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A b s tra ct Sustainable management of wetlands for
cultivation calls for a thorough knowledge of factors that influence
wetlands hydrodynamics. The use of the geographical information
system led to an accurate assessment and prediction of water
dynamics in wetlands. Rainfall, evapotranspiration and field ele-
vation are major factors of importance influencing water table
changes and soil moisture in wetlands. A survey of a non-tidal wet-
land in south western Nigeria showed that the mean depth to water
table ranged between 0 cm (ground surface) and 92 cm (maximum
depth). A total of 686.0 and 852.6 mm of rainfall and potential
evapotranspiration, respectively, were recorded with the period of
low water table. The impacts of these factors on the depth to water
table among the observation wells were found to be significant at
p <0.05. Sustainable cultivation of wetlands is feasible during the
period with potential evapotranspiration > rainfall because there is
movement of moisture from the saturated to the unsaturated soil
zones. Variation in available moisture across the field was influen-
ced by field elevation and groundwater fluxes from saturated to un-
saturated zone. Even though there may be no water table recharge
during the period of agricultural drought, the soil available moistu-
re was found to be high (ranging between 0.20 and 0.50 m’*m™) and
sufficient for crop water supply without supplemental irrigation in
the non-tidal wetland.

K ey w o rds: water table, wetlands, potential evapotrans-
piration, soil moisture

INTRODUCTION

Cultivation of wetlands has received global attention in
the quest to increase crop production and to enhance rural
livelihood. Wetlands are attractive to farmers because culti-
vation can be extended beyond the rainy season. Wetlands
and valley bottoms have also been reported to have relati-
vely high fertility (Oluwatosin ef al., 2005). The physical po-
tential of inland valleys and cultivable wetlands in Sub-
Saharan Africa were estimated at 135 mln ha while 1.3% of
this potential is actually cultivated (FAO, 1998). In areview
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of conservation and cultivation of wetlands in Southern Africa,
a shift is observed from outright restriction on cultivation to
sustainable and regulated development of wetlands for agri-
cultural purposes in places like Zambia, Zimbabwe and
Mozambique (Karen and Isiah, 2001).

Kevin (2003) and Mann and Wetzel (2000) observed
that precipitation remains one of the factors that most in-
fluence the hydrodynamics of wetlands. In wetlands, ca-
pillary fringe may extend into the root zone of the crops and
vegetation. This is one of the major advantages of wetland
cultivation for crop production (Ridder and Bonstra, 2006).
There is vertical flux from the saturated into the unsaturated
zone, from where moisture is removed by evaporation or to
meet crop water requirement. The rate of rise, and the sub-
sequent evaporation at the surface, decrease as the depth to
the water table increases (Ridder and Bonstra, 2006; Winter
and Rosenberry, 1995).

Chen and Qi (2004) observed that most studies of water
exchange between the unsaturated zone and the atmosphere
have focused on understanding soil moisture variations and
their effects on atmospheric boundary layer processes af-
fecting weather and climate. However, the influence of this
variation on the available water for sustainable wetland
cultivation is not often considered. In earlier studies, efforts
have been directed towards conservation of wetlands and
this has not encouraged research on agricultural uses of wet-
lands. Sustainable cultivation of wetlands, however, has be-
come imperative in different parts of the world and in reality
forms a part of strategy to mitigate food insecurity in
developing nations. This study was designed to evaluate the
relationships between depth to water table (DWT), potential
evapotranspiration (PET), rainfall (P) and soil available
water in a tropical humid wetland with a view to achieve
sustainable cultivation.
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MATERIALS AND METHODS

The wetlands of South-Western Nigeria belong to the
category of narrow headwater inland valleys (Andriesse,
1995) which are distinct from the inland basin and river
flood plain wetlands. The valley bottoms are generally flat
floored and relatively shallow. They are called ‘dambos’ in
East and Central Africa, ‘fadamas’ in Northern Nigeria and
Chad, and ‘akuro’ in South-Western Nigeria (Oluwatosin et
al., 2005). This study site was located on Fadama site at Omi
Adio (7°23°47” N, 3°45°01” E), a suburb of Ibadan (Fig. 1).
The study area is a peri-urban wetland serving as flood plain
to Omi stream. The climate of the study area is tropical hu-
mid characterized by high humidity, temperature and preci-
pitation. The average mean rainfall for the past 20 years is
1 414.85 mm with CV of 21.7%. The raining season is
usually between March and November with a short period of
drought in August.

The study area is overlying a Precambrian/Upper
Cambrian Basement Complex consisting of older granites,
gneisses, quatzites schists rocks, which are mostly me-
tamorphic in origin. The soils of the valley bottoms are
sediments of these rocks and were classified as Eutric
Fluvisols (FAO) and Aeric Tropic Fluvaquent (USDA) by
Oluwatosin et al. (2005).
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Observation wells were installed in a grid with effec-
tive soil depths ranging from 180 to 200 cm. The observation
wells were manually dug using a bucket auger. PVC pipes
(5.1 cm diameter) with perforations and screens were instal-
led at each observation point (Ridder, 2006). The water table
depths were recorded every two weeks between December,
2007 and June, 2008 using a manual water table sounding
apparatus equipped with measuring tape (Eijkelkamp, Gies-
beek, The Netherlands).

Soil moisture sampling was evaluated by dividing the field
into 4 quadrants (Fig. 1). Samples were taken for moisture de-
termination at two depths (1 and 5 cm). The moisture
analysis was carried out using the gravimetric method
(McBride, 2002). At each depth, samples for gravimetric
moisture were composite of five (5) random samples taken
in each quadrant. Soil moisture sampling corresponded to
water table measurement day. Undisturbed soil cores were
taken with cylindrical corers (5 cm — height and inner dia-
meter) at 0-20, 20-40 and 40-60 cm in each of the quadrants
(Q1-Q4). Water retention characteristics between saturation
and 10 kPa matric potential (-100 cm water) were determi-
ned using a tension plate apparatus (McBride, 2002).
Pressure was also imposed between 10 and 1 500 kPa for the
determination of available water capacity (AWC). Particle
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Fig. 1. Map of the field location showing the network of observation wells.
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size analysis (PSA) of the Q1-Q4 soil was carried out using
the pipette procedure (McBride, 2002), while the textural
classification was based on the textural triangle (USDA Soil
Survey). The rainfall during the period and other meteo-
rological data were monitored from the Institute of Agri-
cultural Research and Training Station (less than 2 km from
the field).

With the aid of CROPWAT 4.3 model, the daily po-
tential evapotranspiration (PET) for the field was computed
and total PET was computed for the intervals between water
table measuring days, by addition of daily PET for days
in-between readings. The PET computation was based on
Penman-Monteith (Feddes and Lenselink, 2006):

900
0408A(Rn - G)+’}/ Tm 123 (es —é€, )

A+y(1+0.34u, )

PET =

(M

where: PET — reference evapotranspiration (mm day'l),
R,,—netradiation at the crop surface (MJ m™ day'l), G- soil
heat flux density (MJ m day'l), T — mean daily air tem-
perature at 2 m height (°C), u, — wind speed at 2 m height
(m s'l), e, — saturation vapour pressure (kPa), e, — actual
vapour pressure (kPa), e, - e, — saturation vapour pressure
deficit (kPa), A—slope vapour pressure curve (kPa °C'1),
Y — psychrometric constant (kPa °C'1).

Hand held geographical positioning system (GPS) was
used to obtain the geographical location of each well for
proper georeferencing of the data. The depths to water table
data were brought into ArcGIS 9.2 for spatial analysis.
Triangulated irregular network (TIN) technique in ESRI
ArcGIS 9.2 3D analyst extension was used to display the
water table as a surface plot across the quadrants, while the
field elevation model was made using the ordinary kriging
method (Hengl, 2009). All data on depth to water table
(DWT)were subjected to correlation analysis and analysis of
variance (ANOVA) using SAS (2002).
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RESULTS AND DISCUSSIONS

A total of 686 mm of rainfall (P) was recorded during
the study period (December, 2007 — June, 2008) while the
total potential evapotranspiration (PET) was 852.6 mm. The
difference between P and PET was negative for the first 140
days of the study (December — February) implying that the
requirement of PET was not being met by P but from soil
surface (Fig. 2).

During the first 100 days of the study, there was no pre-
cipitation for 75 days while the remaining days had less than
10 mm of rain. There was no recharge of the water table in
the first 100 days. The depth of rain between 100th and
140th days was not sufficient to obliterate the effect of PET
requirement. Therefore, there was loss of moisture from the
land surface during this period. The difference between P
and PET began to be positive from the 144th day, while
recharge became steady as P began to exceed PET.

Table 1 gives a summary of the descriptive statistics of
the observation wells. The depth to water table (DWT) varies
between 0 cm, corresponding to water table at the surface,
and 92 cm, observed maximum in W5. Figure 3 shows the
changes in water table during the study period. The maps are
the result of TIN analysis in ArcGIS 9.2. The DWT was
grouped into 5 classes at 20 cm intervals. The maps revealed
increasing depth to water table until the period of steady
groundwater recharge. Between the 1st day (3rd December)
and 81st day of study (26th February), a gradual increase in
the depth to water table was recorded across the field. This is
the period with high PET and <10 mm of rain. At about 105
days into the study, the least DWT was between 40 and 60
cm. This was at the border of the peak of dry season and the
inception of wet season. Between 103 and 144 days into the
water table study, increasing recharge of the water table
results in decreasing DWT. From late April (beyond 144
days) the maximum depth to water table observed was no
longer within 80-100 cm depth, but shifted to 60-80 cm. This
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Fig. 2. Rainfall (P) and potential evapotranspiration (PET) for the study period.
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T able 1. Descriptive statistics of depth to water table (DWT) from the observation wells (W1-20) (number of observed data used in computation

W17 W18 W19 W20

W14 W15 WIl6

w2 w3 w4 W5 w6 W7 W8 w9 W10 W11 W12 W13

Wi

Parameters

319 447 340 785 268 351 758 473 588 599 156 280 306 124 291 320 102 19.1 320

47.3
5

Mean DWT(cm)
Median DWT (cm)

155 285

20.2

5.0
12.3

415 320 78.0 265 315 760 470 655 635 145 285 280 11.0 290 325
150.3 406.3

34.0

1.5

13.6

7.1 17.5 107 149 156 145 142 153 16.6
1154 2232 2447 2094 201.0 2328 276.7

12.3
151.3 2929 307.7

129 249 17.0 108 156 252
166.1
38.0

17.5
304.6

SD
Variance

183.6
49.0

117.0 2427 637.5

33.0

621.7 289.1

80.0

61.0 340 47.0 440 40.0 43.0 470 500 350 58.0

59.0

74.0

56.0 45.0

42.0

53.0

Range

6.0 10,0 80 59.0 5.0 40 530 140 150 360 0.0 6.0 12.0 0.0 8.0 10.0 0.0 0.0 16.0
90.0 64.0 50.0 47.0  50.0 43.0 55.0 35,0 58.0

48.0

17.0

Minimum

52.0 60.0 65.0

91.0 73.0 76.0 70.0

78.0

92.0

70.0

Maximum
CV(%)

040 056 050 0.14 058 072 016 036 030 0.18 096 056 047 114 052 052 121 1.06 042

0.37

W1 — observation well 1, CV— coefficient of variation, SD — standard deviation.
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pattern confirmed the impact of rainfall on the recharge of
wetlands, even though the water table depth is generally con-
sidered shallow across the entire field (<1.0 m).

Influence of precipitation on DWT fluctuations has also
been reported by Moorhead (2001) and Todd ef al. (20006).
Table 2, based on Pearson correlation, gives the correlation
matrix of the observation wells relating the DWT among the
wells. Higher correlation shows high spatial similarity, and
this depicts similar water table characteristics. The corre-
lation classification ranged between very strong and very
weak correlations. The correlation coefficients across the
observation wells show a good agreement with the patterns
and classifications from the GIS TIN generated maps. The
map gives a better visualization of groundwater profiles in
the field. This makes the GIS maps a good decision making
tool for wetland cultivation.

The analysis of variance of the DWT and days into the
study as well as their interaction showed that there exists
a significant difference between the means returned for each
of the sources of variations. The differences in the mean re-
turned by the different wells at different periods were statis-
tically significant (P<0.05). The Duncan multiple range text
(DMRT) partitioned the observation wells into 17 different
classes. This shows high degree of variation in the water
table pattern across the wetland. Mean DWT returned for
well W5 (78.5) was significantly higher than those for all
other wells. The mean class returned for W18 (10.17) was
the least. W5 and W18 were located at the area with highest
and lowest field elevation, respectively. W18 was also clo-
ser to the stream than other observation wells. Thus, the ob-
served depth to water table could have also been influenced
by the base flow.

The mean water table depths recorded for W2 (31.92 cm),
W17 (32.0 cm) and W20 (32.0 cm) were not significantly dif-
ferent from one another; hence, they were clustered together
by the DMRT in the 9th class. The different dates were parti-
tioned into eleven independent and significant classes. Day
81st (26/2/08) was significantly higher than other days, clo-
sely followed by day 66th (12/2/08), which was significantly
higher than any other days. The least mean water table depth
was obtained on 25/6/08 (14.10 cm), closely followed by
10/6/08 (20.25 cm). This trend was in line with the direct
proportionality relationship between climate and water table
depth. Mitsch and Gosselink (1993) also reported that the
hydro-period of wetlands varies statistically according to
climate and antecedent conditions.

The changes in depth to water table were also found to
respond to field elevation (Fig 4). Higher elevation sites
consistently had deeper DWT relative to the observed DWT
in areas with lower elevation. Field elevation influenced the
water table characteristics in the direction of lower gradient.
Although, the study site slope ranges from 1 to 5%, decrea-
sing towards the Omi stream; this gentle slope contributed to
the groundwater flow. The field elevation pattern, therefore,



159

EVALUATION OF WATER TABLE DYNAMICS IN WETLANDS

*(WONB[OII00 eam AIOA — GE°0> [BIM — O0F"0-6S°0 ‘PIIW — 09°0-1L 0 ‘Suons — £°0-68°0 “Suoms A10A — §'(<) SIUSIONFO0D UOTIB[OIIOD ‘T [[oM UOTIBAIISAO — [ M\

98L°0 LESO 8LY'O 99L°0 O0FPE0 S6S0 LILO T16€0 9850 L0O90 OLLO €6£0 S89°0 L¥9'0 TSFO 9790 960 <CTI90 ¥IYO0 O0Tm
GE6'0 €SP0 6590 1€8°0 L9E0 $99°0 6890 O0vSO 8090 880 €LY'O0 90L0 9L90 €LY'O TV9'0 6SV0 8SSO SIVO 6IM
98¢0 0870 9560 9810 VvISO 09L°0 Thr0O 8ESO LLLO LO9Y'O 9850 €SS0 SEV0 9¢S0 9T€0 SPr0 6S€0  8IM
769°0  TOF'0 LI90 8S9°0 6CE0 LVLO 00L0 690 8980 9090 ¥LS0 6£80 ¥09°0 9¥S0 1S90 0980 LIM
96€°0 CTE6'0 LBO6'O 6€9°0 LP8O S¥80 1880 69L°0 860 6060 PEBO 8C6'0 9L80 €€6'0 <TEEOD 9IM
9110 SPP0 vPL'O0 €vP'0 CTESO +vOL'O0 LTSO 6CS0 150 6SY'0 €050 +veEe0 vev'0 CIvo SIM
SI6'0 €€5°0 €8L°0 S9L0 ¥890 6IL0 €80 9180 <€I80 1880 6880 TII60 SIS0 ¥IM
YOL'0  SP80 T98°0 PS80 LI9LO 1560 LT6O 6180 ST60 SS80 6£6'0 9780 €IM
6850 9990 1€L0 TI90 IPLO €990 6€9°0 ¥EL'O 190 1890 89S0 TIM
8660 0¥80 0160 €8L0 9180 1160 0C80 86L0 1060 ¥I60 TIM
806'0 <880 LIB0 SC80 T80 0S80 <T8LO 6£60 TLEO OIM
I8L°0 ¥L80 9¥80 S6L°0 <T980 00L0 ¥980 IPLO 6M
8CL'0 LOLO 1860 CLLO 19L0 ¢6S€80 6L60 8M
8660 S6L0 S86'0 0680 €£6'0 ILLO LM
L0 vE6'0 P80 L060 ISLO  9M
780 6780 +88°0 6,60 SM
c€6'0 0960 0180 ¥M
6160 9780 €M
9L80 M
Im
0TM  6IM  BIM  LIM  9IM  SIM  ¥PIM  €IM TIM  TIM  0IM oM 8M LM oM SM 120\ €M M IM

(0ZM-TM) SIToM UOTBAISSqO o) UT 9]qe) J9)em 0} (3dop oY) JO XIIjeW UONE[o1I0) 7 d[q & I,



160 A.0.OKE et al.

EEE

Day 1 Day 15 Day 36 Day 51 Day 66 Day 81
Day 102 Day 123 Day 144 Day 174 Day 192 Day 207
T — Legend
0 1875 375 750 Meters S
B0 - &0
B 4060
Bl -0
| R

Fig. 3. Depth to water table changes during the study period.
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Fig. 4. Field elevation contour model and the observation wells.

serves as a guide for farmers in the selection of wetlands for
cultivation. Higher field elevation contributed to the deple-
tion of water table because it increased hydraulic gradient
which facilitated subsurface water flow. Therefore, enter-
ing the field for preparation and cultivation should be in the
order of higher elevation followed by area with lower eleva-
tions. This will allow for the use of the residual moisture in
the upper soil horizon at the beginning of the drought period
while water table in the area of lower elevations continues to
recede before cultivation becomes possible. Chen and Qi
(2004) reported also that in a shallow groundwater regions,
wetlands and lowlands or in river valleys, a high ground-
water table and significant hydraulic gradient between
saturated zone and the root zone lead to continuous supply of
groundwater to the root zone.

Plants exert their absorptive force throughout the root-
ing depth and take water from wherever it is most readily
available. Root depth varies from crop to crop, and from one
root to another. This affects the pattern of water uptake. The
typical water extraction pattern for more frequently irrigated
field or field with high moisture could be 60-30-7-3%
(Ayers and Westcot, 1994). This means that the crop will get
60% of its ET demand from the upper quarter of the root
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zone, 30% from the next quarter, 7 and 3% from the last two
quarters, respectively. This implies that 90% of the needed
water uptake will be expected to be drawn from the first 50%
(30 cm) of the soil depth for crops with shallow roots (<60 cm).
Therefore, the period when the DT is less than 20 cm may
not be suitable for cultivation of shallow rooted crops since
waterlogging becomes a critical issue. With this criterion,
the water table configuration in late December — through
May shows substantial part of the field with depth to water
table of >20 cm (Fig. 3) making the period most suitable for
cropping activities, especially with no further possible
groundwater recharge. Beyond these months, the field was
almost completely inundated (DWT <10 cm), therefore,
only hydrophylic crops such as sugar cane and lowland rice
may be suitable for cultivation until the inception of dry
season in late November. Surface drainage is the major
strategy usually employed in management of wetlands water
table for cultivation. Drainage in wetlands is often dis-
couraged since it exposes the soil to subsidence (Braun and
Kruijne, 2006). However, drainage could be avoided in non-
tidal wetlands when the understanding of depth to water
table flunctuations, field elevation, soil moisture characte-
ristics and the profile of available area are considered as
factors in determinining when to prepare the field, in the
choice of crops and period of cultivation. The period of agri-
cultural drought, when the PET exceeds the P, is the most
appropriate for wetland cultivation. The residual moisture
could be optimally used without supplemental irrigation.

The mean depth to water table was modelled using a li-
near regression model. The model expressed water table
depth as a function of possible cultivation days:

y =" 2)

Mean depth to water table can thus be related with the
period of active farming activities for the wetland studied
using:

y= -1.068x> + 12.51x + 13.96, 3)

y —mean depth to water table (cm), x — farming days.

The days (farming days) are from December, Ist till
June 25th. Beyond these days, the entire field would have
been submerged and intensive draina%e would be needed.

The coefficient of determination R is 0.90 while the sum
of the residuals is 0. This implies that this model is a very
close reflection of the field and possesses a high predictive
ability (Fig. 5).

Zhang and Schilling (2006) modelled water table flu-
ctuations in wetlands using Eq. (4), however both Eq. (3)
and Eq. (4) are empirical models reflecting different con-
ditions as:

dy = do(1-¢*, (4)
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Fig. 5. Regression model of water table and dates.

where: d, is the depth to water table, while d) is the asymp-
totic depth at which the water table becomes stable, ¢ is the
decline coefficient and 7 is the time. Equation (3), however,
relates the farming dates (in days) to the mean water table,
thus enabling farmers to have an idea of expected water table
during the period of cultivation.

Considering the spatial moisture distribution across the
field, it was observed that Quadrantl (Q1), which corres-
pond to the area with the highest elevation (Figs 1 and 4), had
the lowest moisture profile throughout the period of study.
Q3 and Q4 were closest to Omi stream, while their soil
textures were sandy loam and loamy soil, respectively. Q1
was sandy clay loam at the 0-20 cm and loamy at 20-60 cm,
whereas Q2 is sandy loam at the three depths. Q1 and Q2
were on higher elevation 155-158 m (Fig. 1). Q3 and Q4
gave higher mositure level at the two depths of sampling
throughout the study period. Figure 6a and b show the
moisture characteristics during the period at 10 and 50 cm
depth respectively. At both depths, soil moisture was much
higher in Q2, Q3 and Q4 which are areas with lower field ele-
vation. Two factors were probably responsible for this mois-
ture gradient. The subsurface flow facilitated by the hydrau-
lic gradient and the influence of seepage from the stream
(Kevin, 2003). The analysis of the available water reveals
that even at very high pressure head, the moisture content
still ranged between 0.25-0.50 m’ m™ in Q3 at the three soil
layers (0-20, 20-40 and 40-60 cm) (Fig. 7c). The soil layers
showed very similar relationships in their available water
under pressure. In Q1, which is at the highest elevation,
moisture characteristics from saturation (0 kPa) and perma-
nent wilting point (PWP) (1 500 kPa) in the 40-60 cm depth
ranged between 0.30-0.40 m3m'3, although the moisture
levels in the 0-20 and 20-40 cm depths were much lower
(Fig. 7a). Q2 and Q4, which were sandy loam and loamy soil
atthe 0-60 cm depth, were similar in their response to tension
at 20-40 cm with low available moisture content (Fig. 7b, d).
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Fig. 7. Pressure and available water characteristics (AWC) at: a— Quad-
rant 1, b— Quadrant 2, ¢ — Quadrant 3, d — Quadrant 4.
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possible if the preparation and planting commences before
the DWT receeds deeper. This is the case with areas with
high elevation. The deeper the water table, the more inade-
quate the soil available water becomes for crop cultivation.
However, for a larger period of this study (January-May,
2008), DWT of 20-60 cm was the most prominent and the field
presented adequate available water to meet crop water requi-
rements. The adequacy of the available water between satu-
ration and permanent wilting point has to be ascertained
during the period when PET exceeds P. This is similar to the
findings of McCarthy et al. (2000). The knowledge of those
two extremes is very crucial as part of preliminary field
survey in wetlands to be used for cultivation.

CONCLUSIONS

1. Wetlands, inland valleys and lowland floodplains
have great potentials for crop production either directly or
with some form of land use management. Cultivation of
wetlands is possible without drainage which usually may
create hydrological imbalance in the system.

2. In non-tidal wetlands or inland valleys, cultivation
can be safely practiced in periods when rainfall has sub-
sided. In the field studied, the period when PET>P was
found to be most suitable for wetland cultivation. This
period allows for the use of residual soil moisture and soil
available water without any need for installation of a drai-
nage structure. The problem of root zone water-logging may
not arise because of prevailing water table recession.

3. Farmers can commence planting operations when the
water table is 20-30 cm. The risk of root zone water-logging
is minimal at this water table depth.

4. Soil available water was found to be adequate through-
out the study period because of moisture replenishment of
the unsaturated zone from the saturated zone. However,
areas with higher elevations are susceptible to early soil
moisture inadequacy.
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