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Abstract

Mucuna pruriens and Lablab purpureus can immediately bene®t from rock phosphate (RP), but as both herbaceous legumes have only

limited economic value, these bene®ts are only meaningful if yields of a subsequent maize crop are improved. The impact of RP application

to Mucuna and Lablab on grain yield, total N, and total P uptake of a subsequent maize crop was evaluated for a set of non-acidic soils on a

representative toposequence (`plateau', `slope', and `valley' ®eld) in the Northern Guinea savanna (NGS) zone. Urea-N (45 kg N ha21) was

applied to all treatments on the `slope' and `valley' ®elds, while on the `plateau' ®eld, plots were split into sub-plots with and without

fertilizer N addition. Application of RP to Mucuna and Lablab led to site- and species-speci®c increases in grain yield, total N, and total P

uptake of a subsequent maize crop. On the `plateau' and `valley' ®elds, maize grain yields, and total aboveground N and P uptake were

signi®cantly higher (1741 kg grains ha21 on the `plateau' ®eld and 910 kg grains ha21 on the `valley' ®eld) in the treatments following

legumes treated with RP, compared to the treatments following legumes without RP addition. These increases were highest for the Mucuna

treatment in both ®elds. On the `slope' ®eld with high initial Olsen-P content application of RP to preceding legumes did not in¯uence maize

yield or N and P uptake. Improvements of maize yields on the `plateau' ®eld were the results of an improvement in the soil P status after

growing legumes supplied with RP, as maize did not respond to the addition of urea in the absence of RP addition to the preceding legumes.

Recovery of RP-P by the maize varied between 3.1 and 5.8%. On all ®elds, legumes also improved the soil N status, giving average apparent

legume N recoveries of 17% for Mucuna and 32% for Lablab. The results clearly show that soil fertility management in the NGS needs to

take into consideration both N and P. The studied legume±maize rotations supplied with RP during the legume phase and minimal amounts

of inorganic N during the maize phase are good examples of promising soil fertility management technologies alleviating N and P

de®ciencies. Recommendations need to be diversi®ed following the position of the ®eld on the toposequence and previous P application

history. q 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In order to increase the availability of P from RP, alter-

native hypotheses have been proposed, based on (micro)

biological rather than chemical principles. One such hypoth-

esis is that certain herbaceous and/or grain legumes are able

to utilize P from RP due to rhizosphere processes enhancing

P availability. Maize following such legumes could bene®t

from P mineralized from the legume residues or from an

improvement of the availability of P from certain soil P

fractions.

Vanlauwe et al. (2000) found species- and site-speci®c

increases in symbiotic properties and biomass production of

Mucuna pruriens and Lablab purpureus after application of

90 kg P ha21 as Togo rock phosphate in a series of trials

established on a toposequence typical for the Northern

Guinea savanna zone (NGS). Increases in soil Olsen-P

content were highest in the Mucuna plots treated with RP,

while the N concentration of the particulate organic matter

(POM) pool was enhanced in all legume treatments, relative

to the treatments which were cropped with maize. Although

Lablab seeds are eaten in certain areas in the NGS, the
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demand for these seeds is marginal. Moreover, if neither

Mucuna nor Lablab biomass is used as fodder for livestock,

the increases in soil Olsen-P content and POM quality are

only meaningful if a following cereal, e.g. maize, can bene®t

signi®cantly from the improvement in soil N and/or P status.

Traditionally, bene®ts of legumes to a following maize

crop have been translated into N-fertilizer replacement

values of the legume biomass (Carsky et al., 1998).

Although legumes certainly improve the soil N-status,

effects of legumes on the soil P status have been largely

overlooked. Sanginga et al. (1999) stated that rotation

effects can hardly be explained only in terms of N transfer.

Kamh et al. (1999) stated that other effects than the

increased N supply, such as improved soil physical and

biological characteristics after the legume crop may be

equally or even more important.

A typical toposequence in the NGS consists of shallow

and/or gravelly soils on the inter¯uve crests, deeper soils on

the slopes, and hydromorphic soils near the valley bottom.

As the mentioned characteristics of each soil type may have

signi®cant consequences for crop production, any evalua-

tion of an improved technique for soil fertility regeneration

needs to take into account this variability in soil type.

The objectives of this report were (i) to quantify the

impact of preceding Mucuna and Lablab, treated or not

with RP, on subsequent maize on a typical toposequence

in the NGS and (ii) to evaluate the rotation effect in terms

of improvements in N and/or P status of the soil.

2. Materials and methods

2.1. Site characteristics, trial establishment, and sampling

scheme

Three ®elds were established in Kasuwan Magani, a

village in the Northern Guinea savanna zone of Nigeria,

on a representative toposequence. The rainy season is unim-

odal and usually lasts from April till October. Total rainfall

was 1335 mm in 1998 (Fig. 1). A ®rst ®eld (referred to as the

`plateau' ®eld) was established on the inter¯uve crest, a

second ®eld (referred to as the `slope' ®eld) was established

on the more fertile valley slope between the crest and the

valley bottom and a third ®eld (referred to as the `valley'

®eld) was established near the valley bottom. In 1997, the

following seven treatments were imposed: Mucuna pruriens

and Lablab purpureus with and without RP addition at a rate

of 90 kg P ha21, maize (variety Oba Super II) fertilized with

RP, maize fertilized with 30 kg P ha21 as triple super phos-

phate (TSP), and maize without P addition. More details on

soil characteristics, land use history, and treatment structure

are given by Vanlauwe et al. (2000)

In early June 1998, the ®eld was ridged, turning the old

ridges into new furrows and vice versa. Maize (variety Oba

Super II) was planted in all treatments on the new ridges at a

density of 0.75 by 0.25 m (two seeds per pocket) and

thinned to one plant per pocket about three weeks after

planting (WAP). On the `slope' and `valley' ®elds, urea

was split-applied (1/3 at planting, 2/3 6 WAP) on the

ridge to all treatments at a rate of 45 kg N ha21. Plots in

the `plateau' ®eld were split in two and one half received no

N fertilizer, while the other half received 45 kg urea-N ha21.

On all ®elds, one maize treatment which did not receive P

before, was treated with 30 kg P ha21 as TSP and 45 kg

urea-N ha21, while on the `plateau' ®eld, additional treat-

ments without N and with 90 kg urea-N ha21 were imposed.

The ®elds were weeded three times (mid-end June, mid-end

July, mid-end August). Maize grain and stover yield was

determined between 29 September and 13 October 1998,

after counting the number of stands. Subsamples were

taken from the ears (15 ears per plot) and stover (5 stands

per plot) and weighed freshly. Yield determinations were
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Fig. 1. Biweekly total (bars) and cumulative (solid line) rainfall in Kasuwan Magani in 1998. The different arrows indicate the maize growing season for the

respective ®elds.



carried out on the net plot (3 by 3 m for the `plateau' ®eld,

2.25 by 3 m for the `slope' ®eld, 3 by 6 m for the `valley'

®eld). The maize growing season of the respective ®elds is

indicated in Fig. 1.

Before ridging Ð between 21 and 26 May 1998 Ð a

composite soil sample (one sample per row, taken diagon-

ally across the plot) was taken in each plot from the ridges

(0±10 cm) and the furrows (0±10 cm). The Olsen-P and

POM contents of these samples are presented by Vanlauwe

et al. (2000).

2.2. Chemical analyses

The maize grain, cob, and stover subsamples were dried

(658C), weighed, ground to pass 0.5 mm, and analyzed for

total N and P (IITA, 1982).

2.3. Statistical methods

All measurements were subjected to ANOVA with the

MIXED procedure of the SAS system (SAS, 1992).

`Replicate within site' was used as random effect,

while `treatment' and `site' were included in the

model as ®xed effects. Contrasts were used to compare

groups of treatments. Mean separation was done with

the PDIFF option of the LSMEANS statement (SAS,

1992).

3. Results

3.1. Maize grain production, total N and total P uptake, and

N and P concentration of the total biomass in the treatments

common to all sites

Maize following legumes treated with RP produced, on

average, 1741 kg ha21 and 910 kg ha21 more grains on the

`plateau' and `valley' ®eld, respectively, than maize follow-

ing legumes not treated with RP (Table 1). This increase
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Table 1

Differences in 1998 maize yield, total N and total P uptake, and N and P concentrations between selected treatments applied in 1997 and 1998 for the `plateau',

`slope', and `valley' ®elds

`Plateau' ®eld `Slope' ®eld `Valley' ®eld

Difference Probability Difference Probability Difference Probability

Maize grain production (kg ha21)

Legumea 1 RP vs legume-RPb 1741 ,0.001 2114 0.745 910 0.012

Legume 1 RP vs maize 1 RP 1196 0.019 2237 ,0.001 1211 0.006

Legume-RP vs maize-RP 258 0.654 2025 ,0.001 330 0.444

Legume 1 RP vs freshly

applied TSPb

1101 0.030 1430 0.002 1008 0.022

Maize total N uptake (kg N ha21)

Legume 1 RP vs legume-RP 19.4 0.003 1.6 0.768 9.9 0.075

Legume 1 RP vs maize 1 RP 20.0 0.012 33.9 ,0.001 16.3 0.017

Legume-RP vs maize-RP 14.3 0.114 28.1 ,0.001 7.7 0.252

Legume 1 RP vs freshly

applied TSP

18.3 0.021 25.3 ,0.001 17.8 0.010

Maize total P uptake (kg P ha21)

Legume 1 RP vs legume-RP 4.20 ,0.001 0.76 0.427 1.90 0.051

Legume 1 RP vs maize 1 RP 2.43 0.076 6.16 ,0.001 1.81 0.125

Legume-RP vs maize-RP 0.01 0.995 4.81 ,0.001 20.37 0.755

Legume 1 RP vs freshly

applied TSP

1.39 0.307 3.45 0.004 0.41 0.727

Maize total N concentration (%)

Legume 1 RP vs legume-RPa 20.152 0.004 0.046 0.295 20.015 0.729

Legume 1 RP vs maize 1 RP 0.156 0.015 0.151 0.007 0.042 0.435

Legume-RP vs maize-RP 0.419 ,0.001 0.055 0.311 0.063 0.242

Legume 1 RP vs freshly

applied TSP

0.182 0.005 0.073 0.160 0.132 0.017

Maize total P concentration (%)

Legume 1 RP vs legume-RPa 0.032 0.013 0.019 0.082 0.016 0.136

Legume 1 RP vs maize 1 RP 0.021 0.183 0.008 0.527 0.002 0.865

Legume-RP vs maize-RP 20.005 0.761 20.010 0.456 20.016 0.244

Legume 1 RP vs freshly

applied TSP

0.002 0.887 20.014 0.305 20.020 0.129

a Legume�mean of Mucuna and Lablab treatments.
b `RP' and `TSP' mean `rock phosphate' and `triple super phosphate', respectively.



was highest for the Mucuna treatments on both ®elds (Fig. 2a

and c). Maize grain yields on the `slope' ®eld were not

affected by RP addition to the preceding legumes (Table

1, Fig. 2b). On all ®elds, grain yields of maize following

legumes treated with RP (2957 kg ha21, averaged over both

legumes and all ®elds) were signi®cantly higher than maize

following maize treated with RP (1409 kg ha21, averaged

over all ®elds) (Fig. 2). Only on the `slope' ®eld, grain

yields of maize following legumes (3564 kg ha21, averaged

over both legumes) were signi®cantly higher than maize
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Fig. 2. Maize grain yields in 1998 for the different treatments on the (a) `plateau', (b) `slope' and (c) `valley' ®elds. The error bars are Standard Errors of the

Difference to compare treatments within sites. The numbers between brackets in the x-axis labels refer to the year of application of the P fertilizers. `RP' and

`SP' refer to `rock phosphate' and `triple super phosphate', respectively.



following maize (1539 kg ha21) in absence of RP addition

(Table 1, Fig. 2b). On all ®elds, grain yield was signi®cantly

higher in the treatments following legumes with RP addition

(in 1997) compared to the treatments following maize with

freshly applied TSP (in 1998) (Table 1, Fig. 2). Maize grain

yields were signi®cantly higher on the `slope' ®eld than on

the `plateau' and `valley' ®elds for both Mucuna treatments

and for the Lablab treatment without RP addition (Fig. 2).

On the `plateau' ®eld, total N uptake in the aboveground

biomass was, on average, 19 kg N ha21 higher after legumes

treated with RP than after legumes not treated with RP

(Table 1, Fig. 3a). On the `valley' ®eld, addition of RP to
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Fig. 3. Maize total N uptake in the aboveground biomass (grains, cobs, and stover) in 1998 for the different treatments on the (a) `plateau', (b) `slope' and (c)

`valley' ®elds. The error bars are Standard Errors of the Difference to compare treatments within sites. The numbers between brackets in the x-axis labels refer

to the year of application of the P fertilizers. `RP' and `TSP' refer to `rock phosphate' and `triple super phosphate', respectively.



preceding Mucuna signi®cantly increased the total N uptake

by a following maize crop with 18 kg N ha21 (Fig. 3c). On

the `slope' ®eld, rock phosphate addition to the legumes did

not signi®cantly in¯uence total N uptake by the following

maize (Table 1, Fig. 3b). On all ®elds, total N uptake of

maize following legumes treated with RP (48 kg N ha21,

averaged over both legumes and all ®elds) was signi®cantly

higher than maize following maize treated with RP (25 kg N

ha21, averaged over all ®elds) (Fig. 3). Also, total N accu-

mulation was signi®cantly higher in the treatments follow-

ing legumes with RP addition (in 1997) compared to the

treatments following maize with freshly applied TSP (in

1998) (Table 1, Fig. 3). Total N accumulation in the maize

biomass was signi®cantly higher on the `slope' than on the

other two ®elds in the Mucuna treatment without RP addition

(Fig. 3). The apparent recovery of legume N treated with RP by

the following maize crop varied between 12 and 36% and was

higher �P � 0:059� for Lablab than for Mucuna (Table 2).

Maize accumulated an extra 4.2 kg P ha21 in its above-

ground biomass in the treatments following legumes treated

with RP, compared to the treatments following legumes

without RP addition on the `plateau' and an extra 1.9 kg P

ha21 on the `valley' ®eld (Table 1). On the `plateau' ®eld,

maize following Mucuna and Lablab recovered 5.8 and

3.6% of the applied RP, respectively, while on the `valley'

®eld, maize following Mucuna recovered 3.1% of the

applied RP (Table 3). Addition of RP to preceding legumes

did not affect total P accumulation in a following maize crop

on the `slope' ®eld (Table 1, Fig. 4b). On the `slope' ®eld,

total P accumulation was signi®cantly higher in the treat-

ments following legumes (11.2 kg P ha21, averaged over

both legumes and P amendments) than in the treatments

following maize, irrespective of RP or TSP application

(6.5 kg P ha21, averaged over all P amendments) (Fig.

4b). On both other ®elds, total P accumulation was similar,

irrespective of the previous crop (Fig. 4a and b). Maize

accumulated signi®cantly more P in its aboveground

biomass in all legume treatments on the `slope' ®eld

compared to both other ®elds (Fig. 4). A signi®cant linear

relationship across all ®elds was found between maize total

P uptake and the Olsen-P content of the topsoil, after exclu-

sion of the maize data on the `slope' ®eld (Fig. 5).

3.2. Maize grain production and total N and total P uptake

on the `plateau' ®eld

On the `plateau' ®eld, maize grain yield, total N uptake,

and total P uptake of the maize in the legume treatments

increased after application of urea, only when RP was

applied to the preceding legumes (Fig. 6). In absence of RP

application, none of the maize characteristics was signi®cantly

enhanced by applying urea. Response of maize grain yield,

and total N and P uptake to urea was linear up to 90 kg N ha21.

4. Discussion

Application of RP to Mucuna and Lablab on the `plateau'

®eld and to Mucuna on the `valley' ®eld signi®cantly

improved grain yields of maize following these legumes.

The observed improvements in maize grain yield closely

re¯ected reported improvements in legume growth and P

accumulation caused by the addition of RP (Vanlauwe et
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Table 2

Total N uptake by the legumes at 18 weeks after planting (in 1997) (Vanlauwe et al., 2000), total and net N uptake by the maize (in 1998) in the legume±maize

rotations relative to the maize±maize rotations, and apparent legume N recovery on the `plateau', `slope', and `valley' ®elds. All treatments included in the

calculations were supplied with 90 kg RP-P ha21 in 1997

Legume total N uptake

(1997) (kg N ha21)

Maize total N uptake

(1998) (kg N ha21)

Net total N uptake by

maize (1998) (kg N ha21)

Apparent legume N

recoverya (%)

`Plateau' ®eld

Mucuna 175 47 21 12

Lablab 66 45 19 29

Maize ± 26 NA NA

`Slope' ®eld

Mucuna 177 60 38 21

Lablab 80 51 29 36

Maize NA 22 NA NA

`Valley' ®eld

Mucuna 164 50 23 14

Lablab 37 37 10 27

Maize NA 27 NA NA

Mean of all ®elds

Mucuna 17

Lablab 32

SEDb 7

a `Apparent legume N recovery' calculated as (net total maize N uptake)/(legume total N uptake) £ 100.
b SED means Standard Error of the Difference.



al., 2000). However, the excess P accumulation in the

legume biomass after RP application alone, appeared not

to be suf®cient to explain the observed increases in maize

grain yield since, although Mucuna without RP accumulated

similar amounts of P as Lablab with RP on the `plateau'

®eld (Vanlauwe et al., 2000), only the latter treatment

resulted in signi®cant increases in subsequent maize yield.

Although Vanlauwe et al. (2000) showed that Mucuna and

to a lesser extent Lablab increased the Olsen-P pool of the

topsoil on the `plateau' ®eld after application of RP,

the increase in maize total P uptake (e.g. 4.2 kg P ha21 in

the Mucuna treatment) was higher than the observed

increases in Olsen-P content at the start of the maize season

(e.g. 1.8 mg kg21, corresponding with 2.6 kg P ha21 in the

Mucuna treatment). This indicates that in the presence of

RP, the legumes did not only increase the immediately

available P pool, but also less labile P pools which may

contribute to the P nutrition of maize. The legumes may

have improved the availability of P from RP in excess of

their own need for P through rhizosphere processes,

discussed by Vanlauwe et al. (2000). Part of the P incorpo-

rated in the legume aboveground or root biomass may also

have been transferred directly to less labile soil organic P

pools. Nziguheba et al. (1998) found increases in the labile

bicarbonate and the moderately labile NaOH organic P

pools after addition of tithonia and maize residues on a

clayey Kandiudalf in western Kenya. Maroko et al. (1999)

reported increases in the amount of P in light fraction soil

organic matter (SOM) and macroorganic matter under

sesbania and natural fallows on an Eutrudox and Paleustalf

in the Kenyan highlands. The improvement in N concentra-

tion of the POM pool after legume growth, observed in this

experiment (Vanlauwe et al., 2000), suggests that the

legume residues have contributed to the POM pool.

Although data are absent, this interaction may have

improved the P status of the easily decomposable POM

pool, in view of the rather high P contents of the legume

residues (Vanlauwe et al., 2000). In this context, more thor-

ough investigations in eventual relationships between the

traditional Hedley-P fractionation scheme (Hedley et al.,

1982) and the frequently used physical SOM fractionation

procedures (Christensen, 1992; Vanlauwe et al., 1998a)

would help to elucidate and understand the transfer of P

contained in organic residues to the SOM pool.

Assuming a dry matter harvest index of 45% and a total P

concentration in the aboveground biomass of 0.1%, Bationo

et al. (1986) demonstrated an extra P uptake varying

between 0 and 1.6 kg P ha21 after applying 90 kg P ha21

as Togo RP for a wide range of sites in West-Africa. The

values obtained in this experiment in the maize±maize rota-

tion treatment (20.6 and 1.8 kg P ha21, Table 3) fall within

the range observed by these authors and are much lower

compared to the RP-P uptake in the Lablab-maize (3.2 kg

P ha21, Table 3) and especially the Mucuna-maize rotations

(2.8±5.2 kg P ha21, Table 3). This con®rms that the studied

legumes, and especially Mucuna signi®cantly enhances the

availability of P from RP. Although the present overall

recovery is quite low, future crops may continue to bene®t

from the applied RP. The higher recovery of RP-P on the

`plateau' ®eld relative to the other ®elds may be the result of

its lower soil pH (5.4 vs 5.8 on the `slope' ®eld and 6.2 on

the `valley' ®eld) and/or higher P sorption.

On the `plateau' and `valley' ®elds, neither maize grain

yield nor total P uptake increased signi®cantly in the treat-

ments with previous legumes compared to the treatments

with previous maize in absence of RP application. This

clearly shows that the legumes do not signi®cantly improve

the soil P status in absence of RP application, relative to

maize. The legumes may have accessed different P pools for

their P nutrition- Kamh et al. (1999) reported that white
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Table 3

Recovery of P from rock posphate (RP), applied to the legumes or maize in 1997 at a rate of 90 kg P ha21 by the maize in 1998 on the `plateau', `slope', and

`valley' ®elds

Maize total P uptake

with RP (kg P ha21)

Maize total P uptake

without RP (kg P ha21)

Difference

(kg P ha21)

Signi®cance of

difference

Recovery of

RP (%)

`Plateau' ®eld

Mucuna 7.1 1.9 5.2 **a 5.8

Lablab 5.6 2.4 3.2 *a 3.6

Maize 3.9 2.1 1.8 NSa NAb

`Slope' ®eld

Mucuna 12.2 12.5 20.4 NS NA

Lablab 11.0 9.1 1.9 NS NA

Maize 5.4 6.0 20.6 NS NA

`Valley' ®eld

Mucuna 5.8 3.0 2.8 * 3.1

Lablab 3.9 2.8 1.1 NS NA

Maize 3.0 3.3 20.3 NS NA

a `**', `*', and `NS' indicate signi®cant at the 1% level, at the 5% level, and not signi®cant, respectively.
b `NA' mean `not applicable', because the difference between total P uptake with and without addition of rock phosphate is not signi®cant



lupin was able to mobilize P from the acid-soluble and

residual P pools-but did not improve the overall soil P

status, contrary to the treatments with RP application, as

discussed earlier. Contrary to our results, Kamh et al.

(1999) reported that maize grown after Mucuna, Phaseolus,

and Cajanus in a greenhouse pot experiment bene®ted from

an improved P status, although improvements in maize P

uptake were minimal in the treatments with low additional

soluble P supply. Evidently, minor differences observed

under well-controlled laboratory or greenhouse conditions

are not necessarily clearly re¯ected in ®eld experiments.

The lack of response of maize to soluble P addition on the
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Fig. 4. Maize total P uptake in the aboveground biomass (grains, cobs, and stover) 1998 for the different treatments on the (a) `plateau', (b) `slope' and (c)

`valley' ®elds. The error bars are Standard Errors of the Difference to compare treatments within sites. The numbers between brackets in the x-axis labels refer

to the year of application of the P fertilizers. `RP' and `TSP' refer to `rock phosphate' and `triple super phosphate', respectively.



`valley' ®eld (Fig. 4c) contradicts the earlier observed

signi®cant increase in N and P accumulation in the Mucuna

biomass following RP addition (Vanlauwe et al., 2000).

This is most likely caused by a difference in demand for P

by maize and Mucuna, indicated by differences in above-

ground P concentration of Mucuna (0.120% at 18 WAP, on

average, on the `valley' ®eld) and maize (0.075% at maize

harvest, on average, on the `valley' ®eld), or by earlier

observed differences in mechanisms to recover the needed

P from the soil solution (Vanlauwe et al., 2000).

The observed improvements in grain yield were not

solely caused by an improvement in the soil P status, but

also by an increased availability of plant-available N after

legume growth. On the `plateau' ®eld (Fig. 6a), grain yields

of the maize following RP-amended legumes without addi-

tion of urea were similar to those obtained after addition of

45 kg urea-N ha21 (1552 kg ha21), while adding an extra

45 kg urea-N ha21 resulted in maize yields similar to those

obtained after adding 90 kg urea-N ha21 (2641 kg ha21). On

the `valley' ®eld, the earlier reported signi®cant increase in

total N accumulation by Mucuna after RP addition is

re¯ected by the signi®cant increase in grain yield and total

N accumulation (Fig. 3e). On the same ®eld, Carsky et al.

(1999) reported a mean N fertilizer replacement values from

legume rotation of 14 kg N ha21. Maize yields on the `slope'

®eld increased 46% and 102% after Mucuna and Lablab,

respectively, relative to the maize after maize, supplied with

30 kg TSP-P ha21 and 45 kg urea-N ha21. Moreover, data in

Fig. 5 clearly show that maize total P uptake is restricted by

absence of N in the maize-maize rotations on the `slope'

®eld. Although Mucuna treated with RP accumulated signif-

icantly more N in its aboveground biomass (Vanlauwe et al.,

2000), the apparent N recovery, averaged over all ®elds, was

greater for the Lablab than for the Mucuna treatments

(Table 3). This may have been related to a supply of N by

the Mucuna, in excess of the demand for N by the maize

crop, to the longer growth cycle of Lablab, and conse-

quently delayed decomposition of Lablab residues, and/or

to differences in biochemical quality and N release charac-

teristics. Most of the legume derived N must have been in

the mineral N form at the start of the maize season, as nearly

all of the aboveground biomass was gone and as no signi®-

cant differences in total POM N were found between the

legume and maize treatments (Vanlauwe et al., 2000).

Vanlauwe et al. (1998b) earlier observed that mineral N

residing in the soil between 40 and 60 cm was not readily

leached to deeper layers on a Ferric Lixisol in Southern

Nigeria. In northern Nigeria, Wild (1972) showed that

leaching of soil-derived mineral N to the subsoil was fairly

slow.

Above results clearly show that soil fertility management

in the NGS needs to take into consideration both N and P;

omitting the addition of one of these nutrients led to inef®-

cient use of the other nutrient. Where legumes can signi®-

cantly reduce the need for external N inputs by contributing

N2 ®xed from the atmosphere to the soil available N pool,

they are less likely to improve the soil P status to the same

extent. Moreover, N2 ®xation itself can be hampered by lack

of available soil P (Vanlauwe et al., 2000). Soil fertility

management also needs to be diversi®ed following position

on the toposequence. The soils on the crests usually have a

lower fertility and a higher potential to adsorb P due to the

presence of Fe and Mn nodules (Tiessen et al., 1991) and a

subsequent larger P de®ciency. As cropping intensi®es in

the large parts of the NGS due to increased population

densities, more farmers will move to the less fertile crest
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Fig. 5. Relationship between the total P uptake by the maize aboveground biomass (grains, cobs, and stover) at maize harvest and the Olsen-P content of the 0±

10 cm layer (average of ridge and furrow Olsen-P contents) at the start of the maize season for the Mucuna, Lablab, and maize treatments, with and without

application of rock phosphate. The encircled values represent the maize following maize data of the `slope' ®eld and were excluded from the regression

analysis because it is assumed that N was a limiting factor. The Olsen-P data are presented by Vanlauwe et al. (2000).
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Fig. 6. (a) Maize grain yield, (b) total N and (c) total P uptake in the aboveground biomass (grains, cobs, and stover) on the `plateau' ®eld. The error bars are

Standard Errors of the Difference for the interaction between `preceding crop' and `N level'. The histograms showing the N response data (left of the SED bar)

were not included in the statistical analysis and their error bars are Standard Deviations.



®elds. Intensi®cation of crop production may in the longer

term lead to de®ciencies of other nutrients than N and P.

Although technically the current herbaceous legume±

maize rotation cropping system was observed to success-

fully alleviate soil N and P de®ciency, some issues need

to be resolved before the system is likely to be recom-

mended for wide-scale implementation. Firstly, the current

legume phase produces no direct economic product, besides

some low-value Lablab seeds. Replacement of the herbac-

eous legume by, e.g. a dual purpose grain legume having the

same ability to immediately access RP-P would be one way

to increase net bene®ts. On the other hand, removal of part

of the N and P assimilated by the legume through harvest of

the grains could have a negative impact on the overall

contribution of the legume phase to a following cereal.

Secondly, it is necessary to improve the accessibility of

RP to farmers. Although RP is abundantly present in most

of the West-African countries, it is very often not mined for

usage by the indigenous farmer population, but for export to

soluble P fertilizer-producing countries.

5. Conclusions

Application of RP to Mucuna and Lablab led to site- and

species-speci®c increases in grain yield, total N, and total P

uptake of a subsequent maize crop on a typical NGS topo-

sequence. Application of RP to Mucuna and Lablab on the

`plateau' ®eld and to Mucuna on the `valley' ®eld signi®-

cantly increased grain yields of a following maize crop.

Maize grain yields on the `slope' ®eld were not affected

by previous additions of RP, because of the high Olsen-P

content of this ®eld. These increases in maize performance

re¯ected the earlier observed responses of the used legumes

to RP addition.

The observed increases in maize grain yield were the

results of an improvement in the soil P status, as shown

by increases in Olsen-P contents and an improvement in

the soil N status. The increase in Olsen-P content alone

did not explain the improved P nutrition of maize, as the

extra P uptake in the treatments previously supplied with RP

exceeded the observed increases in Olsen-P content. The

observed recoveries of P from RP by maize in the

legume±maize rotations were higher than in the maize±

maize rotations in this experiment and in a series of earlier

trials carried out in West-Africa.

Proper soil fertility management clearly needs to take into

account both N and P. While legumes can improve the soil

N status, they are less likely to modify the soil P status.

Although agronomically the current herbaceous legume±

maize rotation with a minimal amount of external inputs

successfully addressed both the N and P issue, socio-

economic evaluation is necessary to delineate the conditions

under which the cropping system could be optimally

implemented.
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