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ABSTRACT

A one-year research was conducted under rain-fed conditions at two sites to determine the effects of
different rates of rice bran-mulch on crop evapotranspiration and water use efficiency of sorghum
and millet in Maiduguri, Semi-arid North-east Nigeria. The experiment was laid out in a split-plot
design with test crops as the main-plot, and residue rates as the sub-plot treatments, giving a total of
6 treatments, replicated four times. Profile moisture content (0 — 200 cm depth) was determined using
calibrated neutron probe, and gravimetrically (0 — 30 cm depth only). Grain yield was determined at
crop maturity. Seasonal crop evapotranspiration, crop water use efficiency and rainfall use efficiency
were estimated. Data collected were subjected to statistical analysis (ANOVA). The differences in sea-
sonal crop evapotranspiration, crop water use efficiency and rainfall use efficiency observed between
sorghum and millet at the two sites could be attributed to inherent differences between the two crops.
Fifteen t/ha mulch rate resulted in significantly lower (P < 0.05) seasonal crop evapotranspiration than
both 0 and 10 t/ha mulch rates by 17.68 mm and 11.30 mm, respectively. Both crop type and mulch
treatment did not significantly affect crop evapotranspirational water use efficiency and rainfall use

efficiency.
Keywords: Crop residue mulch, sorghum, millet, crop evapotranspiration, water use efficiency and

Semi-arid Nigeria.

INTRODUCTION

Under rain-fed agricultural systems in the - \roqeeish 1991; Sivakumar and Wallace, 1991).
Semi-arid zone, characterized by low, variable and

undependable rainfall, increases of crop yield per
unit area depends on the most efficient use of the
limited rainfall (Sivakumar and Wallace, 1991).
The onset, cessation and distribution of the rains,
as well as the prolonged dry spells which usually
occur during the growing season adversely affect
crop growth and yields (Fajemisin, 1991). Stud-
ies have shown that in Semi-arid tropics, seasonal
distribution of rainfall and the rate at which it is
lost by evaporation are more serious constraints
to agricultural production than low annual rainfall

—————

In the Semi-arid North-east Nigeria, tempera-
ture is quite high, and potential evapotranspira-
tion rates exceed annual rainfall by a factor of
2-3 or more in most of the months, except during
the rainy season (De, 1991; Laryea, 1992; Carter,
1995). The soils are generally sandy in nature,
poorly structured and inherently low in fertility,
organic matter content and water holding capacity
(Yandev and Sachan, 1985; Rayar, 1988; Chiro-
ma, 1996). These unfavourable soil and climatic
conditions in Semi-arid regions have been noted
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to have serious negative impact on rain-fed agri-
culture (Grema and Hess, 1994).

Studies carried out in Semi-arid Northeast Ni-
geria have shown that management practices such
as incorporation of crop residues and mulching
conserve rainfall and improve water use by crops
(Alhassan, et al., 1998; Chiroma, 2004; Chiroma,
et al., 2003). The presence of crop residue-mulch
on the soil surface has been reported to decrease
the evaporation of soil water, retard surface run-
off, enhance infiltration and improve soil capacity
to store water for crop use (Odofin, 2005b: Sow,
et al., 1997; Chiroma, et al. 2003; Rao, ef al.,
1998). Enhancement of crop water usc cfliciency,
growth and yield in Semi-arid regions have been
achieved with use of crop residues. The applica-
tion of crop residues improved soil physical con-
dition (Chiroma, 2004; Alhassan, et al., 2008) and
conserved soil moisture (Rao, et al., 1998; Odofin,
2005a and b). Despite the importance of crop resi-
dues in the improvement of soil conditions, the
competing use of crop residues as animal feeds,
fuel, bedding and construction materials have
limited their use for soil and water conservation
purposes. Rice bran faces less competition, espe-
cially, as livestock feed, and could effectively be
used as mulching material. The rates of residues
(wheat straw and wood shavings) applied in the
study area range between 4 and 10 tons/ha (Chi-
roma, et al., 2005; Chiroma, 2004).

Sorghum (Sorghum bicolor (L.) Moench) and
millet (Pennisetum glaucum (L) Br.) are impor-
tant crops in Semi-arid regions of Nigeria, Ghana
and Ethiopia amongst others, primarily as major
staples (Chiroma, et al., 2003; Ojeniyi, et al.,
2009). They are usually grown as sole crops, or
intercropped with cereal legumes such as cowpea
and groundnuts. Sorghum and millet are mainly
grown for their grains. In Semi-arid regions, these
two crops are only grown once a year under rain-
fed condition.

The low and erratic distribution of rainfall in
Semi-arid regions coupled with high evapotran-
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spiration rates and poor soil conditions imply that
crops grown in such environments are often ex-
posed to varying levels of water stress and inad.
equate soil nutrient availability. In the Semi-ariq
regions, an appreciable amount of rainfall in ap
average year is lost as direct evaporation from
the soil. This huge amount of water could be
conserved and used productively for the growing
of crops without necessary increases in rainfal]
amounts. In view of the above soil and climatic
constraints to crop production, a major challenge
for improving crop yiclds without increases in
rain water supply is to minimize evaporation,
make cfficient use of the limited rainfall, enhance
infiltration and utilization of the stored water by
crops. The focus of this study, therefore, is to em-
ploy a residue management practice that would
minimize evaporative losses and make efficient
use of scanty rainfall.

MATERIALS AND METHODS

Description of the Study Area

The study was carried out at two sites within
the University of Maiduguri, Bomo State, Nige-
ria. Site 1 is located at 11°49° N, 13° 13" E and
324 m above mean sea level, while Site 2 is lo-
cated at 119 49" N, 13° 12" E and 327 m above
mean sea level. The two sites had been set aside
exclusively and found suitable for teaching and
research purposes over a long period of time.

The climate of the study area is the seasonal
wet-dry, Semi-arid type. The annual rainfall rang-
es between 600 and 900 mm as observed during
a ten-year period, 2000 to 2009 (Department of
Meteorological Services, Maiduguri). Onset of
rainfall on the average occurs in mid-June, while
cessation occurs towards the end of September.
Also, temperature of the study area could be as
low as between 18 and 20 °C during the harmat-
tan period, and as high as between 38 and 42 °C
during the peak period of the dry season, between
January and April (Department of Meteorologi-
cal Services, Maiduguri). Furthermore, potential
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evapotranspiration usually €xceeds rainfall for
about 8 to 9 months during a gjven year (Grema
and Hess, 1994) except during the rainy periods

The soils of the study area are developed from
aeolian sand deposit, Stydjes carried out in the
study area shows a deep (0- 200 ¢m) sandy loam
soil at Site 1, whereas at Site 2,0-63,63 - 100
and 100 - 200 cm depths indicated
sandy clay loam and sandy loam tex
tively (Eze, 2015).

sandy loam,
ture, respec-

Treatments and Experimenta] Design

The experiment comprised of two test crops
(sorghum and millet) and three rates (0, 10 and 15
tons/ha) of rice bran residue lajd out in a split-plot
design, replicated four times. The 0 ton/ha treat-
ment (Control) represents the common cultural
practice in the study area, while residue applica-
tion rates (10 and 15 tons/ha) represent the intro-
duced technology.

Agronomic Practices

The edges of the plots measuring 8§ m x 4 m
were bunded to prevent runoff and run-on. Rice
bran was uniformly applied on the soil surface.
Five to six Apron star treated sorghum (var. ICSV
II) and millet (var. LCIC MV-2 (LCIC 9702))
seeds were hand-sown per hole on the flat, Sor-
ghum seeds were sown at a spacing of 40 cm
within rows and 75 ¢cm between rows, while mil-
let seeds were sown at a spacing of 50 ¢cm within
rows and 75 cm between rows (BOSADP, 1993).
The seedlings were thinned to two plants per stand
two weeks after planting to give a plant population
of about 66,666 and 53,333 plants per hectare for
sorghum and millet, respectively. Recommended
fertilizer rate of NPK 64:32:30 kg/ha for sorghum
and millet was applied uniformly on all the treat-
ment plots in the seed row as side placement 'and
covered up with soil (BOSADP, 1993). Fertilizer
sources were Urea (46 % N), Single superphos-
phate (18 % P,0,) and NPK 15:15:15. Because
of the sandy nature of the soil profile, two split
doses of the N were applied, first at two weeks af-

ter planting, following thinning, and second at six
weeks after planting as side placement. Removal
of weeds was carried out manually using hand-
hoe as at and when due. Harvesting was done at
physiological maturity (at 12 weeks after plant-

ing).

Grain Yield Measurement

Grains obtained from the net plot (6 m?and 4.5
m? for sorghum and millet, respectively) were
weighed after thorough sun-drying following
crop harvest. Yield was expressed in kg/ha.

Soil Moisture Content

Access tubes were installed in three replicates
of each treatment for the repetitive measurement
of soil moisture content at various soil depths.
Soil moisture content (volumetric moisture con-
tent, Bv) was measured weekly using a calibrated
neutron probe (Eze, et al., 2007) at 0.1 m interval
down to 2.0 m depth (i.e. below the rooting depth)
throughout the study period. Volumetric moisture
content, Ov (cm®cm®) was computed from the
model equation obtained from the average cali-
bration curve:

OV =0.0666xX + 0.0717 ...oovvveeveeoeeee, 3)

Where x represents count ratio, determined as
the ratio of the field test count to the shield count.

Also, gravimetric water content was deter-
mined on soil samples collected from the surface,
0 — 15 cm depth and subsurface, 15- 30 cm soil
depth. Moist soil samples were collected, weighed
and oven-dried at 105 °C for 48 hours (Brady and
Weil, 1999).

Soil Water Balance Studies

Soil water balance was determined from the
equation below:

AS=P+C-ETcrop-D-R ................. (4)

Where, P is rainfall, C is capillary rise from the
water table, ETcrop is crop evapotranspiration
(water use), D is the drainage out of the root zone
and R is runoff (-) or run-on (+) over a specified

——

Scanned with CamScanner



*9TH-13TH MARCH, 2015

time period. Since the water table in this area is
deeper than 10 m (Grema and Hess, 1994), and
the soil is light-textured and possesses a high in-
filtration capacity, then, capillary rise would be
quite negligible. Also, the sides of the plots were
raised to prevent run-off/run-on; hence, capillary
rise, run-off and run-on could be ignored. There-
fore, evapotranspiration or water use was esti-
mated from equation below, after determining the
value of each of the factors on the right hand side
of the equation (Gregory, 1991):

ETcrop=P-AS—-D ....ccoiviiiiiiiiinnnnn (5)

Drainage (D) occurring below the root zone
was determined by the method of Zaongo, ef al.
(1994). The drainage factor, D, that was used in
the computation of water use (ETcrop—) was that
occurring between the bottom of the root zone
and the measured profile (2.0 m). Drainage below
the root zone was estimated as the sum of change
in water content between 1.0 m and 2.0 m for sor-
ghum, and 0.9 m and 2.0 m for millet. Some of
the water stored above 2.0 m will be lost through
drainage as the growing season progresses. Rain-
fall was measured using manual rain gauge in-
stalled at the two sites prior to the commencement
of the experiment (Eze, 2015).

Water Use Efficiency

Water use efficiency was determined for both
crop (evapotranspirational) and seasonal rainfall.
Evapotranspirational water use efficiency (WUE
(ETcrop)) was determined as the ratio of grain
yield in kg ha"' to seasonal crop evapotranspira-
tion (ETcrop) in mm, while rainfall use efficiency
(WUE (P)) was estimated as the ratio of grain
yield to seasonal rainfall water supply.

Data Analysis

The data obtained were analyzed statistically
(Analysis of Variance) using Statistix 8.0 (2005).
Means separation was carried out using Duncan’s
Multiple Range Test (DMRT) at 5 % significance
level.
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RESULTS

Seasonal Crop Evapotranspiration and Wage,
Use Efficiency

The seasonal crop evapotranspiration, crop
evapotranspirational water use efficiency (WUg
(ETcrop)) and rainfall use efficiency (WUE ®R)) of
sorghum and millet are presented in Table 1, The
seasonal crop evapotranspiration, ETecrop (water
use) of sorghum and millet was significantly (p <
0.05) affected by crop type at Sites 1 and 2, and in
the combined data. The ETcrop of sorghum was 5,
1 and 3 % significantly higher than that of millet at
Sites 1 and 2, and in the combined data, respectively.

Mulch application rate had no significant effect
on ETcrop, except at Site 2. The highest mulch
application rate resulted in significantly lower ET-
crop than both 0 and 10 t/ha mulch rates at Site 2.
ETcrop did not differ significantly between 0 and
10 t/ha mulch application rates at Site 2. There
was no significant interaction effect of crop type
and mulch application rate on ETcrop at Sites 1
and 2, and in the combined data. A similar trend
was observed in which crop evapotranspirational
water use efficiency (WUE (ETcrop)) and Rainfall
use efficiency (WUE (R)) of sorghum and millet
were significantly (P < 0.05) affected by crop type
in the combined data only. (WUE (ETcrop)) and
(WUE (R)) of sorghum were 37 and 39 %, respec-
tively, higher than those of millet. Mulch treat-
ment and the interaction of crop type and mulch
rate had no significant influence on both (WUE
(ETcrop)) and (WUE (R)) at Sites 1 and 2, and in
the combined data.

At Site 1 in the sorghum plots, crop evapo-
transpiration was found to be 5.90 % higher than
total seasonal rainfall under 0 t/ha mulch treat-
ment, while 10 and 15 t/ha mulch rates resulted
in evapotranspiration that were 6.79 and 5.96 %,
respectively, higher than total seasonal rainfall,
during the growing season. In the millet plots,
evapotranspiration under 0, 10 and 15 t/ha mulch
treatments were 0.32 %, 1.60 % and 1.31 % high-
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er than total seasonal rainfall. At Site 2, in the sor-
ghum and millet plots, evapotranspiration gener-
ally decreased with increasing muich application
rate. Crop evapotranspiration was also observed
to be higher than seasonal rainfall.

DISCUSSION

Seasonal Crop Evapotranspiration (ETcrop)
and Water Use Efficiency

The difference in seasonal crop evapotranspi-
ration (ETcrop) and water use efficiency observed
between sorghum and millet at Sites 1 and 2, and in
the combined data, could be attributed to inherent
differences between the two crops. At Site 2, water
losses from both soil and crops was lower under
15 t/ha mulch application rate compared with both
0 and 10 t/ha mulch rates due to better soil surface
cover and higher crop canopy cover. In the Guinea
Savanna zone of Nigeria, Odofin (2005a), reported
that reduction in evapotranspiration under maize
crop resulted from mulching compared with un-
mulched control (tillage treatments without mulch).
Both crop type and mulch application rate had no
significant influence on crop and rainfall water use
efficiency at the two sites under study.

CONCLUSION

Results from this study showed that the difference
in seasonal crop evapotranspiration (ETcrop) and
water use efficiency observed between sorghum and
millet is attributed to inherent differences between
the two crops. Fifteen t/ha mulch application rate
gave rise to significantly lower seasonal crop evapo-
transpiration than 0 and 10 t/ha mulch rates. Also,
mulch application rate and the interaction of crop
type and mulch application rate did not significantly
influence water use efficiency of the two crops. It
is suggested that future research should use higher
rates of rice bran-mulch to assess its effects on crop
performance in the study area.

REFERENCES

Alhassan, A. B., Kundiri, A.M. and Folorunso, 0,
A. (1998). Water use efficiency of millet ag jp.-
fluenced by different tillage and residue manage-
ment practices in Semi-arid Northeast Nigeria,
Journal of Arid Agriculture, 8,45-51.

Alhassan, L., Singh, L., Saddiq, A. M. and Usman,
B. H. (2008). Effect of irrigation schedule, mulch
and tillage on some physical properties of soj]
under dry season maize cultivation in Adamawa
State, Nigeria. Proceedings of the 32nd Annual
Conference of the Soil Science Society of Nigeria,
Federal University of Technology, Yola, March
10th — 14th, 2008.

BOSADP. (1993). Package of crop recommendations
for Borno State. Bomno State Agricultural Develop-
ment Programme, Maiduguri, Nigeria, Pp. 1-35,

Brady, N. C. and Weil, R. R. (1999). The Nature and
Properties of Soils. 12th ed., New Jersey: Pren-
tice — Hall.

Carter, R. C. (1995). Resources and water manage-
ment in Northern Nigeria. Unpublished Ph.D
Thesis, School of Agriculture, Food and Environ-
ment, Silsoe Collage, Cranfield University, UK.

Chiroma, A. M. (1996). The farming system of
Futchimiram in Yobe State, Nigeria. Working
Paper Series No.4. Cambridge-Bayero Universi-
ties’ Department of Geography, Pp. 72.

Chiroma, A. M. (2004). Effects of land configura-
tion and wood-shavings mulch on soil properties,
yield and water use of sorghum. Unpublished
Ph.D. Thesis, University of Maiduguri.

Chiroma, A. M., Alhassan, A. B. and Bababe, B.
(2005). Physical properties of a sandy loam soil
in North eastern Nigeria as affected by tillage and
stubble management. Nigerian Journal of Tropi-
cal Agriculture, 6, 115-121.

Chiroma, A. M., Folorunso, O. A. and Kundiri, A-
M. (2003). Effects of tillage and stubble man-
agement on root growth and water use of millet
grown on a sandy loam soil. Journal of Arid Ag-

e

“

Scanned with CamScanner




BOTH-13TH MARCH, 2015

PROCEEDINGS OF THE 3
2TH ANNUAL CONFERENCE OF THE SOIL SCIENCE SOCIETY OF NIGERIS

KWARA STATE

«LANDMARK UNIVERSITY, OMU-ARAN,

riculture, 15, 83-89.

pe, G- C. (1991). Pluviometric conditions of a quar-
ter century of Sriniketan, West Bengal, Indian
Agriculture, 35, 187-196.

fze, P. C., Alhassan, A. B., Kundiri, A. M. and
Mamman, E. (2007). Neutron moisture meter:
A tool for effective soil moisture monitoring. In:
Managing irvigation projects towards achieving
millennium development goals. Proceedings of
the 13th National Irvigation and Drainage Semi-
nar. Gidan Matasa Cultural Centre, Minna, Ni-
ger State, 11th — 13th June, 2007.

Eze, P. C. (2015). Effects of rice bran-mulch on soil
properties and water use efficiency of sorghum
and millet in Maiduguri, North-east Nigeria. Un-
published Ph.D. Thesis, University of. Maiduguri.

Fajemisin, J. M. (1991). Approaches to increased
production of early-maturing maize in Semi-arid
West Africa. Proceedings of the International
Conference on influence of climate in the produc-
tion of tropical crops, held in Ouagadougou, Bur-
kina Faso, September 23-28, 1991.

Gregory, P. J. (1991). Soil and plant factors affect-
ing the estimation of water extracted by crops.
pp.261-273. In: Soil water balance in the Suda-
no-Sahelian zone. Proceedings of the Niamey
Workshop, February, 1991. IAHS Publ. No. 199.

Grema, A. K. and Hess, T. M. (1994). Water balance
and water use of pear] millet —cowpea intercrops
in Northeast Nigeria. Journal of- “Agricultural Wa-

ter Management, 26, 169-185.
Laryea, K. B. (1992). Rainfed Agriculture: Water
harvesting and Soil water Conservation. Qutlook

on Agriculture, 21(4), 271-277-

Monteith, J. L. (1991)- Weather and water in the
Sudano-Sahelian zone. In: Soi! Water Balance in
edings of Nia-

the Sudano-Sahelian Zone (Proce
mey Workshop, February, 1991) (ed. By M. V. K
Sivakumar, J. S., Wallace, C. Renard and C. Gi-

noux), 11-27. IAHS Publ. No- 199.

Odofin, A. J. (2005a). Effects of no-tillage with

pcnetration

resistance and maize performance in Minna area

of Nigeria’s Southern Guinea Savanna. Nigerian
Journal of Soil Science, 15(2), 1-8.

Odofin, A. J. (2005b). Effects of no-tillage with
mulch on soil hydrology in Minna area of Nige-
ria’s Southern Guinea Savanna. Nigerian Jour-
nal of Soil Science, 15(2), 9-15.

Ojeniyi, S. O., Odedina, S. A., Odedina, J. N. and Ak-
inola, M. O. (2009). Effect of tillage and mulch
combination on soil physical properties and sor-
ghum performance on alfisol of Southwest Nige-
ria. Nigerian Journal of Goil Science, 19(2), 16-20.

T. S., Cogle, A. L., Srini-
vasan, S. T, Yule, D. F. and Smith, G. D. (1998).
Rainfall, infiltration and runoff from an Alfisol in
Semi-arid Tropical India.Il. Tilled Systems. Soil
and Tillage Research, 48, 61-69.

Rayar, A. J. (1988). Decline in fertility of a Semi-
arid Savanna Soil of Northeastern Nigeria under
continuous cropping. Journal of Arid Agricul-
ture, 1,227-241.

Sivakumar, M. V. K. and Wallace, J. S., (1991).
Soil water balance in the Sudano-Sahelian zone:
needs, relevance and objectives of the workshop.
In: Soil Water Balance in the Sudano-Sahelian
Zone (Proc. Niamey Workshop, February, 1991)

(ed. By M. V. K Sivakumar, J.S., Wallace, C. Re-
nard and C. Ginoux), 3-10. IAHS Publ. No. 199.

Sow, A. A., Hossner, L. R., Unger, P. W. and Stewart,
B. A. (1997). Tillage and residue effects on root
growth and yields of grain sorghum following
wheat. Soil and Tillage Research, 44, 121-129.

Statistix 8.0 (2005). STATISTIX for windows (ver-
sion 8). Analytical software. Retrieved from sup-
port(@statistix.com.

Yandev, O. P. and Sachan, R. S. (1985). Some practi-
cal soil conservation measures in drought prone
areas of Nigeria. Noma, 5, 4-7.

Zaongo, C. G. I, Hossner, L. R. and Wendt, C. W.
(1994). Root distribution, Water use and Nutrient
uptake of millet and grain sorghum on West Afri-
can soils. Soil Science, 157, 379-388.

Rao, K. P. C., Steenhuis,

mulch on soil moisture condition,

——

Scanned with CamScanner




