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OBSERVATIONS

Sites with high water tables generally give high 
yields of oil palm fruit bunches if properly managed. 
Such sites include coastal areas of fertile alluvial 
soils, organic or ‘muck’ soils, and peat soils. In 
addition, inland, but low-lying ‘valley bottom’ sites 
exist that have similarly high water tables. However, 
there must be a sufficient depth of unsaturated top 
soil if oil palm is to survive and yield satisfactorily. 
If drainage is sufficiently impeded then yields are 

ABSTRACT

High water tables, indicating impeded drainage, 
are known to reduce yields although quantitative 
information is somewhat sparse. However, complete 
flooding can cause death of young palms as well as 
reduce the yield of older ones.

 Uncertainties exist as to how effectively oil 
palm roots function when in saturated soil, both in 
terms of absorbing water, and nutrients. However, 
the presence of a high water table ensures that the 
surface soil layers are kept wetter than otherwise 
due to capillary rise, so minimizing soil water 
deficit. This process may also result in an upward 
transfer of nutrients. High water tables can thus, 
act to ensure a steady supply of water to the palm 
such that evapotranspiration remains close to the 
potential throughout the year. 

 Leaching losses by drainage are difficult to 
quantify in the presence of a water table, and the 
possible import/export of nutrients due to lateral 
flow in drainage channels may further complicate 
this. 
 
 Because of such factors, sites with high and 
sustained water tables within the rooting zone of oil 
palm require a somewhat different approach when 
modelling soil water status and crop water use than 
do sites that are free-draining. The development 
and use of a preliminary model that aims to do this 
for a coastal clay soil site is described.

ABSTRAK

Paras air tanah yang tinggi akibat  sistem saliran 
yang kurang baik boleh menjejaskan hasil tanaman, 
tetapi maklumat kualitatif tidak banyak. Keadaan 
banjir boleh menyebabkan kematian pokok sawit 
pada peringkat muda serta mengurangkan hasil 
pokok sawit matang.

 Kecekapan sistem akar sawit berfungsi dalam 
keadaan kandungan air tanah yang tepu adalah 
tidak jelas, sama ada dari segi penyerapan air dan 
juga nutrien. Keadaan aras air tanah yang tinggi 
akan menyebabkan permukaan tanah menjadi 
lebih lembap berbanding keadaan biasa akibat 
kesan pergerakan air melalui kapilari. Ini dapat 
mengatasi masalah kekurangan air tanah. Proses 
ini mungkin juga mengakibatkan pergerakan 
nutrien dalam tanah dari lapisan bawah ke 
lapisan atas. Aras air tanah yang tinggi boleh 
membekalkan air secukupnya  kepada pokok sawit  
supaya penyejatan transpirasi adalah hampir 
kepada tahap keupayaan sepanjang tahun.

 Kehilangan larut lesap melalui saliran sukar 
diukur dalam keadaan paras air tanah yang tinggi 
dan kemungkinan import/eksport nutrien melalui 
aliran lateral dalam parit saliran menjadikannya 
lebih rumit.

 Oleh kerana faktor tersebut, kawasan yang 
mempunyai paras air tanah yang agak tinggi pada 
zon akar sawit memerlukan pendekatan yang 
berbeza untuk membangunkan model status air 
tanah dan penggunaan air tananam, berbanding 
dengan kawasan  yang mempunyai sistem saliran 
yang baik. Pembangunan dan kegunaan model 
awalan untuk tujuan ini bagi kawasan tanah liat 
pinggiran pantai  dibincangkan. 
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generally reduced (Foster et al., 1985a, b; Foster and 
Chang, 1989). 

 Maintaining an optimum depth of water table 
is thus crucial for obtaining high yield, although 
quantitative data relating oil palm yield to water 
table depth are sadly lacking. Control of water 
level is especially important with acid sulphate 
soils for which the water table must be held above 
the pyriferous layer to prevent oxidation-induced 
release of toxic elements and to maintain optimum 
pH. (However, this is a special case and will not be 
discussed here.)    

 It is generally recognized that if water 
management is poor and drainage becomes 
impeded, then palm performance will suffer (Chuah 
and Lim, 1989; Lim et al., 1994; Caliman et al., 2005). 
Examples of the effects on yields of different soil 
drainage conditions are given in Table 1. For these 
there were significant negative correlations between 
yield and soil drainage class. 

 Chua and Lim (1989) found a reduction of 5 t 
ha-1 yr-1 FFB in a coastal field with poor, compared 
to one with good drainage. On a gently sloping peat 
soil site in Riau, Sumatra, Lim (2005) reported that 
the highest bunch yield was achieved where the soil 
surface was around 50-75 cm above the water table. 
Yields at the lower end of the slope with the water 
table fluctuating between ± 25 cm of the surface 
were decreased more than those at the top, where 
the water table was below 100 cm, so at this site 
inadequate drainage was more of an impediment 
than over-drainage. 

 Oil palms that are flooded often show adverse 
visible symptoms during the flooding, such as 
yellowing of fronds indicative of nitrogen and/or 
sulphur deficiency and the accumulation of spear 
leaves, but recover if the duration of flooding is not 
too protracted. There is likely to be a subsequent 
loss of yield, although as mentioned, this has not 
been particularly well documented in relation to 
either time, or intensity of flooding. However, in 
drainage trials of oil palm in Costa Rica, Peralta et 
al. (1985) found significant positive relationships 
between bunch yield, leaf nitrogen concentration 
and the percentage of soil pore space occupied by 
air.

 Immature palms can die with prolonged 
flooding (Teoh et al., 2001; Lim per. comm.), and a 
pot experiment using a mineral soil showed that 

leaf gas exchange, growth and uptake of nitrogen 
were all adversely affected by exposure of roots to 
water-logging (Lamade et al., 1998). 

 Prolonged flooding is likely to result in the 
disruption of many physiological processes, not only 
of nutrient uptake but also of foliar gas exchange as 
indicated by recent preliminary measurements of 
palms affected by flooding in Johor (Table 2).   

 While Lamade et al. (1998) found pronounced 
depressive effects of flooding on immature palms 
grown in a mineral soil, young oil palms planted 
in a peat soil in concrete lysimeters (PORIM, 
1990; Henson et al., 1993) displayed only a brief 
period during which stomatal conductance and 
photosynthesis rates were depressed substantially, 
following which the palms largely recovered (Figure 
1)1. This was despite the water table being maintained 
continuously at, or very close to, the soil surface. 
There was a proliferation of fine roots at the surface 
which probably aided recovery. Production of fine 
roots in the surface layers of poorly drained soils 
may be a general phenomena and was observed in 
the field by  Peralta et al. (1985), although apparently 
not in the pot experiment of Lamade et al. (1989). 
In the PORIM work, leaf expansion was retarded 
by water-logging but frond production rate was 
unaffected.

 During a three-year study of rooting patterns 
at a coastal site (Henson and Chai, 1997), many 
roots of the palms (nine- to 11-year-old at the time 
of measurement) were found to be below the water 
table yet appeared to the eye be intact and healthy. 
The same was true of inland sites in valley bottoms 
(Henson, unpublished). In the case of the coastal 
site it was estimated, based on monthly means, 
that during the 10th year after planting an average 
of 29% of the root biomass was below the depth of 
the water table. It ranged from zero during two of 
the months to as much as 55% during three months 
of the year (Figure 2). However, production of both 
FFB and vegetative dry matter were high, exceeding 
36.0 and 20.8 t ha-1 yr-1 respectively (Henson and 
Chang, 2000).

 On many coastal sites with either mineral or 
peat soils, there is generally substantial lateral flow 
of sub-surface water, aided by the operation of 
water depth control gates, but depending also on 
the season and local topography. Such flow may 
promote aeration of the water and hence, reduce the 
extent of anaerobic conditions.  

1  Whether this might have occurred also in the experiment of Lamade et al. (1998) is not clear, as the duration of water-log-
ging preceding the gas exchange measurements in that experiment was not stated.
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TABLE 1. RELATIONSHIPS BETWEEN SOIL DRAINAGE AND FRESH FRUIT BUNCH (FFB) YIELD

 a) Data from Foster et al. (1985a, b).

Soil type
or series

Drainage
class

Number
of sites

FFB yield ( t ha-1 yr-1)

Nutrients
Limiting

Nutrients
optimum

i) Comparisons within soil types

Alluvial Good 1  27.1 30.0

Imperfect 11 24.9 26.7

Poor 3 21.0 24.3

Sedentary Good 14 22.1 28.2

Imperfect 1 17.6 22.6

ii) Comparisons within soil series

Briah Good 1 27.1 30.0

Imperfect 3 24.2 27.7

Poor 1 20.9 24.8

Durian Good 1 29.2 30.2

Imperfect 1 18.1 21.9

 b) Data from Tarmizi and Haniff (1989)

Soil
series

Drainage 
class

FFB yield ( t ha-1 yr-1)

Nutrients
limiting

Nutrients
optimum

Briah Good 29.5 -

Imperfect 25.5 -

Poor 21.6 -

Carey Good 28.9 29.2

Imperfect 24.6 25.1

Poor 21.0 21.4

Selangor Good 29.6 -

Imperfect 25.5 -

Poor 21.5 -
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TABLE 2. EFFECTS OF PROLONGED FLOODING ON LEAF GAS EXCHANGE 
OF SEVEN-YEAR-OLD PALMS IN JOHOR

Condition Photosynthesis
(μmol CO2 m-2 s-1)

Stomata 
conductance
(mmol m-2 s-1)

Transpiration
(mmol m-2 s-1) 

Unflooded 13.35 ± 2.95 550 ± 100 4.94 ± 0.78

Flooded 5.24 ± 0.77 26 ± 3 1.15 ± 0.11

Flooded    
  as % of     
  unflooded

39.25 4.73 23.28

Notes: Measurements were taken in February 2007 on frond 17 using a portable gas exchange system (LI-6400, 
LICOR). The flooded area was previously under a metre of water and at the time of the measurements, more than 
a month after the flood has subsided, the water table was still close to the soil surface. The unflooded area was 
located in the same estate. Data are means of six (unflooded) or 15 (flooded) measurements ± s.e.m. and show 
significant differences (P<0.05) between treatments for all three parameters. 

Figure 1. Stomatal conductance, net photosynthesis and intercellular CO2 concentration, of upper leaves of young oil palms subjected 
to a continuous 60 cm deep water table (control) or to water-logging (water table at surface) from the time indicated 

by the ‘closed’ arrow.

Notes: Data are from PORIM (1990). Plants were grown in concrete lysimeters in a shaded glasshouse. Measurements were 
made at a PAR (photosynthetically active radiation) level of 800 μmol m-2 s-1 using an LCA2 portable gas exchange system 
(Analytical Development Co., UK). The ‘open’ arrow indicates the time when a proliferation of surface roots was observed 
in the water-logged treatment.
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MODELLING SOIL WATER STATUS IN THE 
PRESENCE OF A HIGH WATER TABLE

It is difficult to measure the water use by palms 
in the presence of a high water table using the 
conventional method which is based on determining 
soil water balance from rainfall, evapotranspiration, 
drainage and changes in soil water content. Other 
processes, such as capillary rise from the water 
table, fluctuations in water table depth and possible 
sub-surface lateral flow (both influx and out-flux), 
need to be considered. Other techniques such as 
micrometeorology or sap flux measurement can be 
used as alternatives to water balance but these are 
technically quite demanding. 

 In an approach to model the drainage condition 
of a peat soil site, Caliman et al. (2005) derived 
relationships between rainfall and the rate of change 
in water table depth. Data from two sites collected 
in previous experiments at PORIM (Henson, 1995: 
Henson and Mohd Tayeb, 2004) show that the 
current depth of the water table was more closely 
related to the rainfall of the previous, than of the 
current month, while as found by Caliman et al. 
(2005), changes in water table depth depend more 
on the current rainfall (Figure 3). The relationships 
are site-specific, presumably being affected by 
the nature of the substrate and the surrounding 
topography. Although, the water table fluctuates 
seasonally and the soil water content above the 
water table also varies, micrometeorological 
measurements at the coastal site on a crop with 
full canopy cover (Henson, 1995) failed to show 
any significant relationship between either actual 
evapotranspiration (ET) or the ratio of actual to 
potential ET measured by micrometeorology, and 
water table depth (Figure 4). This implies that water 
uptake was not greatly limited at any time by supply. 

Figure 2. The proportion of total root biomass found below the 
surface of the water table at a coastal site.

Note: Measurements were made in 1993, 10 years after 
planting.

Figure 3. Relationships between water table depths and 
rainfall (a, b) and rates of change in depth and rainfall (c, d) at 

two sites.

Note: Monthly measurements were made at the coastal 
clay site over a 3.5-year period and at the peat soil site, 
over 12 years. 
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This was confirmed by measurements of soil water 
potential, which declined as the depth of the water 
table increased but always remained above minus 
one bar (Figure 5). Thus, for this site, little soil water 
deficit was apparent, neither was any prolonged 
total submergence observed. 

 A first approximation towards modelling the 
soil-plant water relations at sites with high water 
tables was done by adapting the soil water balance 
procedures used in the OPRODSIM model (Henson, 
2005; 2006). The rooting zone was assumed to be 1 
m (verified by measurements at the coastal site), 
the crop leaf area index was set at 6.5 and the 
available water holding capacity (AWHC) of the 
soil, representing the maximum amount of readily 
extractable water within the top metre of soil at 
field capacity in the absence of a water table, was 
taken as 200 mm. The soil is Selangor series and the 
assumed 200 mm AWHC is close to a mean value of 
193 mm determined for samples of Selangor series 
soils at different sites (Soong, 1979; Maene et al., 
1983; Foster et al., 1984).  

Figure 4. Relationships between actual evapotranspiration 
(ET) (a) and the ratio of actual to potential evapotranspiration 

(ET/PET) (b), and the depth of the water table at the 
coastal site.

Note: Data are monthly means. ns = not significant at 
P<0.05.

 Other input data needed are daily values of 
rainfall and potential evapotranspiration (PET), 
both previously measured at the coastal site. Daily 
data for rainfall and for water table depth (WTD) 
that were available for the site from early 1992 to 
mid 1996 (there were some gaps in WTD data), were 
used to establish a general regression from which to 
predict WTD. Thirty-day running means of daily 
rainfall were used to derive WTD, based on the lag 
indicated by monthly data (Figure 3a). Using these 
data resulted in a good fit between the variables 
(Figure 6) where:

WTD(cm)=144.7 – [9.894 x RAIN                                  (1)
(mm day-1, 30-day-running mean)]                   
                       

  WTD measured in 1993 is compared with the 
WTD predicted in Figure 7. The data show a small 
but consistent overestimation in WTD by about 9 
mm.  

 The depth of the water table affects the estimate 
of fractional available soil water  (FASW) which 
is the available soil water present as a fraction of 
AWHC, and which is used to derive the ET/PET 
ratio (Henson, 2006). FASW obtained from the soil 
water balance equations used for a site lacking a 
water table (Henson, 2006) requires correcting to 
take account of the depth of saturated soil within the 
top metre. The corrected value of FASW (FASWcor) 
was obtained as:

FASWcor=[(100–WTD) +                                                 (2)
(FASW x WTD)]/100

where WTD is in cm.

Figure 5. Relationships between mean monthly soil water 
potential (SWP) and mean depth of the water table. SWP was 
measured using tensiometers inserted to three depths (30, 60 
and 90 cm) and three distances (1, 3 and 5 m) from the palm.

Oil Palm Bulletin 56 Some Observations on the Effects of High Water Tables and Flooding on Oil Palm

Coastal clay, 1992-1994

ET
 (m

m
 d

ay
-1
)

Mean depth to water table (cm)

Coastal clay, 1992-1994

ET
/P

ET

Mean depth to water table (cm)

a)

b)

Coastal clay, 1992-1996

M
ea

n 
so

il 
w

at
er

 p
ot

en
tia

l
(m

ba
rs

)

Mean depth to water table (cm)



20

Figure 6. Relationship between depth of water table and 
30-day running means of daily rainfall at the coastal 

site.

 Figure 8 shows the decline in FASW with WTD. 
The minimum FASW was seldom much below 0.7 
and resulted in generally high values of ET/PET.

 ET is obtained from the modelled ET/PET 
and the input PET. The ET predicted by the model 
matched that measured at the site quite closely 
(Figure 9). The range in ET shown arises due to the 
varying daily climatic conditions. The ET/PET ratios 
were high throughout the year, further confirming 
the absence of significant water deficit. 

 No deep drainage (DD) was detected by the 
model using the standard parameters. This is 
because drainage, which represents loss of excess 
water below the 1 m rooting zone and is normally 
the result of high rainfall  events, is deemed possible 
only if the water table is below this level. Otherwise 
any freely draining water would, on reaching the 
water table, be expected to cause the table to rise. 

Figure 7. Relationship between modelled and measured 
depth of water table at the coastal site. The solid line 

shows the linear regression and the dashed line is that of 
equality.

 DD can, however, be detected by assuming low 
AWHC values (Table 3), but such low AWHCs are 
unlikely on sites with high water tables which are 
generally associated with peat, organic or alluvial 
soils. Nutrient leaching via DD per se can therefore 
be effective discounted. More likely is nutrient loss 
due to diffusion and dilution within the saturated 
layer and by lateral sub-surface flow to outside the 
area. 

	 The soil water status, as indicated by the 
water potential data in Figure 5, remained high and 
was probably sustained by capillary rise of water 
from the water table, a process not presently catered 
for in the model. Such capillary rise, as judged by   
field observations (Lim, per. comm.) can be about 
30-40 cm in clay soils and 20-25 cm in peat soils, be-
ing lower in the latter case due to the higher po-
rosity. Any modelled soil water deficit is, therefore, 
likely to be an overestimate.  

Figure 8. Relationship between the corrected fractional 
available soil water content (FASW) and the depth of the 

water table when the latter, derived from rainfall 
(Figure 6), was < 100 cm.

Figure 9. Relationship between modelled and measured 
daily evapotranspiration at the coastal site. The thick 

solid line shows the linear regression and the dashed line 
is that of equality.
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CONCLUSIONS

The estimation of ET rates based on soil water status 
at coastal sites may be considered rather irrelevant 
given the lack of an appreciable water deficit. 
However, the good agreement between modelled 
and measured rates of ET (Figure 9) has at least 
served to validate the general soil water modelling 
procedure. 

 There is a equal need to examine effects of 
excessive water on oil palm yields but information 
needed for this is lacking. More observations 
and controlled trials are needed to relate rooting 
conditions to subsequent yields. The work of Peralta 
et al. (1985) provides a good basis for quantifying the 
effects of high water tables and flooding on yields 
and should be extended to Malaysian conditions and 
to different soil types. As well as more rigorously 
defining the extent of yield loss due to flooding or 
high water tables and the critical conditions (e.g. 
depth and duration of flooding) governing this, the 
ability of oil palm roots to continue growth and to 
absorb water and nutrients below the water line 
and the dependence of these processes on the level 
of aeration, should also be investigated. The value 
of any lateral sub-surface flow as a nutrient source 
also needs to be established together with the role of 
capillary rise as a process leading to replenishment 
of water and nutrients in surface layers. For the 
latter purpose, use could be made of the UPFLOW 
model (Raes and Deproost, 2003) providing 
values for saturated hydraulic conductivity can be 
established. Conversely, leaching losses to the water 
table and export of nutrients by lateral flow need to 
be measured.
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