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Abstract

An on-station trial was conducted in the experirakfield of Savanna Agricultural Research InstitateNyankpala in
the Northern Region of Ghana to assess the nitrdigation, native arbuscular mycorrhizal formatiand biomass
production potentials of cowped/igna unguiculata), devil-bean Crotalaria retusa), Mucuna pruriens var. utilis
(black and white types) artanavalia ensiformis with maize (Dorke SR) as the reference crop ustiegotal nitrogen
difference (TND) method. Plants were fertilizedw#t0 kg P/ha and 30 kg K/ha at 2 weeks after pigréind grown
for 55 days after which they were harvested. Thwdsted biomass (separated into roots, stems avedg of each
crop was oven-dried at A€ for 48 h to a constant weight. Cowpea and desdlrbproduced approximately 5 and 6
t/ha biomass whereaducuna and Canavalia yielded about 2 t/ha biomass each. Although cowpaa the least
number of arbuscular mycorrhiza fungal (AMF) spoirests rhizosphere, its roots were the most hgaslonized
(34%) andM. pruriens recording below 5% colonization. Apart fraba ensiformis, the test legumes derived over 50%
of their total accumulated N from the atmospherthwibwpea being the most efficient (90% Ndfa). Bbtland P
accumulations were significantly higher in cowpkart the other legumes due to increased N conciemtrahd dry
matter accumulation, respectively. In all the legamthere was a direct positive correlation betwdenextent of
mycorrhiza formation, biological N fixation and &tN uptake. It could, therefore, be concluded that extensive
mycorrhiza formation in cowpea and its high-ixing potential resulted in a high shoot N andiftake leading to a

comparatively better growth enhancement. Cowpeddcdherefore, be the grain legume for consideraiio the
selection of a suitable legume pre-crop to cerfalshe amelioration of the low fertility of the geaded soils of the
Guinea savanna zone of Ghana, and also as a safufiaed to fill the hunger gap that precedes theaging season in
the Northern Region of Ghana.

Introduction
Northern Ghana ranks highest in the productioneoéals and grain legumes in Ghana (PPMED,
1991). However, low soil fertility adversely affedhe production of most cereals. Nitrogen (N)
is the most limiting nutrient and its supply withhgsphorus (P) is essential for increased
production of most cereals (Fugger, 1999). Lal @98dicated that the available N declines
rapidly once cropping is commenced. He found thatlable soil N declined from 0.2% (0.5 cm
depth) to 0.04% after 4 years of maize croppindpevit Leucaena leucocephala hedgerows. Van
Keulen & Van Heemst (1982) reported that moist sagasoils must supply 15 kg N/ha and 2 kg
P/ha for each ton of maize grain produced. As altresereal yields without fertilization or soll
amendment are very disappointing, ranging betw@®8n820 kg/ha.

Mineral fertilizers which are required to raise grproduction levels are too expensive and
most smallholder farmers cannot afford them. Imtgpping or rotation of cereals with grain
legumes ( due to their Mixing abilities) and crop residue management haeen recommended
as alternatives to improve cereal yields on thedls.sThe N-fixing abilities of legumes can be

enhanced not only bRhizobium spp. but also by colonization of their roots by usdular
mycorrhiza fungi (Asimiet al., 1980; Bayne & Bethlenfalvay, 1987) which areserd in the
Guinea Savanna soils (Ahiabor, unpublished work)fodunately, the full potentials of these
management practices on cereal yield improvemeantnat achieved since the grain legumes
mobilize most of their fixed N into the grain whighexported when the grain is harvested. This



decline in sail fertility is/worsened if the cropsidues are not returned into the soil since fastmo
of the degraded soils in the Guinea Savanna zanertly real means of restoration is to increase
their organic matter content in a mulch-based systhe most efficient way of improving the N
content of these soils is to grow legume crops okerotation system and retain their residue in
the field against the following cropping season.

Fosuet al. (2004) observed th&@rotalaria retusa gave an average dry matter yield of 15 t/ha
and a corresponding total N and P accumulatior86fkg/ha and 50 kg/ha, respectively, across
locations in the Tolon-Kumbungu District. The walko indicated that. retusa could fix about
112 kg/ha of atmospheric N during the growing seasalM. pruriens var. utilis also produced 9
t/ha of dry matter with a corresponding total rgeea of 180 kg/ha per season. Since the overall
amount of N supplied and the amount of organic endtesidue) generated by legumes depend,
to a great extent, on the efficiency of the syrsigisymbiotic processes of Nfixation and
arbuscular mycorrhiza formation (AMF), this studyngpared the Nfixation, AMF and biomass

production potentials of five leguminous crops Ime texperimental field of the Savanna
Agricultural Research Institute at Nyankpala.

Materials and methods
Trial location
The experiment was conducted on-station in the raxgatal field of the CSIR-Savanna
Agricultural Research Institute (SARI) situated\gtankpala (925 N and 058 W) in the Tolon-
Kumbungu District of the Northern Region of Ghaifde Region experiences a monomodal
rainfall pattern (April—-October) with a mean annuahfall of about 1000 mm and a variability
of between 15-20% (Kasei, 1988). The mean annugbdeature is about 2&€ with the daily
maximum sometimes being around °@during the hottest months of February—March. Lsiwe
temperatures (about 2Q) are recorded in December and January when éaecames under the
influence of the dry and cold North-Easterly Tragieds (Harmattan winds) from the Sahara
Desert. Relative humidity values are between 40-%fbmay be as low as 9% during the
afternoon in the driest months of November—Marclalfgr, 1962). Some chemical and physical
properties of the soil (0—20 cm depth) of the expental site are indicated in Table 1 which

shows a very low available N (0.13%).
TABLE 1
Some chemical and physical properties of the soil of the trial plot

Property Value
Chemical

pH (0.01 CaC) 5.07
Organic carbon (%) 1.59
Nitrogen (%) 0.13
Available P (mg/kg) 8.4
Exchangeable K (mg/kg) 88.42
Ca (mg/kg) 301.39
Mg (mg/kg) 71.77
CEC (Cmot/kg) 5.02
Base saturation (%) 46.2
Total P (mg/kg) 37
Physical

Clay (%) 4.7
Sand (%) 67.1
Silt (%) 28.2

Legume test plants



Six legume species, cowpedidgna unguiculata), devil-bean Crotalaria retusa), black and
white varieties oMucuna (Mucuna pruriens var. utilis) and Canavalia ensiformis, were tested
for N_-fixation using maize (Dorke SRY¢a mays) as a reference crop. Their ability to form

arbuscular mycorrhiza with the native AM fungi walso assessed. These crops were planted on
6 mx 4 m plots at four replications using a completelgdomized design during the growing
season of 2002. Cowpea (Bengpla) was sown at feeds/hill at a spacing of 60 en20 cm but
was thinned to two plants per hill 2 weeks aftenting whereas the two varietiesMf pruriens

and C. ensiformis were grown at two seeds/hill but thinned to onenplper hill at a planting
distance of 70 crx 50 cm. Devil-bean was drilled in rows 40 cm agarthe seed rate of 40
kg/ha whilst the reference crop (maize) was maieihiat one plant per hill at a planting distance
of 75 cmx 40 cm. The test plants were fertilized with 40Rba (as triple superphosphate) and
30 kg K/ha (as muriate of potash) at 2 weeks agfimting.

Plant sampling

At 55 days after planting (DAP), all the crops weaenpled for analysis. The dry matter yields
of M. pruriens were determined within a 1 m1 m wooden quadrat per plot and that of devil-
bean within a 0.5 mt 0.5 m quadrat. Three plants each of maizeensiformis and cowpea were
harvested from the three inner rows per plot byimythe above-ground part at the soil surface.
The roots were carefully dug out of the soil andsheal free of soil and organic particles on a 2-
mm mesh sieve under tap water. The harvested bfo(saparated into roots, stems and leaves)
of all the test crops was dried to a constant weigh forced-air oven at AC for 48 h and their
dry weights recorded.

Mycorrhizal analysis

AM fungal spore count. At harvest, the rhizosphere soil from each testtpleas collected and
air-dried on pieces of used newspaper for a fevs dgigved through a 2-mm mesh sieve and then
thoroughly homogenized by stirring. Sufficient tapter was added to 5-g samples of the air-dry
soil in a beaker and stirred vigorously with a glasd for 2 min to dislodge the spores from the
soil particles or organic debris. The soil suspemsvas leached through a 0.053-mm mesh sieve
to trap the spores on the sieve. The spores wereverd by sucrose [60% (w/v) sucrose solution]
density-gradient centrifugation (modified from Delsi & Skipper, 1984), and counted in a film
of water under a stereomicroscope.

Estimation of AM fungal colonization. Prior to oven-drying, about 2 g of the fresh rcangples
with segments less than 2 mm in diameter were gt approximately 2 cm pieces, mixed
thoroughly and immediately fixed in 50% alcoholsd ml extraction vinyl bottles and stored at
room temperature in the laboratory. These fixed ammples were later washed free of the
alcohol with tap water and transferred into peighcand cleared with 100-gKOH solution in an
oven at 90C for about 30 min and left to cool and washed anynchanges of tap water from a
wash bottle. Staining of the roots was done withd)! Chlorazol Black E (CBE) in lactoglycerol
(1:1:1) lactic acid, glycerol and water) at @for 20 min in an oven (modified from Kormanik
& McGraw, 1984). The degree of colonization of mdity arbuscular mycorrhiza fungi was
estimated by visual observation (under a stereasoape) of the stained root segments mounted
in 50% (v/v) lactoglycerol by the grid-line intemtamethod (Giovanetti & Mosse, 1980).

Nutrient analysis

Dried plant parts (roots, stems/vines/stalks aaudds) were ground using a mechanical grinder
and the concentration of available phosphorus vetsrighined by the Ammonium-molybdenum
blue method (Murphy & Riley, 1962; Watanabe & Ols&865). Total nitrogen was determined
by the Kjeldahl method.



Nitrogen fixation measurement
The proportion and amounts of fixediN the different legume species was determinedgusin
the total N difference method with maize as a nitregen-fixing reference crop.

Satistical analysis

The data were subjected to analysis of varianceguStatistix software and significance of

treatment effects were tested at 5% level of pribbabMeans (of three replicates) were
separated using the Least Significance Differeh&bj.

Results
Total dry matter production

Whereas devil-bean and cowpea produced approxiynatéha and 6 t/ha biomass, respectively,

M. pruriens (white), M. pruriens (black) andC. ensiformis produced biomass to the tune of
around 2 t/ha (Table 2).

TABLE 2
AMF colonization rates (%), AMF spore populations (no./50 g a.d.s**) and dry weights (kg/ha) of maize and four
legume species grown on-station at Nyankpala in the Guinea Savanna zone of Ghana.

Crop type AMF colonization AMF spore Dry weight
rate population
Maize 325 a* 173 bc 2694.4 b
Devil-bean 10.8b 243 a 4876.0 a
Mucuna (white) 47b 209 ab 2122.7b
Mucuna (black) 43b 173 bc 2396.7 b
Canavalia 9.7b 142 cd 2382.2 b
Cowpea 343 a 110c 6232.6 a

*In a column, values (means of three replicateghvgimilar letter(s) are not significantly diffeteat P = 0.05
separated using the least significance differeh&®§. **a.d.s = air-dried soil.

N, fixation

The amount of total N fixed by the legumes rangetiveen 23 kg/ha fo€. ensiformis and
145 kg/ha for cowpea (Fig. 1). Apart frod ensiformis, all the legumes derived over 50% of
their accumulated N from the atmosphere with cowpmdules being the most efficient in fixing
atmospheric N which made up almost 90% of its tiixald N (Fig. 2).
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Fig. 1. Amounts of nitrogen fixed by four differdegume species grown on-station at Nyankpalaén3hinea
Savanna zone of Ghana
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Fig. 2. Percent N derived from the atmosphere by fegume species grown on-station at NyankpaldénGuinea
Savanna zone of Ghana
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Nutrient (N & P) concentrations

Cowpea tended to have a higher concentration of i ishoot than the other legumes (Table
3). Concentration of P in the legumes was virtuatipstant in the roots and leaves whereas slight
variations were observed in the stems/vines wighhiljhest tendency observed in cowpea.

TABLE 3
N and P concentrations (%) in the roots, stems and leaves of four legume



species and maize grown on-station at Nyankpala in the Guinea Savanna zone of Ghana

Crop type

Maize
Devil-bean
Mucuna (white)
Mucuna (black)
Canavalia
Cowpea

Roots

N conc. P conc.
P conc.

1.19 b* 0.03b
1.24b 0.15a
274 a 0.18 a
2.23 ab 0.18 a
1.59 ab 0.20 a
1.85 ab 0.15a

Sem
N conc.

0.59¢ 0.14 ab
2.34 ab 0.15 ab
1.82 abc 0.12b
2.53 ab 0.17 ab
1.12 bec 0.18 ab
3.10a 0.26 a

Leaves
P conc. N conc.
0.80b @17

1M2a 0.17a

91 &b 0.20 a

40 b 0.21a
b66a 0.15a
2.75a .23

* In a column, values (means of three replicatas) similar letter(s) are not significantly differeat
P = 0.05 separated using the least significancerdififee (LSD).

Total N & P uptake
The cereal reference crop accumulated the lowestiatof nitrogen but this was suprisingly
statistically comparable to those &fl. pruriens (white) and C. ensiformis (Fig. 3). N
accumulation in cowpea was particularly high —eatst about 135% more than each of the other
legumes. Phosphorus accumulation was significdng in cowpea compared to the rest of the
test crops in which this parameter generally reeticonstant (Fig. 4). A relatively high
proportion of the P in cowpea was distributed snsiem (Fig. 5).
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Colonization by native AMF AM fungi

Cowpea roots were the most heavily colonized widMucuna plants recording as low as less
than 5% degree of mycorrhiza colonization. The rexfee cereal crop had a comparable
colonization rate as that of cowpea (Table 2). Mgitaal fungal spore population in the
rhizosphere of the legumes was not commensurate tié colonization rates (Table 2). The
highest colonized crop (cowpea) generally had #astl spore population in its rhizosphere.
Devil-bean, which had a significantly lower dego#eAMF colonization of its roots than cowpea
and maize, supported a remarkably higher AMF spopilation in its immediate root zone than
the two crops (Table 2).

Discussion

The study has shown that, apart from cowpea, therdest legumes fixed equal amounts of
nitrogen and were also colonized to comparableedesgwhen grown without artificial microbial
inoculations. There is a direct positive correlatibetween extent of mycorrhiza formation,
biological nitrogen fixation and total nitrogen acwulated in shoots (Table 4). This is
strengthened by the observation that cowpea, wihiad the most extensive mycorrhiza
colonization, fixed the highest amount of atmosijtheitrogen resulting in a high shoot N leading
to a comparatively better growth enhancement. @bgervation in cowpea could be explained by
the conclusions of Amest al. (1983) and Bareet al. (1987) who use#N techniques to show
that both NH-N and NQ--N can readily be absorbed by extra-radical vesiearbuscular

mycor-rhizal (VAM) hyphae, and that growth enhameent of legumes by VAM can be
attributed both to enhanced, ixation as well as improved N uptake from sospecially the

NH,*N.

TABLE 4
Correlation (Pearson) coefficients of AMF colonization, fixed N and total plant N uptake

AMF Fixed
Colonization nitrogen
Fixed N 0.7865
P-value 0.0005
Total N uptake 0.7827 0.9994
P-value 0.0006 0

Asimi et al. (1980) also indicated that stimulation of nodalivity in soybean grown at
different soil P levels might be due to direct gmeferential enhancement of nodule formation by
vesicular-arbuscular mycorrhizal (VAM) fungi. Sincewpea had the highest AMF colonization
than all the other legumes, the associated exterdil- hyphal system may have facilitated the
absorption of any ammonium that might have beesassd from nodules through their (AMF
hyphae) production of glutamine synthetase, therebgroving the N economy of the cowpea
plant (Smithet al., 1985). The usual dilution of N in plant shoos¢s@ciated with increased shoot
biomass (Ahiabor & Hirata, 1994) was not observedcbwpea in this study as its N
concentration remained comparatively high, espgcial the leaves and stems. The widely
reported enhance-ment of P nutrition in mycorrhipknts (Smith & Read, 1997) was not
observed in the highly mycorrhizal cowpea sincehhitst root and shoot P concentration levels
are not significantly different from the other plyorolonized legume species.

The total P accumulation in cowpea was, howeve@nificantly high compared to the other
test crops with a sizeable portion of it being itiarted in its stems. This supports the commonly



held view that the improved shoot P uptake assediatith mycorrhizal plants is largely the
result of enhanced shoot growth of such mycorrhitahts (Daft & EI-Giahmi, 1974; Mosst

al., 1976; Atayeset al., 1993) as observed in cowpea in this study. $tudy to investigate the
response of three mycohhrizal legume species (cawp&eonpea and groundnut) to the
combined application of rock phosphate and a selyiflosphate, Ahiabor & Hirata (2003)
observed that cowpea was the most responsiverstef shoot growth and shoot P uptake but
concluded that the positive shoot growth resporfseowpea was not due to a favourable P
nutrition but might have been the result of theee§ of a greater mycorrhizal activity and an
enhanced root growth on some unmeasured factor(s).

It could be concluded from the results of the sttltht cowpea would be the best candidate
among the four legume species tested in the setecti a suitable legume pre-crop for the
amelioration of the inherent low fertility of theegraded soils of the Guinea Savanna zone of
northern Ghana, especially for increased produgtiand production of cereals in this agro-
ecological zone. This could be possible if all arstnof the N fixed by the plant could remain in
the soil and not be lost and also if the plant nigaesidue could be managed well to protect it
from the hazards of the annual bushfires (whichaamenace in this agro-ecological zone) so that
its nutrients could be accessed by the succeedingakc crop. However, cowpea is normally
grown for its grain and it is known that a high podion of N fixed goes into the grains and little
is left in the stover. This not withstanding, ihdae predicted, on the basis of Van Keulen & Van
Heemst's conclusion, that the cowpea biomass peatlic this experiment could support the
production of about 11 t/ha of maize grain in tbh#oiving season in terms of its N content,
assuming there is complete or adequate mineralizafi the biomass without any losses.

In order to derive maximum benefit from the cowpeap, therefore, a judicious management
of its post-harvest residue should be ensured, bsayprotecting it against the incidence of
bushfires and grazing by free-range animals, obimying it soon after harvesting the grains.
However, in situations where the incidence of bwekfremains a major threat to agriculture,
devil-bean could be the alternative option duetsorelatively high biomass production,, N

fixation, and N accumulation values obtained irs thiudy, coupled with its perennial nature, its
non-palatability to animals and high tolerancermugiht and bushfires.
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