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Absind: On 0 Ferralic-haplic Acrisol (rerre de barre non d~grad~) in Sourhem Benin 
Republic, four years afrer lhe esrabll<hmenr of Ihe hedgerows. yields of maize and cassava 
alley cropped wirlt Leucaena leucocephala and Cajonu. caj:Jn were no beller Ihan Ihose in 
control plots withoul hedgerows. Reduced crop yields were mainly due to competition wilh 
the hedgerows for w.ater and nutrients. as Indicated by lower soU moisture and nUrocen
nitrogen COnCenCf.1tions in the soil solution and high roat-Iength densities in plots with 
hedgerows. Nilrogen balance dara showed rhar Ihe benefir ro Ihe food crop from Ihe N 
applied in prunings was limited in this trial. tn the long-term the hedgerows may improve soil 
productivity by enhancing rhe build-up of organic C and N and reducing leaching of 
nutrients, thereby increasing the efficiency of utilization of soil and (ertiUzer nutrients. 

1. Introduction 
The kaolinilic soils of the humid and subhumid tropics are characterized by low 
moisture and cation retention and by soil acidification from continuous cropping due 
to the low buffering capacity of the soil. Soil fertility regeneration in traditional 
cropp ing systems is safeguarded by the fallow period. Fallow vegetation brings about 
nutrient recycling from the subsoil. N, fixat ion. nutrient accumulation in plant 
biomass and nutrient deposition in fallow liller. Burn ing the vegetation before 
cropping releases nutrients to the topsoil and corrects soil acidity (van Noordwijk 
and Diemont 19911. Shortened fallow periods lead to neclines in soil fertility. Alley 
cropping allempts to use the beneficial e(fects of trees to improve tradilional 
cropping systems in a systematic way (Kang et al. 19691. Some of the ways in which 
alley cropping is expected to sustain soil productivity were discussed by Young 
(1989). Although alley cropping has been reported to increase crop productivity 
(Kang et al. 19901, a 'luanlilative understanding of the potenlials and limitations of 
alley cropping on water and nutrient budgets is still missing. The purpose of the 
present study was to investigate the water and nutrient budget of maize/cassava 
intercrapped with Leucae".. and Cajanus hedgerows and those grown on plots with 
no hedgerows. 
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2. Malerials and Methods 
The experiment was established in 1986 at the Experimental Station of the 
Internationallnstitute of Tropical Agriculture (IITA) in the RepubliC of Benin, 15 km 
northwest of Cotonou. II bimodal rainfall distribution allows two maize crops a year. 
long-term mean rainfall for first (main) and second (minor) rainy seasons are 758 
mm and 266 mm. The soil is classified as a Ferralic-haplic Acrisol (FAD), locally 
known as terre de barre non degradee. The soil (0-30 em) contained: 67% sand; 3,.. 
silt; 10% clay; 0.81 % organic C; 0.077% total N; 6.9 mg kg"truog P; NH,-acetate 
exchangeable Ca, Mg, K, 2.56; 1.32; and 0.47 meq 100 g" soil; and pH-H20 was 
6.4. The experiment was designed as a modified split plot with four replications. 
Plots were not tilled. The main plots were: (j) control (no hedgerows), (ji) alley 
cropping with Leucaena leucocephala (Lam) de W it. and (iii) Cajanus cajan (L.) Mill 
hedgerows, and (iv) two fertilizer rates (0 and 90-39-75 N-P-K in kg h.·'). Two 
intercropping systems made up the subplots (1) a rotation of maize and cassava and 
(2) intercropped maize and cassava. Ma ize cv. TZSRW was planted in the first 
season and early maturing cv. TZESRW in the second season. The cassava cultivar 
was TMS 30572. Hedgerows were 4 m apart (5,000 plants ha") with 4 rows of food 
crops between the hedgerows. Plant population per ha was 31,250 for maize, 
15,625 for cassava and 46,875 for m ixed cropping in the control treatments, and 
25,000 maize 12,500 for cassava and 37,500 for mixed cropping in the alley 
cropped treatments. The hedgerows were not pruned in the establ ishment year 
(Leucaena 1986; Cajanus 1986 and 1989). Thereafter Leucaena was pruned to 0.35 
m, 3 times in 1987 and 1966, and 5 times in 1989; Cajanus was pruned twice in 
1987 and 3 times in 1988 to 0.75 m height. Fertilizer was applied in a single dose 
at the beginning of the first cropping period. For logistic reasons the nutrient budget 
was studied in only one replicate of the experiment. 

Parameters measured: 
1. Dry matter yield and nutrient content of harvested products (maize cobs. 

Cajanus and Leucaena pods, and wood, cassava tubers and shoots, crop 
residues returned to the soil after harvest, and prunings and lea f litter fro m 
the hedgerows). 

2. Nutrient concentrations in the soil solution collected from dl!pths of 30, 60, 
90, 120, 150 cm at 14 day intervals using porous ceramic cups and 
applying an initial suction of approximately 600 hPa for 14 days. 

3. Soil water tension at the above-mentioned profile depths at 7 day intervals 
was taken using a tensiometer and a portable puncture pressure transducer. 
Measurement at 200 Cm soil depth was included from 1988. 

4. Soil moisture up to 200 em soil depth was measured with a neutron probe 
from 1969. 

5. Root length densities in the soil up to 200 em profile depth were measured 
using the core method in 1989. Roots were washed free from soil and 
separated into crop and hedgerow species; root length was then measured 
using the intersection method. 
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Conversion of yields, biomass production and nutrient uptake by the hedgerows 
and crops to a per-hectare basis was calculated by including the area occupied by 
the respective companion component crops and hedgerows (Rao and Coe 1992) . 
Since the hedgerows replaced one crop row per hectare of the alley cropped 
treatments, the crops and hedgerows occupied 0.8 ha and 0.2 ha respectively. These 
area weighting factors were used to adjust the per hectare seepage and leaching data 
for each system component in order to calculate total system figures. 

Seepage and leaching were defined as water and associated convective nutrient 
flux (water flux times nutrient concentration) below 1 SO em soil depth. The Darcy 
flux was calculated using measurements of hydraulic gradients (tensiometry) and an 
estimated unsaturated hydraulic conductiv ity versus water content function based on 
in 5ilu measurements of the tension-moisture relationships and the saturated 
hydraulic conductivity. Laboratory measurements of the latter were adjusted by using 
simulation runs of a soil water balance model (Forest 1984) in the no-hedgerow 
maize treatment. Maize crop coefficients used to drive the model were taken from 
model calibration results on lerre de barre in Southern Togo IFreteaud et al. 1967), 
and other parameters from in silu climatic and soil data . 

3. Results 
The hedgerows were established in 1961>. Cajanus was mu ch more vigorous than 
Leucaena in the establ ishment year, but in 1969 Cajanus had to be resown because 
of plant losses in 1967/66. Th e overall biomass production of Leucaena was 
therefore higher (table 1). Fertilizer application improved the growth of Leucaena 
hedgerows in the maize·cassava rDlat ion. Mixed cropping reduced the leafy biomass 
yields of the hedgerows. 

Table 1, Total aboyesround biomass produdion of L~ucaen. and Cajanus hedgerows and 
the biomass of prunings applied to the soil (Mean of 4 year.; afler sowing) 

Rotalion (.NPK) 
Rotation (+ NPKI 
Mixed croppping (·NPIO 
Mixed croppins (+NPK) 

Leucaena Cajanus 

Production Applic4l tion ProdUClion Application 

...• .... , (t ho1 ' ly(l ) • . . . ... •. . .. 

8.91 
10.16 

5.95 
557 

7.23 
7.14 
4.86 
4 .20 

7.64 
6.60 
4 .91 
1 .99 

6.59 
554 
4.22 
3 .14 

A large amount of nutrients were recycled to the soil by the prunings and litter 
from the hedgerows especially those of Leucaena (table 2). Application of NPK only 
increased K recycling. indicating that the K supplying power of the soil was low. 

The first season maize (figure 0, ,,",cond season maize (table 3) and cassava 
(table 4) yields increased with NPK application. First season maize yields (figure 1) 
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were variable between years and cropping systems. Mixed cropping reduced maize 
yields, especially in the drier years (1987 and 1989). Maize yields decreased under 
alley cropping by about 20% (mean of 4 years) which is equivalent to the 'surface 
area occupied by the hedgerows. Yield losses were generally higher in drier years. 
Alley cropping failed to increase first season maize yields during the 4 years of the 
experiment. Depression of secorld season maize (table 3) and cassava yields (table 
4) were even more severe and only partially overcome by fertilizer application. The 
negative effects of alley cropping on crop yields might be due to delays in pruning 
the hedgerows in this trial andlor competition between hedgerow and crops for 
nutrients and water. 

Table 2. Nutrients recycled with pruningsand liller fall of leucaena and Cajanus hedgerows 
as affected by cropping system and fertilizer application (Mean of 4 years) 

Treatment N P K c. Mg 

. . , . . . . . . . . , ... (kg ha · 1 Yr"') .. 

Rotation (-NPK) 
Leucaena t89 .2 9'.7 30 .4 93.6 34.8 
CajiJnus t28.6 7.5 19 .6 57. 1 25.4 
Rot.1tion (+NPK) 
Leucaena 200.6 t1.9 69.2 89.8 32.0 
Caj~nus 112 .5 7.6 26.2 42 .7 18.9 
M ixed cropping (. NPK) 
Leucaena 133.4 7.0 25.9 71.1 25.6 
Cajanus 84 .1 4.7 14.0 32.4 16.0 
Mixed cropping (+NPKI. 
Leucaena 125.2 7.6 49 .5 44.6 18.9 
Cajanus 74.3 4.8 15.4 29.5 11.2 

Nutrient concentrations (NO, ', SO,", Ca", Mg", K') of the soil solution in the 
main rooting zone of monocropped maize and cassava were generally higher than 
when intercropped with Leucaena and Caianlls, as shown for NO,' (figure 2). In 
particular, at the beginning of the cropping period, NO,. concentrations at 30 em 
profile depth were much higher in the cropped plots .without hedgerows than with 
Leucaena hedgerow (F) treatments. Lowest NO,' concentrations were always 
measured under the hedgerows (H). During the cropping periods NO,' 
concentrations remained low even when prunings high in N, were applied in the 
alley cropped system. It was only in 1969, when Leucaena w as pruned more 
intensively, that higher nitrate concentrations were recorded in alley cropping plots 
with Leucaena. rhe NO,' concentrations at 150 em depth show an inverse picture 
with a time lag indicating that with alley cropping less NO,' moved down to the 
subsoil. Competition for water between food crops and hedgerows was especially 
clear during the dry year in 1967 (figure 3). Periods of low rainfall led to an inc rease 
of soil water tensions (depletion of soil moisture) which was higher in plots with 
hedgerows. High intensity rainfall in the middle and at the end of the first season 
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Figure 1. Grain yield of (jrst season maize as affected by cropp ing system, fenil izer application 
and integration of Leucaena and Cajanu5 hedgerows. Figures on lop of columns are the 
percentage yield differences from the controLlsea50nal rainfall (April.july): 198G. 5G5mm; 
1987, 409 mm; 1988, 73 4 mm; 1989,52 1 mml . 

rewelled the soil to 150 cm with in a relatively short period of time. Dry soil under 
second season maize shows thai maize could not utilize soil water deeper than 150 
cm, but Leueaena and c.janus could. There was competition in the top 150 em due 
proliferation of the roots of the hedgerow under the crops (figure 4). 

12G 



NUTRIENT USE IN lrUOoENA AND Oo/ANUS AllEYS CROPPED WITH MAllE AND CASSAVA 

Table 3. Second ........ maize ,rain yield. (kg ha" ) .. affected by fertilizer applied to the 
fint .. aton maize and inte"alion of Lellenna MOd C.~nu. hodserows (Mean at 4 
yea" of rotallon) 

""""ule Relative "-0 

-NPK +NPK Mean -NPK +NPK 

Cootrol 885 1096 991 100 100 
LelJUena 321 630 479 37 51 
Caianus 157 306 232 18 28 
Mean 456 677 567 

Table 4. Root yiold (kg OM h .. ') of c ...... as affected by croppins system, fertilizer 
.pplication and .lIey cropping with Leucama and C.janus hedgerow. (mean of 2 
crops in 4 yea,,) 

Absolute Relative "It 
-NPK +NPK Mean -NPK +NPK 

Control 8146 n57 7752 100 100 
Leucaena 4259 5265 4762 52 72 
u janus 4264 6214 5239 52 84 

Mean 5556 6219 5918 

Milled croppins control 2909 3931 3420 100 100 
Leucaena 1889 3682 2186 65 94 
Cit/anus 2377 5131 '3754 82 131 

Mean 2392 4H8 3320 
Total ~an 3974 5264 4619 

Nutrient losses from the rooting zone Ihrough leaching depend on nutrient 
concentrations in the soil solution and the amount of seepage. Because of seepage 
below a depth of 150 em, a high percentage of the rainfall was unavailable to crops 
(figure 5). The negative cOfrelation between the annual precipitation and the amount 
of seepage for the corresponding year showed dearly that the amount of seepage 
was affected more by rainfall distribution than the total amount of rainfall. Fertilizer 
application under mixed cropping reduced seepage below 150 em because of higher 
transpiration of fert ilized crops, which is associated with bette r growth and higher 
plant population; prolonged soil cover also reduced normal water lost through 
seepage. The effect of the hedgerows on seepage was not consistent, because it 
depended on rainfall distribution at the time of pruning; high rainfall at pruning led 
to increased seepage (data not shown). 

The amount of nutrients leached (represented by NOi leaching in figure 6) 
depended more on the nutrient concentration in the soil soluti on Ihan on seepage. 
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There was no consistent difference in NO,- leaching among the different fertilizer 
treatments and crops. Very little NO,' leaching, however, could be measured under 
mixed cropping. In contrast to seepage, presence of Leucaena hedgerows decreased 
NO,' leaching in most of the years. The effect of o.janus was less consistent; this 
was due to poor stands in 1988 and re-establishment in 1989. 
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Filure 2. Nitrate concentrations in soil solutions at two profile depths under fertilized maize
cassava rotation without and with Leucaena hedgerows. Soil solut ion in the Leucaena 
tre.tment was sampled in the hedgerow (H) and in the alleys under food crop (Fl. 
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Quantification of nutrient export, import and recycling enabled a nutrient budget 
to be drawn up from this soil. In table 5 the N-budget is shown comparing only 
export and import (Diff. 1). Depletion of soil-N is apparent. Application of 90kg N 
ha' yr' was not sufficient to compensate for the N export. Interplanting Leucaena 
and Cajanus hedgerows lessened the deficit, by redUCing leaching losses. When N 
recycled by crop residues, prunings and liller fall is included as import (Diff. 2) the 
N budgets of the controls are approximately balanced provided N is applied. Owing 
to the high N content of the prunings, the N budgets of the alley-cropping systems 
indicate N gains from N, fixation. 

Over 4 years, such a high annual input of N should increase in soil N content 
considerably. As shown in table 6, there was only a tendency towards higher Nand 
C contents of the surface soil after 4 years of alley cropping compared to the control. 
A Significant reduction in soil pH in fertilized plots was not prevented by alley 
cropping. 

4. Discussio n 
Under the conditions of this experiment, no positive effect on food crop yield of 
interplanting Leucaena and Cajanus hedgerows could be demonstrated during 4 
years. When fertilizer was used, lower yields of maize and cassava could be 
explained by the 'loss' of the cropped field area to the hedgerows. However, in 
unfertilized treatments yield losses were generally much higher (figure 1, tables 3, 
4). This can be explained by competition between the hedgerow and the food crops 
for water (figure 3) and nutrients, especially nitrate (figure 2). In contrast to the 
results of Kang et al. (1985), showing that on an Alfisol in southern Nigeria maize 
took up water mainly from the upper horizons, while Leucaena obtained water irom 
the deeper soil horizons, the data presented here, show that in this trial Leucaena 
and Cajanus roots readily exploit the same soil as the crops (figure 4). 

The biomass and nutrient (especially N) contribution to the soil from Leucaena 
prunings was substantial (tables 1, 2)) as reported from other places [Kang et al. 
1990J. Leucaena performed better than Cajanus at this site because it was less 
sensitive to pruning and more competitive with the food crops whereas Cajanus 
needed to be resown at least every second year. Apparently little N was transferred 
from the hedgerows to the food crops. Since Cajanus and Leucaena prunings 
decompose rapidly [Wilson et al. 1986], very lillie accumulation of organic C and 
nutrients was found in the 4 years of this study (table 6). This indicates that a high 
proportion of the N released from the prunings is being utilized by the hedgerows. 
Mulongoy and Sanginga (1990) also reported low N transfer to maize and assumed 
that most of the N in the prunings was either recovered by the trees or lost through 
leaching and volatilization. 

The main positive effect of interplanting Leucaena hedgerows in the maize
cassava rotation system was a decrease in the amounts of nutrients, especially NO)', 
leached down below 150 em (figure 6). The real losses would have been even less 
because Leucaena roots penetrate much deeper into the soil. Less NO,' was leached 
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under maize/cassava mixed cropping than under rotation. Therefore, the advantage 
of alley cropping was lower under mixed cropping. Several factors may have 
contributed to the failure of hedgerows to increase crop yields on these degraded 
soils. 
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Table 6. Carbon and N content and pH of the ... rface soil before the experiment and after 
4 years of maize/cassava rotation as affected by fertilizer application and 
integration of (eucaena and Cajanus hedgerows 

%e 0/. N pH-HlO 

+ + + 
NPK NPK NPK NPK NPK NPK 

1986 Fallow 0 .81 0 .077 bAD 

1990 Control 0.7 1 0 .67 0 .060 0 .05b b.ll 5.75 
Leocaena 0.7b 0 .84 0 .Ob4 0 .070 b.ll 5.b8 
Cajanus 0.77 0 .81 0 .Ob4 0 .067 6.11 5.63 

5.1 Fertility of the soil 
In the fi rst year there was a clear response to NPK applicalion, mainly due to Nand 
K, even though th e soil was fertile, as shown by mean yields of 2.7 t!ha" of first 
season maize and 8t ha" root DM yield of cassava in the unfe rtilized 4 year rotat ion 
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system. The high soil productivity was due to the good physical structure of the 
surface soil which allowed deep rooting and high nutrient use efficiency: apparent 
fertilizer use-efficiency in the plots without hedgerows was 76 (100), 30 (41), and 
72 (67) per cent for N, P, K, in rotation (mixed cropping) respectively. Furthermore, 
run-off and erosion were negligible because of the high infiltrat ion rate of the soil 
and lack of slope. 

5.2 Croppin!: system and management of the controls (without hedgerow) 
Cassava, one of the main components of this study, is a perennial. Therefore, in the 
rotation system, every second year the soil was protected by a vegetation cover over 
most of th e year. With its deep root system Ifigure 4) , cassava is capable of 
recovering water and nutrients deep in the soil and thereby reducing the loss of 
mobile nutrients. Large amounts of organic matter la nd nutrients) were recycled to 
the so il surface as cassava leaf litte r (up to 4 t OM ha" ) and maize crop residues (up 
to 5 t OM ha·'y" )' These undoubtedly contributed to the maintenance of favorable 
The beneficial effects of crop res idues on the produc tivity of tropical soils have 
recently been demonstrated by Vlek (1990) and Kretzschmar et al. (199 1>. 
Applications of 90 kg N, 39 kg P and 75 kg K ha" y,' were sufficient to render 
positive th e balance of th ese nutrients for the surface soil lonly shown fo r N in tabl e 
5). The Ca and Mg ba lances of maize/cassa va rotati ons, were: however, negative in 
the absence of hedgerows (data not shown). 

5.3 Management of the hedgerows 
In the experimental plots, the hedgerows appare ntly competed stro ngly with c rops. 
l awson and Kang (199'0) reported tha t if pruning is done frequ ently during critical 
crop growth periods, competition fo r light, water and nutrients can be reduced . 
However, Cajanus is not resistant to pruning, and increasing the frequency of 
pruning of Leueaena from 3 (1967, 1966) to 5 11969); wh ich reduced to ta l biomass 
production and N contribution substantially (data nol shown), did nol increase food 
crop yie lds (figu re 1). Competition between Ihe crops and the hedl;erows might be 
reduced by improving the tim ing of pruning the hedgerows in relalion to crop 
growth and/or by better plant arrangement wi thin the a ll eys or restriction of pruning 
and fertilizer application to the area occupied by Ihe c rops. Preventing the roots of 
the hedgerows from growing into the rooti ng zon e of the food crop would on ly be 
practical in mechanized agri culture. 

The results dearly show how interplanting Leucaena and Cajanu5 hedgerows in 
c ropping system s can potentially increase nutrient transfer to the surface soil and 
reduce nutri ent leaching losses. Yowever. this potential can result in improved crop 
yie lds during the first years of establ ishm ent of the system only if competi tion 
between the hedgerows and the crops for water and nutr ients land light) is reduced 
through improved hedgerow management. 
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