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Abstract

The productivity and nutritive value of Chamae-
crista rotundifolia cv. Wynn, Centrosema pas-
cuorum cv. Cavalcade, Stylosanthes guianensis cv.
Pucallpa and S. hamata cv. Verano as affected by
single superphosphate fertilisation (SSP) and
weed control were measured during the dry season
in subhumid Nigeria. Wynn, when growing in
competition with the native vegetation, had the
highest dry matter yields. During the dry season,
legume yields were more stable than those of the
associated grasses and herbs. Fertilisation with
SSP at low levels of available soil phosphorus
increased legume productivity but native grasses
and herbs did not respond to the fertiliser applied.
The nutritive value of all legume species was
low for most of the dry season, with crude pro-
tein concentrations, in vitro dry matter digesti-
bility, and phosphorus concentrations ranging
between 5-7%, 40-50% and 0.02-0.05%, respec-
tively. The decline of nutritive value during the
dry season was largely a function of changes in
leaf/stem/litter proportions. It is suggested that
drought tolerance and capacity to retain leaf
should receive more attention when evaluating
forage species to be used in the dry season.
Despite these limitations, Wynn has potential
to complement the widely used Stylosanthes
hamata cv. Verano in drier subhumid west Africa.
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vilbel@t-online.de

The other species tested could be successfully
used in legume mixtures.

Introduction

In subhumid west Africa, the low quality and
quantity of the native pasture in the dry season
(November—April) is the major constraint to live-
stock production. The most critical period is
January-April, when available feed from the
native range often falls below 500 kg/ha
(Mohamed Saleem 1986), and other feed sources
such as crop residues are exhausted or become
scarce (Bayer and Waters-Bayer 1989). Crude
protein (CP) concentrations of the grasses domi-
nating the native range in the dry season are as
low as 2-3% (Crowder and Chheda 1982).
Grazing legume-based pastures in the dry season
can maintain continuity of forage supply in such
wet/dry climates, where suitable legumes exist
(Humphreys 1991).

Against this background, the ILCA (Interna-
tional Livestock Centre for Africa, now ILRI,
International Livestock Research Institute) Sub-
humid Zone Programme in Kaduna, Nigeria
developed the concept of fodder banks, fenced
legume pastures used as a strategic high protein
supplement to the native savanna vegetation. This
approach is limited by the lack of suitably
adapted forage legumes to complement Stylo-
santhes hamata cv. Verano, the only cultivar
widely used in existing fodder banks. Therefore,
an evaluation programme with emphasis on dry
season performance of selected legume acces-
sions was developed. This paper describes the dry
season performance of 3 of the most promising
accessions (Peters et al. 1994a; 1994b), Chamae-
crista rotundifolia cv. Wynn, Centrosema pas-
cuorum cv. Cavalcade and Stylosanthes
guianensis cv. Pucallpa (ILRI 164) in comparison
with Stylosanthes hamata cv. Verano, as affected
by management of the associated vegetation and
different levels of single superphosphate (SSP).
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Materials and methods

Site

The experiments were carried out at ILCA’s sub-
humid zone research site at Kurmin Biri
(10°10" N, 7°55' E) in central Nigeria. Average
annual rainfall is about 1400 mm (Table 1), of
which 95% falls between April and October.
During the period of the experiment, annual rain-
fall was 1258 mm in 1988, 1205 mm in 1989 and
1694 mm in 1990. The mean monthly air tem-
perature ranged from about 22°C in December—
January to 28°C in April. According to the classi-
fication of D’Hoore (1964), the soil is a ferru-
ginous tropical soil and the vegetation is northern
guinea savanna characterised by Andropogon spp.,
Hyperrhenia spp. and Loudetia spp. as the domi-
nant grasses, with Isoberlinia spp. and Terminalia
spp. as the main tree species. This soil type covers
about 58% of the west African savanna (Jones and
Wild 1975). Prior to planting, soils at the experi-
mental sites had a pH (H,O) ranging between 4.7
and 5.4, organic carbon concentrations (Walkley-
Black) of 1.2-1.4%, total nitrogen (Kjeldahl) con-
centrations of 0.07-0.08%, available phosphorus
(P) concentrations (BRAY 1) of 0.4-2.2 ppm, and
potassium, calcium, magnesium and sodium
concentrations of 0.1-0.2, 1.6-2.4, 0.3-0.8, and
0.04-0.05 meq/100 g soil, respectively. The soil
had 65-72% sand, 14-16% silt and 13-19% clay
(Hydrometer method).

Experimental design

The 4 species (Wynn, Cavalcade, Pucallpa and
Verano) were evaluated in separate experiments.
The trials were split-plot designs with 4 repli-
cations. Main plot treatments (3) were different
levels of single superphosphate (SSP; 8% P, 14%
S, 20% Ca) in the establishment year only, i.e. 0
(P0), 150 (P1) and 300 (P2) kg/ha SSP, respec-
tively. Fertiliser rates were based on experience

with established Stylosanthes fodder banks
(Otsyina et al. 1987). In subsequent years, no fer-
tiliser was applied so that the residual effects of
the initial application could be measured. Sub-
plots (3) were assigned to management options,
ie. W = weed-free (hand weeding; to compare
results with previous preliminary evaluations
mainly done in weed-free plots); C = cutting
vegetation down to the height of the legume
through the first half of the wet season (as a
simulation of early season grazing); and NW = no
weeding (legume plus the upcoming vegetation).
Subplot size was 2 x 5 m. Planting dates were
June 2, 1988 (Wynn), June 4, 1988 (Verano) and
June 9, 1989 (Cavalcade and Pucallpa).

Soil in the plots was prepared to a fine tilth;
seeds were scarified with sandpaper and broad-
cast. Seeding rates were 6 kg/ha for Wynn, Caval-
cade and Pucallpa and 10 kg/ha for Verano; the
higher rate for Verano was necessary because of
impurity and poor quality of the available seed.
No inoculum was applied as earlier experience in
the area showed that the species nodulated freely
with the native cowpea rhizobia. Legumes were
allowed to seed before the first harvest of haylage
in the dry seasons.

Measurements

Seedling counts were done 4 and 8 weeks after
planting and 4 and 8 weeks after the start of the
rains in subsequent years. Two 0.25 m? quadrats
were counted per subplot. In the years after estab-
lishment, perennating plants were also counted to
determine dry season survival.

Diseases and pests were monitored regularly
throughout the experimental period and visually
assessed for incidence (area of plot affected) and
severity (damage to individual plants) when
infestations were observed. Greenness of the
legumes was estimated by visually assessing the

Table 1. Rainfall distribution (mm) at the experimental site between 1988 and 1990 compared with the 9-year average

(1985-1993).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Annual
1988 — 1 18 19 237 242 183 278 264 18 — — 1258
1989 — — — 41 133 178 167 368 208 111 — — 1205
1990 — — —_ 127 255 155 255 494 321 88 — — 1694
Average = — 2 19 66 178 216 245 392 240 72 5 — 1436
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ability of the plants to maintain green leaves over
the dry season.

Four harvests were made at 6-weekly intervals
from the start of the dry season, with samples
being collected in two 0.5 m? quadrats per sub-
plot (cutting height about 10 cm above ground
level). When present, litter (mainly fallen leaves)
was collected from the ground. After sampling,
the remainder of the subplot was cut back to
about 10 cm above ground level. Samples were
divided into sown legume, grass and herbs to
determine both absolute and relative contri-
butions of the different sward components to total
dry matter yield as the dry season progressed.
Leaf/stem/litter proportions of the legumes were
also determined. For chemical analysis of fodder
over the dry season, bulked samples of about
200 g of whole plant and ieaf/stem/litter fractions
from the 4 replications per subplot were taken
and dried immediately after harvest at a tem-
perature of 65°C until a constant weight was
reached. Afterwards, samples were ground
through a 1 mm mesh and analysed for crude
protein (CP; micro-Kjeldahl), fibre (Goering and
Van Soest 1970), in vitro dry matter digestibility
(IVDMD; Tilley and Terry 1963) and phosphorus
(P; colorimetric), calcium (Ca), sodium (Na),
potassium (K) and magnesium (Mg) concen-
trations (Atomic Adsorption Spectrophotometer).
As differences between years were small, values
averaged over years are presented.

Statistical analysis

Data were analysed by ANOVA and means were
compared by LSD (P<0.05) for a split-plot
design. For comparison of changes over the dry
season, harvests were treated as sub-subplots and
data analysed as a split-split-plot design (Gomez
and Gomez 1984).

Results

Stylosanthes hamata cv. Verano

Establishment, regeneration and disease. Only 7—
15% of the sown Verano seeds established in the
field; however, due to the high seeding rate, plant
densities were satisfactory. Fertilisation had a
positive effect on legume establishment (P<0.05)
with 40-60 plants/m? in the fertilised plots (P1
and P2) and 25-30 plants/m? in the non-fertilised

plots (PO). Regeneration in the following years
was good with average plant densities of 238
plants/m? and 430 plants/m? in Years 2 and 3,
respectively. Plant densities were higher (P<0.05)
in subplots harvested after November (1st
harvest) in the previous year.

Though there were slight symptoms of
anthracnose (Colletotrichum  gloeosporioides),
development of Verano was not seriously
affected.

Dry season survival and greenness. Verano
dried off in the middle of the dry season between
November and beginning of February. SSP fer-
tilisation had a positive effect; in fertilised plots,
30-60% of plants were green until the end of
December, whereas only 10-30% of plants in
non-fertilised plots were green at that time. Once
plants had dried off, they shed their leaves. Sur-
vival of plants was affected by harvest date in the
preceding dry season; harvesting in the 2nd half
of the dry season significantly (P<0.05) increased
perennating plants from 16-17 plants/m?2 to 28—
38 plants/m2.

Dry matter yield. In the establishment year
(Year 1), SSP increased Verano yield signifi-
cantly (P<0.05) only at the 2nd and 3rd harvest
dates for P2 and at the 3rd harvest for P1 (Figures
1a and 1b; for clarity of presentation, only data
for the 1st and 3rd harvest dates for each species
and year are presented). Grasses and herbs did
not react to P fertilisation (P>0.05). The associ-
ated vegetation in the C and NW plots reduced
legume yields only at the 1st and 2nd harvests
(P<0.05), with Verano percentages increasing
from 50-65% at the beginning of the dry season
(Figure 1a) to usually higher than 80% in the 2nd
half of the dry season (Figure 1b). SSP fer-
tilisation had no effect on legume percentages.

Although no fertiliser was applied in Year 2,
residual effects of SSP fertilisation on legume
yield were still observed, though these were sig-
nificant (P<0.05) only for the 2nd to 4th harvest
and the 2 P levels (P1, P2) could not be differen-
tiated (Figures 1c and 1d). Legume yields in the
W plots were higher than in the C and NW plots.
No differences in legume yields were observed
between the latter two, but legume percentage
was higher in the C than in the NW treatment.
Legume yields remained stable throughout the
dry season, in contrast to grass and herb yields.

In Year 3, DM yields were lower than in pre-
vious years, and no residual effect of the SSP
applied at planting was detectable (Figures le
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Figure 1. Dry season dry matter yields of Stylosanthes hamata cv. Verano as affected by P fertilisation in the
establishment year and weed control.

PO = without fertilisation; P1 = 27 kg/ha P;0s; P2 = 54 kg/ha P,0s as SSP.

W = weed free; C = cutting in the early rainy season; NW = no weed control.
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and 1f). By now, competition from nitrophilous
grasses like Pennisetum pedicellatum and Andro-
pogon spp. was much stronger than in earlier
years, and hence, legume dry matter yields in the
C and NW treatments were much lower than in
the W treatment (P<0.05). Cutting (C) in the wet
season had no positive effect on legume yields in
comparison with the NW treatments, but grass
growth was reduced. No effect of harvest date on
yields was found.

Nutritive value. Verano shed most of its leaves
at the beginning of the dry season, and by the 2nd
harvest date in mid-December, leaves accounted
for less than 6% of dry matter. Litter percentage,
mainly fallen leaves, increased correspondingly,
while stem proportions remained fairly constant
until the end of the dry season, when there was a

sharp decrease from 50% to 35% of total legume
dry matter.

CP concentrations of whole plant (including
litter) and leaf samples decreased sharply
between the 1Ist and 2nd harvest dates from
10.4% and 16.8% to 5.5-6.7% and 9.3-11.3%,
respectively, for the remainder of the dry season
(Table 2). CP concentrations of stem and litter
were more stable, with litter having higher con-
centrations than stem. Digestibility did not vary
much over the dry season, with leaf and litter
(56-61%) being much more digestible than the
stem fraction (31-46%). Fibre and mineral con-
centrations remained relatively constant during
the dry season, though the P concentrations,
already low at the onset of the dry season,
decreased further as the dry season progressed.

Table 2. Crude protein, in vitro dry matter digestibility (IVDMD), fibre and mineral concentrations of different legume species in
the dry season. (Ranges over the dry season are shown in brackets).

Species Verano Wynn Pucallpa Cavalcade
Crude protein (%)
whole plant 7.2 5.6 6.2 6.5
(5.4-10.4) (4.3-7.2) (5.4-8.3) (45-11.4)
leaf 11.8 113 11.2 6.7
(9.3-16.8) (9.4-13.5) (9.7-14.2) (4.1-14.1)
stem 54 4.8 5.6 52
(4.3-6.0) (4.1-5.3) (5.1-6.0) (4.6-6.0)
litter 6.6 4.4 59 52
(5.9-7.0) (3.74.9) (5.7-6.0) (4.9-5.7)
IVDMD (%)
whole plant 49.8 48.7 41.4 44.0
(47.1-53.1) (45.0-50.1) (39.8-45.1) (38.4-52.6)
leaf 58.6 58.7 59.9 44.7
(56.0-61.0) (55.7-60.4) (58.4-61.9) (38.9-58.8)
stem 39.9 40.0 36.1 30.9
(30.746.1) (36.9-43.1) (33.8-38.8) (26.7-35.0)
litter 59.0 53.6 63.8 50.4
(55.8-60.9) (49.3-56.1) (61.8-65.7) (48.2-54.5)
Fibre (whole plant)
NDF (%) 53.8 52.6 63.4 65.2
(49.5-57.7) (50.7-55.5) (59.7-66.7) (56.7-69.2)
ADF (%) 47.7 458 56.4 52.0
(45.7-49.5) (43.4-47.4) (53.2-60.0) (43.1-56.1)
ADL (%) 11.1 133 12.1 12.0
(10.2-12.4) (12.5-13.7) (10.9-12.8) (9.9-13.1)
Minerals (whole plant)
Ca (%) 0.93 0.78 0.8 0.9
(0.78-1.06) (0.69-0.87) (0.54-1.10) (0.73-1.1)
P (%) 0.05 0.03 0.05 0.05
(0.03-0.07) (0.03-0.04) (0.02-0.09) (0.02-0.09)
K (%) 0.87 0.68 1.04 1.05
(0.74-0.94) (0.52-0.82) (0.51-1.51) (0.73-1.19)
Mg (%) 0.15 0.11 0.17 0.23
(0.12-0.20) (0.09-0.12) (0.11-0.23) (0.16-0.24)
Na (ppm) 62.5 51.7 25.5 29.9
(48.2-77.1) (28.2-64.4) (21.2-29.5) (24.4-24.8)
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Chamaecrista rotundifolia cv. Wynn

Establishment, regeneration and disease. Estab-
lishment of Wynn was good, with average plant
densities of 80 plants/m2. Regeneration in sub-
sequent years was also good, with average plant
densities of 298 plants/m? and 516 plants/m? in
Years 2 and 3, respectively. Higher plant
densities were recorded in the fertilised plots and
in plots harvested later in previous years(P<0.05).
Throughout the experimental period, no diseases
were observed for Wynn.

Dry season survival and greenness. Greenness
of Wynn was related to SSP fertilisation. In the
PO plots, most plants had dried up by mid-
Januvary (15% of plants still green), whereas in
the P1 and P2 plots, about 30% and 50%, respec-
tively, of the plants were still green in mid-
February. Wynn retained leaves for some weeks
after drying off. Each year, about 30 plants/m?2
survived the dry season, independent of harvest
date.

Dry matter yield. In the establishment year,
Wynn responded (P<0.05) to SSP fertilisation,
with a bigger increase between P2 and P1 than
between P1 and PO (Figures 2a and 2b). Legume
yields were more stable over the dry season than
grass and herb yields. Grasses and herbs were not
affected by fertilisation. Legume percentages
were high throughout the dry season (56-97%)
and were not significantly (P>0.05) affected by
fertilisation or weeding.

The SSP fertilisation from the previous year
continued to have an effect on legume yields in
Year 2 (Figures 2c and 2d). As in the previous
year, differences between the P1 and P2 treat-
ments were greater than between PO and P1 treat-
ments (P<0.05). In contrast, grass yields were
independent of P levels, and legume percentages
increased from 46-63% in the PO to 62-86% in
the P2 treatments. Neither cutting nor time of
harvest influenced legume percentage. Legume
yields were more stable over the dry season than
grass and herb yields.

No residual effect of SSP fertilisation at
planting was found in Year 3 (Figures 2e and 2f).
Cutting (C) in the wet season did not affect
legume yields, but grass growth was reduced and
legume percentage in the C plots ranged between
39-72% compared with 18-49% in the NW
plots. As in previous years, legume percentage in
the forage on offer increased over the dry season
(P<0.05).

Nutritive value. Leaf percentages fell steadily
over the dry season from more than 30% at the
beginning to less than 10% at the end of the dry
season. However, leaf drop was slower than for
Verano. Litter percentages increased in relation
to leaf drop, while stem percentages remained
relatively constant until the end of the dry season.

CP concentrations of whole plant samples
(7%) were already low at the beginning of the dry
season, and decreased further to below 5% at the
end of the dry season (Table 2). A similar pattern
was found for the leaf fraction with CP concen-
trations falling from 13.5% at the beginning to
9.4% at the end of the dry season. CP concen-
trations in stem were always between 4.1 and
5.3%, and litter CP concentrations ranged
between 3.7 and 4.9%. Digestibility remained
relatively constant over the dry season with
values between 45 and 50%, with leaves having
the highest and stem the lowest digestibilities.
Fibre and mineral concentrations did not change
much over the dry season, with P and Mg con-
centrations being very low.

Stylosanthes guianensis cv. Pucallpa

Establishment, regeneration and disease. Estab-
lishment and regeneration of Pucallpa were good,
with average plant densities of 40 plants/m? and
260 plants/m?, respectively. Regeneration of
plants was better in subplots harvested after
November (1st harvest). Anthracnose was found,
but did not seriously affect plant growth.

Dry season survival and greenness. Pucallpa
dried off mainly in January and shed its leaves
immediately. P fertilisation had a positive effect
on greenness. As for Verano, survival of Pucallpa
was dependent on harvest date in the preceding
dry season. In plots harvested in the 1st half of
the dry season, only 10 plants/m? survived, in
comparison with 16 plants/m?2 in plots harvested
in the 2nd half.

Dry matter yield. In the establishment year,
SSP fertilisation led to substantially higher
legume yields at all harvest dates (Figures 3a and
3b), with significant (P<0.05) differences
between all levels of P. Usually, legume yields
were highest in the W treatment and lowest in the
NW treatment. Legume yields were more stable
through the dry season than grass and herb
yields. Grass and herb yields were not affected by
SSP fertilisation. As only the legume responded
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Figure 2. Dry season dry matter yields of Chamaecrista rotundifolia cv. Wynn as affected by P fertilisation in the
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to SSP fertilisation, legume percentages were
higher in the fertilised plots (P<0.05), with 73—
100% legume in the P2 plots compared with 40—
65% legume in the PO plots. Legume percentages
were higher at later harvests than at the beginning
of the dry season.

In Year 2, the initial SSP dressing still had a
positive effect on Pucallpa, especially at the
higher P level (P2), and legume percentages were
increased from 24-50% in the PO plots to 50—
100% in the P2 plots (Figures 3¢ and 3d). Grass
yields were not affected by P level and herbs had
almost disappeared, so legume percentages were
increased in the P1 and P2 treatments. The
associated vegetation had no consistent effect on

Pucallpa yields, but cutting reduced grass yiclds
and thus increased legume percentages. However,
only the carly harvests were significantly dif-
ferent. In contrast to grass yields, legume yields
remained stable over the dry season, raising
legume percentages at later harvests.

Nutritive value. Lcaf percentages declined
from over 50% at the onset of the dry season to
37% 6 weeks later and less than 10% at the end
of the dry season. As leaf percentage decreased,
litter percentage (mainly fallen leaves) increased,
and stem percentage remained relatively constant.

CP concentrations of whole plant samples and
leaves decreased from 8.3% and 14.2%, respec-
tively, at the beginning of the dry season, to 5.6%
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Figure 3. Dry season dry matter yields of Stylosanthes guianensis cv. Pucallpa as affected by P fertilisation in the

establishment year and weed control.

PO = without fertilisation; P1 = 27 kg/ha P,0s; P2 = 54 kg/ha P,0s as SSP.
W = weed free; C = cutting in the early rainy season; NW = no weed control.
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and 10.7%, respectively, 6 weeks later (Table 2),
Stem and litter CP concentrations showed little
variation over the dry scason. Digestibility of
whole plant samples was low, with an average of
41% over the dry season. Leaf and litter were
much more digestible than the stem fraction.
Fibre and mineral concentrations remained con-
stant, but P and Mg levels declined from 0.09%
and 0.23% at the beginning to 0.02% and 0.11%
at the end of the dry scason, respectively.

Centrosema pascuorum cv, Cavalcade

Establishment, regeneration and disease. Estab.-
lishment and regeneration of Cavalcade were
satisfactory to good with average plant densities
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of 10-20 plants/m? and 150 plants/m?, respec-
tively, with no effect of treatments or harvesting
date in the previous dry season. Cavalcade
showed  slight Symptoms  of  Macrophomina
phaseolina and Cercospora Spp., but these were
not an impediment to plant development.

Dry season survival and 8reenness. Cavalcade
dried off as early as November, but retained
leaves for some wecks after drying off. As it
behaved strictly as an annual, none of the original
plants survived the dry season.

Dry matier yield. Although P fentilisation
increased legume yields of Cavalcade, differ-
tnces were usually not significant (P>0.05) and
no difference existed between the P1 and P2 ferti-
liser levels (Figures 4a and 4b). Legume yields in

b) after 2/3 of the dry season
- egume
74 grasses
herbs

- b) after 2/3 of the dry season

Figure 4. Dry season dry matter yields of Centrosema pascuorum cv. Cavalcade as affected by P fertilisation in the

establishment year and weed control.
PO = without fertilisation; P1

= 27 kg/ha P;0s; P2 = 54 kg/ha P,05 as SSP

W = weed free; C = cutting in the early rainy season; NW = no weed control.
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the weeded plots were higher than in C and NW
treatments, but differences between the latter two
were negligible. Over the dry season, yields of
legumes, grass and herbs decreased, but legume
percentages increased from 30—40% to 50-75%
in the non-fertilised plots. In the fertilised plots,
legume percentages were always above 58% and
up to 83%.

Although regeneration had been good, Caval-
cade yields in Year 2 were poor, and in the C and
NW treatments, Cavalcade almost disappeared.
No response to SSP fertilisation in the previous
year and weeding practice could be determined.

Nutritive value. As stem percentage remained
relatively constant over the dry season, the
change in leaf/stem/litter proportions was mainly
expressed by a shift between leaf and litter
fractions. Leaf percentage of Cavalcade fell from
over 70% at the beginning of the dry season to
20% 6 weeks later and about 10% at the end of
the dry season, while litter percentages increased
correspondingly.

CP concentrations of whole plant samples and
leaf samples fell from 11.4% and 14.1% at the
onset of the dry season to 4.1-53% 6 weeks
later. CP concentrations in litter, containing a lot
of seeds and pods, and stem were 4.6-5.7%
higher than leat CP concentrations. A similar pat-
tern existed for digestibilities, declining sharply
from values above 50% for the whole plant and
leaf samples to 38.4-44.6% for the remainder of
the dry season. Litter digestibility remained
relatively high at 48.2-54.5% over the dry
season, while digestibility of the stem was low at
26.7-35%. Fibre and mineral concentrations
remained relatively constant, but P concentrations
declined from 0.09% at the beginning to 0.02% at
the end of the dry season.

Discussion

In subhumid west Africa, conserved legume
pastures (fodder banks) grazed for 2—4 hours per
day could improve not only the quality but also
the quantity of available fodder in the dry season.
The legumes tested maintained growth and
retained green foliage longer into the dry season
than the native grasses dominating the native
savanna and thus are less subject to processes of
dry matter destruction. This also explains the
increase in legume percentages in the plots with

associated
progressed.

According to Salinas et al. (1990), Centro-
sema accessions can be distinguished in their P
requirement by responsiveness (responsiveness =
the increase in yield to applied P) and efficiency
(efficiency = the yield at nil P). Under the exten-
sive conditions in subhumid Nigeria, a similar
classification seems to apply to other legume
species and other nutrients. Thus, Pucallpa had
the greatest response to fertilisation, but the
lowest efficiency. Cavalcade and Verano had only
a low responsiveness, but high efficiency. Wynn
was more responsive than these 2 accessions and
also very efficient. Moreover, Wynn had the
greatest ability to use residual fertiliser. This
flexibility of Wynn in its reaction to a varying P
supply and its capacity to utilise residual P is of
particular interest in a suggested extensive ley
farming system with a varying, and oftcn hardly
quantifiable, nutrient supply. Under the present
socio-economic conditions in Nigeria and west
Africa in general, it is also likely that, with
limited resources, crops rather than fodder plants
will be fertilised, especially as growing the latter
has no tradition in tropical Africa (Peters and
Tothill 1988). Generally, 150 kg/ha SSP was
sufficient to achieve satisfactory productivity of
all species in the year of establishment. This is in
agreement with results from Haggar et al. (1971)
with other S. guianensis cultivars and Peters
(1992) with Wynn and Cavalcade at other sites in
the same region. However, the residual effect of
the fertilisation lasted for only 2 years. Hence,
legumes would need to be topdressed to remain
productive, if they are used for a longer time as
recommended for the management of fodder
banks (Otsyina et al. 1987). Though not investi-
gated, the nutrient return by the animal is likely
to be limited at grazing times of 2—-4 hours per
day in the dry season. Grasses and herbs showed
little or no response to SSP fertilisation, con-
firming results from Nigeria, Australia and South
America that, in P-deficient soils, P fertilisation
enhances legume growth (Haggar et al. 1971;
Serrao et al. 1979; Whiteman 1980). Thus, with
responsive  legumes, fertilisation  increases
legume percentage in the forage on offer and
could be used as a management tool.

vegetation as  the dry season

As the legumes are intended as a dry season
supplement to the native pasture, highly com-
petitive legumes forming stands with a high
legume percentage are ideal. Such legumes are
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also likely to be tolerant of suboptimal pasture
management, an important aspect under the pre-
valent extensive farming systems in subhumid
Nigeria, and Wynn is a viable alternative to
Verano for the drier subhumid zone. Its high
competitive ability and high persistence confirm
results from Australia (Strickland and Greenfieid
1988; Partridge and Wright 1992).

Cavalcade and Pucallpa, with their ability to
establish quickly, could be used as components in
legume  mixtures currently being tested in
Nigeria. The competitive ability of Cavalcade and
its lack of persistence need to be investigated
further as reports in the litcrature differ (Anning
1982; Clements e al. 1986; Ross and Cameron
1992). In this context, reducing competition from
native grasses by grazing seems to improve estab-
lishment and growth of legumes such as Verano
and Stylosanthes scabra cv. Fitzroy in a semi-arid
environment in Australia (Stockwell 1993). In
contrast, in the present study, cutting the
vegetation in the early wet season reduced grass
competition, but this did not lead to an increase
in legume productivity. Further studies including
the grazing animal are recommended. In view of
the high costs of grazing trials, the use of smail-
plot grazing techniques as early as possible in the
evaluation process is recommended (Thomas and
De Andrade 1986). Of concern are the declining
yields of Wynn and Verano in Year 3, probably
caused by depletion of nutrients from the poor
soils, combined with the increase in nitrophilous
grasses. Similar observations have been made in
other trials in the region, and the cropping of
fodder banks to enhance crop yields and to
reduce grass competition is recommended
(Tarawali et al. 1988). After the cropping phase,
Stylosanthes fodder banks readily re-establish.
Because of their prolific seed production, Wynn
and, to a lesser extent, Pucallpa have potential in
a similar system.

CP concentrations ranged between S and 7%
of dry matter after 1/3 of the dry season (mid-
December). Similar dry season CP concentrations
of Centrosema pascuorum and Stylosanthes spp.
(including Stylosanthes hamata cv. Verano) were
recorded in Australia (McCosker 1987; Winter
1988; Winter et al. 1989a, 1989b). These values
are close to the 6-8% CP defined by Minson
(1981) and Van Soest (1982) as the minimum
needed for cattle to ensure that no reduction in
intake occurs and digestion is not impaired.
However, the legume pastures are used only as a

supplement to the native range and CP concen-
trations are well above the 2-3% CP reported for
the grasses dominating the native range in the dry
season in savanna areas (Crowder and Chheda
1982; Peters 1992).

With IVDMD values around 50% for the
legumes (whole plant), animal productivity could
be impaired by the digestibility of the fodder
(Squires 1981). However, with the exception of
Pucallpa, digestibilities were higher than for the
native vegetation in the dry season (40-45%;
Peters 1992) and are comparable with values
found in the literature (Mclvor 1979; Gardener et
al. 1982; McCosker 1987). The lower digesti-
bilities of Pucallpa and Cavalcade in comparison
with Verano and Wynn can be explained by the
consistently higher NDF/ADF concentrations of
the former species. The much higher digestibility
of the leaf relative to the stem confirms the
results of Mclvor (1979) and Gardener et al.
(1982) working with Stylosanthes and Centro-
sema species, but the similar values of litter and
leaf are in contrast to the findings of Gardener ez
al. (1982). The higher digestibility of the litter
than the leaf of Cavalcade can be explained by
the high proportion of seeds and pods in litter.

Among the minerals, P (0.02-0.05% after 1/3
of the dry season) and Na (28-77 ppm) concen-
trations were particularly low and were well
below animal requirements. However, in
standover feed on tropical pastures, P is only one
of the limiting essential nutrients and seldom the
cause of low animal productivity, as in the dry
season, animals usually lose weight and thus
mineral requirements are reduced (McDowell et
al. 1993). If protein and energy supply are
improved, minerals can become a limiting factor
to animal production on tropical pastures.

Generally, the nutritive value of the legumes in
the dry season was independent of the presence
or absence of the companion vegetation and fer-
tiliser application. Similarly, Mclvor (1979) in
Australia could not detect an effect of the associ-
ated grasses on CP and P concentrations of Stylo-
santhes spp. or Centrosema pubescens and
Winter (1988) and Winter et al. (1989b) report
that a fertiliser effect on CP and P concentrations
is restricted to the wet season.

In accordance with a review by Bayer (1 986),
the decreasing nutritive value of the whole plant
over the dry scason is mainly a result of the
changes in the leaf/stem ratio caused by falling
leaves. In this context, there is a need for species
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with a longer growing season and a slower rate
of maturity (Stobbs 1975). Considering the
limitations of grazing time and DM intake of
animals, more emphasis should be placed on the
nutrient concentration of the legumes at the
intended time of use. This is becoming even more
important when smaller arcas of legumes are
used as a supplement to the existing native
vegetation to cnsure year-round availability of
high quality fodder. Such fodder banks arc
usually exhausted by the end of the dry scason,
with cattle even licking litter from the ground,
and hence experiencing limited opportunities for
selection.

The species described in this paper are self-
regenerating annuals or short-lived perennials.
Although their nutritive value is higher than that
of the native grasses, perennial species remaining
green and retaining nutritious leaves under
drought conditions are probably of higher value
as a dry season feed. On the other hand, these
species are often slow to establish. Annuals and
biennials as a group germinate more quickly and
colonise gaps in pasture and thus reduce risk in
pasture establishment (Cook er al. 1993). There-
fore, legume mixtures with components to ensure
good establishment, with a high ability to
suppress weeds and potential to provide high
quantities of forage year-round, combined with
species which remain green in the dry season are
advocated. The legume species tested in the
present study could be of particular value in such
mixtures intended to maintain the continuity of
forage supply year-round.
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