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Nitrogen concentration in the major
grasses of the Derived and Guinea
savanna zones of Nigeria in relation to
season and site
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The concentration of total Kjeldahl N in above- and below-ground grass samples was monitored at five
Nigerian savanna sites over 3 years. Significant variation, even in the same species, was found from plot to
plot, with the highest concentrations in the samples from early-burnt Derived savanna and the lowest from
northern Guinea samples. This may be related to soil N concentrations as a significant positive relationship
was found between soil and plant concentrations. Nitrogen concentration in above-ground grass biomass -
declined almost exponentially from flushing through the dry season, whereas below-ground N concentration
increased with the approach of the dry season. Two shade-favouring grasses, Andropogon tectorum and
Beckeropsis uniseta were found to have the highest N concentrations above-ground.
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The major usable resource of West African savannas
is grass which is used as livestock fodder. More than
90% of the cattle and > 60% of the sheep and goats
found in Nigeria are managed under traditional
nomadic or transhumance systems (Milligan & Sule,
1980} which means that they rely mainly on open or
‘natural’ savanna as rangeland. This constitutes
=69% of the land area of northern Nigeria (calculated
from data of Milligan & Sule, 1980). Thus the nutri-
tional value of various grass species in relation to site
and season is of considerable practical economic im-
portance.

As shown by data assembled by Pratt and Gwynne
(1977), the crude protein content of fodder enables
an estimate to be made of its nutritional value to
livestock, and in this way N analysis of grass can be
related to its practical value. Furthermore, N concen-
tration of plants has long been shown to be a good
indicator of the nutrient status of the soil (de Wit et
al., 1963), often giving a more realistic estimate of
nutrient availability than does soil analysis. Nitrogen
content of herbaceous material in natural savanna in
relation to season is also of interest because of N loss
through volatilization at burning. Almost all West
African savanna is burnt annually, usually in mid-dry
season {January), and all N in ashed material is lost
from the system (Isichei & Sanford, 1980). There
has been considerable controversy as to how much N
is lost in this way, estimates ranging from 28 (Nye &
Greenland, 1960) to 13 kg ha 'yr* (Isichei & San-
ford, 1980). How much is actually lost will depend
not only on how much material has been burnt but
also upon the N concentration of the material at the
time of burning. As soil N is so often a limiting factor
in primary production in Nigerian savanna (Jones,
1973}, the amount lost by burning becomes impor-
tant.

Therefore, because of the importance of N in the
assessment of savanna grasses as livestock fodder, as
an indicator of soil N availability, and for estimation
of annual burning losses, N concentration of major
grasses in the Derived and Guinea savanna were
monitored over 3 years (1975-78).
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Materials and methods
Study sites

For representation of Nigerian tall-grass humid
savanna, five sites were selected: two in Derived or
Transition savanna, one in southern Guinea savan-
na, and two in northern Guinea savanna (savanna
zonation sensu Keay, 1959). The Derived savanna
plots were the 0.17 ha fire investigation plots
established in 1929-30 at the Olokemeji Forest
Reserve, southwestern Nigeria. These plots have
been subjected to controlled annual burning since
their establishment, with plot A being late-burnt
(March) and plot B, early-burnt (December). The ef-
fects of this burning regime on the plots as of 1960
have been described by Charter and Keay (1960) and
more recently by Sanford (1980). Brookman-
Amissah et al. (1980) also discussed the earlier
results from the Olokemeji fire experiment.
Olokemeiji Forest Reserve in general has been exten-
sively studied by Hopkins (1962 and 1970), so that a
lot of background information is available.

The other research areas, also in Reserves, were
50 x 50 m (0.25 ha) plots. The southern Guinea
site was in the Old Oyo Forest Reserve, near Igbeti.
western Nigeria; this Reserve has been studied by
Keay (1947). The final two plots were both in the
Borgu Game Reserve sector of the Kainji Lake Na-
tional Park, an area which has been extensively
studied (for example, Howell 1968; Ajayi & Hall.
1979; Afolayan, 1977; [sichei, 1979). Of these two.
one plot, Oli River, was in open small-tree Burkea
africana-Terminalia avicennioides® savanna and the
other in Isoberlinia-Afzelia woodland.

Relevant information on the sites is summarized in
Table 1.

Sampling and analysis

Grass crop
All standing herbaceous material was clipped at the

* All plant names are according to Hutchinson and Dalziel
(1927-1936): Flora of West Tropical Africa
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useful feedstuff and would be considered as a
medium quality roughage. As Striga grows in
association with sorghum, usually grown in the sum-
mer in the Sudan, the weed will be available during
geeg scarcity and thus will add to its importance as a
eed.
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Table 1 Description of sites {(summary)®

|

Derived savanna plots

Southern Guinea plots Northern Guinea plots

[

" 1. Location 7°25'N,
| 3°32'E
2. Reserve area (km?) 71

3. Geology and soils

{a) Parent materials Basement complex

{b) Solil type
{c} Soil texture and colour

Tropical ferruginous
Clayey and brown
in colour

Late burnt: 1.06
Early burnt: 1.11
Late burnt: 0.77
Early burnt: 0.91
Late burnt: 0.07
Early burnt: 0.08
Late burnt: 0.06
Early burnt: 0.05
Late burnt: 6.53
Early burnt: 6.29

{d) Carbon concentration (%)
0—15 cm depth
30—45 cm depth

(e) Nitrogen concentration (%)
0—15 cm depth
30—45 cm depth

(f) Soil pH (0—15 cm depth)

(a) Annual rainfall (mm) | 1232

|

|

\

|

’ 4. Climate
‘ (b) Length of rainy season (days) |250
!

(c} Number of rain days 107

(d) Mean maximum 29
temperature (°C)

(e) Mean minimum 21.67
temperature {°C)

5. Vegetation type iDerived savanna

(a) Tree density (trees>30 cm  |Late burnt: 1 tree
in girth at breast height) per 10.20 m?
[Early burnt: 1 per

4.21 m?

\
6. Mean maximum herbaceous crop |Late burnt:
for three years (g m™) 495.58 +68.13

Early burnt:
| 400.50+48.43
7. {a) Major grass species and Late burnt:
their weights as percentages Andropogon

tectorum, 22;

A. schirensis, 19;

‘ Schizachyrium

, |sanguineum, 20;
Monocymbium
ceresiiforme, 19
Early burnt:

A. tectorum, 66;
S. sanguineum, 17

of all sampling units total

| (b) Percentage contribution of Late burnt: 92
perennial grasses to total |Early burnt: 91
weight \

{c) Percentage contribution of Later burnt: 0.83
non-grass herbs Early burnt: 1.52

8°40'N 9°45'N-10°23'N,
4°10'E 4°32'E-3°40'E
500 4000

Undifferentiated

basement complex

Tropical ferruginous

Fine grained, gravelly | Fine grained, brown

in places, dark brown | but reddish in places

0.72 Open savanna: 0.55 ‘

Woodland: 0.51

0.65 Open savanna: 0.57 ‘

Woodland: 0.88 l
[
\
|

Basement complex

Tropical ferruginous

0.06 Open savanna: 0.05
Woodland: 0.88
0.04 | Open savanna: 0.04

Woodland: 0.05
16.29 Open savanna: 6.05
‘ | Woodland: 6.34

1285 | Mokwa: 1069.34 ‘
' Yelwa: 1061.72 |
230 | 170 - 180
109 85
32.83 | Mokwa: 32.99
| Yelwa: 34.50
20.82 | Mokwa: 20.65
| Yelwa: 21.25

Southern Guinea savanna | Northern Guinea savanna
Open savanna: 1 tree

per 42.9 m?
1 per 21.72 m? Woodland: 1 per
138.38 m?

‘ Open savanna:
[331.15+41.75

323.62+49.31
Woodland:
258.72+34.24

Open savanna:
H. involucrata, 34;
A. gayanus, 25;
S. sanguineum, 19

Hyparrhenia
involucrata, 31;

S. sanguineum, 26;
A. gayanus, 14;

A. schirensis, 11

| Woodland: }
H. involucrata, 38:
A. schirensis, 15;
H. rufa. 12;
S. sanguineum, 10

‘60 Open savanna: 60
‘ Woodland: 50 \

3 Open savanna: 6
Woodland: 5

“Borgu Game Reserve does not have a well established weather station so figures from nearby stations at Mokwa (9° 18°
N, 5° 5" E) and Yelwa (10° 50’ N, 4° 44" E) have been used

various growth periods of the year called the ‘flush’
(February-May), ‘mid-growth’ (July-August), ‘peak
crop’ (October-November) and ‘dry’ seasons
(December-February). The clipping was done= 1.5 cm
from the ground from = 20 randomly placed
0.25 m* quadrats. Each quadrat clipping was sorted
into species, immediately oven-dried at 80°C to con-
stant weight, ground through a 1.5 mm mesh and

analysed. During 1975-1976. for example, 106
quadrat clippings were made from plot A, 80 from
plot B, 97 from the Igbeti plot, 101 from the Oli River
site and 100 from the Tungan Giwa site. Total N was
determined by the Kjeldahl method.

At the time of biomass clipping, a few plants (3-5
individuals) of each of the major grasses were dug up
carefully and divided into above- and below-ground
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portions. Digging was usually only to a depth of
=20 cm, and some of the fine fibrous roots may have
been lost, although Cesar and Menaut (1974) have
shown that most of the below-ground grass biomass
lies between O and 10 cm. After washing, these
samples were oven-dried, ground and analysed in
the same way as the clipped samples.

Soil

Soil samples were collected at 8-week intervals for
one year starting in October, 1975. Five samples
were randomly taken from each plot using a soil
auger with a scoop 17 cm high and 8 cm in diameter
Sampling was done at two depths, to bring out the
soil from 0-15 cm and 30-45 cm cores.

Each soil sample was put in a polythene bag and
air-dried. Dried samples were sieved through a 2 mm
mesh and analysed for total N by the Kijeldahl
method. :

Results

Nitrogen concentration in relation to site
Mean N concentrations for the total grass crop are
given in Table 2. For site comparison, it is necessary
to consider the N concentrations at comparable
stages of growth as well as above- and below-
ground. However, most livestock move out of the
southern (Derived and Guinea) savanna regions by
late June because of tsetse flies and because the
grasses soon become fibrous and relatively un-
palatable; they return to the south in December-
January when food and water in the Sudan areas are
exhausted. Considering livestock fodder, therefore,
the most important periods are flush, mid-growth
and dry season which fall into the months of March-
May, July-August and December-March, respective-
ly. The early flush of grass occurs shortly after burn-
ing in the dry season and is uniformly relatively high
in N. This N probably comes from the underground
store in the roots and rhizomes rather than from the
soil, and significant variation among the plots cannot
be shown. By the mid-growth period, however,
statistically significant differences (P < 0.001)
among the sites can be shown, with the early-burnt
Derived savanna plot and the southern Guinea plot
showing the highest mean N concentration and the
northern Guinea Woodland showing the lowest;
there is decreasing N concentration northwards. Dry
season N concentration is highest in the Derived and

southern Guinea plots and lowest in the northern
Guinea plots.

That the difference in mean N concentration of the
standing crop among the sites is not due solely to dif-
ference in species composition is shown by compar-
ing N concentrations in species common to the two
Derived savanna plots. Here, Andropogon tectorum
samples simultaneously collected from the early- and
late-burnt plots throughout the year showed
significantly higher N concentrations (P < 0.005) in
the samples from the early-burnt plot, with respective
mean concentrations of 0.64 and 0.45%; N con-
centration was also higher in A. schirensis samples
from the early-burnt plot.

In another pair of matched samples of Monocym-
bium ceresiiforme the N content was higher in the
samples from the early-burnt plot. Overall. the mean
concentration in all the early-burnt plot species
samples was 0.62% (n = 28) whereas in the late-
burnt plot it was 0.46% (n = 55}; this difference is
significant (P < 0.001). Matched collections of An-
dropogon schirensis and Schizachyrium sanguineum
showed significantly lower N concentrations in
samples from the northern Guinea plots than in
samples from the Derived and southern Guinea plots
in every case.

Nitrogen concentration in relation to

season

In all sites N concentration of above-ground grass
declined almost exponentially as the growing season
advanced from flush to dry season. However, below-
ground N declined through the peak standing-crop
period, then abruptly increased in the dry season
{see Fig. 1).

Nitrogen concentration in relation to

species

Nitrogen concentrations in above-ground grass
samples for the dry season and at peak standing-crop
are shown in Table 3. The tendency for higher con-
centrations in samples from the Derived and
southern Guinea plots may be discerned. Above-
ground, Andropogon tectorum and Beckeropsis
uniseta had the highest N concentrations. The same
relationship holds for below-ground biomass, par-
ticularly in the Derived and southern Guinea zones.

Table 2 Mean percentage N in above - and below - ground collections 1975-1978 (£95% confidence interval)

‘F Seasons Sites

| Olokemeiji plot A| Olokemeji plot B | Igbeti (southern | Borgu Oli River | Borgu Tungan

‘ (late-burnt (early-burnt Guinea) (northern Giwa (northern
‘ Derived Derived Guinea open) Guinea

‘ | savanna) savanna) woodland)

| | T —T — — —

5 Above-ground|  Flush 1.04+0.08 1.16+0.09 1.01+£0.41 1.40+0.40 1.04+£0.42 |
Mid-growth| 0.64+0.09 | 0.72+0.08 0.70+0.06 0.64+0.06 0.56+0.08 |

‘ Peak 0.46+0.04 | 0.56+0.04 0.50+0.04 0.39+0.02 0.40+0.04
Dry season 0.45+0.08 ! 0.52+0.11 0.48+0.06 0.21+0.02 0.20+0.02

| Below-ground|  Flush 0.53+0.07 | 0.69+0.47 0.50+0.08 0.45+0.07 0.37+1.01

‘ Mid-growth |  0.55+0.07 0.56+0.08 0.45+0.04 0.44+0.09 0.52+0.13

| Peak | 0.48+0.06 0.62+0.24 0.39+£0.06 0.31+0.02 0.37+0.02

i Dry seasonl 0.55+0.06 0.69+0.47 0.70+0.18 0.50+0.09 | 0.46+0.09 ‘
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]

|

) [ - e l |
Flush Mid-growth Peak Ory
(Mar-May)  (Jul-Aug) (Oct - Nov) (Dec-Mar)

Fig. 1 Mean seasonal concentrations of nitrogen in grass
samples collected from all the sites. ® , above-ground con-
centration; O, below-ground concentration. Standard er-
rors about each point are shown

Nitrogen concentration in relation to soil

Mean soil N concentrations are shown in Table 1.
Correlation of these values with N concentration of
grass standing-crop is significant (P < 0.05) at both
the peak standing-crop period and during the dry
season (r = 0.89 and 0.88, respectively). A direct
relationship between soil N and crop N is also in-
dicated by comparing N concentrations for the same
species collected at the same time in different plots,
as already mentioned.

Discussion

Nitrogen concentrations of Derived and Guinea
savanna grasses are generally very low. Even at
flush, the concentration is only =~ /3 of that con-
sidered minimal in temperate zone grasses (de Wit et

al., 1963). Beckeropsis uniseta and Andropogon
tectorum are shown to have significantly higher con-
centrations of N both above- and below-ground.
Both of these species favour some shading by high
tree canopy, whereas the less nutritious and less
palatable Hyparrhenia spp. and Schizachyrium
sanguineum favour full exposure, and may even be
replaced by the shade-favouring species under
tree canopy (Sanford et al, 1982). In all
species, N concentrations decline from flush to the
dry season and during the dry season. Whereas they
are the highest at flush, the quantity of grass at this
time is too little to sustain livestock (Milligan & Sule,
1980). Nitrogen concentrations at the mid-growth
period (= 3-32 months after the start of the rainy
season) are 135-150% of the concentration at peak
standing-crop. It would appear ideal, therefore. to
utilize grass either for graze, hay or insilage at this
time when bulk is considerable and N concentration
still relatively high.

Clearly, much of the plant N has left the above-
ground biomass by the time of burning, and more
has left at late burning (March) than at early burning
(December). The data imply considerable transfer of
N below-ground. While this suggests the advisability
of late burning from the standpoint of N conserva-
tion, a much greater amount of material is burned in
late fires. Therefore, the usual time of mid-dry
season burning appears more reasonable. In review-
ing herbaceous production in Nigerian and Ghana
savanna, Sanford (1980) could not find significant
difference between early-burnt and mid-dry-season-
burnt plots. Control of burning time, to a large ex-
tent, also controls the canopy density and height
{Sanford, 1980) and thus is instrumental in the con-
trol of grass species distribution. By such control of
canopy, the shade-favouring species mentioned
previously can be encouraged.

Nitrogen of the herbaceous standing-crop and of
the soil appear positively correlated and. if the same
species are collected at comparable times, plant
analysis may give a better indication of available soll
N than would soil analysis. As Cornforth (1974) has
remarked, ‘The amount of nitrogen in the soil
depends on vegetation, rainfall and soil drainage and
the supply of nitrogen available to plants frequently
depends on rainfall and on the base status of soils
rather than on the total amount of nitrogen present.
This implies that laboratory tests for nitrogen-
supplying potential have little value.’

Table3 Mean concentration of N in standing crop of various grass species at the peak crop period (October - November)

and in mid-dry season (December - February) at various savanna sites in western Nigeria

1 Species Savanna type
L

Percentage nitrogen (+95% confidence ir}tgrval)?

[
|Andropogon gayanus
|A. pseudapricus

A. schirensis

\A. tectorum

Northern Guinea
Northern Guinea

Northern Guinea

Beckeropsis uniseta
Hyparrhenia perennial spp.

Northern Guinea
{H. involucrata
Northern Guinea
Schizachyrium sanguineum
Northern Guinea

Derived and Southern Guinea
Derived and Southern Guinea
Derived and Southern Guinea
Derived and Southern Guinea
Derived and Southern Guinea

Derived and Southern Guinea

Peak crop Mid-dry ‘
period season

(Oct-Nov) {n) {Jan) (n) |
0.38+ 0.002 (11) 0.19+ 0.001 (15)
0.35+ 0.003 (9) —

0.44= 0.001 (19) 0.54+ 0.03 (6)
0.41+ 0.001 (29) 0.20+ 0.02 (4)
0.57+ 0.003 (35) 0.51+ 0.008 (9)
0.51+ 0.01 (6) 0.43+ 0.008 (7)

— 0.60+ 0.02 (8)
0.30x 0.03 (4) 0.20+ 0.001 (12)
0.41+.0.005 (5) —
0.37+.0.000 (38) 0.22+ 0. (14)
0.44+.0.002 (21) 0.46+ 0.000 (19)
0.39+.0.003 (7) 0.20+ 0.002 (12)
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