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Abstract: Problem statement: The oil palms are mainly grown in the humid trepigith high rainfall.
Soluble Nitrogen (N) and Potassium (K) fertilizare commonly required by the oil palm plantations t
maximize palm productivity due to the highly weadtksoils with low fertility. Thus, leaching lossefs

N and K nutrients may be unavoidable and theseemtgr may move further downward and eventually
cause groundwater pollution. This study reportsléaehing of N and K nutrients in a mature oil palm
field as affected by fertilizer rates and soil despand its effect on groundwater quality during the
monsoon period in Tawau, Sabakpproach: The sources of N and K fertilizer were Ammonium
Chloride (AC) and Muriate of Potash (MOP), respedti. Soil water samplers were installed at depths
of 30, 60 and 120 cm in four fertilizer treatmemtamely, NOPOKO (Control plot, no N and K), NOP2K1
(K1 = 4.5 kg MOP palit year?), N1P2K1 (N1 = 3.75 AC kg palthyear®) and N1P2KO0. Three
replications were used in the experiment. Monitprivells were installed in the above treatment plots
and in another treatment, N2P2K1 (N2 = 7.5 kg AQmpayear’) to investigate the effect of
excessive N rate on groundwater quality. Samplimgee done at 15 day intervals for a duration of
150 days from October 2008-February 2009 to coker éntire monsoon period in Sabah. Water
samples were analyzed for BN by automated phenate method, ;NND+ NO,-N and NQ-N by
automated hydrazine reduction method on Auto Aralyand K by flame photometric method using
flame photometerResults: The mean NEN concentration of N1P2K1 at 33.69 mg'Lwas
significantly higher than N1P2KO at 8.15 mg'LIn the presence of K, NfJN concentrations
increased 4.1 fold when N fertilizer was applied &5 times in the absence of N application. The
mean NH-N concentration was 17.89 mg*lat 30 cm depth declining to 12.19 and 6.52 mbat
soil depths of 60 and 120 cm, respectively. Thadi@mation of NN to NO;-N was not a major
process during the monsoon period. The leachingek®f inorganic N were 1.0 and 1.6% of the
applied fertilizer for N1P2K0O and N1P2K1 respechve-or K, the leaching losses were 5.3 and
2.4% for NOP2K1 and N1P2K1 respectively. The comegions of NH-N, NO;-N and K in
groundwater ranged from 0.23-2.7, 0.07-0.25 and 39.64 mg L' respectively.
Conclusion/Recommendations. N and K concentrations in the soil solution decegasith soil depth
and their leaching losses were related to rairfattern, fertilizer treatment and nutrient uptake b
roots. Groundwater quality was not affected byapplications of N and K fertilizers at the optimum
rates for mature oil palms.
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INTRODUCTION fertilizers to the palms, our goal is to maximizerient
uptake by the palms from fertilizers for optimum
Nitrogen and potassium are the two most neededrowth and yield. Malaysia is located in a hot, dim
nutrients by oil palms in Malaysia, which are tropical climate marked by seasonal rainfall witmaal
commonly met through fertilizers. When applying amount exceeding 2500 mm. Generally, the climate is
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influenced by the northeast and southwest monsdons. urea. Nitrogenous fertilizer may be lost in thenfioof
Sabah, East Malaysia (North Borneo), most of tiresra ammonium (NH") or nitrate (NQ"). However, studies
fall during the northeast monsoon (October tohave shown that different sources of nitrogen Ifeeti
February). During this period, considerable amaafnt have different effect on N leachii*®. Also, the
water will be lost through both runoff and deepfertilizer rates have a strong impact on nutrieaiching
percolation to beyond the rooting zone. The samén many crop$>*®. Currently, information on the effect
processes of water loss may also carry substantialf fertilizer rates on leaching losses of nutrignthe oil
amount of soluble plant nutrients. Schroth al.™  palm plantation is still scanty.
concluded from his study that even in well-designed  Groundwater is that portion of water beneath the
perennial cropping systems, high rainfall and pettnlee  surface of the earth that can be collected withlsyel
soils which are typical over large areas in the idum tunnels, or drainage galleries, or that flows reltyrto
tropics, make it unlikely that leaching losses olisle  the earth’s surface via seeps or spfifigsPricé”!
nutrients can be completely avoided defined groundwater as water in the saturated tuate
Leaching is the translocation of solite®eyond is below the water table. Groundwater pollutionseals

the rooting zone. Some authorities define leachioge by agricultural activities is a serious problemniany
stringently as the removal of solutes entirely outhe ~ fegions of the world. Phillips and BL_”{G'J‘ expressed
solum, representing a loss of materials from thié so CONCeMSs that surface-applied fertilizers such as D
profile® but according to other experts leaching a|sd°\Kn(1:r|non|um Fk’)hosphatgeb (DAP) and detaIS_S'Um cr;loru?e
includes the translocation of solutes within thiuse'. ~ (KC) may be contributing to a decline in loca
Saffigna and Philigd considered leaching as the gr(_)lun:_Wﬁter qual|ftyNufr1de_|r_ pine trze_ pIaLnted oﬂn gand
" = 7= soil. High rates o ertilizer used in the protioa
?hoew?jvrv;:%g;go‘x;?:rm\?th:r:t'l'szcﬁ&tgr I\,;/Ziaee:jn ;g;m" thof continuous corn have resulted in excessive taitra
rooting zone, it is .unavailable for plant uptakedan leaching in groundwater which frequently exceeded

: YA the maximum contamination level of 10 mg*#?.
therefore, lost from the soil-plant system. Depagdn  gapikeret al.?¥ investigated the nitrate contamination

the amount of water draining out of the rooting &on ¢ groundwater by agrochemical fertilizers in Cahtr
the leached solute may simply accumulate at depth ijapan using geographical information system anddou
the soil or may pollute the underlying groundwater.that the nitrate concentration of groundwater under
Leaching losses, especially of readily soluble ®mfh  vegetable fields was significantly higher than thos
N and K have generally been assumed to be sulatantiunder urban land or paddy fields. The adverse thealt
in cropped land in the humid tropics in view of the effects of high nitrate levels in drinking wateeaxell
frequent and intense rain stofthsFurthermore, Corley documented*?®. The most well known are
and TinkeY! surmised that nitrogen and potassium aremethemoglobinemia, gastric cancer and non-Hodgkin's
the elements most at risk to leaching because ®f thlymphoma. While the usual level of ammonium (NH
rather weak adsorption of ammonium and potassiunion does not pose a direct risk to human healthigh
ions and nil adsorption of nitrate. Omo&t al.®  NH," concentration may suggest the presence of more
reported an average leaching losses of 11 kg N J349@gricultural ~ contaminants, such as pesticides.
and 10 kg K (18%) of the applied NK fertilizers ino ~ Furthermore, in aerobic condition, I_}J‘I—|2r7nay_ be
both young and mature plantations. Chang andransformed to nitrate (NO via nitrificatiort””). Since
zakarid? in their review showed that the combined 9roundwater is an indispensable water resources for
losses of N and K from leaching and runoff from human consumption especially in develqplng cousitrie
catchment with young oil palm to be less than 2\kg and the fact _ that _eventually_ contaminants in the
and 8 kg K ha year™. Although Foon§® found that gro_und_water will be dlscharg_ed into the river oeams

- ’ . which is also a source of drinking water, most atgh
fertilizer losses in a lysimeter when the palm a4

; ferred to the drinki ter standard guidelia
years old were 17% for N and 10% for K, he confidme [)eag;%e Oto easggslg g tvr\:g ercgnatgmailrr]aﬁgourll ei%\_%?a

that the losses were low at 2.1% for N and 2.7%for WHOBY has set a maximum admissible limit in

when thg palm was 5-14 years old. He ascribed th@rinking water for N@N as 10 and NN as 0.5 mg
much higher leaching losses when the palm was -1 \hile there is little evidence that K in drinking

immature to smaller plant nutrient uptake and soikyater is detrimental to human health, an increase i
disturbance during the construction of lysimeted an K* concentration in groundwater may lead to a

planting of the palm. breach of the drinking water limit of "Kf 12 mg
The most commonly used inorganic nitrogen| (031
fertilizers in the oil palm plantations are ammaniu Schrothet al.®? studied the spatial pattern of oil

nitrate, ammonium sulphate, ammonium chloride angalm root system and concluded that in the absefice
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roots in the inter-tree spaces between the palitrafen  commonly used for studying pore liquid samplingnfiro
would eventually be leached out of the soil profited  vadose zone in order to measure leaching 16838sit
into the groundwater. Although various studies onis also called a suction lysimeter. It comprised a
groundwater contamination due to fertilization in Polyvinyl Chloride (PVC) tube with an external
different crops have been explored, there is gy  diameter of 4.85 cm and a porous ceramic cup with
little information on the effect of fertilization no length of 5.8 cm mounted to one end. To install the
groundwater quality in the oil palm plantation lysimeter, a vertical hole was drilled with a sailger,
especially in Malaysia. which had a diameter similar to that of the lysienet
The economic success of the oil palm plantatioriTo optimise the contact surface between the suction
may be the first concern, but it is now essentil t ceramic cup and the soil, a small amount of slwit
determine the potential impact of fertilization in the soil material from the auger was made and gbure
agriculture on the environment as a way of showingoack into the hole before inserting the suction
that the plantation company is involved in agrictat  lysimeter. Once the lysimeter was located at theech
practices, which is sustainable, both economicaliy  depth, the hole was backfilled with the same soil
environmentally. In view of this, a study was cadri material from the auger. The soil was then stamped
out to study the downward movement and leaching ofirmly around the lysimeter to prevent surface wate
N and K nutrients as well as groundwater quality afrom running down the cored hole. In order to sttiuy
affected by fertilizers during the monsoon period i downward movement of N and K nutrients, the

Sabah, Malaysia. lysimeters were installed at depths of 30, 6@ a
120 cm in each treatment.
MATERIALSAND METHODS The monitoring well was constructed based on the

. - . principle described by Bouw&t. It comprised a PVC
The experiment was located within an existing Iongpiloe with an external diameter of 6.0 cm. Due to so

term N, P and K fertilizer response trial on oilpan and geological constraint, monitoring wells werdyon
Tawau, Sabah, Malaysia. Tenera (Dura x Pisiferh) oi, g 9 ’ g Y

palms were planted in the field in 1982 in a trialag installed in 6 plots with treatments comprising
pattern with a planting distance of 822x9.2 m. The ~NOPOKO, NOP2K1, N1P2K1 and N1P2KO0, N2P2K1.
site was undulating to rolling with slope of 0-6che ~ The water samples from both lysimeter and monigprin
soil type was mapped as Kumansi soil series (Typiavell were collected at 15 day intervals startingnirthe
Hapludults) or Haplic Acrisols under the FAO first fertilizer application on 23/9/2008. The sdings
classification. The experimental design of theilieer  were carried out for a period of 5 months from ®@eio
response trial comprised *3*2 factorial combination 2008 to February 2009 (150 days) or a total of 10
of N, P and K arranged in a Randomized Completeamplings, which basically covered the entire monso
Block Design (RCBD) with 3 replicates. The plotesiz period in Sabah.

was 30 palms. To achieve the objectives of thidystd All water samples were collected and stored in a

treatments from each replicate were selected &svel ; :
narrow mouth polyethylene bottle with b In this
NOPOKO, NOP2K1, N1P2K1 and N1P2KO. The N andstudy, water samples collected from the monitoring

K fertilizers were applied in the palm circhout 1- 0]
well was referred to as groundwatet” and that from
2 m from the palm stem. Annually, 3 rounds of N &nd the lysimeter at 120 cm depth as leacRiteThe

rounds of K were applied. P fertilizer was broadicas .
evenly in the inter row areas and over the frondpise samples were preserved with 2-4 mL of chloroform pe

once a year. The N source was Ammonium Chlorigditre of water to retard bacteria decompositioropitio
(AC) which has an N concentration of 25%. The Nesat laboratory analysis. Samples were then analysed
were 0 kg AC palit year® (NO), 3.75 kg AC' palm  immediately upon arrival at the laboratory or were
year* (N1) and 7.5 kg AC palmyeaf® (N2). The K  refrigerated at 4°C if analysis cannot be carriatian
source was Muriate of Potash (MOP) (K = 49.8%) Whic the same da3’. Samples were filtered and analysed for
was applied at 0 kg MOP palhyear® (K0) and 4.5 kg ammonium-N (NH-N) using automated phenate
MOP palm® year® (K1). Jordanian Rock Phosphate method, nitrate N (N®N) + nitrite N (NO-N) and
(JRP) was used as a source of P with applicatioNO,-N using automated hydrazine reduction method on
rates of 4.0 kg JRP palmyear® (P2) and 0 kg JRP a Bran and Luebbe AutoAnalyzeP8 Potassium (K)
palnityear” (PO). concentration was analysed using flame photometric
The soil water sampler was a standard vacuunmethod with a Sherwood flame photomEfér The
lysimeter (Soil Moisture Equipment Corp., Santaconcentration of total inorganic N was calculatedtee
Barbara, Canada; Model: 1900L), which wassum of N concentration in each form of inorganic N
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e

(NH;-N + NOs-N + NO,-N) in the sample. N©N
concentration was obtained by subtracting sNND+
NO,-N with NO,-N.

The experiment was carried out using a split plot L8Dos:
design where fertilizer treatments were randomised
the main plots and depths of lysimeter in the siatbsp
To test treatment effects on leaching over timaJyans
of variance was performed using GenStat statistical
software by treating times of sampling as repeated H
measures. The effect of fertilizer treatments on [ ’—‘ i ,
groundwater was examined by regarding the fertilice NOPOKO ~ NOP2ZK1  NIP2KO  NIPXKI
time as a factorial combination without replicatiand Fertilizer treatment
the higher interaction was used as an error term.

of NH,-N

ok W W
R T T R S
1 1

Coneentrat
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1

—

Fig. 1: Concentration of NHN in soil solution for each
RESULTS fertilizer treatment

Ammonium nitrogen: The mean NN concentration
of N1P2K1 at 33.69 mg T was significantly higher
than N1P2KO at 8.15 mgt (Fig. 1). Both treatments 0
had higher NN concentrations than treatments
without N (NOPOKO and NOP2K1). In the presence of
K, NH,-N concentrations increased 4.1 fold when N
fertilizer was applied and 3.5 times in the abserfcH
application.

Most of the NH-N was found in the top 60 cm of
the soil profile where majority of the palm rootayrbe
located”. However, the mean NMN concentrations
decreased significantly with soil depth (Fig. 2)was
17.89 mg [* at 30 cm depth declining to 12.19 and
6.52 mg L' at soil depths of 60 and 120 cm, Fig.
respectively. The decline in NHN concentration was
more rapid between 30 and 60 cm compared with the

Concentrationof NHy-N (mg L)
7 9 11 13 15 17 19

%)
L

L
[=}
L
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Soil depth (cm)

90 1

120 4

150-

2: Concentration of NN in soil solution across
soil vertical profile

lower soil depths. 140 -

The changes in NJN concentrations among ) —+— NOPOKO
fertilizer treatments and between soil depths whrie z 1209 = NOP2K1
significantly across time (Fig. 3 and 4). At day, 15 Z 1004 ILSD _ NIP2KO
which was the first sampling date after treatmettts, £ g0 o NIP2K1
NH.-N concentrations in the soil solution of NOPOKO E I
and NOP2K1 were 1.99 and 5.48 mg,Lrespectively 3 LSDoosb
(Fig. 3). This indicated that even without N ferglr, 3 404
there were NHN ions present in the soil solution
probably from the native soil N and decaying palm
biomass. These values provided the baseling-NH 15 30 45 60 75 90 105 120 135 150
concentrations in the soils in the experimentaé sit Time (day)

implying poor N fertility. With N treatments, N1P2K
and N1P2K1, the NHN conclzentrations at the "fﬁiay
were 20.82 and 121.35 mg-l.respectively. The NH : ; ; ; ;
N concentrations of N1P2K1 treatment decreased l(;lflrn soil sollutloln ga) for comparkl)n% two tlmes_at
sharply between day 15 and day 30 and then more merence level o treatments (b) for comparing
gradually until it reached 1.86 mgLat day 150. two times at the same level of treatments
However, the NBN concentrations were statistically )
similar to the baseline values from day 75 after Fifteen days after treatments, the NM
treatment. The NN concentrations of N1P2K0 also concentrations in the soil solution were similarsail
declined rapidly and reached the baseline valuga3@  depths of 391and 60 cm (Fig. 4). They were 40.4% an
after treatment. It continued to decrease to 1.§0Lih  50.55 mg L°, respectively and both concentrations
at day 150. were higher than at 120 cm depth of 21.23.g
1791
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Fig. 4: Depth x time effect on concentration of NW  Fig. 5: Concentration of NEN in soil solution over

in soil solution (c) for comparing two times at time
difference level of depths (d) for comparing two
times at the same level of depths Concentration of NO;-N (mgL™)
0.2 0.4 0.6 0.8
The NH;-N concentrations in all soil depths decreased 0 ——t—

rapidly and reached similar values after 90 dagsnfr
treatments. The NHN concentration at day 150 at
30 cm depth was 1.1 mg1. 60 cm depth 0.73 mgt
and 120 cm depth 1.32 mg'i(Fig. 4).

904

Soil depth (cm)
(=)
o

Nitrate nitrogen: The average NN concentration at
15 days after treatment was low at 0.214 mg L
(Fig. 5). It gradually rose to 0.485 mg*lat day 60. A 150
period of relatively dry weather between day 48 a
60 seemed to enhance nitrification resulting inNI@&-  Fig. 6: Concentration of NEN in soil solution across
N concentration increasing significantly to 1.37 m‘é soil vertical profile
at day 75. However, it declined continuousiy t
0.141 mg [* at day 150 indicating that the
transformation of NN to NO,-N was not a major
process during the monsoon period.

The mean N@N concentrations between 30 and

120

The mean total inorganic N concentration at 30 cm
soil depth was 18.71 mg Ldecreasing to 12.94 mg'L
at 60 cm depth and 6.79 mg‘lat 120 cm. Thus,

60 cm soil depth were 0.599 and 0.732 m§ which 15(.) days aﬂer fertilize_r treatme_nts, a large propo .
were significantly higher than at 120 cm soil depth of inorganic N was still found in the top 60 cm l.SOI
0.266 mg [ (Fig. 6). The proportion of NeN to total depth where most palm roots were present despate th

inorganic N was in the range of 0.03-0.06 onIyhigh rainfall during the monsoonal p_eriod. )
indicating relatively low nitrification rate. The three factor interaction, fertilizerdepthx time,

was significant for total inorganic N concentratidrnis

Total inorganic nitrogen: The total inorganic N was Significant interaction was mainly due to the sharp
mainly composed of NHN and thus the effects of increase in inorganic N concentration upon the
fertilizer treatments on its concentrations wemailsir ~ applications of N and K fertilizers, N1P2K1, comger
to NH,-N concentrations as discussed earlier. Briefly,with those without N input. For example, the inamgaN
the total inorganic N concentration of N1P2K1 at0® concentrations of NOPOKO were very low and fluctdat
mg L™ was significantly higher than the other threebetween 0.37-12.11 mgiat 30 cm soil depth over the
fertilizer treatments (Fig. 7). Although the total 150 days of measurements after treatment (Figlt®y
inorganic N concentrations in the first three teants  were even lower with inorganic N concentrationgiag
were statistically insignificant, there was a clé@nd  from 0.39-1.75 and 0.32-1.10 mg'lat 60 and 120 cm
showing higher N concentrations in the presenc of depth, respectively. In contrast, the inorganic N
(6.09 mg LY and N (8.45 mg T}) compared with concentration of NIP2K1 at 30 cm depth was about 10
control (1.69 mg [*) as shown in Fig. 7. fold higher at 127 mgTjust 15 days after application.
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NOPOKO NOP2K1 NIPIKO N1PZK1 15 30 45 60 75 90 105 120 135 150
Fertilizer treatment Time (day)
(a)
Fig. 7: Concentration of total inorganic N in soil 200
. ape z - 7
solution for each fertilizer treatment 2 sl NOPOKO
£ 160 —m— NOP2K1
Concentration of total N (mgL™1) :f ~ 140 N1P2KO
05 10 15 20 Z 2 120 NIPZKI
FEa [sm.e
304 LSD g5 % 80
2 I | 2 60
> 60 < 40
E
z 904 el B A S A T
7 15 30 45 60 75 90 105 120 135 150
1204
Time (day)
150 (b)
. . . . . . i
Fig. 8: Concentration of total inorganic N in soil = NOPOKD
solution across soil vertical profile £ 60 N
cb —— NOPZK1
£ 504 N1P2KO
In fact, the inorganic N seemed to have move Z- 4 | — NIP2K1
5 0.03

downwards to at least 60 cm depth where its N °
concentration was even higher at 179 my However,

at all soil depths, the inorganic N concentratiais g 204

N1P2K1 decreased rapidly where by 105 days after é 10 {

treatments, they were similar to the other treatmen ol =Yt n . . -
except at 120 cm depth. The inorganic N concenoimati 15 30 45 60 75 90 105 120 135 150
appeared to hover around 13.5 mg hetween 90 and Time (day)

135 days after treatment (Fig. 9) before declinimg.3 ©

mg L™ at day 150.
Fig. 9: Effect of fertilizer x time x depth on

Potassium: Similar to N, the K concentrations in the concentration of total inorganic N in soil solution
soil solution decreased with soil depth where the (a) 30 cm depth (b) 60 cm depth (c) 120 cm depth
concentrations were 105, 75 and 48 myat 30, 60 and

120 cm soil depth respectively (Fig. 10). However, In the absence of K application such as treatments

unlike N, the decline in K concentration was muchNOPOKO and N1P2K0, the K concentrations were very
smaller and between 30 and 120 cm, it was dmyia  low ranging from 1.3-10.7 mgL (Fig. 11). Upon K
2 fold. application, the K concentrations were insegh to
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Concentration of K (mgL™1) Table 1: Cumulative leaching losses of N and Kilfeers under
20 40 60 80 100 120 mature oil palms as influenced by fertilizer treatts
04— Leaching
LSD;es Leaching losses (g 1) losses (%)

30 ! ~ | Fertilizer Yield (kg
Ela treatment NN NOyN  TotalN K N K palm'year’)
= NOPOKO 0.036 0.0061 0.043  0.089 175
= 601 NOP2K1 0.051 0.0055 0.057  6.349 5.3 203
2 N1P2KO 0.300 0.0194 0.320 0.090 1.0 209
= ggd N1P2K1 0.554 0.0342 0.589 2922 1.6 2.4 264
w LSDoos 1212 0.0408 1.251  11.43

120 ) ) )
and nutrient concentrations for two replicates otady
150 avoid missing values (Table 1). The leaching logdes

inorganic N ranged from 0.043-0.589 g °mFor
Fig. 10: Concentration of K in soil solution acragsl  treatment, N1P2K1, it translated into a leachireglof

vertical profile N of only 1.6% of the applied N fertilizer. This wa
agreeable with the results of Fo8ffgfor mature palms.
350- Most of the N loss was in the form of MM since
o _ e NOPOKO nitrification rate seemed low in the soils.
5 3007 . NOPIKI Without the application of K fertilizer, the lednb
£ 2501 , ILSD:‘-?-‘] N1P2ZKO losses of K were only 0.09 g n (Table 1).
f 2004 LSDg sk N1P2KI Applications of K fertilizer increased the leaching
g losses of K over 150 days to 6.35 and 2.92 7 for
F 1304 [ NOP2K1 and N1P2K1, respectively (Table 1). These
§ 100 e ~a__ were equivalent to 5.3 and 2.4% of the applied K
3 504 - R fertilizer for the above treatments, respectiveéihe
. higher K losses from the applied fertilizer in the
O absence of N (NOP2K1) might be attributed to the
15 30 45 60 75 90 105 120 135 150 poorer yield compared with N1P2K1 and thus, lower K
Time (day) uptake from the soils by the palms (Table 1).

Fig. 11: Fertilizerx time effect on concentration of K Groundwater quality: The NH-N concentrations in the

in soil solution (k)for comparing two times at groundwater of the monitoring wells were similar i

different level of treatments (I) for comparing treatments at NO or N1 rate regardless of K apjiioa

two times at the same level of treatments rate (Fig. 12). They were mainly below the WHO’s

maximum admissible limit of drinking water of 0.5gm
237 mg L' after just 15 days in NOP2K1 and L™ However, when excessive N rate, which was about
295 mg L* in N1P2K1. The K concentrations for both twice the optimal N rate for oil palm, was appli¢de
treatments then decreased rapidly in the next 38 da NH,-N concentration in the groundwater was increased
before a more gradual decline was observed. At day 2.7 mg L. This indicated that contamination of the
150, the K concentration of NOP2K1 was 67 mg L groundwater of monitoring well might occur if large
and that of N1P2K1 was 126 mg'LThe difference in amount of unabsorbed N from soluble N fertilizerswa
K concentration at day 150 was about 59 mfvhich  present in the soils during the monsoon period.
was similar to the differential at day 15 suggestimat The NQ-N concentrations in the groundwater
the trend lines over time were parallel for bothwere also raised by the applications of N fertilize
treatments. It also implied that this differentidl  ranging from 0.07-0.25 mg L (Fig. 12). However,
concentration was due to the displacement othey were all below the WHO’s maximum admissible
exchangeable K to the soil solution by NHand the  limit of drinking water of 10 mg T*.
“disappearance” of K from the soil solution acrtisse Without K application, the K concentrations in the
was not affected by N application. groundwater were very low at less than 1 my L
(Fig. 12). The applications of K fertilizer increakthe

Leaching losses at 120 cm soil depth: The amount of K concentrations of groundwater to between 4.28 and
leaching losses measured at 120 cm soil depth ov&.54 mg L. The higher concentration of K in the
150 days was based on the volume of sdlilition  groundwater in the absence of N (NOP2K1) compared
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with N1P2K1 might be contributed by the higher 5o RN N
leaching losses due to poorer K uptake by the EEm 45 ] .
. —~ 4 _e NIP2K1 [ 25
reflected the poorer yield (Table 1). However, only 5 “j NIB2K1
when excessive rate of N was applied (N2P2K1), the Y W0
concentration of K in the groundwater was increased EES Z
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Rainfall pattern and nutrient concentrations in during the monsoon period. This might be attributed
groundwater in monitoring well: The NH-N the high NH" concentration which inhibits the activity
concentrations were relatively similar between theof nitrifiers in the soils and the low soil orgamnitatter
fertilizer treatments in the first 30 days afteptigation  which reduces the population of nitrifiéfs

(Fig. 13). However, the continuous heavy rains dkier The concentrations of N and K in the soil solution
next 15 days resulted in a sharp rise in ;A\H decreased with soil depth being highest at 30 @mfr
concentration in the groundwater of N2P2K1. It thenthe soil surface followed by 60 and 120 cm. Similar
showed a declining trend in NHN concentration findings were reported by Schrotet al.*?. This
although high rainfall tended to increased it terapp.  nutrient profile might be partially explained byluion
The NH-N concentration in the groundwater of effect as the solubilized N and K fertilizers sekpe
N1P2K1 started to decrease 45 days after fertilizedownward with the surplus soil moisture from thghi
application whereas in NOP2K1 treatment, it dedit®e rainfall during the monsoon period. Besides this,
its baseline value after only 30 days. The ,NH nutrient uptake by palm roots will remove some of
concentrations of both treatments were similar fday  these ions resulting in lower nutrient concentragian

75 onwards. the soil solution with deeper soil depth. Furthereo

The NQ-N concentrations in the groundwater of Kee et al.*® reported that roots reduced the movement
all fertilizer treatments were low but despite titise  of exchangeable K down the soil profile. This iregli
fluctuations in NGN concentration seemed to that soil solution K as well as Nif also reduced as
correspond with the rainfall pattern particularlgr f ions moved downward. At all three depths, higher
N2P2K1 (Fig. 13). The temporal variation in total concentration of inorganic N was obtained at N1P2K1
inorganic N concentrations was similar to NN  compared with N1P2KO0. This could be to K enhancing
concentrations since the latter ion dominated thehe downward movement of NH in the soil
fraction of inorganic N (Fig. 13). solutiorf®™..

The K concentrations in the groundwater of the  We also found higher K concentration in the soil
fertilizer treatments, N2P2K1, N1P2K1 and NOP2K1,solution when N was applied (N1P2K1 versus
were similar 15 days after applications. Howeveg t NOP2K1). This could be due to the displacement bf K
heavy rains between day 15 and 45 which caused &mom the soil colloidal surfaces to soil solutiop KH,"
increase in NN concentration as discussed abovefrom the nitrogen fertilizer. Moreover, vegetative
probably also displaced soil K with consequent high uptake of NH" will increase the production of 'Hn the
K concentrations in the groundwater of treatmentssoil®*® which then displaced ¥ into the soil solution.
N2P2K1 and N1P2K1. In treatment N2P2K1, the K Forty five days after fertilizer application, thiH,"
concentration declined during the period of 45-@% d concentration in the top 30 cm was significantlyéo
when rainfall was low before increasing again ptdpa by about 33% (Fig. 4). Although part of the NH
due to the excess applied K reaching the groundwatedisappearance can be accounted for by palm uptake,
However, the same effect was not seen in treatmenprobably a larger amount had moved beyond its depth
N1P2K1, because there was no excessadching the as indicated by the increased Nidoncentrations in the
groundwater. Without N, the K concentration in thelower soil depths. By 105 days, almost all the &gapl
groundwater declined continuously until 90 day befo NH," had disappeared from the top 30 cm of the soil
it increased again. This implied that it took ab®0t profile. The rate of decline in Nficoncentration in the
days before the applied K which was not absorbed bgoil solution was about 1.3 mg'L Thus, the interval of
the palms reached the groundwater during the mansoaapplying N fertilizer during the monsoon period slib
period. be between 90 and 105 days to avoid excess NH

the soil solution. The disappearance of total inaig N
DISCUSSION in the top 30 cm was even more rapid when bothd an
K fertilizers were applied (Fig. 9). The rate ottiee in
Downward movement of N and K: The K*concentration was about 1.4 mg land virtually all
concentrations of inorganic N in the soil solutionsthe applied K disappeared at about the same time as
throughout the vertical soil profile were mainly NH," ion since both nutrients are likely to move down
dominated by Ngf ion rather than N@ because the the profile togethét.
source of N fertilizer was ammonium chloride.
Significant increased in NEN in the soil solution was N and K leaching losses: The amount of N and K in
only observed 75 days after fertilizer applicatidmis  the leachate obtained at 120 cm depth are considere
implied that nitrification was relatively slow imé soil  leaching losses since most oil palm roots are found
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within the top 60 cm of the soff$%. The quantity of N L™ but it was only for a short period and only ocedrr
and K leaching losses in this study were a functbn when excessive N (N2) was applied. Furthermore, the
the volume of water in the soil, fertilizer treatmi@nd K rate in this study was above the optimum ratecibr
rate of nutrient uptake by the palm roots. The aller palm to ensure its sufficiency for full expressioh
leaching losses of inorganic N were 1.0 and 1.6%@f yield responses to N and P.
applied fertilizer for N1P2KO and N1P2K1,
respectively. This conforms with the findings ofatig CONCLUSION
and Zakariél and Foonf®. These authors ascribed the
low N leaching losses under mature oil palms to the
high uptake of both soil moisture and N to sustain
roductivity. The N leaching loss was higher in the - .
gresence gf K fertilizer due tg the displacerr?erﬂslt‘jm+ because the source of fertilizer was J/IH This study
ion by K' ion as discussed earlier. also |nd|<_:ated that the rate of _nltr|f|cat|on Wa'skmb!y
The K leaching losses were higher than N at 5 glow durlrjg the monsoon period. The concentr_aﬂbn o]
and 2.4% for NOP2K1 and N1P2K1, respectively.N and K in the soil solution decreased with soipttie
These results were agreeable with those of Fdbng being highest at 30 cm from the soil surface foddw
where K leaching rate was higher than N in the éigh by 60 and 120 cm. The N leaching losses of theiegpl
weathered tropical soils. Unlike N, the K leachingN fertilizer during the monsoon period in SabahytNo
losses were lower in the presence of N fertiliZénis  Borneo were 1.0 and 1.6% for treatments, N1P2KO0 and
might be indirectly related to better K uptake lmwet N1P2K1, respectively. Higher K leaching losses were
palms in well balanced fertilizer treatment resigtin ~ obtained at 5.3 and 2.4% for NOP2K1 and N1P2K1,
better productivity (Table 1) and thus, higher Ktake  respectively. The groundwater quality under manife
via the fresh fruit bunches which contain large amo palms did not exceed the contamination level set by
of K"\ The consequent is lower' KKoncentration in the \WHO when N and K fertilizers were applied at their
soil solution. optimum rates for oil palm. However, there was a
_ ) possibility of pollution of groundwater quality whe
Groundwater quality: The groundwater quality was excessive N fertilizer was applied which was mainly
only affected by the NH where its concentration went the form of NH" ion. The concentration of NOion in
beyond the WHE” limit of 0.5 mg L* when N o groundwater was below 0.5 mg'leven when

fertilizer was applied at twice the_ optimum rate &l excessive N fertilizer was applied due to low
palms. This was mainly contributed by the largenitrification rate

amount of unabsorbed N from the soluble N fertilize
which was still present in the soils during the ismon
period. The concentration of N in the groundwater
was very low at 0.5 mg T even at the highest N _ _
fertilizer rate tested which agreed with our cotitem The first researcher and her colleagues would like
that nitrification rate was low in this soil. TheOy¥N  to thank their Principals, Boustead Plantations. i
concentration was far below the maximum limit sgt b Kuala Lumpur Kepong Bhd. for permission to publish
WHOBY, which was 10 mg T. Most of the N from the this study. We also appregiate our coI_Ieagu_es and
fertilizer that reached the groundwater in theSUPPOrt staffin Sabah for their assistance in ootidg
monitoring well was mainly dominated by NHather this experiment. This _researc_h was financially fohd
than NQ' which corresponded well with the by the.Advanced Agriecological Research Sdn. Bhd.
composition of inorganic N in the soil solution as Malaysia.
discussed earlier.
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