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Abstract

The rate and intendty of inorganic fertilizer usage has increased in recent years in
Nigeria, in response to increasing demand for food. There is currently no particular
regulation on inorganic fertilizer usage in Nigeria and no efforts are being made to
restrict its overuse in order to avoid risk of soil and surface water contamination. This
sudywastherefore carried out to determine theimpact of agricultural land management
on thedistribution of NOzN and PO4P in soil and runoff water. The study was donein
Ibadan Nigeria, onaten hectare (ha) experimental farmthat had been subjected to long
term cultivation with and withoutinorganicfertilizer application. Four sites each about 2
ha under differentland management wereidentified. They are (i) continuous cultivation
with high fertilizer application at high dosage (CTHF), (ii) continuous cultivation with
intermittent fertilizer application at low dosage (CTLF), (iii) continuous cultivation with
no fertilizer application (CTNF) and (iv) a regenerated fores (FR). Replicate soil sanples
collected at depths of 0-15, 15-30, 30-100 and 100-180 cm from different landscape
postions under each treatment along with surface runoff water, were collected and
analysed for ther physical and chemical properties. Bulk density of the surface (0-15 cm)
il was highes under FR (1.59 mg n1), however among the cultivated treatments it
increased with increased intensity of land use and was leagt under CTNF (1.42 mg nt9).
Soil pH washighest under FR(6.17) andleas under CTHF (5.22). Both surface soil NOs-
N and PO4-P were highest under FR (8 mgkg) butincreased with increased inorganic
fertilizer usagefrom3.5 mg kgl under CTNF to about5 mg kgtunder CTHF. However,
while the s0il NOzN content decreased down the profile under FR (from 14 mgkg? at
surfacelevel to 6 mgkgt at 100-180 cmdepth) itincreased down the profile under CTHF
(from3 mgk g at surfacelevel to 5.5 at 100-180 cdepth). The concentration of NOzN
and PO4-P in surface runoff water was highest under CTHF and least under CTNF.
Landscapeposition however had no significant effect on thesoil distribution of NOs-N and
POs-P.

Keywords: Alfisol, southwestern Nigeria, bulk densty, rfnofertizer use, land
management.

Introduction

Phosphorous and nitrogen are essental ekementpldot growth. However, when not
properly managed their losses from soil may impaagatively on the quality of surface
water bodes and underground sources of water aseé pealth hazards. The highly
weathered tropical sois of Nigeria are known todo®r in native phosphorous. Moreover,
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a large part of these are occluded by sesquioyidesent in soil, making them practicaly
unavaiable for plant nutriion. Fractions of P leppas norganic fertiizers are also often
adsorbed by oxdes of Fe and Al that are preserthensoil. This often results in poor
response by crops to added P fertizers. To ensm@ response, there & often
indiscrimnate use of large quantties of inorgafic fertlizers to supplement P n these
oxide rich sois. This has in recent tmes incrdasee P supply to crops and also
heightened the rsk of nutrent loss relatve tofediised land. Intensification of

agricuture based on high inputs of fertiizers apestcides s however inevitable in
Nigeria because of the rapidly increasing popuathal 1997). Arable knd in Nigeria

currently receives N and P fertiizers in excessl@ and 50 kgharespectively (Agbenin

and Goladi 1997).

Losses of nirogen and phosphorous from agricultaral forestry land to down-stream,
resuts n water contamination wih serious comsege on livng components n an
aquatic environment (Hodgkin and Hamilton 1993).e Tiotential for algae to bloom is
governed to a large extent by the supply of N andoRcentrations, and eutrophication
may occur if the total P concentration in watergmater than 0.5 and 0.1mg/L. (Anon
1992, Foy and Wither 1993; Sharpkey 1995). Losdediizer NOsN and PQ from the
crop-soll system represent both an economic los$ammer and ernvironmental hazards.
Quality of surface water is of special importanoceNigeria because most rural population
depend on surface water for domestic needs oft#mowvifurther treatment. Whie soluble
nutrients such as nitrates may be transported enstiiuton phase, the less soluble ones
such as phosphates are usualy entrained with ceregldiments (Lal 1976). Ths tends to
adversely affect water qualty from agricutturahds. This study is therefore amed at
investigatng P@P and NG@-N distribution in profiles of sois subjected tarous levels
of fertlizer management. It has the ultimate diyecof determining the potential impact
of Bnd management and the use of inorganic Zerslion P and N concentration in runoff
water in a sandy chy loam sail in southwesternemg

Mate rials and methods

Thestudy area

The study area is lbcated wihn the expermengainf of the Institute of Agricultural
Research and Trainhg (IAR&T) of Obafemi Awolowo idmsity, located in Ibadan,
Nigeria. Ibadan lies within latitude®  E to ? 7 E and longitude °350 N and 3 51 N.
The climate s humid tropical with bimodal rainfetkktending from March to October. The

average annual ranfall in Ibadan is about 1230 mith annual average temperature of
2rC (FAO, 1993). The solil, which is classfied as ®©Raleustalf (Ojo-Ateret al. 1990),

is derived from gneiss and schist parent materals.

The farm, which is approximately 10 ha in sie, wasssified based on its past land
management and fertiizer use histories into fdasses of about 2.5 ha each. () farmland
under continuous cultivation with continuous use feftiizer appled at optimum rate
designated as continuous cukivation with highiligent level (CTHF), (i) farmland under
continuous cultivaton with intermittent use of theer often below the optmum rate
designated as continuous cultivaton with low ligeti usage (CTLF), (i) farms with
continuous cutkivation with no fertlizer usage (BF), and (v) a regenerated forest (FR).
Data on the exact rate of previous fertlizer aptn on cukivated farm plots were not
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avalable. Each of the farmlands had been subjetdedt least 10 years of continuous
cultvation with maize, while the regenerated forbad been under undisturbed falow for
not less than 20 years. Each of these sies wasividdd according to landscape
postions into top, middle and lower landscape tiposi The cukivated plots had been
continuously culivated with maize crops only fol the cropping durations. At samping
tme, all the plots wih the exception of the FRdhust been culivated to maize. Fertiizer
(NPK 15:15:15) were appled on the fertlized plas May 20, 2001 and soi samping
was done about a month after (June 18 — June @4).20

Sanmpling procedure

Soil samples were colected for laboratory analyaesiepths of 0-15, 15 — 30, 30 — 100
and 100 — 180 cm at each landscape positons,dier do estabish the vertical distribution

of P and N in the soil. Samples were colected \aitlstainless steel Dutch auger. Three
repicate samples were collected from each plaelStores of diameter 13 cm and 15 cm
height were used to collect undisturbed samplesbidk density determination. Soil bulk

density was calculated after oven-drying as thesnwdssoil particles over the core volume
after correcting for gravel content, because ofgtaely nature of the soil.

Mini runoff colection troughs were instaled onethdifferent landscape positions (about
0.01 ha per site) across the land management tgpesllect runoff water and sedments.
Runoff colection was done for four successive falin spannng June 19 to June 24,
2001. The runoff water and sedments were analjpedNOs-N and P QP contents.

Laboratory analyses

Soill pH was determined in 0.0IM CaClwhile sol organic carbon content was
determined by chromic acid oxidaton Method (Waklend Blck 1934). Exchangeable
cations were extracted with normal neutral amnmonacetate solution; and the Ca and
Mg contents of the extract were determined wihmatoabsorption spectrophotometer.
Soil exchangeable acidity was determined by barichioride-triethanolamine extraction

method (Mehlich 1948). Nitrate in the soil extragas determined in a Technicon AAl1l
autoanalyser (Technicon Instruments Corp. 1973)thade while available phosphorus
was determined by a modified Bray 1, (Bray and KW%65). Particle size analysis was
determined by hydrometer method (Bouyoucos 195f@r alispersing the soil suspension
with sodium hexametaphosphate (Calgon). Phosphate ritrate n the runoff were

determined using standard method described by AP1985).

Re sults and discussion

Soil properties

The means of the physical propertes of the sal shown in Table 1. The soill was
slightly acidic with pH increasing from 5.46 withthe top 0-15 cm of the sol to 5.51 at
the 100-180 cm soil depth. The sand content ofsthiedecreased down the profie whie
clay increased down the profile. The soil is gellyegravelly with gravel contents as high
as 62% between 100-180 cm soil depth. The soll'ss PO exchangeable acidiy,

exchangeable Ca and Mg, and organic carbon akased down the profie, whie NOI
distribution in the sol profile showed no definigattern (Table 2).

117



Table 1. Mean (across al landuse types and landgma classe s) of profile distribution
of soil physical properties in the an alfisol in Ifladan, Nigeria (Vaues in columns
followed by the same letter are not significantly dferent at p=0.05 according to
Duncan’s Multiple Range Test)

Soildepth  Bulk pH Sand Silt Clay Gravel
(em) density (CaCl)

(mgm*)

< (%) >

0-15 1.48 5.46 69.54a 11.74a 18.74b 51.61bc
1530 nd 5.4¢ 69.48: 9.25¢ 23.60t 48.94
30-100 1.56 5.46 47.87b 9.53a 43.31a 58.11ab
100-180 nd 5.51 39.51c 10.19a 46.44a 61.75a

nd = Not determined

Table 2. Me an (across all land management types atahdscape classe s) of profile
distribution ofsoil chemical propertiesin an alfsol in Ibadan, Nigeria. (Data in
columns followe d by the same letterare not signifantly difie rent at p=0.05
according to Duncan Multiple Range Test)

Soil depth  NOs-N POrP Ex. Acidty Exch. Ca Exch. Mg Organic
(cm) (mgkg) (mglkg) carbon
<«——— (cmolkg) ——» (gkg)
0-15 4.28a 4.94a 115a 8.12a 157a 9.80a
15-30 4.08a 1.18b 0.93a 3.27 1.18b 7.10b
30-10C 3.04 0.47c¢ 0.69 2.75 0.73 5.20¢
100-180 4.21a 0.76¢c 0.81a 2.24c 1.00b 3.70d
Std. error  0.76 0.25 0.08 0.51 0.23 0.64

Effects of landusetypes

Table 3 shows the response of sal buk densiytheo different bnd use systems. The
surface (0-15 cm) soil buk density was highesbqImg n¥) under FR and lowest under
CTNF (1.42 mg m) when averaged across the landscape postions.evowthe bulk
density of the surface soil under CTNF was signifity lower (P = 0.05) than under both
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CTHF and the CTLF plots, whie there was no sicpit difference between CTHF and
CTLF. The signifcantly lower buk density (P = B)0of the cultivated plots compared to
the forested plot (FR) may be as a result of langeeffect of tilage operations during
cultivation. Unger and Jones, (1998) and Franzkembbet al., (1995) similarly recorded

lower soil bulk density of surface 0-10 cm soil endcontinuously cukivated plts

compared with no-tllage plots. The sub-surface-1@ED cm) soil bulk density was

significantly higher than the surface (0-15 cm) @i the culivated landuse types. There
was however no signficant difference in the sulfase (30-100 cm) sol bulk density
among the different land management types.

Table 3. Re sponse of soil bulk de nsity (mg # to the land manage ment (fertilize r)
types

Soil de pth Land use type Statistics
(cm) CTHF CTLF CTNF FR SE % LSD
G-1t 1.4¢ 147 1.42 1.5¢ 0.01 0.04
1530 nc nd ne Nd

30-100 159 155 152 151 0.03 0.11
100-180 ND ND ND ND

Std. error 0.01 0.02 0.04 0.02

LSD 0.03 0.05 0.13 0.06

CT HF =Cudtivation with high rate of fertilizer ajigation
CT LF = Cutivation with low rate of fertilizer apphtion
CT NF =Cutivation with no fertilizer applied

FR =Regenerated forest

nd = Not determined

Table 4. Re sponse of soil pH to the land manag e me(fe ttilizer) types

Soil de pth Land use type Statistics
(cm) CTHF CTLF CTNF FR Std. error  LSD
0-15 5.22 5.33 5.70 6.17 0.18 0.50
15-30 5.2¢ 5.32 5.62 6.1( 0.1 0.4C
30-100 5.17 5.33 5.60 6.13 0.11 0.32
100-180 5.00 5.40 5.63 6.10 0.11 0.33
Std. error  0.17 0.06 0.05 0.07

LSD 0.50 0.17 0.19 0.26

CT HF =Cudtivation with high rate of fertilizer ajigation;
CT LF = Cutivation with low rate of fertiizer appétion;
CT NF =Cudtivation with no fertilizer applied;

FR =Regenerated forest.

Soil pH generaly decreased down the profle urakland management types (Tabke 4).
This may be due in part to the high rainfall in #ea. The heavy rainfal causes excessive
leaching of basic cations from the exchange site$ the substitution of these by hydrogen
ions and this depresses the soil pH. Signifcafferdinces in sol pH were observed
among the diferent landuse types. The soi und@rwras significantly less acidic (pH =
6.17) compared to the continuously cultvated pldihe sol pH dropped significantly by
a unit of 0.95 in FR compared with CTHF pbt, mehivthe diference between the FR
plots and the CTNF plots was not statistically igigmt at the surface (0-15 cm) soil. The
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soil under CTHF was significanty more acidic thather plots. Increased acidty with
continuous cultivaton has been reported on sdisthe tropics (Aina 1979; Jaiyeoba
2003). This can be attributed to a combinationhef &ffects of sol nutrient removal with
harvested crops and the leaching of exchangeabilensacaused by the prevalent heavy
rainfall conditions. The bio-cycling of organic meat and nutrients ensure the
repenishment of removed nutrients under forest.

The effects of landuse type on sol N® and PQ-P is shown in Fig 1. The soil R® is
concentrated on the top soil layer decreasing ghdgwn the profie. This was the case
across all Bnd management types. The FR sol hewagcumulated the highest amount
of POy-P in the top 0-15 cm soil layer folowed by CTH&hd management type. The
value was lowest for the plot wih no fertiizerage (CTNF). This may ndicate that the
soil P level is stil below saturation. Meanwhibe soil nitrate decreased down the profile
across all the bnd management types with the #omepf the CTHF plots where it
significantly increased down the profle (Fig 1).hel forest soil also had the highest
concentration of N@N, at all depths sampled. There was however naoficimt
differences in CTHF and FR treatments at about ciB0of soll depth. At a depth of 180
cm, the sol N@&N content under CTHF management (5.8 mykgas almost twice the
value under CTNF (28 mgRy The chyey nature of the subsol may imit thal s
permeabiity at this depth thus favouring B retenton at lower depths. This may
exphin the sight ncrease in soil content of ND at a depth of 100-180 cm across all
land management types. The sois rich n organidtemainder the forest and the humid
tropical environment provde an enabing environiméor quick mineralsation of organic
matter and the production of N rich sol. The fairly signifcantly high soil gfile
distribution of NQ-N is an indication of leaching of applied N andhpto the capacity of
agricultural land use to negatively impact the MNDconcentration of ground water.

Effects of landscape position

Figure 2 shows the distribution of soll pH, B8 and PQ-P under the different landscape
classes. There was no consistency in the distribuf pH throughout the profie under
the diferent landscape posiions. For exampk, géheraly decreased down the profile
for lower and upper landscape positions whie tbeemrse was the case in the middle
landscape position. Sol pH was however lowesthan upper landscape and highest n the
middle landscape position. This & consistent with findings of Zebarthet al., (2002)
that reported no consistent relationship betweeih @d dstribution and landscape
postion.

The soil NG-N content was farly uniform on all sampled dep#isthe lbwer landscape
postion. It decreased wih depth at the middleddaape position and increased with
increasing depth at the upperslope positon. Theslope posiion also had the highest
concentration of sol N@N. This was however not consistent wih findings Boemer
and LeBlanc, (1995) who observed a significantghdy soil cocentraton of NN n the
lower landscape positon.

Soil PQi-P was concentrated more on the surface 0-15 chinsthe three landscape

postions with the midslope position also recordifigg highest P@P distribution while
there was no signifcant diference observed amibeg different landscape postions at
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lower sol depth. Zebartlet al., (2002) simiarly observed no difference in siitribution
of P among diferent landscape positions

NOsz-N and PO 4P in runoff

The PO-P concentrations of the runoff water under CTHRd lasnanagement practice was
highest (34.6 mg %) folowed by CTLF (19.8 mg t), whie it was least under CTNF
(7.5 mg LY. There was no significant difference between CTal FR management
practices (Fig. 3). The high R® load of runoff water is associated with appled
fertizers which are apparently transported withl particles detached from soil surface
during erosion process. However the NO content of runoff water differ significantly
among the different Bnd management practices. Tighest concentration was also
recorded under the CTHF management practice. Téeagey volume of runoff water from
the cultivated plots at the time of sampling wasualgl00 L/ha for each rainfall. The NO

N concentration of about 15 mg/L in runoff undee 8 THF plots translates to about 0.6
kg hat of NOs-N being added to the water bodies in the catchniéms would be higher
immediately after fertiizer appication, a perigdhen the surface cover is stil sparse and
erosion 5 at maxmum. The continuous addition heé foad of N@-N and PQP with
runoff water from agricukural land may negativatgpact the surface water resources of
the area.

The effects of landscape position on runoff loadN@s;-N and PQ-P s presented n Fig 4.
The lower landscape positon had the highest ctragien of both N (17.6 mgH and P
(39.6 mg LY. The lower slope represents the deposition zoheravthe concentration of
ions in runoff water is expected to be high. Thasteconcentraton of P and N in runoff
was recorded in the middle landscape position
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Fig 1 Effects of management options on (a)s#POand (b) N@N (mg kghdistribution

Fig. 2

Fig 3:

Fig. 4

in sol wih depths of sampling in an alfisol in dlaa, Nigeria.. CTHF = Cultivation
with high rate of fertiizer application; CTLF = ltwaton with low rate of
fertlizer appication; CTNF = cultvation with nofertizer appled; FR =
regenerated forest

Soil profie distrbution of (@) pH, (b)@-P and (b) N@N (mg kg) in different
landscape positions on an alfisol n Ibadan, Ngeri

Effect of farm management options on ND and PQ-P (mg L) load of runoff
water in an alfisol in Ibadan, Nigera. CTHF = @alion with high rate of
fertizer applcation; CTLF = -culivation wih lowrate of fertizer application;
CTNF = culivation with no fertiizer applied; FR regenerated forest. Bars with
the same alphabets are not significantly diffel@n® = 5% according to Duncan's
Mutiple Range Test

Effect of landscape postion on the N and PQ-P (mg LY) load of the runoff
water on an alffisol in Ibadan, Nigeria. Bars withe tsame alphabets are not
sgnificantly different at P = 5% according to Dants Multiple Range Test

124



TA

(wo) yidep j1os

20

40

60

80

100

120

140

160

180

200

Phosphate content

5

10

20

40

60

80

100

120

140

160

180

200

Nitrate content

0 5 10 15

i 1

il ~--4-—- FR
~--m—- CTHF

. —~-A-— CTLF
-8~ CTNF

i .




oIt

(wo) yidap |10S

120
140
160
180
200

Soil phosphate

2

4

P

Soil nitrate

20 A

40

60

80

100 -

120

140 +

160

180

200 -

Soil pH

20

40

60

80

100

120

140

160

180 A

200 -

-—--e-—- Lowerslope
-—-m-—-- Midslope
-—-- A —--- Upperslope




NO3_N
PO,-P

o)
=
Bl e e e
« H]
N
) T T T T T T T
Lo o Lo o Lo o Lo o
™ (0] AN (9\] — —

areydsoyd % areJllu jjouny

CTLF

CTHF

Land management

127



Runoff nitrate & phosphate

45-

40+

351

30

257

201

151

107

Middle

Lower

Landscape position

128

NO,-N
PO,N



