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Abstract: The effects of organic, inorganic fertilizer and irrigation regime on yield parameters of P. virgatum
in upland and lowland areas in Sokoto geoecological region of Nigeria were assessed. Four levels of nitrogen
(0, 25, 50 and 75 kg N ha™"), three rates of farmyard manure (0, 5and 10 tha™") and three irrigation regimes
(w,, w, and w,) were setup as a split -plots design. Farmyard manure and irrigation regimes were combined and
allocated as the main plots, while nitrogen rates were assigned to the sub-plots and each replicated three times.
Results revealed that raising nitrogen rate from 50 to 75 kg N ha™', farmyard manure rate from 5-10 t ha™ or
irrigation intervals from 2 to 4 days did not show a significant (p>0.05) increase in yield components evaluated.
Dry matter accumulation was significantly (p<0.05) affected by irrigation regime in both seasons and locations
and 2 day interval irrigation had the highest dry matter yield. A sigmficant interaction between nitrogen and
manure application was cbserved only at upland in 2008/2009 and a combination of 75 kg N ha™' and 10 t ha™
manure produced the highest values in all the parameters evaluated. The study suggest that 50 kg N ha™" with
5 tha™ of farmyard manure and 2 day irrigation interval gave the highest yield. A combination of 50 kg N ha™',
with 5 t ha™' of farmyard manure and 2 day irrigation interval were found to be optimum for growth and yield

of Switchgrass under both lowland and upland conditions in Sokoto gececological zone of Nigeria.
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INTRODUCTION

Switchgrass (Panicum virgatum L.) 18 a peremmial
grass native to North America, where it occurs naturally
from 55° N in Canada, United States and Mexico. It is one
of the dominant species of the Central North American tall
grass prairies used primarily for secil conservation
(USDA  and NRCS, 2008), forage production
(Stegelmeier et al., 2007), game cover (Bies, 2006), as an
ornamental grass (Samson, 2007) and more recently as a
biomass crop for ethanol, fiber, electricity and heat
production (REAP, 2004; Samson et «al., 2005,
Hastings and Prince, 2007). Switchgrass can vield a
variety of useful fuels such as synthetic gasoline and
diesel fuel, methanol methane gas, hydrogen as well other
chemical by- products useful for making fertilizers,
solvents and plastics (Bransby, 2005). Current research on
switchgrass biomass production has largely evaluated
switchgrass adaptability on small-scale plots in varying
environments (Casler et al, 2004, 2007). However, the
potential of switchgrass as a biofuel feedstock in Nigeria
has not been exploited. There is currently no information

on the potential impact of large-scale switchgrass growth
and production on the natural resources and the
environment. For example, uncertainly surrounds the
effective use of water by the crop and, the lack of
information on the basic agronomies dictated that
research be undertaken to develop a capacity for
predicting impacts of large-scale planting of switchgrass
in Nigeria.

Nitrogen availability is one of the most crucial factors
in determining crop yield (Carpenter-Boggs et al., 2000)
and it increases the population of soil microorganisms
(Ladd et al., 1994; Smolander et al., 1994, Entry et al.,
1996). Franzluebber et al. (1998) suggested that an
integrated soil fertiity management practice, which
incorporates organic and norganic sources, 1s needed to
increase the productivity of low activity clay souls.
Organic N sources, in addition to supplying nutrients,
also mmprove soil condition, reduce temperature, conserve
soil and reduce erosion (Tian et al., 2000). A deficiency of
nitrogen results in yellowing of leaves, slow and stunted
growth and excess nitrogen may
susceptibility to pest and disease attack (Amans et al.,

increase crop
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1990; Brice et al., 1997). Supplemental irrigation is used to
argument the shortfall in rainfall that ccours during the
growing season. Irrigation i3 used on full season
agronomic crops to provide a dependable vield every
vear. It is also used on crops where water stress affects
the quality of the yield which brings increased vield and
allows double cropping and intercropping. In addition to
mcreased yield of forage crops, irrigation intensifies crop
production by creating favourable conditions for the
growing of vegetables, forage crops, planting materials,
fruits and flowers as well as for seed production
(Thomsor, 1996).

Growing and developing perennial forage crops such
as switchgrass as biofuels could benefit the national
economy by providing an important new source of income
for farmers (McLaughlin ef al., 1999). In addition, energy
production from perennial cropping systems, which are
compatible with conventional farming practices, would
help reduce degradation of agricultural soils, lower
national dependence on fossil fuels and reduce emissions
of green house gases and toxic pollutants to the
atmosphere as well as less displacement of land for food
production or loss of biodiversity through habitat
destruction. Switchgrass when grown in large quantity
can effectively be utilised to promote its use in soil
comservatior,  biofuel production and generate
employment in the rural communities of Nigeria. This
research could help i promoting higher biomass
productivity which will serve as feedstock to bio-
refineries and address energy requirements. On the
long-run, it is envisaged that this research will give
mnpetus to the construction of bio-refineries in Nigena.
The objectives of this work are to investigate the effects
of organic, inorganic nutrients and varying irrigation
regimes on growth and yield parameters of switchgrass.

MATERIALS AND METHODS

Collection of materials and experimentation: Seeds of
switchgrass were sourced from the Umted State of
America (USA) through Sokoto Energy Research Centre,
Usmanu Danfodiyo University, Sokoto, Nigeria on a Pure
Live Seed basis (PLS). The seeds were kept in big labelled
paper envelope and stored in metal cabinets in the
University herbarium. Field experiments were conducted
during 2008/2009 and 2009/2010 dry seasons at both
upland and lowland areas. Solkoto is located on latitude
13" 01N and longitude 05°. 15E and lies at an altitude of
350 m above sea level (Kowal and Knabe, 2002). The
temperature averages ranges from 27-40°C in April and
18°C in December-January. The state falls in the Sudan
savamma agro-ecological zone of Nigeria. Treatments
consist of three rates of manure as farmyard manure
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{0, 5and 10t ha™ fym), four rates of nitrogen fertilizer
(0, 25, 50 and 75 kg N ha™') and three irrigation regimes
(w,, w, and w;) for watering every two, four and six days
respectively. The treatments were laid out m split-plot
design and replicated three times. Manure rates and
irrigation regimes were combined and allocated as the
main plots, while nitrogen levels were assigned to the
sub-plots. The gross plot size had a dimension of 4x3 m
{12 m?) consisting of 36 plots, the net plot size was »2 m*
{2 m’) and the total area of the experimental sites was
10,000 m*.

Experimental sites were ploughed, harrowed, levelled
and plots demarcated manually. Seed beds of 43 m were
prepared. Irrigation channels were laid out to convey
water and drain away the excess. One meter leeway was
left between blocks. Seeds were sown on 14th December,
2009 and 2010. The seeds were sown by direct seeding
using a spacing of 1x1 m at 0.5-1.0 cm planting depth
according to Ontario Ministry of Food Agriculture and
Rural Affairs (OMAFRA) guidelines for forage crops. Five
seeds were sown per hole and later thinned to 3 plants
per hole.

Nitrogen fertilizer in form of urea (0, 25, 50 and
75 kg N ha™) was applied through ring application
method in two equal doses according to the treatments,
the first dose was applied after the first weeding (2 WAP),
while the second dose was applied by top dressing
(6 WAP). Dafferent rates of farmyard manure (0,5 and
10 t h™) as per treatment were applied during land
preparation. The seedlings were subjected to 3 watering
regimes ie., W,, W, and W, indicating watering every
two, four and six days respectively. Weeding was carried
out manually at two Weeks After Sowing (WAS) and
subsequently after every two weeks to maintain weed free
fields. The incidence of termite was controlled by
applying chloropyriphos 20% EC insecticide at the base
of the plant at the rate of 1250 mL per 500 L. of water.
Harvesting was done manually and was taken at the late
boot stage of the development and tied into small

bundles.

Data collection and analysis: Three plants were randomly
tagged from the iner rows of each plot and were used for
the evaluation of growth and yield parameters. Number of
inflorescence was recorded by counting from the three
tagged plants. The inflorescence count was taken at 13
WAS and the average count recorded. Days to 50%
flowering were determined when 50% of the plants
population in a particular treatment flowered. Number of
seeds per plant was counted at harvest from the 3 tagged
plants for each treatment. The seeds were threshed,
counted and average per plant determined. Cumulative
seed weight per plant was extrapolated to kg ha™ times
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mumber of plant per hectare. Shoot and dry matter
accumulation was taken at the end of the experiment,
shoots of the plants were harvested. Fresh and dry
welghts were taken to estimate the dry matter
accumulation. The shoots were placed on an oven
Gallenkamp (Model TH-150) and dried at 70°C for 72 h. The
dried materials were weighed separately on (Sartorius
model P. 163) weighing balance. Data collected were
analyzed using Statistical Package for Social Science
(SPSS) version 16. Analysis of variance (ANOVA) was
carried out and sigmficant mean were separated using
Duncan’s New Multiple Range Test (DNMRT).

RESULTS

Effect of mtrogen, farmyard manure and irrigation
regimes on number of inflorescence of switchgrass is
presented in Table 1 and 2. Results revealed a significant
effect (p<0.05) of nitrogen application on mumber of
inflorescence. At lowland location and m both 2008/2009
and 2009/2010 growing the number of
inflorescence per plant increased with increase in nitrogen
rates. In 2008/2009, the lighest number of inflorescence
(58.26) was obtained in plants treated with 75 kg N ha™
(Table 1). In 2009/2010 growing season N rates
significantly affected the number of inflorescence
(Table 2). At upland location in both seasons, control had
the lowest number of mflorescence with 47.58 and 48 .85
inflorescence per plant for the 2008/2009 and 2009/2010

SCas0ns,

growing seasons respectively. However, application of
manure significantly (p<t0.05) affected inflorescence
number at both locations and seasons. A dose dependent
response was observed with the application of manure
with a resulting increase in the mumber of inflorescence
per plant. Similarly, irrigation interval significantly affected
{(p<0.05) number of inflorescence in lowland location and
for both years which mcrease with mcrease m the
frequency of imigation. The highest number of
inflorescence was obtained in 2 days irrigation regime.
However, there was no significant difference between the
number of mflorescence per plots wurigated every 2 days
and those irrigated after every 4 days in lowland location
for both seasons. At upland in, 2008/2009 and 2009/2010,
2 days wmrigation interval had the highest mumber of
inflorescence per plant. A sigmficant interaction beween
nitrogen and manure application was observed only at
upland in 2008/2009 (Table 2) and a combination of 75
kg™ and 10 t ha™' manure had the highest number of
inflorescence.

The result on the effect of nitrogen, farmyard manure
and irrigation regimes on number of seeds per plant is
depicted m Table 1 and 2. Number of seeds per plant was
significantly (p<0.05) higher in lowland location both in
2008/2009 and 2009/2010 growing seasons (Table 1, 2). Tt
observed that increasing N
25 to 50 kg ha™' increased number of seeds per plant.
However, the values did not differ sigmficantly with those
obtained on the control treatment. The highest number of

was rate  from

Table 1: Effect of nitrogen, farnyard manure and irrigation regime on yield parameters of switchgrass at lowland and upland location in 2008/2009

No. of inflorescence  No. of seeds per plant  Seed vield per hectare (kg)  Days to 50% flowering Fresh weight (g) Dry weight (g)
Treatment Lowland  Upland  Lowland Upland  Lowland Upland Lowland Upland Lowland Upland  Lowland Upland
Nitrogen (kg ha™)
0 50.56° 47.58 20204 167.00  225.33° 223.33° 102.63 107.56° 2.68° 1.94° 128 0.75
25 54.48" 48.85 203.78® 168.19 305.67* 302.00* 106.00° 110.93° 3.08° 2.39* 1.35 0.98
50 54.96° 50.26 205.11% 171.04 327.00° 326.33" 108.00" 113.19* 3.42° 247" 1.36 0.99
75 58.26* 50.04 204 44+ 171.37 316.33* 315.67* 108.15* 113.44* 3.42¢ 2.49* 1.37 0.99
SE+ 1.00 0.85 1.09 2.28 0.52 0.51 0.27 0.29 0.12 0.12 0.10 0.13
Signifiance level * Ns * ns * * * * * * ns Ns
Manure (t ha™)
0 51.86" 47.47° 20208 168.36 222.33" 220.00° 105.08 110.17° 2.77° 2.11 1.23 0.87
5 55.22" 5047 203.89* 169.33 323.00° 301.33° 106.25" 11133 3.19° 8.12 1.37 0.93
10 56.61* 51.03*  204.56* 170.50 315.67* 312.67* 107.25* 112.33* 3.30* 2.44 1.42 0.98
SE+ 097 0.64 0.97 2.01 0.50 047 0.54 0.58 0.12 0.12 0.09 0.11
Significance level* * * ns * * * * * Ns ns Ns
Irrigation regime
2 55.81* 5097+ 204.72% 170.72 329.00* 324.00* 106.08° 111.00 3.39¢ 2.71 1.56 1.11*
4 54.83" 49.58"  204.08* 169.81 318.67° 315.33° 106.17° 11128 3.03 8.04 1.38 0.87°
6 53.06° 48.42°  202.02° 167.67 237.33° 224.00° 106.33* 111.56 2.85° 1.92 1.08 0.79°
SE 105 0.70 0.96 2.00 0.48 0.50 0.58 0.61 0.12 0.12 0.08 0.11
Significance level* * * ns * * ns ns * ns ns *
Interactions
NxM * ns ns ns ns ns * * ns ns ns ns
NxI ns ns ns ng ns ns * ns ng ns ns ng
MxI ns ns ns ns ns ns * ns ns ns ns ns
NxMxI ns ns ns ng ns ns * ns ng ns ng ng

Means in a column with different superscripts are significantly different at p<0.05,

Standard error of means
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*Significant at 5% levels, ns: Not significant. WAP: Weak after planting SE+:
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Table 2: Effect of nitrogen, farmyard manure and irrigation regime on vield parameters of Switchgrass at lowland and upland location in 2009/2010

No. of inflorescence  No. of seeds per plant  Seed vield per hectare (kg)  Days to 50%0 flowering Fresh weight(g) Dry weight(g)
Treatment Lowland Upland  Lowland Upland  Lowland Upland  Lowland Upland Lowland Upland  Lowland Upland
Nitrogen (kg ha™)
0 51.52° 48.85° 20393 165.04°  237.33° 224.67°  103.19° 108.04° 292" 223" 130 0.76
25 53.85° 50.59° 204.93® 170.33*  306.00* 303.33*  106.56" 111.59° 2.96" 2.43* 1.41 0.99
50 55.26" 51.63" 20626 172.33"  31B8.67" 315.00° 108.56" 113.26° 3.53a 2.44" 1.42 0.99
75 55.78" 52.00" 20693 172.81*  318.58" 314.33*  108.59° 113.56* 3.53a 2.45° 1.42 1.00
SE+ 041 0.64 0.99 2.97 0.52 0.50 0.30 0.29 0.12 0.14 0.09 0.12
Significance level* * * * * * * * * * ns ns
Manure (t ha™)
0 52.25° 48.92° 203.92° 165.69°  223.67" 221.00° 105.56" 110.50° 2.96" 2.22° 1.35 0.86
5 54.17 51.06 205.58" 171.81*  313.00* 304.35*  106.81* 111.72* 3.25* 2.49* 1.38 0.94
10 54.89* 51.33 206.03* 172.39*  324.33* 314.33*  107.81* 112.61* 3.24* 2.60* 1.43 1.01
SE+ 0.51 061 0.89 2.57 0.50 048 0.54 0.54 0.12 0.12 0.08 0.11
Significance level* * * * * * * * * * ns Ns
Irrigation regime
222 54.58* 51.42¢ 206.25% 172.42  329.67* 326.33*  106.17 11131 3.37 2.79* 1.57+ 112
4 54.11* 50.81" 20558 170.17*  317.00" 317.33* 106.83 11161 3.16" 2.45° 1.39" 0.88
6 52.61° 50.08 203.69" 164.31°  245.33° 235.67° 107.17 11192 2.92° 2.07° 1.20¢ 0.80°
SE 0.52 061 0.89 2.60 0.48 0.51 0.58 0.58 0.12 0.10 0.07 0.10
Significance level* * * * * * ns ns * * * *
Interactions
NxM ng ng ns ns ng ng * * ns ns ns ns
NxI ns ns ns ng ns ns ng ns ng ng ns ns
MxI ns ns ns ns ns ns ns ns ns ns ns ns
NxMxI ns ns ns ns ns ns ns ns ns ns ns ns

Means in a column with different superscripts are significantly different (p<0.05), *Significant at 5% levels, ns: Not significant, WAP: Weak after planting

SE+: Standard error of means

seeds per plant were recorded with the lighest nitrogen
rate (75 kg ha™") in both years. The lowest number of
seeds per plant was obtained with control m both
2008/2009 and 2009/2010 growing seasons. Increasing the
nitrogen rates from 25 to 50 or 75 kg ha™ was found to
increase the seed number per plant. At the upland
location in both 2008/2009 and 2009/2010 growing
seasons, results revealed that increase in the N rate from
25 to75 kg ha™' markedly increased number of seeds per
plant.

Application of mamure sigmficantly (p<0.05) mcrease
number of seeds in both seasons and locations. The
lowest number of seeds per plant was obtained in the
control treatments in the two seasons and the highest
manure rate (10 t ha™") had the highest number of seeds
per plant for both seasons and locations. Trrigation
frequency significantly (p<0.05) increased number of
seeds per plant at lowland location in both seasons. Two
days imigation interval had the highest number of seeds
per plant in both 2008/2009 and 2009/2010 growing
seasons. At upland location in both seasors similar
trend were observed (Table 1, 2). Interaction between
treatments was insignificant (p<0.05) on number of seeds
per plant. Effect of nitrogen, farmyard manure application
and irrigation regimes on seed yield per hectare 1s
presented in Table 1 and 2. The effect of nitrogen
application on seed yield per hectare was significant
(p=10.05) at lowland location in 2008/2009 and 2009/2010

growing seasons (Table 1, 2). The highest yield was
obtained with the application of 50 kg ha™ in 2008/2009
and 2009/2010 seasons and the control had the lowest. In
both seasons, the results mdicate that there were no
significant differences in seed yield for all the nitrogen
levels (25, 50 and 75 kg ha™") even through plant treated
with 50 kg ha™ out-yielded the other two rates. At the
upland location, similar trends were observed at different
levels of nitrogen application for both 2008/2009 and
2009/2010 growing seasons (Table 1 and 2).

Seed yield was sigmficantly (p<0.05) affected by
manure rates at lowland location in both the growing
seasons. Although, the highest rate of 10 t ha™ manure
gave the highest yield in 2009/2010, the different trend
was observed m 2008/2009. In the 2009/2010 growing
season, the highest seed yield of 323.00 kg ha™ was
obtain in plots treated with 5t ha™ of mamure. At upland
location in 2008/2009 and 2009/2010 growing seasons,
results mdicate a significant (p<0.05) increase n seed
yield due to manure application. The result showed that
increasing manure rate from 5 to 10t ha™ did not result in
significant increases in seed yield. However, the values
obtamed for the seed yield from plots treated with manure
differed sigmficantly (p<0.05) from those obtained in the
control (Table 1, 2). The effect of irrigation regime on seed
yield was also significant (p<0.05) in both seasons and

locations and the highest seed yield was obtamed
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with two days irrigation interval. Interaction effect
between treatments were insignificant (p=0.05) on seed
yield at both locations and growing seasons.

Effect of nitrogen, farmyard manure application and
wrrigation regimes on days to 50% flowering 1s presented
in Table 1 and 2. Results revealed that the effect of
nitrogen on days to 50% flowering was significant
(p=0.05). At the upland location in both 2008/2009 and
2009/2010 growing seasons, the control treatments had
50% flowering earlier than the nitrogen treated plots.
However, there was no significant difference in the
number of days to 50% flowering among treatments given
500r 75kg N ha™'. The days to 50% flowering were at par
for treatments that received O and 25 kg N ha™' in both
seasons. At upland m 2010, the trend was consistent with
regards to days to 50% flowermg, with higher mtrogen
treatment (75 kg N ha™) being the last to attain 50%
flowering and control trial being the first to reach 50%
flowering. The result further showed that the effect of
manure application variation in days to 50% flowering
were significant in both seasons and locations. Plants that
received the highest amount of manure (10 t ha™) were
the last to reach 50% flowering in both seasons. At the
upland location, similar trends were also observed in
2008/2009 and 2009/2010 growing seasons. With the

! manure there were no

application of 5 or 10 t ha™
significant differences in days taken to reach 50%
flowenng. Control plots were always the fist to reach 50%
flowering days (Table 1, 2). Table 1 and 2 indicate
that there were no significant differences in the days to
50% flowering among treatments that were urigated for 2,
4 or 6 day interval in both locations and seasons.
Interaction of nitrogen, manure and irrigation regime was
significant (p<0.05) on days to 50% flowering at both
lowland and upland location and in all the growing
(Table 3). The results indicated that a

combination of no fertilizer, no manure and 2 day interval

sCasons

wrrigation was the first to attain 50% flowering. This was

followed by the same combination at 6 days

—1

urigation mterval. The combination of 10 tha™ manure,

75 kg N ha™ and 6 days irrigation interval was the last to
attain 50% flowering. This, however, did not differ
significantly from the combination of 50 kg Nha™',
10t ha™" manure and 4 days irrigation interval.

The effect of mtrogen on fresh weight was
signmficant (p<0.05) for both seasons (Table 1, 2). The
highest mean fresh weight was recorded with 75 kg N ha™
for the two growing seasons. However, there were no
significant ~ difference  between treatments given
75kg N ha™" and treatments that received 50 kg N ha™ in
both growing seasons. At the upland location, the control
treatment always recorded the least fresh weight with an
average of 1.94 and 2. 23 g while the highest fresh
weight was recorded with the highest mitrogen rates
(75 kg N ha™") in both seascns. Manure effect was also
found to be sigmificant (p<0.05) mn both seasons and
locations (Table 1, 2). The highest fresh weight was
recorded with the lighest mamuwe rate. Table 1 and 2
revealed a significant (p<t0.05) effect of wrigation on the
fresh weight of the plant at lowland location in both
2008/2009 and 2009/2010 seasons. It was observed that
2 day irrigation interval recorded the highest mean weight
of individual plants which was not significantly different
from 4 day irrigation interval. At the upland location in
both seasons, successive increase in irrigation frequency
brought about a significant mcrease m fresh weight. The
highest fresh weight was recorded with 2 days irrigation
interval m 2008/2009 and 2009/2010 growing seasons.
Interaction effect between nitrogen, manure and irrigation
on fresh weight of switchgrass at both locations and
seasons was insignificant (p<0.05). Effect of nitrogen,
farmyard manure application and irrigation regimes on dry
weight 15 presented in Table 1 and 2. Results for
2008/2009 and 2009/2010 cropping seasons at both
lowland and upland locations showed that the application
of different levels of fertilizer did not significantly (p<<0.05)
influence dry matter yield of the plants (Table 1, 2).
The effect of farmyard manure was msignificant (p<0.05)
1in dry matter accumulation in both seasons and locations
as shown in Table 1 and 2. The effect of imgation

Table 3: Interaction of nitrogen, farmyard manure and irrigation regime on days to 509 flowering of Switchgrass at lowland location in 2008/2009

Farmyard manure (t ha™)

0 5 10

Irrigation regime (days) Irrigation regime (days) Irrigation regime (days)
Nitrogen (kg ha™!) 2 4 6 2 4 6 2 4 6
0 100.0 100.7 102.0 103.0 103.0 103.0 104.0 104.0 104.0
25 105.0 105.0¢ 105.0 106.0 106.0 106.0 107.0 107.0 107.0
50 107.0 107.0¢ 107.0 108.0 108.0 108.0 109.0 109.0 109.0
75 107.0 107.3* 108.0 108.0 108.0 108.0 109.0 109.0 109.0
SE+ 0.33

Means in a column with different superscripts are significantly different (p<<0.03) using DMRT at 3%% level, 8E: Standard error of means
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on dry matter accumulation was significant in both
seasons and locations (Table 1, 2). At lowland, the least
dry matter yield was obtained with the 6 day irrigation
mterval in both seasons. Two day interval wrigation had
the highest dry matter yield as results indicated m both
seasons. Increasing the irigation intervals from 4 to
6 days did not significantly (p<0.05) differ in dry matter
accumulation in both seasons (Table 1, 2). There was no
significant (p<0.03) interaction effect between nitrogen,
farmyard manure and irrigation regime on day to 50%
flowering at both locations and seasons.

DISCUSSION

Nitrogen plays a vital role i the vegetative growth of
plants. It encourages the development of -early
inflorescence and allows more flower and seed formation
(Masters ef al., 1993). This could have been the possible
reason for the higher number of mflorescence per plant
with nitrogen application. This is in agreement with the
findings of Brejda (2000) and Masters et al. (1993). The
highest number of inflorescence obtained with 2 days
irrigation could be as a result of absence of water deficit
thus maintaining continuous growth and development
which is in line with the findings of Samson (2008) and
Alexandrova ef al. (1996). The response of seeds per plant
to nitrogen rates could be attributed to the contribution
made by mtrogen in the nutritional status of the soil
which favoured plant growth and development. The
nutrient deficient crop would produce less seeds out of
which many will shrink and become infertile. This 1s
probably the reason for obtaining higher seed number
with increase mn nitrogen rates. The mcreased number of
seeds per plant as affected by mamure application could
be due to its contribution in to the nutritional status of the
soil (Reeves, 1997). The highest number of seeds per plant
recorded in 2 and 4 days irrigation intervals could be
related to the availability and water use efficiently of the
crop (Samson, 2008).

The application of 50 kg N ha™" appeared to produce
the best yield in both seasons, suggesting it to be the
appropriate rate for seed production at Sokoto. The
response of seed yield of switchgrass to mtrogen
obtained is in conformity with the findings of Tohn et al.
(1998) who reported that switchgrass respond to moderate
level of nitrogen fertilizer application. Seed yield of
320 kg ha™' across all treatments and seasons was
reported by Masters et al. (1993). Some commercial seed
fields in Northeastern U.S.A. also reported seed yield
average 224 kg ha™" of pure live seed with 112 kg N ha™".

Switchgrass yield of 390 kg ha™ in Kansas
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{Sanderson et al., 2004) and 700 kg ha™ in Missouri
(John et al, 1998) were reported. Switchgrass yield,
quality seed production can be improved with application
of nitrogen (McLaughlin ef al., 1999). Sinilarly, Brejda
(2000) reported that nitrogen fertilizer increased seed yield
of switchgrass. The increased seed yield of switchgrass
as a result of nitrogen application may be attributed to an
increased photosynthetic area exhibited as a result of
good vegetative growth.

The increase in seed yield of switchgrass with
increase in farmyard manure application conforms with the
finding of Masters et al. (1993) who reported that seed
yield of switchgrass are only obtained on soils which are
well supplied with organic material and essential nutrients.
The marginal difference in seed yield, due to the different
rates of farmyard manure, exhibited in both the seasons
suggests that switchgrass require a moderate level of
farmyard manure application. Akoun (2003) also confirmed
that manure mereases the nutrient status of a soil, which
leads to increase in yield. Seed yield differences between
various irrigation regimes, seasons and across locations
probably resulted from differences in irrigation intervals,
which may have affected pollination and seed set.

The reason for the mcrease in tune taken to attain
50% flowering with increase in nitrogen rate may be
attributed to the important role nitrogen played in the
vegetative growth (Thomson, 1996). This therefore,
prolonged the flowering stages which conformed to the
findings of Selim et al. (1993). The longer time taken by
manure treatments to reach 50% flowering could be due to
contributions made by manure to the fertility status of the
soil. Manure 18 known to merease soil fertility which in
turn prolongs vegetative growth period and maturity of
crops (Reeves, 1997). The differences m the dry matter
vield with varying irrigation days may be due to the fact
that water stress reduces dry matter accumulation of
vegetative component of switchgrass. Furthermore, the
yield parameters of switchgrass in lowland areas were
higher than that of the upland areas. It was also observed
that lowland soils had higher concentration of electrical
conductivity, organic carbon, total nitrogen, sodiwm,
calcium, magnesium and cation exchange capacity than
upland soils. The higher content of these moisture and
minerals in the lowland soil compared to upland soils
probably accounts for the higher yield performance of
switchgrass in lowland areas.

CONCLUSION
The results of this study revealed that the

combinaticn of nitrogen at the rate of 50 kg ha™', 5 t ha™'
farmyard manure and 2 days irrigation mntervals were the
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optimum conditions for switchgrass yield in Sokoto,
Nigena. Increasing the nitrogen, farmyard manure rates or
irrigation intervals above these levels led only to a
marginal increase in yield.
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