a one-dimensi
onal finite-difference soil water - root uptake 
model, which has been used before succesfully 
(e.g. VAN GRINSVEN et al., 1987). Daily boun
dary conditions are, at the bottom, the ground
water level and, at the top, precipitation and 
potential transpiration (evaporation was set to 
zero for this permanent crop). Potential trans
piration was calculated by the ETREF and ETS
PLIT programmes supplied with the SWATRER 
model and based on the modified Penman method 
(RAES et al., 1986)). Daily inputs were : mean 
air temperature, hours sunshine, incoming solar 
radiation, mean relative humidity, mean wind 
speed and a crop coefficient k used to convert 
the reference evapotranspiratfon to the crop 
considered (for pasture, a k of 0, 95 is advised 
(RAES et al., 1986)). Air terffperature and preci
pitation were from Eeklo, other data came from 
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Melle (27 km from the experimental site - given 
by T. BEHAEGHE, J. TRAETS r. R. PAUWELS : 
Weerkundige waarnemingen te Melle. R.U.Gent, 
Landbouwfaktulteit). 

The soil was divided into three parts according to 
the textural differentiation (see table I). Each 
part had as input the soil-moisture characteristic 
curve and the soil-moisture hydraulic-conductivity 
relationship. Both relationships were taken from 
WOSTEN et al. (1986). 

The root-water uptake is described by a sink 
term (FEDDES et al., 1978). There is only 
limited information available on this input factor. 
So, this term should be calibrated for a gtven 
crop and soil by independent data (SWATRER 
manual, 1986). 

The sink term S ( z, h) is defined as 

S(z,h) = a(h).S (z) 
max 

with a(h) = reduction factor 

S (z) = potential maximal root uptake 
max (m3.m -a/day) 

h = soil matric potential (em) 

z = depth (em). 

S ( z) can either have a linear relationship with 
dWGili or be specified for every depth interval. 
The reduction factor is used to deal with ceasing 
water uptake near saturation (due to anaerobio
sis) and at lower water potentials due to water 
stress, as is illustrated in fig. 4. In this figure, 

Matric potential h 
Fig. 4. Relationship between the soil mat ric 
potential h and the reduction factor a(h) used in 

the sink term of SWATRER. 
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h1 and h
2 

represent the matric potentials between 
which there is no reduction of S (z). The 
other two limits, h

0 
and h

3
, defi~lxthe mat ric 

potentials at which a(h) becomes zero. 

The sink term is integrated over depth from the 
soil surface on. Integration is finished when the 
root-water uptake equals the potential transpira
tion, or when the rooting depth is reached. In 
the latter case it is possible that the water up
take is smaller than the potential transpiration. 

For pasture, the following values of the sink term 
were used. S ( z), specified ·per 10 em, is 
given in fig. s!fH'rst period). The matric poten
tials (em) used to define a(h) were : h

0 
= -10, 

h = -25, h
2 

= -500, h
3 

= -1200. The first three 
vllues are the same as for corn (example supplied 
with the SWATRER manual), the fourth is lower 
than the limit used for corn. Maximal rooting 
depth was set at 90 em. 

The result of the simulation of the matric poten
tial using these sink term values and the measur
ed potentials in both tensiometers are shown for 
three different depths, in fig. 6. 
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Fig. 6. Measured (points) and simulated (lines) 
soil matric potentials for three different depths 

using one sink term. 

Although agreement is good during the first part 
of the growing season, simulated potentials indi
cate much drier conditions than those measured 
towards the end of this period. No sink term 
could be found which could simulate the whole 
growing season accurately. Therefore, a modified 
sink term was needed for the second part of the 
growing season. The beginning of this second 
part was set on August 15 (Julian day 227). A 
substantial reduction of the water uptake-ability 
of the crop was necessary to obtain a satisfying 
agreement between simulated and measured matric 
potentials. The S (z) function was lowered in 
magnitude as well Ws~n depth (see fig. 5, second 
period). For the reduction factor a(h), h

2 
was 

changed to -250 em and h to -800 em. Also the 
transpiration capability of the grass had to be 
reduced. The crop coefficient (k ) used to 
transform the reference evapotranspiJ!ation to the 
potential crop transpiration was lowered to 0, 50. 
The result of simulation using the "normal" and 
"reduced" sink term values is shown in fig. 7. 

In conclusion it can be stated that a very severe 
reduction of water uptake-ability (in magnitude as 
well as in depth) and in transpiration would be 
needed to fit the simulated matric potential with 
the measured ones, half way through August. 
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using two sink terms. 

The explanation of this reduction is very likely 
water stress due to an increased osmotic potential 
of the soil water and an increased chloride con
tent in the crop, disturbing its metabolism and 
reducing its transpiration, towards the end of the 
growing season. 

The following considerations can be made regar
ding the suitability of this soil for crop growth, 
at least during 1986. The most important crops 
cultivated in this region are {sugar)beet, 
maize, winter cereals and potatoes. Beets and 
maize are harvested late in autumn and have an 
extended rooting system. Also harvested late are 
potatoes, but their roots are restricted to the top 
60 em. Cereals are harvested in July and August 
and have a rather deep rooting system {ca. 120 
em). According to LOUE { 1986) beets have a 
good chloride resistance, maize is somewhat less 
resistant, together with the cereals (wheat being 
more sensitive than barley) and potatoes are very 
sensitive. Grasses do not have a deep rooting 
system and have a fairly good chloride tolerance. 
As a general conclusion it can be stated that 
beets and corn will suffer most yield reduction, 
since they are harvested late and have a deep 
rooting system. Winter cereals and potatoes will 
probably suffer less, but optimal yields are not to 
be expected, especially in dry years. Therefore, 
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grass pasture is the most likely land use with the 
smallest average yield reduction. 

4. CONCLUSIONS 

In the polder area of north East-Flanders, Bel
gium, saline groundwater occurs locally close 
enough to the surface to influence the water 
quality in the unsaturated zone, potentially 
reducing crop growth. 

This was investigated by means of tensiometers, 
soil solution samples and crop samples during the 
growing season of 1986. An electrical conducti
vity of 2 mS/cm was found at ca. 80 em in .6pril 
and at ca. 50 em in August, when maximal salini
zation occurred. At that moment, the soil solu
tion had an E.C. of 9 mS/cm at 105 em depth. 
In the upper 1 m of the soil, salinization was 
caused mainly by net transportation due to an 
upward unsaturated water flux. Deeper, drying 
may be more responsible for salinization. Maximal 
increase of salt content was found at 75 em 
depth. 

High and possibly toxic chloride levels were 
measured in the grass leaves towards the end of 
the growing season, especially in older leaves 
displaying chlorosis and necrosis phenomena. 
Investigation of the sink term of the SWATRER 
model, representing root-water uptake, also 
showed a very important reduction in the water
uptake ability of the roots, just as the trans
piration rate of the crop did after half August. 
Metabolic disturbance due to high chloride con
tents and an increase in osmotic pressure of the 
soil water are believed to be the main reasons for 
this reduction. 

Finally it can be concluded that grass pasture is 
the most suitable land use for this soil, since 
grasses do not have a very deep rooting system 
and have a fairly good chloride resistance. 
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