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Effect of hedgerow species in alley cropping systems 
on surface soil physical properties of an Oxic Paleustalf 
in southwestern Nigeria* 

N.R. "Iulugalle, and B. T. Kang 
Soil scientists, IITA, Ibadan, Nigeria. 

Introduction 
Shiftingcultivationandrelatedbushfallow 
and slash-and-burn cultivation systems 
(I-3 years cropping alternating with 4-10 
years of fallow) continue to be widely 
practiced by smallholder farmers in the 
humid tropics of Africa (Lagemann 1977; 
FAO 1978). Rapid population growth has, 
however, resulted in shortening of the fal-
low period in many areas, with a conse-
quent increase in soil degradation and de-

* Slightly adapted from an a:ticle originally published in Journal of Agricultural Science 

(Cambridge.UK) 114:301-307 (1990). ReproducedbypermissionofCambridgeUniversity 
Press. 

I. Present address: tITA humid forest station, Mbalmayo, Cameroon. 

Sustaining the production base of farming, as well as Increasing Its productivity, 
Involves a study of soil properties in relation to cropping practices/system3. Alley 
cropping, or the growing of tree crops In hedgerows with annual or seasonal food 
crops, has shovn multiple benefits. This article, which reports the long-term 
effects of growing four tree species (two leguminous and two nonleguminous) on 
physical properties of the surrounding soil, finds those effects related to the 
quantity and quality of mulch specific to each tree species. Itforms part of IITA's 
many studies on the role of alley cropping In Improving agriculture in tropical 
Africa. 

cline in crop yield (Lagemann 1977; FAO 
1978). Alley cropping has been proposed 
as an alternative to shifting cultivation, to 
sustain crop production and reduce soil 
degradation (Kanget al.1984, 1990). Al-
icy cropping is the growing of food crops 
in alleys formed by hedgerows of trees or 
shrubs, preferably N-fixing leguminous 
species, that are pruned during the crop 
growing season tominimize shading of the 

food crops. The prunings are used as 
mulch or incorporated as green manure 
(Kang etal.1981, 1984, iN5, 1990). 

Alleycropping results in improvements 
in soil chemical properties and nutrient 
cycling, erosion control, and weed sup
pression, in addition to providing fodder, 
stakes, and firewood (Kang et al. 1981, 
1984,1985, 1990;KangandGhuman 1989; 
Mwenye 1984; Yamoahetal. 1986; Young 
1986, 1987; Lal 1988). Information is 
sparse on the effects of alley cropping on 
soil physical properties, particularly with 
respect to the effec: of hedgerow species. 
Results from a few studies conducted in 
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southern Nigeria suggest that improve- hedgerowks and application of the prunilgs Table 1. Effect of hedgerow specieb on 
lnents in soil physical pioperties were as mulch in the interhedgerov spaces. particle size distribution (%) in the 3
greater with Letictiaena Icuoice/ita/a Crops were planted at a i opuatit oOf 0.05 m depth of an Oxic Paleustalf in 
hedgerows than with Gliriiidia spi nin 40,(8lplantslha-. ledge.,iwswerelpruned Ibadan, Nigeria, on 31 January 1989. 
liedgerows(K,, ag andGhunan I 989).and 
that Cassia siamea hedgerovs were better 
than Gliricidia sepim and IFhO ilgiu 
congesta hedgerows (Yamoah et a. I1986). 
Compared with other treatments, alley 
cropping resulted in better soil physical 
properties (Yamoah ci al. 1986; Kang iid 
Ghumi::n 19891. The effects of other 
hedgerow species on soil physical proper-
ties are, however, unknown. This study 
quantified the long-ten effects of alley 
cropping with two N-lixin; leguninous 
speciesand twononleguminous indigenous 
species on the surfaee soil physical proper-
ties of an Oxic Paleustalf in southwestern 
Nigeria. Observations were nlade in ait 
ongoing trial established since 198 1. 

Materials and Methods 
The experiment was conduct J at tie hi-
ternational Ilstitute of Tropical Agricul-
ture OITA)site in lbadan (7 30'N.3°54'') 
in tle forest-savanna mosaic zon. of 
southwestern Nigeria. Mean annual rain-
fall is 1251 nun, vith a bimodal pattern. 
The rains usually coninTieCe in late March 
aid continue until early Noveniber. witi a 
short break during the July-AUgust period. 
The dry season lasts fron November to 
March. 

The soil at the experimental site is i 
clayey, kaolinitic. isohypertliernic Oxic 
Paleustal fofthe Egheda series with asandy 
Ioanl topsoil at. a:1sandy clay subsoil. A 
layer of angular and subangular quarz 
(gravel layer) Occurs at a depth of 0.20-
0.30 it (Moorian et ill. 1975). 

A randomized coniplete block design 
was ised, witlh three replications. There 
were five treatments, consisting of four 
hedgerow species (Lei'caena itc-
c,nhala. Gliricidia sepittm. Ahltoroea 

di, ha, and Aciou harteri) witI 
interhLgerow spacings of4 tn and a con-
trol with no hedgerows. Within hedgerows. 
the plants were spaced at 0.25 m intervals. 
Plot size was 6 x 24 m. All plots received 
fertilizer at a rate of 45 kg N, 20 kg P,and 
20kgKperhectare. Fertilizerwasapplied 
only to the main season (April-July) crop, 
maize (Zea mavs). No fertilizer was ap-
plied to the minor season (August-Octo-
ber) crop, cowpea (Vigna unguicttau 
Walp.). A minimum tillage system was 
used (La1 1987). Preplanting land prepara-
lion was done by spraying 0.5 kg ha-t a.i. 
paraquat, followed by hand pruning of the 
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at 6-8 week intervals during tle crow iing 
season. 

Soil physical m1ieasureillenits v,ere car-
tied oi before and during the maize 
ciopping season of* 1989. Five soil core:i 

(51 fml high and 5 1ml in diatieter) were 
randollly collected froni liel-0.05 i depth 
in all plots oii 31 January itd 6June. They 
were taken to the laboratory and saturated 
by capillarity for48 It. Soil water retention 
at saturation, and at potentials of - 1t kPa. 
- 100 kPa. and - 1500kPa were determined 
using pressureplateapparatusi(Klute 1986). 
Penetrometer resistance in the 0-01.012 fi 
depth was dctermined on tie same cores 
after they had equilibrated at these inois-
ture potentials, as described by IlI lugalIC 
and Rodriguez (1988). Bulk density of the 
cores was detenined after oven drying at 
105'C. Apparent pore-size distribution 
was inferred from tile soil water rL i1tion 
characteristics using tie capillary rise 
equation ./= -2 Urt),. where i//is soil w:ter 
potential. isthe radius of the curvature of 
the interface (i.e.. pore radius). G is the 
surface tension, and p, is the density of 
water (Campbell 1985). Composite soil 
samples taken fron the 11-0.05 indepth of 
.ll plots on 3 1January 1989 vcre airdried, 
ground, aiid passed tlrouglh a 2-nim sieve: 
particle size distribution skias determined 
with the hydrometer nethod (Klute 19861. 
Diurnal lariation in soil temperal tire at a 
depth of 1.05 inwas monitored with mer-
ciry-in-glass bent stei-soi licrmometers 
ott 3 Fehruary, 2March, 4 April, 27 April. 
25 May, and 4 July 1989. Soil water 
content in the 1.02-0.17 i depth adjacent 
to the thermometer was concurrently 
nleasured by graviiietricsanriplingat 14(110 soil bulk density (Mg M- 3) in the 0-0.05 rn 

I'article size (Isnihutiioii 

Ilcdgcro spccies Sant (tliv Sill 

Aith'iiawpdi ,ii 72.) 12. 12.1) 

L.'na 
h'i *, cs,/alh 76.11 12.7 11.3 

Acioa hatteri1 76.0 12.7 I1.3 
Cotirol /4.7 12.7 12.6 

+ StF 1.84 0.7-1 0.92 

:Iudies, which inficate that soil erosion 
n tes ald, hence, los,'es of tile line soil 
component (silt + clay) are lower wih 
alley c.,pping (Lal 1988; Ki:ng and 
Ghunian 1989). Exposure of the clay-rich 
subsoil with the higher erosion rates in the 
control, however, may nave resulted in 
similar values of sanl, silt, and clay con
lents (Lal 19761. 

Soil bulk density. Bulk density in the 1
1.05 indepth was not significantlyaffected 
by date of sampling (Table 2). Bulk den
sity averaged over both dates of samipling 
was lowest with L. hncmove/ltola, and 
highest in the control (11< 0.05). This may 
have been due to addition if large aiiournts 
of*L. hmi ocelhal pruntings as mulch and 
lhe absence of suchadditions in the control 

(Table 3). Mulchitg is known to inprove 
soil physical properties (Lal 1987). Bulk 
density did not differsignificantly between 
alley-cropped plots. 

Table 2. Effect of hedgerow species on 

hours oi the sante days. Water infiltration 
was measured overa 2 I perad in February 
with a double-ring infiltronieter. Water 
infiltration results were analyzed follow-
ingPhilip'sequation, i=S/(2qt)+A,where 
Sis sorptivity,A is transmissivity, t is time, 
and i is infiltration rate (Philip 1957). All 
data were analyzed by analysis ofvariance 
for a randomized complete block design 
(Little and Hills 1978). 

Results and Discussion 

Particle size distribution. Particle size 
distribution was not significantly affected 
by any of the experimental treatments 
(Table 1). This result is in contrast to other 

depth of an Oxic Paleustalf In Ibadan, 
Nigeria, in 1989. 

Bulk density 
Hedgerow species 31 Jan 6Jun Mean 
Gliricidia.oium 1.31 1.34 1.33 
Ahchioriacordifolia 1.36 1.43 1.40 
Leitucaena 

ki'worephala 1.26 1.35 1.31 
Acioa harteri 1.31 1.36 1.34 
Control 1.36 1.46 1.41 

Mean 1.31 1.39 
± SE: 	 Between dates = 0.024; between 

hedgerow species =0.031; between 
hedgerow species for same date = 
0.044; between hedgerow species for 
different dates = 0.046. 
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Table 3. Biomass dry weight (t ha-i) of prunings I of hedgerows du,'ing the main 
season In 1989 in ibadan, Nigeria. 

Pruning date 

Hedgerow species t0 Apr 22 May 27 Jun Total 

Gliricidiasepium 1.08 2.03 0.42 3.53 
Ahhornea cordifiia 2.48 0.99 3.47 
Leucaena leucocephala 2.43 1.33 0.63 4.39 
Acioa barteri 2.76 - - 2.76 

±SE 0.31 0.16 0.07 0.37 

1.Includes leaves and young green parts of the stem. 

Soil water retention, apparent pore-size 
distribution, anid penetrometer r-esis-0 
tance. Soil water content at saturation in 
the 0-0.05 m depth on 31 January was in 

the orderL. leucocephala>A. harteri = G. 
sepiun = A. cordifolia> control (P <0.01)1 
(Fig. I). On 6 June it was in ihe order L. 
leticocephala = G. sepium > A. Nirteri = 
A. cordifolia = control (P < 0.05). The 
water content values at saturatior, in the 
various treatments appear to reflect !he 
quantities of prunings returned as mulch 
(Table 3). Lal (1987) also reported that 
water content at saturation increased in 
proportiontotheweightofmulchapplied. 
Soil water content at - 10 kPa did not differ 
significantly between treatments on 31 
January, but was significantly greater (P < 
0.05) in A. cordifolia plots on 6 June that; 
in other treatments. This was primarily 
duetoahigherincreaseintheproportionof 
micropores (pore radius, r < 1.4 pm) in A. 
cordifolia plots,as will be discussed later. 

Pore-size distribution in the 0-0.05 m 
depth differed significantly (P< 0.01) with 
date of sampling. Measurements on 31 
January and6 June showed that the propor-
lions of macropores and micropores de
creased and increased, respectively, with 
time (Table 4). Proportions of mesopores 

(r = 1.4-14.4 gm) were, however, not sig- 
nificantly affected (Table 4). The decrease 

in proportions fmacropores and increase 
in micropores was largest with A. cordi-
folia hedgerows. 

Penetrometer resistance in the 0-0.02 
m depth at -10 kPa did not differ signifi

cantly between treatments on either 31 
January or6 June (Fig. 2). At-100kPaand 
-1500 kPa, the largest values of penetrom-
eter resistance were observed on both sam
pling dates in the control and A. cordifolia 
plots. At the same potentials on 31 Jant,-
ary, penetrometer resistance was signifi-
cantly lower (P < 0.05) in L. leucocephala 
plots than in all other treatments. D-
creases in penetrometer resistances at PO-
tentials of -100 kPa and -1500 kPa were 
observed inL.leucocephalaG.sepium,and 
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A. harteri plots over the period 31 .!anuary 
to 6 June. The higl'er penetrometer resis

lances in the control andA. cordifolia plots 
suggest that surface crusting was greatest
with these treatments. 

The above changes in soil water reten
tion, pore-size distribution, and penetrom
eter resistance indicate the degree of soil 
compaction and crust fonation that oc
curred between 31 January and 6 June. 
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Figure 1. Effect of hedgerow species on soil water retention In the 0-0.05 m depth 
of an Oxic Paleustalf In Ibadan, Nigeria on (a) 31 January and (b) 6 June 1989. (A) 
Gliricidia septum; (o)Alchornea cordifolla; (0) Leucaena leucocephala, (0) Acloa 
barterl(A ) control; I = SE of mean. 
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Figure 2. Effect of hedgerow species on penetrometer resistance In the 0-0.02 m 
depth of an Oxic Paleustalf In Ibadan, Nigeria, on (a) 31 January and (b) 6 June 
1989.(A) Gliricidla septum; (o)Alchornea cordlfolla; (e) Leucaena leucocephala 
(0), Acloa bartari (A) control; I =SE of mean. 
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Tible 4. Effect of hedgerow species on the percentage of macropores, mesopores,
and micropores In t&" 0-0.05 m depth of an OxIc Paleustalf in Ibadan, Nigeria, In 
189. 

Hedgerow species 31 Jan 6Jun Mean 

Macropores (pore radius > 14.4 p~tm) 

Glirii'idiasepin 69.2 6.2 
 65.7 

Alch'or/iee cordijolia 73.8 54.2 64.0 
Let aeintleuLoc pThahi 72.5 63.0 67.8 
Aroua Iarleri 71.9 65.5 68.7 
Control 71.6 62.8 67.2 

Mean 71.8 61.5 
+ SE: Btlween dates = 0.55: between hedgerow species = 2.04; between 

hedgerow species for same date = 2.89: between hedgerow species for 
different dales = 2.64. 

Mesopores (pore radius 1.4-14.4 pi) 

Gliricidia.i'piwn 12.1 9.7 10.9 

Ah/Icornea ciiidiidlia 10.3 8.3 9.3 

Lewutena lea "ociiphlia 12.0 8.5 10.2
 
Aioot ir 11.1 8.11 9.6 

Mean 11.4 9.1 1 

+ SE: Between dates = (.53: between hedgerow species = 0.76; between 
liedgeross species for same date = 1.07:between hedgerow species for 
diftferent dates = 109. 

Micropores (pore radius < 1.4 .r) 

Gliricidia.selliuln 18.7 28.1 23.4 

Alisrnea tordifiia 15.8 37.5 26.7 

Lui ac, leotoieihaht 15.5 28.5 22.01 

Aioahilt'ri 17.3 26.5 21.9 

Control 17.1 26.1 21.6 

,lean 169 29.3 
+ SE: Bletween dates = bet%een hedgerow spccies =0.17: 1.6(1: between 

hedgerow species for same date = 2.o, between hedgerow species for 
different dates = 2.03 

Table 5.Effect of hedgerow species on water Infiltration characteristics, measured 
In February 1989, of an Oxic Paleustalf Ir Ibadan, Nigeria. .. 

Infiltration characteristics 

Sorptivity Trahottisivity-2 Infiltration ratet 

Hedgerow species 011n) rin-05 f rmn il ) at2 It (nm min " 

I) 


GNirjiidiia N(sitmr 28.22 (3.34)t 1.49 (2.44) 2.53 (0.9)3 1 
lhhora ordifIia 12.81 (2.55) 1.46c .43) 1.96((0.67) 

L.encena heiii'ieplhht 31.50 (3.45) 0.10(2.311 1.59 (0.16) 
A(ioa barteri 24.78 13.21) 2.09(2.49) 2.87 0 .051 
Control 38.86 (3.6o) -I .03(2.191 0.79 (-(.23) 

±SE (0.3() 0).0166I) ((0.2(0) 

1.Values in parentheses arelog-transffonned values of0. is the untransformedihere f.%)
value. 

parentheses are (I)+.I2. Valies inl log-translorield salhues of whlere (.riis thteuttrait.fonnedvalue.vattie. 

Soil coinpactin and cruiSting in The differential soil cornpaclionand rust-
nonmechanized larning systetm, resuilt ing between treatments rellect tle pruning 
from huIatn traffic duri g planting, prun- freluencv, and the quantity atnd qtality of 
ing. weeding, and fertilizer app lication. prunings retainedasmulch.L. haniocephala 
and fronthigl-intensity rainfall which oc- and G..sepitftn hedgerows produce large 
curs in humid tropical regions (Lal 1987). qt ntitiesofeasilydecomposablepruniings 
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at frequent intervals, whereas A.hartri 
produces smaller quantities of slowly de
compw:able prunings less frequently (see 

earlierdiscussion and Mwenye 1984). The 
net effect is, however, si;,,ilar, since the 
soil surface is effectively protected from 
the compactive effects of both rainfall and 
traffic forextended periods by the prunings 

of L. letwocephala, G. spiurn, and A. 
barteri.A. cordifria,which produces only 
moderate quantities of moderately de
composable prunings (Mwenye 1984) 
compared to L. l'ucocephala.G. sepium, 
and A. barteri,provides less protection to 
the soil surface. Soil compaction is, 
therefore, higher in A. cordifolia plots 
during the growing season. 

Water infiltration characleistics. 

Sorptivity determined during the dry sea
son in February 1989 did not differ signifi
cantly between treatments (Table 5). 
Transmis..ivity and infiltration rates at 2 h 
were, however, significantly larger (P < 
0.05) in alley-cropped treatments. The 
increases in infiltration rate and transmis.
sivity may have been due to an increase in 
the number of subsurface transmission 
pores (r>50 pm) caused by d2caying roots 
and high earthworm populations, both of 
which are features of aley cropping sys
whic ae fetue oa ng sys
tems (Ball 1985: Kang etal. 1990). 

Diurnal variation in soil temperature. 
Soil temperature at adepth of 0(1.05 m was 

significantly lowerinL. letwo'ephala plots 
on 3 February (P <0.01) and I April (P < 
0.05),and in A. harteri plots on 27 April (P 
<(0.01 ) (Fig.3) than in the other treatments. 
On 25 May, s:il temperatures in A.barteri 
and L. h'u'ocep/tala plots were signifi
ciantly lower (P < 0.01)than in tiecontrol. 

The differences in soil temperature on each 
day ofmeasurement were reltted to differ
ences in soil water content. Soil tempra
lure was related to soil water content inthe 
';.02-0.17 in depth (111 3 

l-3r,( )thus: 
Tinx - 40.20 exp (1.60 x 1(-20), 
r2 = 0.70*** (P .(X)I = 90;= ), it 

where Tma5,5 is maxitlum diurnal soil tem
peralure (CO ata depth of 0.05 tn. Iligh 
soil water contents aIre known tohave asiIwtreitnsaekont uv 
'danmping' effect on soil temperature 

(Campbell 1985). Differences in soil wa
ter content inturn were attributable to 
differences in ground cover, either from 
better growtl and shading effect of the 
shrubs (e.g.. 2 February and 4 April) 
(Mwenyc 1984) or frot thicker mulch 
provided by prunings of the shrubs (27 
Apriland 25 May), whichcreateddifferen
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Figure 3. Effect of hedgerow species on diurnal variation in soil temperature at a 
depth of 0.05 m in an Oxic Paleustalf in Ibadan, Nigeria on (a) 3 February, (b) 2 March, 
(c) 4 April, (d) 27 April, (e) 25 May, and (f) 4 July 1989. (A)Giricidia seplum; (o) 
Alchornea cordifolia; (0) Leucaena leucocephala (0), Acloa barteri (A) control; 
I = SE of mean. 

tial palterli o f stil sater evaporatioin. 
When ,oil .atc clntent was %,cry lr 12 
March otr 'cry high (4iJty). groiuid cter 

did not result in dilfhrences in soil water 

content. atnd hence soil temperatLure. 

Conclusions 
Sroii ci illipac ttaionl ad inaiIlItni diurlal 
ictilemperatuLres \wereliwer anid \\iler illIil-
tration greater wilth alley cropping than in 
tile cottirol. Aminig the l ,edgerow\species 
stlUdiCd. Soil Ci'inpaIltio \ ;as. ill g ic ral. 

loswer \\ith I. ( tt t ltal hetttgciedg\ . 

althoug hi A. /irtoiri Itcrdge row N had an 

atralive ef fect on sioil tlliperaltre. II 

it shrub produtced either large quantities of' 
casily decoinpisable prunings freluently 
or slialltr qu:Utikics of slowly deconpos-

able prunings less freqaenly. I ledgerow 
species that canIrequently produtcC large 
tlUl lilis of' p"irnilgs whih decompose 
sloply niy. therefore, be ihe lost desir-
able Ilor al lcy cropping, systemis. 

References 

Ball. 1, 11)S. Root tlisrhtuititn and nttrieit 
c) cling i1 tll l :ree Qlirtili, or allere stilable 

tipjiiit in Ile h1 iid IrOlpic. NI.SC. lhesis. 

U i il. il (of heli.Ontario. (atmrila. 

(anilcl!. (;.S. 9qn5.Soil pIt, ics \%iiltIASt(-. 
shlouldhli no11.td. Iio)\\e\'r, (ill ihe diffecr- EkIe,%il. Allisteldaill. [liet.Ncll nhds.ltedilet-sltitiltatbeittied.litwevr, sester Attsieiati. ic Niheails.. 

nti;.ll effet s of*"I l -\. speck aini h[lie 
ctilirol til sulftce soil phy ,sicalilpertie: , 
ill adtinit to bein- cased blv direct short-
tlert realtment cfeel s iiv inW,discussed, 

part also be dtilto Illig-lelll cumLInLilative 
treatment effects. Somne )I the facttrs that 
aflcied suri~lce soil physical properlieN 
\kere pruning IreqLtCiicy. aMid .i1ndntLilatil 
qiUllity ofiltie prUnilngs prottucetl h thle 
hedgerows. improvements in soil physical 

A() intl Aoi culltlr (ilraitai/iitn 	 ill tile
ril'd Natirol ). 1'i75. the s tt it lfott i 

aerictlittre V)77. FA). Rome. lial. 

I huItigalle. N.R. intl MS. Riidhigute. 19X. Soil 
ph sical lirtperlies 1itied ritlges ill lie Sudan 
sal annaih of Iturkinia I:it . Fsprimteniial p 
ruli tire 2-.1:375-3-. 

Kaim_-.I... and I.S. (Ihiamn. I'is). Ally crtop-
ping a'. a itsilaiiable crop prodution ,\lien. 

thell Papler pte'.niled at Internaitti al W\orkltp oiproperties kcrc more likely to iccur .w 

LISA. 

-lll 1. 1 ai Verlg. Miti cli. 

"Ial.R. 1976. Soil erosion problemts onal All isol 
iil western Nigeria and their cttirol. IITA.
lhatit.Nigeria. 

I il. R. 19')7. Tropictl ectology and phtysicatl
ill. tg18.Til W ly t h ysi l 

('hichcter.dalhology. John Wife%, UK. 

i. 	 R. 1998, Soil ero,io contill itt.le) 
cropping. Iper p.ettd at it Ittiertitionil 
StiilCosersantion Coct.leenite., I -29Jan 198, 
Billii o . I haihill. 

title. TM.. and F.. Itill,, 1978. Agricultural 

eXp riliienatiii: I)esigi and analysis. Johln 
viIcy, New York. lISA. 

Noornann. F.R.. R. 1,al, and A.S.R. Jitto. 175. 

tlh, smisil 1 IA. IlTA. I;adai. Nigeria. 

NIicnyc. R.W. 1'84. Stutly of Iiiiiiss prtni.ic
lion.nuirielt ;lllcrtop perrltirilance il' Iour
wiody specie alley Crolped wilh Itniii/e. 

tarirniing Sys ems t'rigrain Project Reptirt. 

ITA. IMilan. Nigeria. 
'I 

Philip, J.R. 1957. Tie theory Ilofinliltration: 4. 
Sor1'tisity and algebraic inflirltion equatir. 
Soil Science 84: 257-264. 

aiItah. (.. A.A. Agotoa. G. F. Wilsiin. and
 
K %lhlg 3 ) m ~ovlca l
tNttltincy '16. Sotil properties atsat
clected by tilte it ofi i intits slrui Ior 

crtlplr itg i Inli.aic.. Agrictillure. Ei..55 te ls ant Itnirtiinte niIX: 167-177. 

Yonig. A. 1986. The ptentill o1agrtoloresIry for 
soil c iisersatititi. i I: Irisoni contrl. 
Winking Paper Ni. 42. Ierniatliitinal Cluncil 
Ii r Agrioloirestr\. Nairili. Ket )a. 

Yoting. A. '187. The poiletilial of agroforesry lill 
soil clisers ali, Parr If: Mailenance til soil 
lertilily. Workiig P'aper Nor.43. ittrntaitioal 

(ouncil lo Agroiretr. Nairtobi, Ken\a. 

ITA Researct No. 3 Septermber 1991 18 

http:prtni.ic

