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Abstract The yield increases often recorded in

maize following grain legumes have been attributed

to fixed-N and ‘other rotation’ effects, but these

effects have rarely been separated. Field trials were

conducted between 2003 and 2005 to measure these

effects on maize following grain legumes in the

northern Guinea savanna of Nigeria. Maize was

grown on plots previously cultivated to two geno-

types each of soybean (TGx 1448-2E and SAMSOY-

2) and cowpea (IT 96D-724 and SAMPEA-7), maize,

and natural fallow. The plots were split into four N

fertilizer rates (0, 30, 60 and 90 kg N ha-1) in a split

plot design. The total effect was calculated as the

yield of maize following a legume minus the yield

following maize, both without added N and the

rotation effect was calculated as the difference

between rotations at the highest N fertilizer rate.

The legume genotypes fixed between 14 and

51 kg N ha-1 of their total N and had an estimated

net N balance ranging from -29.8 to 9.5 kg N ha-1.

Positive N balance was obtained only when the

nitrogen harvest index was greater than the propor-

tion of N derived from atmosphere. The results also

indicated that the magnitude of the fixed-N and other

rotation effects varied widely and were influenced by

the contributions of the grain legumes to the soil

N-balance. In general, fixed-N effects ranged from

124 to 279 kg ha-1 while rotation effects ranged

between 193 and 513 kg ha-1. On average, maize

following legumes had higher grain yield of 1.2 and

1.3-fold compared with maize after fallow or maize

after maize, respectively.

Keywords N balance � N contribution �
N2-fixation � Northern Guinea savanna �
Rotation effects

Introduction

Grain legumes are important component of the

cropping system of the northern Guinea savanna

(NGS) of Nigeria and intercropping with cereal crops

is a common feature. Cowpea and soybean are widely

grown in the NGS of Nigeria and like other grain

legumes they are often intercropped with maize,
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sorghum or millet. The crop combinations and

planting arrangements in intercrop are infinitely

variable and range from mixed cropping, in which

many species are sown randomly in a field, to more

strict row or strip intercropping (Francis 1986).

Although intercrops can produce greater yields, they

generally do so by extracting more nutrients from the

soil than sole crops (Dalal 1974; Mason et al. 1986)

and may therefore cause more rapid decline in soil

fertility. One obvious drawback to intercropping is

that one crop always seems to benefit more from the

particular season’s conditions (Shumba et al. 1990).

In addition, available evidence indicate that inputs of

N2-fixing legumes are more likely to benefit sub-

sequent cereal grown in rotation than when

intercropped (Giller 2001).

Lombin (1986), Kaleem (1993) and Carsky et al.

(1997) showed higher grain yield of cereal following

legume than continuous cropping of cereal in the

Nigerian savanna. The increases in the cereal yield

were attributed to the biologically fixed N from the

legumes. But for such a positive effect to occur, it is

expected that the amount of fixed N returned by the

legumes to the soil must be greater than the amount

of soil N in the harvested grain (Giller and Wilson

1991). However, yield increases have been recorded

even in situations where the calculated N contribution

of legumes was estimated to be negative (Sanginga

et al. 2002). This shows that other non-N benefits

may be responsible for the higher yield in legume-

cereal rotation than in continuous cereal cultivation.

These non-N benefits otherwise known as ‘other

rotation’ effects, according to some authors include

enhancement of soil microbial activity, improved soil

physical and chemical properties, elimination of

phytotoxic substances, addition of growth promoting

substances and reduced disease incidence (Peoples

and Crasswell 1992; Jackson et al. 1993; Reeves and

Wood 1994; Giller 2001). No single factor has been

shown to be solely responsible for the non-N benefits

of legumes grown in rotation with cereal.

The benefit of N fixed by legume to subsequent

cereal is usually reported as N-fertilizer replacement

value (NFRV) or the N-fertilizer equivalence defined

as the quantity of fertilizer N required to achieving

the same yield with continuous non legume crop as

the yield obtained following a legume crop (Reeves

1994; Carsky et al. 1997; Giller 2001). However, the

N contribution from the legumes is not distinguished

from other rotation effects by this method (Reeves

1994). It is therefore important to separate the

contributions of fixed-N and rotation effects of

commonly grown grain legumes in the cereal-based

cropping system of the NGS of Nigeria. This

information will make it possible for individuals to

make more informed selection of leguminous crops

and to optimize N applications to the cereal crops in

rotation with such legumes.

Materials and methods

Experimental site

The field experiments were conducted from 2003 to

2004 at Samaru. Samaru is located in the northern

Guinea savanna of Nigeria (11�110N and 7�380E) and

has a monomodal rainfall pattern with a long-term

mean annual rainfall of 1,011 ± 161 mm concen-

trated almost entirely in the 5 months (May/

June–September/October) of the cropping season

(Oluwasemire and Alabi 2004). The main soil sub-

group is Typic Haplustalf (Awujoola 1979).

Seed sources and preparation

Two genotypes each of cowpea (SAMPLE-7 and IT

96D-724) and soybean (SAMSOY-2 and TGx 1448-

2E) were used. These are widely cultivated by

farmers as sole or intercrops in the prevalent cropping

systems. Maize genotype (Oba Super 2) was used as

reference crop to estimate nitrogen fixation in the

grain legumes by the difference method (Hardason

and Danso 1993). The same maize genotype was used

to assess the residual benefits of the previous legume

to non-leguminous crop. All seeds were surface

sterilized with H2O2 for 3 min and 95% ethanol for

10 s and then rinsed thoroughly with sterile water to

remove contamination by rhizobium other than the

indigenous soil population.

Field experiment

The experimental area was ploughed, disc-harrowed

and ridged at an inter-row distance of 75 cm. The

field was divided into two equal halves to accom-

modate two rotation cycles within 3 years. The first

cycle of the rotation was initiated on the first half of
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the field in 2003 and completed in 2004 while the

second rotation cycle was initiated on the second half

of the field in 2004 and completed in 2005. In the first

phase of each cycle, legumes (cowpea and soybean)

and maize were planted as the main crops. Each plot

size measured 24.0 m 9 4.5 m (six rows). A basal

application of 20 kg N as urea (46% N), 17.5 kg P as

single super phosphate (18% P2O5) and 16.7 kg K as

muriate of potash (60% K2O) per hectare was made

to soybean and cowpea plots. A ‘starter dose’ of

nitrogen is required in the Nigerian savanna to

eliminate constraints due to low soil fertility that

may hamper initiation of nodules and onset of N2

fixation since legume inoculants are not currently

used by farmers. Natural bush fallow plots were

included as treatments to emulate farmers’ traditional

practice of soil fertility improvement. In the second

phase of each rotation cycle, only maize was planted

on all plots including the fallow plots. The experi-

mental design was a split plot in the second phase of

each rotation cycle. The main plots were the previous

legume genotypes, fallow and maize while the sub

plots (6.0 9 4.5 m) were four rates of fertilizer N; 0,

30, 60 and 90 kg N ha-1. Where applicable, one-

third of the nitrogen fertilizer was applied at 2 weeks

after planting (WAP) and the remaining two-third at

6 WAP. Phosphorus (26.2 kg P ha-1) and K (50 kg

K ha-1) fertilizers were applied to all plots at planting

by side banding at about 5 cm away from the seed and at

about 5 cm deep on the ridge.

Soil sampling and analysis

For initial characterization of the field, 20 core (8 cm

in diameter) soil samples (0–15 cm depth) were taken

at random along four transects in the field. The

samples were thoroughly mixed and bulked, and a

representative sample was drawn for initial chemical

analysis following standard procedures (IITA 1989).

The soil was loam in texture with the following

properties: pH (Water), 5.4; Corg, 6.3 g kg-1; Ntot,

0.50 g kg-1; available P (Bray 1-P), 6.53 mg kg-1;

and exchangeable cations (cmol? kg-1) of Mg2?,

0.36; Ca2?, 0.80; K?, 0.15; and Na?, 0.28.

Plant sampling and analysis

Plant sampling was done at mid-podding for legumes,

50% silking for maize and at maturity for all crops.

Plant samples were randomly taken from the four

inner rows. At the first sampling time, eight plants

were carefully dug out from the cowpea plots while all

plants within 1.5 m2 quadrat of the soybean plot were

carefully dug out. To minimize damage to the root

system, the soil around the plant was loosened using

forks. Five plant samples were taken from the maize

plot by cutting at the base of the stem. Plant samples

were processed for number and dry weight of nodules

and measurement of N2-fixation. Harvested plant

samples were chopped into 10–20 mm pieces and sub

sampled, and about 500 g fresh weight were oven-

dried at 70�C before grinding to pass through a

0.5 mm sieve. For the last harvest, plant samples were

separated into reproductive (grains) and vegetative

parts (shoots) before sampling. The grains were

threshed from the pods and cobs and further dried in

the sun until a moisture content of 12% was reached

using a Dickey-john grain moisture tester. Plant

shoots, nodules and straw were dried in the oven at

70�C to a constant weight before weighing. Total N in

the grains, shoots and straws was determined by the

Kjedahl procedure (Bremner and Mulvaney 1982).

The net contribution of N2 fixation to the N

balance of the soil was calculated as follows: Net N

balance = Nf - Ng (modified from Peoples and

Craswell 1992), where Nf is the amount of N2 fixed

and Ng represents N exported in harvested grain.

Nitrogen fertilizer replacement value

The nitrogen fertilizer replacement value (NFRV) of

the legumes was estimated by the method described

by Carsky et al. (2001). The response of maize to

fertilizer N in the maize and fallow plots were fitted

to a linear model. The intercept is the grain yield after

fallow or maize with no fertilizer and the slope is the

response of maize to fertilizer N.

NFRV

¼ Yield after legume with no fertilizer� Intercept

Slope

Separation of fixed-N versus rotation effects

The rotation effect is distinguished from fixed-N

effects by the method described by Baldock et al.

(1981) and adopted by Karpenstein-Machan and
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Stuelpnagel (2000). In this method, the total effect

calculated as the yield of maize following a legume

minus the yield following a non-legume, both without

added N and the rotation effect was calculated as the

difference between rotations at the highest N fertil-

izer rate. The fixed-N effect was then calculated as

the total effect minus the rotation effect.

Statistical analysis and calculation

Data were subjected to analysis of variance (ANOVA)

using the GLM procedure of SAS (1999). Where the

F-ratios were found to be significant, treatment means

were separated using the least significant difference

(LSD) at 5% level of probability.

Results and discussion

Nitrogen fixation

The amount of N2 fixed by cowpea genotypes ranged

from 13.9 to 40.3 kg ha-1 in 2003 and 2004 with

SAMPEA-7 having consistently significantly higher

values in both years (Table 1). Sanginga et al. (2000)

also reported a range of 13.1–31.9 kg ha-1 for eight

genotypes in the derived savanna of West Africa. On

the other hand, the amount of N2 fixed did not differ

significantly between soybean genotypes with TGx

1448-2E having slightly higher values in both years.

There was no significant difference in the amount

fixed between SAMSOY-2 and SAMPEA-7 in both

years. The differences observed in the amount of N2

fixed by the legume genotypes could be attributed to

the number of days required to attain maturity.

Higher amounts of fixed N are found in longer

duration genotypes (Carsky et al. 1997; Sanginga

et al. 2002). The lack of significant difference in the

contribution of BNF to the two soybean genotypes

may be attributed to their relatively similar maturity

duration of approximately 120 days (Sanginga 2003;

Olufajo et al. 1989) while SAMPEA-7 had longer

maturity period than IT 96D-724 as observed in the

number of days it took for each genotype to reach

physiological maturity. The average amount of N2

fixed by the soybean genotypes in 2 years was

41.2 kg ha-1 for SAMSOY-2 and 49.8 kg ha-1 for

TGx 1448-2E. These values fall within the range of

10–58 kg ha-1 reported by Abaidoo et al. (2007) and

42–83 kg ha-1 reported by Sanginga et al. (1997).

However, these values are much lower than 114–

188 kg ha-1 reported by Eaglesham et al. (1982). In

addition to maturity period, the wide variations in the

amount of N2 fixed by different genotypes of the

same crop depends on the N fixing capability of the

genotype, the native fertility of the soil (Sanginga

et al. 1997), population and effectiveness of the

indigenous rhizobia (Singleton et al. 1992). Singleton

et al. (1992) reported that in 305 soil samples

collected from 17 different countries in the tropics,

60% of the soils had fewer than 1,000 rhizobia g

soil-1 (47% with \100 rhizobia g soil-1) belonging

to the ‘‘cowpea’’ cross-inoculation group and the

results of a number of on-farm inoculation trials

around the world indicate that even ‘‘promiscuous’’

Vigna species often benefit from inoculation. This

suggests that the use of legume inoculants may

benefit farmers in the Nigerian savanna. Unfortu-

nately, there is lack of knowledge about inoculants by

farmers and extension staff and inconsistencies in

crop response to inoculation on researcher-managed

fields (Olufajo et al. 1989; Sanginga et al. 2000).

The legumes showed wide variation in their

proportion of plant N derived from N2 fixation. The

values obtained for cowpea and soybean in this study

are also presented in Table 1. The result showed that

both soybean genotypes and SAMPEA-7 had signif-

icantly higher %Ndfa than IT 96D-724 in 2003.

Highest value of 48% was recorded for SAMPEA-7

in 2003 and the lowest value of 18% for IT 96D-724

in 2004. On the other hand, %Ndfa by SAMSOY-2

was slightly lower than TGx 1448-2E but not

Table 1 N2-fixation and percent N derived from atmosphere

(%Ndfa) as influenced by cowpea and soybean genotypes in

2003 and 2004

Genotype N2-fixation (kg ha-1) % Ndfa

2003 2004 2003 2004

IT 96D-724 17.7 13.9 21.3 17.6

SAMPEA-7 40.3 28.2 48.3 36.0

TGX 1448-2E 51.1 48.5 42.5 46.1

SAMSOY-2 46.3 36.1 44.8 47.4

Mean 38.9 31.7 39.2 36.8

SEM 3.80 10.74 4.77 8.03

LSD 11.40* 32.22* 14.31* 24.09*

* Significant at the 0.05 level of probability
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significant. The major contribution of grain legumes

to soil fertility in cropping systems lies in their ability

to fix atmospheric N. Therefore genotypes that derive

high proportion of their N from fixation will be

highly desirable especially in soils with low N status.

However, our results show that less than half of the

plant total N was derived from the atmosphere. This

implies that the promiscuous genotypes used cannot

meet all their N demand for growth and seed by only

N2 fixation. This is the need for new strategies such

as breeding for new materials with higher potential

for N2 fixation with indigenous rhizobia. However,

this option needs to be evaluated along with local

production and distribution of good quality inoculants

because economic restrictions placed on resource

poor farmers may remain a challenging problem.

Grain N and N harvest index (NHI)

Cowpea grains accumulated a narrow range of

30.8–32.7 kg N ha-1 over the 2 years (Table 2). There-

fore, no significant difference was observed between

the cowpea genotypes in 2003 and 2004. These grain

N yields are lower than the range of 46–57 kg ha-1

reported by Eaglesham et al. (1982) but higher than

16.3–29.0 kg ha-1 reported by Sanginga et al.

(2000). The difference could be attributed to differ-

ences in grain yields, as high yielding genotypes will

produce correspondingly high total N content in their

dry matter. Awonaike et al. (1990) recorded 44.4 and

53.5 kg N ha-1 in grain of two cowpea genotypes

that had grain yield of 2.4 and 3.2 t ha-1. Soybean

genotypes produced significantly higher grain N yield

than cowpea genotypes in 2003 and 2004. TGx 1448-

2E produced significantly higher grain N yield

than the remaining genotypes. The average grain N

observed for TGX 1448-2E in this study (72.0 kg

N ha-1) is similar to the values of 73.87 and 71.43

reported for TGx 1485-ID and TGx 1660-19F,

respectively (Bala et al. 2003). Sanginga et al.

(2002) also obtained 73 kg N ha-1 for TGx 1660-

19F.

NHI calculated as the ratio of grain N to plant total

N of the grain legumes are presented in Table 2. The

soybean genotypes had significantly higher NHI than

the cowpea genotypes in 2003 and 2004. The results

followed similar trend in 2003 and 2004. The values

obtained for soybean was very close to the mean of

55% reported for five uninoculated soybean geno-

types (Sanginga et al. 1997). The higher NHI

recorded for soybean genotypes may be largely

attributed to higher concentration of N in soybean

grain. Soybean genotypes accumulated larger pro-

portion of their total N uptake in the grains on

average 51% for both genotypes while both cowpea

genotypes accumulated on average 38%. Higher soil

N accumulation in the harvested grain than the

amount of fixed N returned to the soil could lead to

depletion of soil N. Thus removal of soybean grains

and haulms as practiced in the NGS of Nigeria is

critical in determining their net contribution to the

soil N balance.

Nitrogen balance

The NHI is a reflection of the soil N balance in a

rotation system. The results showed that the N

balance of cowpea genotypes ranged between

-18.9 and 9.5 kg N ha-1 with SAMPEA-7 having

significantly higher value than IT 96D-724 in both

years (Fig. 1). This range is very close to the range of

-10.6 to 11.1 kg N ha-1 reported for eight cowpea

genotypes (Sanginga et al. 2000). In 2003, SAMPEA-

7 which had a significantly lower NHI (37%) left a

positive soil N balance while in 2004, the two

genotypes had higher NHI and led to a net negative N

balance.

Although both soybean genotypes contributed

negatively to the net soil N balance in 2003 and

2004, SAMSOY-2 had significantly higher value than

TGx 1448-2E in both years. This could be due to

large differences in the grain N between the two

genotypes. The values obtained for TGx 1448-2E fall

within the range (-46 to 20 kg N ha-1) reported for

Table 2 Grain N and N harvest index as influenced by cowpea

and soybean genotypes in 2003 and 2004

Genotype Grain N (kg ha-1) N harvest index (%)

2003 2004 2003 2004

IT 96D-724 32.3 32.8 39 41

SAMPEA-7 30.8 32.6 37 41

TGX 1448-2E 65.7 78.3 55 51

SAMSOY-2 53.7 56.2 52 49

Mean 45.6 50.0 46 46

SEM 4.20 7.94 3.0 3.1

LSD 12.60 23.82 9.00 9.30
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some IITA promiscuous genotypes (Abaidoo et al.

2007) but outside the range (-8 to 43 kg N ha-1)

observed for five promiscuous genotypes by Sang-

inga et al. (1997). Although Sanginga et al. (1997)

used fewer numbers of genotypes than Abaidoo et al.

(2007), their genotypes were inoculated and the

inoculation was found to increase the N balance

significantly.

Positive N balance in the soil may be attributed to

the amount of biologically fixed N but for such a

positive N balance to occur, it is expected that the

amount of fixed N by the legumes to the soil must be

greater than the amount of soil N in the harvested

grain (Giller 2001). Although we did not distinguish

between the proportion of grain N derived from soil

or fertilizer, our results showed that a positive soil N

balance was obtained only where the proportion of

Ndfa was greater than the NHI. It is therefore

established that all grain legumes with NHI greater

than the proportion of Ndfa will lead to a negative

soil N balance. However, very low NHI may lead to

lower grain yield, therefore to maximize net soil N

balance, it is necessary to maximize the total crop N

at grain harvest and percentage of N2 fixed.

Effect of previous grain legumes, fallow

and maize and fertilizer N on subsequent maize

grain yield

Higher grain yield of unfertilized maize following the

legumes compared to continuous maize (Table 3)

showed that the yield increase normally obtained for

maize following grain legumes is not always due to

accumulation of N in the soil since cultivation of all

the genotypes except SAMPEA-7 in 2003 led to

negative soil N balance (Fig. 1). Similarly when

averaged over fertilizer N rates, previous legume

genotypes significantly increased maize grain yield

compared with fallow and maize.

In 2004, on average, maize grain yield following

SAMSOY-2 was 42% higher than that of maize

following fallow and 34% higher than maize follow-

ing maize (Table 3). In 2005, grain yield of maize
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Fig. 1 Soil nitrogen balance of cowpea and soybean geno-

types in 2003 and 2004

Table 3 Previous crop and N fertilizer effects on subsequent maize grain yield (kg ha-1) in 2004 and 2005

Previous crop N Fertilizer (kg N ha-1)

2004 2005

0 30 60 90 Mean 0 30 60 90 Mean

Maize 954 1,515 2,509 3,248 2,056 982 1,536 2,233 3,088 1,960

Fallow 924 1,779 2,665 3,346 2,178 937 1,536 2,499 3,108 2,020

IT 96D-724 1,147 2,436 2,854 3,356 2,448 1,422 2,024 2,816 3,228 2,373

SAMPEA-7 1,626 2,532 2,914 3,353 2,606 1,706 2,173 2,727 3,413 2,503

TGx 1448-2E 1,784 2,417 3,738 3,494 2,858 1,623 2,351 2,749 3,288 2,505

SAMSOY-2 1,839 2,871 3,485 3,512 2,927 1,663 2,347 2,984 3,385 2,595

Mean 1,379 2,258 3,028 3,385 1,389 1,995 2,668 3,252

Standard error

Previous crop main effect (P) 110 105

N Fertilizer main effect (N) 90 85

P 9 N 220 209
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following SAMSOY-2 was 32% higher than that of

maize following maize and by 28% compared with

maize following fallow. Several other workers have

reported improved maize yield after a previous

legume crop in the same agro-ecological zone

(Carsky et al. 1997, 1999; Kaleem 1993; Sanginga

et al. 2002). Sanginga (2003) observed a 20–23%

yield increase in maize following soybean compared

to maize after maize and reported that higher

increases can be obtained with increased N2 fixed

and improved residue management.

In both years, irrespective of the previous crop,

maize grain yield significantly increased with

increasing N application, which suggests that in

order to obtain appreciable maize yield, supplemen-

tary N needs to be added to the soil even after legume

cultivation. However, the amount of N that will be

required to attain optimum yield is usually lower after

legume crop compared to continuous maize cultiva-

tion. The highest grain yield of 3,385 kg ha-1 was

obtained from 90 kg N ha-1 treatment in 2004 and

2005. Similarly, the grain yields obtained with the

application of 60 kg N ha-1 were significantly higher

than the values recorded at 30 kg N ha-1 in both

years. Nitrogen is the most limiting nutrient to maize

production in the NGS of Nigeria and response to N

application is well documented. On the other hand,

the interaction between previous crop and fertilizer N

(P 9 N) was not significant in both years (P = 0.310

in 2004 and P = 0.956 in 2005). This indicates that

N-effect might not have been solely responsible for

the results obtained on maize grain yield. A pure

N–effect will lead to a negative interaction (i.e.

diminishing returns with additional N).

The benefit of N fixed by legume to subsequent

cereal is usually reported as N-fertilizer replacement

value (NFRV) or the N-fertilizer equivalence, defined

as the quantity of fertilizer N required to achieve the

same yield with continuous non legume crop as the

yield obtained following a legume crop (Reeves

1994; Carsky et al. 1997; Giller 2001). The NFRVs

were calculated from the response curves in Figs. 2

and 3. In Fig. 2 maize response to fertilizer N was

y = 26.253x ? 875.1 (R2 = 0.99) and fallow

response to N was y = 27.173x ? 955.7

(R2 = 0.99) while in Fig. 3 maize response to

fertilizer N was y = 23.383x ? 907.5 (R2 = 0.99)

and fallow response to N was y = 24.92x ? 898.6

(R2 = 0.99). In 2004, the NFRV of IT 96D-724 was

7 kg ha-1 compared with fallow and 10 kg ha-1

compared with that of maize (Table 4). These were

about 18 kg ha-1 less than the values obtained

compared with fallow and maize for SAMPEA-7.

In 2005, NFRV of SAMPEA-7 was equally higher for

both reference crops than that of IT 96D-724. In

2004, the NFRV of SAMSOY-2 was slightly higher

than that of TGx 1448-2E with an average increase of

2.5 kg ha-1 compared with both fallow and maize.

This difference may account for the 69 kg ha-1

maize grain yield difference between TGx 1448-2E

and SAMSOY-2. However, similar argument cannot

be advanced for the 90 kg ha-1 grain yield difference

observed in 2005 since the mean difference in the

NFRVs of both genotypes was less than 2.5 kg ha-1.

y = 26.253x + 875.1

R2 = 0.9899

y = 27.173x + 955.7

R2 = 0.9969
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following previous

legumes: IT 96D-724 (m);

SAMPEA-7 (s); TGx
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(j) as a function of

fertilizer N in 2004
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This clearly indicates that NFRV may not be a

suitable index to explain all the benefits accruable

from legume-cereal rotation. The NFRVs obtained

for the legume genotypes is of significant interest to

farmers who have limited access to commercial

fertilizers. Factors that affect NFRV include residue

management, the reference crop and climatic

conditions.

Very wide range of NFRV for cowpea has been

reported. Horst and Hardter (1994) reported

80 kg ha-1 while Carsky et al. (1999) reported

10 kg ha-1. Carsky et al. (2001) estimated NFRV

of two soybean genotypes as 20–40 kg ha-1 when

crop residues were exported and maize as the

reference crop. On the other hand, Singh et al.

(2001) estimated NFRV of soybean to be 20 kg ha-1

when residues were incorporated, 10 kg ha-1 when it

was surface applied and 8 kg ha-1 when it was

exported from the field.

Separation of fixed-N versus rotation effects

The results obtained for the separation of total

rotation effects into fixed-N and other rotation effects

for all the legume genotypes and fallow are presented

in Table 5.

In 2004, IT 96D-724 increased maize grain yield

by a total of 193 kg ha-1 while SAMPEA-7

increased the grain yield by 672 kg ha-1 represent

248% increase over that of IT 96D-724. However,

contribution due to rotation was nearly the same for

both genotypes with IT 96D-724 and SAMPEA-7

(Table 5). Fixed-N benefit accounted for about 84%

of the total yield increase of SAMPEA-7 compared to

the 44% of IT 96D-724. In 2005, the total effect of IT

96D-724 was also lower than that of SAMPEA-7 but

there was no substantial difference in the fixed-N

effects (Table 5). A plausible reason for the large

fixed-N effect observed in 2004 could be due to the

positive and significantly higher N balance of SAM-

PEA-7 in 2003 compared to IT 96D-724. In 2005, the

fixed-N effect of SAMPEA-7 was lower perhaps due

to reduction in N-balance such that other rotation

effect was largely responsible for the variation

observed in the total effect.

In 2004, previous cultivation of TGx 1448-2E

increased maize grain yield by a total of 830 kg ha-1

while SAMSOY-2 increased the yield by

885 kg ha-1. Similarly, there was no substantial

difference in the rotation effect and fixed-N effect

of the two genotypes. The total effect of both soybean

genotypes was lower in 2005 than in 2004. However,

the rotation effects of both genotypes in 2005 year
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Fig. 3 Maize grain yield

following previous

legumes: IT 96D-724 (m);

SAMPEA-7 (s); TGx

1448-2E (h); SAMSOY-2

(s), maize (j) and fallow

(j) as a function of

fertilizer N in 2005

Table 4 Nitrogen fertilizer replacement values of cowpea and

soybean genotypes compared with maize and fallow

Genotype Nitrogen fertilizer replacement value (kg ha-1)

2004 2005

Maizea Fallow Maize Fallow

IT 96D-724 10 7 22 21

SAMPEA-7 29 25 34 32

TGx 1448-2E 35 30 31 29

SAMSOY-2 37 32 32 31

a Previous non-grain legume treatment
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were similar to the observation made in 2004. The

positive N-benefit observed for both genotypes

despite negative N balance in the preceding years

could be due to fixed N in the roots and N released

from plant roots (NdfR = N derived from rhizode-

position) (Janzen and Bruinsma 1993) that were not

accounted for in the calculation of the N balance.

Sanginga et al. (1997) reported that soybean roots

accumulated on average about 13% of total plant N at

R3/R4 stage. This may not account for the entire

below-ground plant biomass N (BGP-N) because

only N in recoverable roots was taken into account. A

significant fraction of BGP-N which methodologi-

cally cannot be separated from the soil is the NdfR. In

their review of about 30 studies using 15 N tracer

technique, Wichern et al. (2008) observed a wide

range (4–71%) of NdfR with a median of 16% of

total plant-N for various legumes. Similarly, the

median of the entire BGP-N was estimated as 34% of

total plant-N. This show that the below-ground pool

of legume N appears to be an important source of N

for following crops yet has often not been considered.

In addition, the recovery of legume N in following

crop is well documented. However, such studies

indicate that less than 30% of the legume N is

commonly taken up by a subsequent crop. This is

often attributed to slow decomposition and release of

N from legume organic material and N ‘pool

substitution’ (Jenkinson et al. 1985; Fillery 2001)

whereby N initially released from legume residues

could be immobilized and thus not immediately

accessible to the following crop, but mineralization of

older microbial-N may occur. This therefore suggests

that calculation of N benefits derived from including

a legume in a rotation cannot be based on crop

recovery of 15 N-labeled leguminous material alone.

Future studies on this topic should adopt a holistic

approach to include all N pools and N cycling

processes in order to fully understand the contribution

of BNF in the cropping systems of the NGS of

Nigeria.

Calculations for fallow plots showed negative total

effect and N-benefit but a positive rotation effect in

both 2004 and 2005. The negative total and N-

benefits of fallow in this study may be due to the

relatively short fallow period (1 year), immobiliza-

tion of soil N and rapid decomposition of humified

organic matter due to high temperature in the savanna

agro-ecological zone. On the other hand, the positive

rotation effect reflects that some benefits could be

derived from the traditional fallow system compared

to continuous cultivation.

Conclusion

Both soybean genotypes and SAMPEA-7 fixed

significantly higher amount of atmospheric nitrogen

than IT 96D-724 in 2003 and 2004. The N2 fixed

accounted for a range of 36–48% N in these

genotypes while it was a mere 19% in IT 96D-724.

It was estimated after grain removal that the grain

legumes varied widely in their contributions to soil N.

SAMPEA-7 contributed on average 2.5 kg N ha-1

while the remaining genotypes left net negative N

contribution in the range of -29.8 to -7.5 kg N ha-1

Table 5 Rotation effects versus N benefits of fallow, cowpea and soybean genotypes to subsequent maize grain yield

Effects Increase in maize grain yield (kg ha-1) induced by the previous crop

IT 96D-724 SAMPEA-7 TGx 1448-2E SAMSOY-2 Fallow

2004

Total 193 672 830 885 -30

Rotation 108 105 246 264 98

N benefita 85 567 584 621 -128

2005

Total 440 724 641 681 -45

Rotation 140 325 200 297 20

N benefita 300 399 441 384 -65

a N benefit is the rotation effect attributable to N from previous crops. In the case of grain legumes, this would largely be the fixed-N

effect
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with the lowest values obtained in 2003. Despite

negative N balance, maize succeeding cowpea and

soybean genotypes gave higher grain yields than

maize following natural fallow or maize after maize.

The result was consistent across all fertilizer levels

but the highest percentage increase was obtained in

unfertilized (0 kg N ha-1) maize. Nitrogen fertilizer

replacement values of the legume genotypes were

positive and ranged from 7 to 37 kg ha-1. The values

obtained were not adequate to account for the yield

differences observed in the various cropping systems.

However, these are of significant interest to farmers

who have limited access to commercial fertilizers.

Quantitative separation of fixed-N from other rotation

effects showed wide variation between crops and

season. Nitrogen benefits were substantially higher in

both soybean genotypes and SAMPEA-7 in 2004

than IT 96D-724 while the N benefits accounted for

most of the total benefits of the rotation with IT 96D-

724 in 2005. The study showed that integration of

legumes into the cropping systems of the NGS of

Nigeria is an important resource management tech-

nology for reduction of energy use, cost and pollution

potential of inorganic fertilizer usage.

Acknowledgment This research was funded by the

International Foundation for Science (IFS), Stockholm, Sweden

and United Nations University (UNU), Tokyo, Japan through a

grant to Dr. Ado Adamu Yusuf. The manuscript was completed

during his stay as a postdoc research fellow at the Tshwane

University of Technology, Pretoria, South Africa. Supplementary

fund provided by the Ahmadu Bello University MacArthur

Foundation Projects to support his stay is duly acknowledged. We

acknowledge the technical assistance provided by Messrs

U.O. Bello, A. Jibrin and I. Ibrahim on the field and in the

laboratory.

References

Abaidoo RC, Sanginga N, Okogun JA, Kolawole GO, Tossah

BK, Diels J (2007) Genotypic variation of soybean for

phosphorus use efficiency and their contribution of N and

P to subsequent maize crops in three ecological zones of

West Africa. In: Badu-Apraku B, Fakorede MAB, Lum

AF, Menkir A, Ouedraogo M (eds) Demand-driven tech-

nologies for sustainable maize production in West and

Central Africa. Proceedings of the fifth biennial regional

maize workshop, IITA-Cotonou Benin Republic, 3–6

May, 2005. WECAMAN/IITA, Nigeria, pp 194–224

Awonaike KO, Kumarasinghe KS, Danso SKA (1990) Nitrogen

fixation and yield of cowpea (Vigna unguiculata) as influ-

enced by cultivar and Bradyrhizobium strain. Field Crops

Res 24:163–171. doi:10.1016/0378-4290(90)90035-A

Awujoola AI (1979) Soil mapping and soil characterization

studies in the Zaria area, Nigeria. Unpiblished M.Sc

Thesis, Ahmadu Bello University, Zaria, Nigeria, 148 pp

Bala A,Osunde AO,Muhammad A,Okogun JA,Sanginga N (2003)

Residual benefits of promiscuous soybean to maize in the

southern Guinea savanna of Nigeria. Niger J Soil Sci 13:7–20

Baldock JO, Higgs RL, Paulson WH, Jackobs JA, Shrader WD

(1981) Legume and mineral N effects on crop yields in

several crop sequences in the Upper Mississipi Valley.

Agron J 73:887–890

Bremner JS, Mulvaney CS (1982) Nitrogen-total. In: Page AL

(ed) Methods of soil analysis No. 9, part 2, chemical and

microbiological properties. American Society of Agron-

omy, Madison

Carsky RJ, Abaidoo R, Dashiell KE, Sanginga N (1997) Effect

of soybean on subsequent maize grain yield in Guinea

savanna of West Africa. Afr Crop Sci J 5:31–39

Carsky RJ, Oyewole B, Tian G (1999) Integrated soil man-

agement for the savanna zone of West Africa: legume

rotation and fertilizer N. Nutr Cycl Agroecosyst 55:95–

105. doi:10.1023/A:1009856032418

Carsky RJ, Singh BB, Oyewole B (2001) Contribution of early

season cowpea to late season maize in the Guinea savanna

zone of West Africa. Biol Agric Hortic 18:303–315

Eaglesham AR, Ayanaba A, Ranga Rao V, Eskew DL (1982)

Mineral N effects on cowpea and soybean crops in a

Nigerian soil. II. Amounts of N fixed and accrual to the

soil. Plant Soil 68:183–192. doi:10.1007/BF02373704

Fillery IRP (2001) The fate of biologically fixed nitrogen in

legume based dryland farming systems: a review. Aust J

Exp Agric 41:361–381

Francis CA (1986) Multiple cropping systems. Macmillan,

New York

Giller KE (2001) Nitrogen fixation in tropical cropping sys-

tems, 2nd edn. CAB International, Wallingford

Giller KE, Wilson KJ (1991) Nitrogen fixation in tropical

cropping systems, 1st edn. CAB International, Wallingford

Hardason G, Danso SKA (1993) Methods for measuring bio-

logical nitrogen fixation in grain legumes. Plant Soil

152:19–23. doi:10.1007/BF00016330

Horst WJ, Hardter R (1994) Rotation of maize with cowpea

improves yield and nutrient use of maize compared to

maize monocropping in an Alfisol in the northern Guinea

savanna of Ghana. Plant Soil 160:171–183. doi:10.1007/

BF00010143

IITA (1989) Automated and semi-automated methods for soil

and plant analysis. Manual series No. 7. IITA, Ibadan

Jackson LE, Wyland LJ, Stivers LJ (1993) Winter cover crops

to minimize nitrate losses in intensive lettuce production.

J Agric Sci 121:55–62

Janzen HH, Bruinsma Y (1993) Rhizosphere N deposition by

wheat roots. Soil Biol Biochem 25:631–632. doi:10.1016/

0038-0717(93)90203-N

Jenkinson DS, Fox RH, Rayner JH (1985) Interaction between

fertilizer nitrogen and soil nitrogen-the so-called ‘prim-

ing’ effect. J Soil Sci 36:425–444. doi:10.1111/j.1365-

2389.1985.tb00348.x

Kaleem FZ (1993) Assessment of N benefit from legumes to

following maize crop. In: 1989 Annual Report of Nyak-

pala Agricultural Experimental Station, Tamale, Ghana,

GTZ, Eschborn, Germany, pp 109–113

138 Nutr Cycl Agroecosyst (2009) 84:129–139

123

http://dx.doi.org/10.1016/0378-4290(90)90035-A
http://dx.doi.org/10.1023/A:1009856032418
http://dx.doi.org/10.1007/BF02373704
http://dx.doi.org/10.1007/BF00016330
http://dx.doi.org/10.1007/BF00010143
http://dx.doi.org/10.1007/BF00010143
http://dx.doi.org/10.1016/0038-0717(93)90203-N
http://dx.doi.org/10.1016/0038-0717(93)90203-N
http://dx.doi.org/10.1111/j.1365-2389.1985.tb00348.x
http://dx.doi.org/10.1111/j.1365-2389.1985.tb00348.x


Karpenstein-Machan M, Stuelpnagel R (2000) Biomass yield

and nitrogen fixation of legumes moncropped and inter-

cropped with rye and rotation effects on a subsequent

maize. Plant Soil 218:215–232. doi:10.1023/A:10149320

04926

Lombin G (1986) Continuous cultivation and soil productivity

in the semi-arid savannah: the influence of crop rotation.

Agron J 61:17–20

Mason SC, Leihner DE, Vorst JJ (1986) Cassava–cowpea and

cassava–peanut intercropping. III. Nutrient concentrations

and removal. Agron J 78:441–444

Olufajo OO, Adu JK, Okoh PN (1989) Cultivar and Brady-
rhizobium japonicum strain effects on the performance of

promiscuously nodulating soybeans (Glycine max (L.)

Merr.) in the Nigerian savanna. Biol Agric Hortic 6:47–58

Oluwasemire KO, Alabi SO (2004) Ecological impact of

changing rainfall pattern, soil processes and environ-

mental pollution in the Nigerian Sudan and northern

Guinea savanna agro-ecological zones. Niger J Soil Res

5:23–31

Peoples MB, Crasswell ET (1992) Biological nitrogen fixation:

investments, expectations and actual contributions to

agriculture. Plant Soil 141:13–39

Reeves DW (1994) Cover crops and rotations. In: Hatfield JL,

Stewart BA (eds) Crop residue management. Advances in

soil science. Lewis Publ and CRC Press, Boca Raton, pp

125–172

Reeves DW, Wood CW (1994) A sustainable winter-legume

conservation tillage system for maize. Effects on soil

quality. In: Jensen HE (ed) Proc Int Soil Tillage Res Org

(ISTRO), 13th Aalborg, Denmark, 24–29 July 1994,

pp 1011-1061

Sanginga N (2003) Role of biological nitrogen fixation in

legume-based cropping systems; a case study of West

Africa farming systems. Plant Soil 252:25–39. doi:10.1023/

A:1024192604607

Sanginga N, Dashiell K, Okogun JA, Thottappilly G (1997)

Nitrogen fixation and N contribution in promiscuous

soybeans in the southern Guinea savanna of Nigeria. Plant

Soil 195:257–266. doi:10.1023/A:1004207530131

Sanginga N, Thottappilly G, Dashiell K (2000) Effectiveness of

rhizobia nodulating recent promiscuous soyabean selec-

tions in the moist savanna of Nigeria. Soil Biol Biochem

32:127–133. doi:10.1016/S0038-0717(99)00143-1

Sanginga N, Okogun J, Vanlauwe B, Dashiell K (2002) The

contribution of nitrogen by promiscuous soybeans to

maize based cropping in the moist savanna of Nigeria.

Plant Soil 251:1–9

SAS (1999) SAS/STAT user’s guide. Version 5th edn, vol 1.

Statistical Analysis System Institute Inc., Cary, NC

Shumba EM, Dhilwayo HH, Mukoko OZ (1990) The potential

of maize cowpea intercropping in low rainfall areas of

Zimbabwe. Zimbabwe J Agric Res 28:33–38

Singh A, Carsky RJ, Lucas EO, Dashiell K (2001) Grain yield

response of maize to previous soybean crop and residue

management in the Guinea savanna of Nigeria. In: Badu-

Apraku B, Fakorede MAB, Ouedraogo M, Carsky RJ

(eds) Impact, challenges and prospects of maize Research

and Development in West and Central Africa. Proceed-

ings of a Regional Maize Workshop held at IITA-

Cotonou, Republic of Benin, pp 214–224

Singleton PW, Bohool BB, Nakao PL (1992) Myths and sci-

ence of soils in the tropics. In: Lal R, Sanchez P (eds)

Legume response to rhizobial inoculation in the tropics:

myths and realities. SSSA Publication Number 29, Madi-

son, pp 135–155

Wichern F, Eberhardt E, Mayer J, Joergensen RG, Muller T

(2008) Nitrogen rhizodeposition in agricultural crops:

methods, estimates and future prospects. Soil Biol Bio-

chem 40:30–48. doi:10.1016/j.soilbio.2007.08.010

Nutr Cycl Agroecosyst (2009) 84:129–139 139

123

http://dx.doi.org/10.1023/A:1014932004926
http://dx.doi.org/10.1023/A:1014932004926
http://dx.doi.org/10.1023/A:1024192604607
http://dx.doi.org/10.1023/A:1024192604607
http://dx.doi.org/10.1023/A:1004207530131
http://dx.doi.org/10.1016/S0038-0717(99)00143-1
http://dx.doi.org/10.1016/j.soilbio.2007.08.010

	Grain legume rotation benefits to maize in the northern Guinea savanna of Nigeria: fixed-nitrogen versus other rotation effects
	Abstract
	Introduction
	Materials and methods
	Experimental site
	Seed sources and preparation
	Field experiment
	Soil sampling and analysis
	Plant sampling and analysis
	Nitrogen fertilizer replacement value
	Separation of fixed-N versus rotation effects
	Statistical analysis and calculation

	Results and discussion
	Nitrogen fixation
	Grain N and N harvest index (NHI)
	Nitrogen balance
	Effect of previous grain legumes, fallow �and maize and fertilizer N on subsequent maize grain yield
	Separation of fixed-N versus rotation effects

	Conclusion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


