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SUMMARY

~Shika’* (indigenous, V) and *‘Ngala’" (introduc-
tion, V,) varieties of efephant grass (Pennisetum
purpureum Schum.) field planted at 60 x 90, 60 %
60 or 60 X 30 cm spacing and fertilized at 0, 100,
200 or 400kg N/ha/yr, were examined for dry mat-
ter (DM) yield, crude protein (CP) content, CP
yield, nitrogen (N) recovery and stand persistence at
Shika during the 1975 and 1976 growing seasoms.
The highest DM yield resulted from 60 x 30 em
spacing/400kg N combination but the 60 X 60 cm
spaciag (27,800 plants/ha) with 200kg N appeared
optimum for yield. V, produced 4.3 to 21.0t DM
and V, 2.8 to 17.4t DM/ha/yr over the range of
population densities and fertilizer levels in-
vestigated. DM yield per kg N applied rose with in-
creasing population density (V. only) and decreasing
N rate, the highest value of 49](g being recorded for
V..

lMean herbage CP content varied from 7.0%
without N to 9.7% with 400kg N/hsa but the highest
value of 11.0% was obtained from V, planted at 60
x 90cm. For both grasses, N increased annual CP
yield 1.2— 4.5—fold. The highest apparent fertilizer
N recovery of 76.3% occurred at 200kg N/ha while
plants survived best at 60 X 60cm spacing.

INTRODUCTION

Elephant grass (Pennisetum purpureum
Schum.) is an important tropical soilage,
silage, hay or grazing crop (Goldson,
1977). It is reported to have potential for
high yield of good quality forage material
in Nigeria (Oyenuga, 1959; Crowder and
Chheda, 1974). However, experimental
evidence is needed from Shika, which
typifies the Northern Guinea Savanna of
Nigeria, to substantiate this assertion.
Reviews (Crowder, 1974; Goldson, 1977)
have indicated that gross and utilizable
dry matter (DM) yields, crude protein
(CP) content and persistence of elephant
grass are strongly influenced by age, cut-

ting height, harvesting frequency and the
more location-dependent variables like
variety, spacing and fertilizer application
regime.

The lack of agreement among in-
vestigators on the ideal plant spacing has
been attributed to variation in en-
vironmental conditions and agronomic
practices (Akinola, 1976). Whilst wider
spacing is associated with lower rainfall
situations, greater weed competition and
reduction in yield, it produces herbage
with higher CP content and which tends
to remain green further into the dry
season (Akinola, 1976; Goldson, 1977).
Elephant grass is very responsive to fer-
tilizer nitrogen (N) but the optimum rates
recommended for production vary con-
siderably, depending on the variety, soil
type, amount and distribution of rainfall
and frequency and intensity of defoliation
(Bogdan, 1977; Goldson, 1977).

This paper describes the influence of
different plant spacings and rates of N
fertilization on DM yield, CP content and
plant persistence in the field of two
elephant grass varieties.

MATERIALS AND METHODS
Experimental site:

The study was located at the Agricul-
tural Research Station, Institute for Agri-
cultural Research (now National Animal
Production Research Institute), Shika,
Northern Nigeria. Over 90% of the site’s
mean annual rainfall of 1099mm occurs
between May and September. During
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1975 and 1976 (the two experimental
years) total rainfall records of 857mm and
1284mm, respectively were made. The an-
nual mean temperatures are 18.3°C (min.)
and 31.8°C (max.), with characteristic
variations from the lowest in January, of
12.0°C to the highest in April, of 38.5°C.
The composite 0 — 15cm soil horizon
consisted of 18% clay, 42% silt, 40%
sand, 0.78% organic matter, pH (H,0)
6.5, 0.09% total N, 2.33kg P(H,0)/ha or
13.7kg P(0.025 NH,SO, + 0.05N
HCl)/ha, 1.50 mequiv. Mg/100g, 4.66
mequiv. Ca/100g and 0.76 mequiv.
K/100g.

Experimental design and treatments:

A split-split-plot design with four
replications was used for the study. On 10
July, 1974 the main plots consisting of
three plant spacings — 60 x 90cm (S,),
60 x 60cm (S,), 60 x 30cm (S;) and the
sub-plots comprising two elephant grass
varieties — indigenous (to the Zaria en-
vironment) ‘‘Shika” (V;) and ‘‘Ngala,”
an introduction from the Chad Republic
via Borno State, Nigeria, were establi-

Kg CP in

Apparent N recovery = fertilized plots

Herbage yield and quality:

Plots were harvested with sickles three
times at 8-week intervals during each
growing season at a uniform height of
20cm above ground leve! (Figures 1 and 2)
following suggestions by previous
workers (Ellis and Burrowes, 1950;
Oyenuga, 1959; Crowder, 1974; Goldson,
1977). When appropriately combined
with othet agronomic practices these
defoliation treatments supported plant
longevity and high yield of good quality
elephant grass herbage. One harvest was
carried out on 18 May, 1976 to provide a
measure of 1975/76 dry season produc-
tion. The cut herbage was weighed in the
field and sampled. Samples were
separated into the leaf blades and stem
components, weighed fresh and reweigh-
ed after oven drying for 48 hours at 80°C.
The stem included the leaf sheath and,
when present, the inflorescence. Each
dried component was milled and analysed
for CP according to A.0.A.C. (1970)
procedures. The percentage of applied N
apparently recovered in the harvested
plant tops was calculated as:

Kg CP in

control plots 100

shed. Following an application of 20% N:
10% P,05: 10% K,O at the rate of
377kg/ha, crown splits of the two
varieties were planted. After a pre-trial
harvest on 21 May, 1975 four levels of
nitrogen, in form of nitrochalk viz 0, 100,
200 and 400kg N/ha/yr (No,Nl,Nz,N3)
were broadcast manually. DM yield data
on gamba (Andropogon gayanusj has
shown nitrochalk or calcium nitrate to be
a better source of N than urea, sodium
nitrate or ammonium sulphate for pure
grass sward production in the Northern
Guinea Savanna of Nigeria (Haggar,
1975). Each plot received an additional
basal 37.7kg P,Os/ha/yr as single super-
phosphate along with the first dose of N.
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— %
6.25 kg applied N

Estimation of plant persistence:

On 20 May, 1977 the number of plants
surviving, tiller density and plant height
were recorded in two randomly sited 180
X 60cm quadrats per plot. The figures
obtained were compared with thosed
observed prior to the start of study as
estimates of plant persistence (Table 3).

Statistical analysis:

The appropriate analysis of variance
was carried out on the data and dif-
ferences among means assessed, using the
Duncan’s new 'multiple range test as
described by Steel and Torrie (1960).
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RESULTS

Dry matter yield:

The effects of plant spacing (S) and N
on DM yield, CP content and CP yield on
two varieties of elephant grass over two
growing seasons are summarised in Table
1. DM yield increased significantly with
closer spacing and higher N application.
V| was significantly more productive than

V, The S x N, § x Vand V x N
interactions were significant, suggesting
that the trend of response to spacing and
N differed between the varieties. S; and
S; gave mean annual DM yield increases,
over S; of 13% and 26% for V, com-
pared with 16% and 45% respectively, for
V, Irrespective of spacing N caused the
DM vyield of V, to rise by 101 to 274%

TaABLE 1

and that of V, by 84 to 216%.

Effect of spacing and fertilizer nitrogen level on mean annual dry matter yield, crude protein content and crude
protein yield* of two elephant grass varieties

Nitrogen level

Spacing Variety Ny N, N, Ny Means*
(i) DM yield (t/ha})
S, v, 4.5mm** 8.9ijk 12.9efg 15.2¢cde 10.4¢
V2 2.8n 7.1kl 9.2ijk 11.1ghi 7.6¢
S, v, 4.9Im 9.7hij 14.5def 18.0b 11.8b
v, 4.3mm « ik 10.0hij 12.6fg 8.8d
53 VI 5.1lm 10.  hij 15.7bcd 21.0a 13.1a
V2 5.91m 8.5jk 12.2fgh 17.4bc 11.0bc
Mean* 4.6d 8.9¢ 14.4b 15.9a
(ii) CP (o DM)
Sl Vl 7.141lm 8.14ij 9.46efg 10.80ab 8.89ab
Vz 7.3_6kl 8.43hij 9.78def 10.93a 9.12a
Sl 6.98m 7.94jk 9.05fgh 10.19bcd 8.54abc
V2 7.03m 8.08ij 9.75def 10.56abc 8.85ab
S3 Vl 7.19lm 7.80jk1 8.57hi 9.30efg 8.21c
V2 6.08lm 8.13ij 8.74ghi 9.91cde 8.60bc
Mean  7.08d 8.08c 9.19ab 10.28a
(iii) CP yield (kg/ha)
S, v, 3221 7251 1224de 1644c 979b
v, 2041m 601jk 903ghi 1217de T31c
Sz Vl 3441 772hij 1314d 1834ab 1066ab
v, 3031 671ijk 985fgh 1337d 821c
S3 V] 3661 827hij 1351d 1953a 1124a
V2 403kl 692ij 1069fg 1772bc 973b
Mean  323d 715¢ 1139b 1635a

+ Averaged over the growing periods 22/5/75 — 5/11/75 and 19/5/76 — 3/11/76. §, S, S, = 60 x 90, 60 X
60, 60 x 30cm spacings, respectively. V|V, = varieties “‘Shika” and “‘Ngala,” respectively. Ny N, N, N, = 0,
100, 200, 400kg N/ha/yr, respectively.

*Means in columns or rows followed by the same letters do not differ significantly at P£0.05.

**Values in rows and columns followed by the same letters do not differ significantly at P£0.05
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Seasonal total plant and component
DM vyields fluctuated considerably (Figure
1). Over the N levels applied DM yield of
V, was lower in 1976 by 6 to 28% and that
of V, by 36 to 41%, reduction being least
at Sz; regardless of plant spacing DM

yields of V, and V, fell by 7 to 30% (N, to
No) and 36] to 47%, respectively. The feaf

component contributed more to the total
harvested forage than the stem. The
highest mean leaf content of 59.4% for
V, and 57.6% for V, at S, was only
marginally higher than that at S; or S; N
decreased the leaf content of V; and V, by
61% and 58%, respectively. Regrowth
during the dry season was dominated by
the leaf.

Crude protein content:

Hertage CP content rose significantly
with wider spacing and increasing N level
(Table 1). V, had a higher percentage CP
than V; The detafled chemical data (not
presented) showed the tendency for CP
content to decline with the season’s ad-
vancement. The highest values of 9.2%
without N and 13.2% with 400kg N/ha
were recorded in May, 1976 for S5,V,
whilst the lowest values of 5.4% without
N (S5,Vy) and 8.4% with 400kg N/ha
(S;V,) were obtained in November, 1976,

Crude protein yield:

Mean CP yield varied significantly bet-
ween V; and V, for different planting
densities and N levels. N raised the CP

yield of V, by 129 to 448% and that of V,
by 120 to 408%. Irrespective of N level,
CP yield at S, and S; exceeded that at S,
by 9% and 15% (V) or 12% and 33%
(V,), respectively.

The seasonal distribution of CP yield
followed a pattern similar to that of DM
yield (Figure 2). However, the percentage
contribution made by the leaf to total CP
yield exceeded that made to total DM
yield. Closer spacing and higher N level
caused leaf contribution to CP yield of V,
to decline from 71 to 69% and 70 to 68%
and that of V, from 69 to 67% and 74 to
67%, respectively.

Efficiency of nitrogen utilization:

For both varieties, DM yield per kg ad-
ded N was inversely related to total N
although V, was the more efficient
utilizer of N. The percentage of applied N
apparently recovered in the tops of V,
tended to decrease as plant population in-
creased and more markedly, with addi-
tional N. By comparison the recovery
values for V increased with plant popula-
tion whilst, averaged over spacings, the
highest recovery figure of 76.3% resulted
from the application of 200kg N/ha.

Plant persistence:

The spacing adopted and the variety
had pronounced effects on plant per-
sistence (Table 3). Responses in terms of
the selected attributes of persistence,
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FIGURE 1

Effect of spacing and nitrogen level on seasonal dry matter yield of two elephant
grass varieties.

+ Vertical lines represent LSD of treatment comparisons for total plant {(shaded +
unshaded, A), and stem (shaded, B) and leaf {unshaed, C) components.
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FIGURE 2

Effect of spacing and nitrogen leve! on seasonal crude protein yield of two elephant
grass varieties.

+ Vertical lines represent LSD of treatment comparisons for total plant (shaded +
unshaded, A), and stem (shaded, B) and leaf (unshaded, C) components.




AKINOLA

TABLE 2

Effect of spacing and nitrogen level on the efficiency of nitrogen utilization*

Total N Kg DM yield/ Apparent N
Applied (kg/  Kg N Applied recovery (%)
ha/yr)
Spacing \A v, v, v,
S, 100 43.9 43.1 64.0 63.7
200 422 32.1 72.2 56.1
400 26.8 20.9 52.9 40.6
S, 100 48.0 40.3 68.5 59.2
200 48.2 28.7 77.6 54.0
400 32.7 20.7 59.6 41.4
S, 100 55.0 27.2 74.1 46.3
200 53.0 32.1 79.0 53.3
400 39.8 29.0 63.6 53.0

+ Averaged over the growing periods 22/5/75 — 3/11/75 and 19/5/76 — 3/11/76.

namely number of plants surviving, tiller
density and plant height after two seasons
of regular cutting indicating that per-
sistence was greatest at 60 X 60cm spac-
ing and that V, was the more persistent.
Variation in N level did not significantly
affect any of the attributes and conse-
quently the data have not been presented
in terms of the effects of N.

DISCUSSION

The poorer overall herbage yield per-
formance in 1976 was strongly influenced
by the low DM harvested in September
that year. This could probably be at-
tributed partly to the higher rainfall inten-
sity (rains continued up to October ending
in 1976 but stopped in September in 1975)
and the fact that DM yields of bunch
grasses commonly decline after the earlier
years of production. Inter-varietal yield
differences were marginal at establish-
ment in 1974 but highly significant in 1975
and 1976, in favour of ‘‘Shika.’’ This pro-
bably suggested that ‘‘Shika’’ either had a
higher potential for yield or was better
adapted to the experimental location.

25

DM and CP yields increased, while CP
contents decreased with closer spacing.
Since yield/ha is a function of number of
plants/ha, number of tillers per plant and
weight of the individual tiller, it would be
inferred that the greater number and size
of tillers as well as more moisture supply
at wider spacing did not compensate for
lower planting density. The lower CP con-
tent with closer spacing was explicable in
terms of increased inter-plant competition
for soil nutrients, particularly N and the
dilution effect with rise in DM produc-
tion. The intermediate spacing seemed op-
timum for both DM and CP yields. At
this population density, plants were most
leafy, weed competition (visually
assessed) was moderate, yields approach-
ed those at the closest spacing (‘‘Shika’’),
and CP contents compared favourably
with the highest values obtained at the
lowest density. A survey of the literature
suggests that only the S0 x 50cm spacing
recommended by Diaz (1968) parallels the
present finding, both studies tending to
indicate a superiority of the square ar-
rangement of planting. Cost of planting
was not estimated but, according to de
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TaBLE 3

Effects of spacing on attributes of plant persistence*

Spacing \2 v,

(i) No. of plants/ha (x 1000}
S; 16.8 (91) 13.5 (73)
S, 24.7 (89) 18.3 (66)
S, 41.5 (75) 26.7 (48)

(ii) No. of tillers/ha (x 1000)
S, 125 (71) 68 (59)
S, 173 (83) 95 (67)
S, 124 (56) NM

(iii) Plant height (cm)

S; 40.3 (77) 31.7 (70)
S5 56.2 (92) 44.3 (74)
S; 43.9 (68) NM

+ Measured on 20 May 1977.

Figures in parenthesis show measurements as percentages of (i) plant population at
establishment; (ii) and (iii) recordings on 10 May, 1975 (See Materials and Methods). NM
= Not measured due to high tiller mortality.

Leeuw and Wevers (1957), could exceed
that of seeding by as much as 40% or
more. However, once properly establish-
ed and carefully managed elephant grass
remains highly productive for a sufficient-
ly long time to justify the initial expen-
diture (Goldson, 1977).

The yearly average ‘‘Shika’’ yields of
21.0t DM/ha and 1953kg CP/ha, and
“Ngala” yields of 17.4t DM/ha and
1723kg CP/ha with 400kg N/ha/yr
sizeably exceeded the 10.0t DM/ha and
1310kg CP/ha recorded by Haggar (1975)
for gamba at 448kg N/ha in the same
location and with similar amounts of rain-
fall received (1056mm for gamba and
1066mm for elephant grass). Non-
fertilized gamba, on the other hand, yield-
ed 6.2t DM/ha and 140kg CP/ha com-
pared with the 3,6t DM/ha and 263

26

CP/ha averaged for ‘‘Shika’’ and
““Ngala.”” These data indicated in-
tergeneric differences and suggested gam-
ba to be better adapted to low soil fertili-
ty. The results also illustrated the impor-
tance of N as an essential management
tool for substantially increasing forage
production of elephant grass. Higher DM
returns per unit N applied than those of
Haggar (1975) suggested that elephant
grass was more efficient in N utilization
than gamba.

Although the responses to plant spacing
and N observed in the present study close-
ly agree with findings for comparable
tropical areas (Oakes, 1967), only variety
‘“Shika’’ offers greater promise as a
potential source of fodder for silage par-
ticularly with 200kg N/ha. “‘Shika’’ com-
bined high leaf contents and DM yields
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with superior quality as measured by
percentage CP.

Figures of N recovery showed different
varietal response trends. While the
recovery values for °‘‘Ngala’ declined
with increasing N the highest for ‘*Shika”
resulted from 200kg N/ha. Consequently,
on the basis of N economy and other
desirable yield characteristics, ‘‘Shika’’
would seem to be the better variety for
forage production.
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