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Abstract: Field trials were carried out on a Dystric Nitosol at Calavi in the subhumid zone 
of southern Benin Republic, Wesl Africa from 1989-1997. A split plot design with four 
replications was used. There were (our main plots: control (no hedgerow), Leucaena 
hedgerows, Acacia hedgerows and mixed Leucaena/Acacia hedgerows. Hedgerows were 
planted 4 m apart. Subplots consisled o( three K rates (0, 37, 74 kg K ha·'). Maize and cassava 
were planted at populations o( 40,000 and 10,000 plants ha", respectively. Plot. received a 
basal dressing of 90 kg N ha" and 20 kg P ha·'. Maize and cassava showed Significant 
responses to K fertilizer. Alley cropping with Acacia and Acacia/Leucaena mixed hedgerows 
gave lower maize and cassava root yields. In the third cropping year maize and cassava yields 
in no K plots were higher when alley cropped with Leucaena. It appeared that Leucaena 
prunings could provide enough K for higher maize and cassava yields. 

1. Introduction 
It is well known that the K supplying capacity of soil varies considerably according 
to soil mineralogy, parent material, and degree of weathering. Compared to soils 
derived from basement complex rocks, coarse textured soils derived from sandstones 
and coastal material in West Africa have lower K reserves Uuo 19811. Such soils are 
extensive in the southern parts of Benin Republic and Togo. They are locally known 
as 'terre de barre' or 'sols ferralitique appauvris'. These soils show potassium 
deficiences with prolonged or intensive cropping [Faure and Pennanaech 1981, 
Kpotin and Kpagbin 1989]. Although K defiCiency can be easily corrected by 
fertilizer application [I PI 1982], most of the West African smallholder farmers do not 
have access to fertilizer due to financial or infrastructural reasons. It is, therefore, 
imperative to develop low chemical input production systems which utilize local 
and purchased inputs more efficiently. 

As part of the endeavor to develop a sustainable low chemical input production 
system, agroforestry systems, including alley cropping, have been proposed and are 
being evaluated in this region [Kang et al. 1981, Steppler and Nair 1987]. Results 
of various trials carried out in southern Nigeria over the past ten years on Ultisols 
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and Alfisols showed clear yield benefits from alley cropping IKang et. al 19901. 
According to Cuevarra (1976) and Yamoah et al. (1986), N demands can be satisfied 
by alley cropping with Leucaena leucocephala, Senna siamea, Glir;c;d;a sepium, and 
Fleming;a macrophylla. 

Most alley cropping experiments were done to evaluate the N contribution, only 
few investigations dealt with other nutrients. Since, large quantities of other nutrients, 
among them K, can be removed at harvest such as in cassava roots, attention needs 
to be given to the recycling potential of woody hedgerows for plant nutrients 
including K. Leucaena leucocephala is known to have a high recycling capacity for 
K Uuo and Kang 19891. 

This study was aimed to obtain information on: (j) The K response of maize and 
cassava grown on 'erre de barre', (ii) the effect of Leucaena leucocephala and 
Acacia aur;culiforrnis hedgerows on maize and cassava, and (iii) the K requirement 
of maize and cassava when alley cropped with Leucaena and Acacia. 

2. Materials and Methods 
The experiment was conducted between April 1989 and March 1991 at the 
International Institute of Tropical Agriculture (IITA) substation at Calavi in the 
subhumid zone of southern Benin Republic, West Africa. 

The rainfall pattern in the area is bimodal with the first rainy season from April 
to lune and a short second rainy season lasting from September to October. The 
mean annual rainfall is about 1100 mm, mean annual temperature is 27.3°e. 
According to FAO·UNESCO (1974), the soil at the experimental site is classified as 
a Dystric Nitsol. The surface soil (0·30 em) at the experimental site has: 85% sand, 
5% silt 10% clay; 1.94% organic matter, pH (H20) 6.8. 4.1 meq 100 g" CEC, 0.28 
meq 100 g" exchangeable K. The site was previously cropped with cassava and 
mucuna. 

The trial was carried out using a split plot design with four replications. There 
were four treatments: control; no hedgerows; alley cropping with Leucaena, Acacia 
and alternate Leucaena/Acacia hedgerows. Plot size was 8 m by 16 m. Subplots 
consisted of three potassium rates; 0, 37, and 74 kg K ha" yea,', applied as 
potassium sulfate in three equal doses at planting, and at four and seven weeks after 
planting. Before planting. plots received a basal dreSSing of 90 kg N ha" and 20 kg 
P ha" yea,'. 

Hedgerows were planted 4 m apart in 1989. Sole cropped maize (cv. TZSRW) 
and cassava (cv. AGRIC) were planted at populations of 40,000 and 10,000 plants 
ha" respectively. Maize dry grain yields were determined at harvest. Cassava root 
yields were measured at 10 months after planting. Cassava root subsamples were 
oven dried at 800C to constant weight, to estimate dry root yield. Data was 
statistically analyzed using the SAS (1985) package. 
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3. Results 
As 1989 was considered as the year of the hedgerow establishment, only the maize 
and cassava yield data from the 1990 and 1991 cropping seasons are presented. 

3.1 First season maize yields 
In general higher maize grain yields were obtained in 1991 due to higher rainfall 
which was more evenly distributed. Maize yields increased positive ly with K 
fertilization in both years (table 1). High K levels (K,) were needed to obtain a 
significant yield increase in 1990. In the following year, yields did not increase 
significantly beyond the low K level (K, ), possibly due to residual K from fertilization 
and the effect of the cropping system. 

Alley cropping reduced maize yields in both years, except in the Leucaena 
hedgerows in 1991. In that particular year, maize yields were significantly increased 
when alley cropped with Leucaena, with no yield response to K application. All 
treatments gave the same yield level with high K dressing. The maize yield reduction 
when a lley cropped with Acacia and Leucaena/Acacia may be attributed to more 
shading, nutrient competition with Acacia hedgerows, as well as lower and slower 
nutrient availability from Acacia prunings. 

The 1991 data shows that dressings with about 40 kg K ha" satisfied the K 
requirement for maize production in these soils. No further yield increase was 
observed with higher K rates. In 1991, no K response was observed in plots alley 
cropped with Leucaena. 

rable 1. Effect of alley cropping with "c~ci~ ~uriculiformis and leuc~en~ leucouph~/~ and 
potassium fertilization on grain yield (t ha··) of fir'll season maize. 

Hedgerow species 

Year K rates1 Controll Leuciilen~ Acad O! leuJAca. Mean 

1990 K. 2 .28 1.77 1.56 1.87 1.87 
Kl 2 .52 1.73 1.78 2.14 2.04 
K2 2.70 2.27 2.33 2.16 2.39 
Mean BO 1.92 1.89 2.06 

1991 K. 2 .17 3 .36 2.03 2.22 2.43 
Kl 3 .36 3.23 2 .75 2.90 3.06 
K2 3.47 3.25 3.04 3.08 3.21 
Mean 3.00 3.28 2.61 2.73 

LSD (0.05) 1990 1991 
Between control and species me.iilns 0.66 0 .8S 
Between K treatments means 0.23 0 .34 
Between K treatments for the same hedgerow species 0.47 0 .68 
Between K treatments for d ifferent hedgerow species 0.72 0 .73 

Notes: 1 K. = 0 K, Kl = 37 kg K ha-1 and K1 = 74 kg K ha-' 
2 No hedgerows 
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3.2 Second season "",in yield 
The second season maize yields were considerably lower than those obtained during 
the first rainy season (table 2). Maize mean yield increased with K fertilization. In 
both years, a significant maize yield increase was obtained with application of low 
K rates. Higher K dressings ""'y have been poorly utilized on account of low soil 
moisture during the second rainy season. 

There was no significant difference in mean maize yields with or without alley 
cropping. Except for the control and Leucaena alley cropping treatments, in 1991 
maize yield increased with K application. 

3.3 Cassava root yield 
Cassava dry root yield increased with K fertilization in both years (table 3). In 1990, 
root yield did not increase beyond the low K rate. But because of declining soil K 
status, and large K exports with the roots, in 1991, the crop responded Significantly 
even with high rate of K application. With alley cropping. cassava root yields 
decreased significantly in both years. 

rable 2. Effect of alley croppin, with Acacl. auticu/ifonn;, Ind (euc ....... /eucoaplU./ .. and 
pota ..... m fertllizltion on Irain yield (t N") of second se_ maize 

Year Ie rales' Control' 

1990 K. 0.84 
Kl 0.80 
K2 1.09 
Mean 0.91 

1991 K. 0.51 
Kl 0.63 
K2 0.71 - 0.62 

LSO (0.05) 
Between control and ipeCieI me." 
Between K treaamenl5 means 

Leucaen~ 

0.40 
0.81 
0.78 
0 .66 

0 .69 
0 .94 
0 .76 
0.80 

Between K ftllmenll b "'" .. me heclg"""" opeci .. 
Between K lJeIImenII b dillerent heclserow opecies 

Acac;.a 

0.52 
0.78 
1.0S 
0.78 

0.28 
0.72 
0.42 
0.47 

NoleS: t K • • 0 te, K, =- 37 kg K N " and K, =- 7. kg Ie ha-I 

• No hecla-ws 

LeuJAca. 

0.40 
0.70 
0.67 
0.59 

0.33 
0.84 
0.90 
0.69 

t990 
0.85 
0.24 
0.48 
0.46 

Me.., 

O.H 
0 .78 
0 .90 

0 .45 
0 .78 
0.70 

199t 
0.57 
0 .21 
0 .43 
0 .S4 

As observed with maize, cassava yield without K application in 1991 was nigher 
when alley cropped with Leucaena. However, Leucaena prunings alone could not 
contribute enough K to meet the requirement for optimum yield of cassava. 
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4. Discussion 
Both crops responded to K f~rtilization, with a higher K response in the second year. 
These results showed clearly that K application is needed for cereal and root crop 
productions on the ~erre de barre d~radee' soils in southern Benin Republic. 
Responses of food crops to K have been reported in various agroecological zones of 
West Africa. Uyovbisere and Lombin (1990) working in the savanna zone of Nigeria 
found, that in soils with a low K status up to 50 kg K fertilizer ha" is necessary to 
meet the K demand of crops. Singh and Salasubramanian (1963) reported, that 
maize responded significantly to K fertilizer in trials carried out in northern Nigeria 
where the inherent soil K level was low. 

Table 3. Effect of aney cropping with ,,"cui. au,icu/i(onni. and (~uc.~n.lwcoceplu/. and 
potauium fertilization on callava dry root yield (I ha') 

Hedgerow species 

Year 

1990 

1991 

LSD 10.05) 

K rales' 

K. 
KI 
K2 
Mean 

K. 
Kl 
K2 
Mean 

Contrail 

6.64 
10.67 
11.89 

9.72 

6.90 
11.47 
13.21 
10.53 

Between conlrol and species meilns 
Between K treatments means 

Leucaena 

5.64 
6.38 
7.24 
6.42 

8.77 
9.00 
8.64 
8.80 

Between K lreatments for the same hedgefow species 
Between K treatments (or different hedgerow species 

Notes: I K. = 0 K, Ie, = 11 kg K ha-' iimd K, = 7-4 kg k ha-' 
'1 No hedgerows 

Acacia leuJ~. 

4.09 5.46 
6.37 7.84 
6.37 7.80 
5.61 7.03 

6.74 4 .52 
6.56 7.33 
8.46 8 .29 
7.25 6 .71 

1990 
3 .04 
1.3 7 
2.75 
3 .14 

Mean 

5.45 
7.82 
6.05 

6.75 
859 
9.65 

1991 
2 .50 
1.05 
2.11 
Z.SO 

Osiname and Kang (1966) also observed, Ihal on an Alfisol derived from sedimentary 
parent material maize responded significantly to application of 36 kg K ha·' . With 
no K application, exchangeable K level of surface soil declines rapidly to below the 
critical level. Kang (1964), comparing cassava yields during a 3.year.lrial on an 
Ultisol in southern Nigeria also observed significant responses to low K levels, 
whereas high rates of K and Mg appeared to depress fresh tuber yields. In the 
southern part of Benin Republic, rainfall during the second season is unreliable and 
shorter than in the first season. Consequently, maize yields were lower in the second 
cropping season than in the first season. Sim'ilar low yields during the second season 
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were also reported in N igeria by Mutsaers (1991). The author attributed the lower 
maize yield not only to less rainfall but also to slemborer attack. 

With alley cropping the yield of both crops was lower Ihan in control (no 
hedgerows) treatment. Alley cropping wilh bOlh hedgerow species showed a larger 
competitive effect on cassava than on maize. This may be the consequence of a 
longer period of compelition between the hedgerows and the cassava crop. A 
suitable pruning regime still needs to be worked oul for alley cropping w ilh cassava. 
Higher amounl of shading by the hedgerows may delay bulking of cassava as 
indicaled by slill unpublished dala. Furthemnore, cassava yield reduction in alley 
cropped Ireatmenls may be attribuled 10 smaller leaf area and increased lighl 
Iransmission [Emsl-Karle, per. comm.J. The negalive effect of alley cropping on 
cassava yields has been reported earlier [IITA 19891. 

The improvement in maize and cassava yields when alley cropped wilh 
Leucaena during the Ihird cropping year in 1991 wilh no K applicalion, indicales, 
Ihat alley cropping wilh Leucaena could supply enough polassium 10 improve maize 
production on Ihe low K stalus soils, proVided Nand P were nOllimiling factors. For 
Ihe humid zones of Nigeria . maize yield increase in alley cropping wilh Leucaena 
were also reported [Kang el al. 19B 1, Kang et al. 1986, Yamoah el al . 1986). The 
lower yields of bOlh crops when alley cropped wilh IIcacia and mixed 
IIcacialLeucaena hedgerows may be Ihe resu ll of more compelilive e((ecl (rom the 
Acacia hedgerows. 
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