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ABSTRACT

In 2009, an experiment was carried out under rain-fed conditions at two sites to evaluate the
influence of three rates of rice bran-mulch on the growth of sorghum and millet on a sandy loam
soil in Maiduguri, Semi-arid North-east Nigeria. The study comprised six treatments
replicated four times and laid out in a split-plot design. Following land preparation, rice bran was
uniformly applied on the soil surface. Crop cultural practices were carried out. Plant height, leaf
area index, root perimeter and maximum rooting depth were measured at seedling establishment,
vegetative growth, flowering and maturity stages. Data collected were subjected to
statistical analysis. Throughout the growth period of sorghum and millet, 15 t/ha mulch
application rate produced the tallest plants and highest leaf area index (P < 0.05), compared with
0 and 10 t/ha mulch rates at Site 1. At vegetative growth stage, 15 t/ha mulch rate resulted
in significantly (P < 0.05) higher (96.88 cm) root perimeter than 0 (83.06 cm) t/ha mulch rate at
Site 1. At crop maturity, 10 t/ha mulch rate produced significantly (P < 0.05) higher (172.63
cm) root perimeter than 0 (149.00 cm) t/ha mulch treatment at Site 1.

Keywords: Rice bran mulch, sorghum, millet, plant height, leaf area index, root perimeter,
maximum rooting depth and semi-arid region.

INTRODUCTION enhance crop growth (Odofin, 2005). The
Sustainable agricultural production in Semi- aforementioned better growth was generally
arid regions may be attained through cultural attributed to increased soil water content
practices that ensure more efficient use of the resulting from reduced evaporation and
limited rainfall and declining irrigation water increased infiltration. In semi-arid regions of
that characterize the region (Tolk et al., 1999). Nigeria and Ghana, sorghum (Sorghum bicolor
Management practices that maintain crop (L.) Moench) and millet (Pennisetum glaucum
residue on the soil surface have been shown to (L) Br.) are only grown once a year under rain-
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fed condition, and are important crops and
major staple food (Chiroma et al, 2003;
Ojeniyi et al., 2009).

Crop residue management practices affect
plant growth and development through their
influence on soil properties. Sow et al.,
(1997) reported that greater rooting density
of sorghum under wheat residue-mulch was
attributed to higher soil moisture content.
Odofin (2005) reported significantly better
maize seedling emergence under mulch than in
the no-mulch treatment, and that, mulching
generally improved early crop growth
measured as plant height compared with bare
soil, although, this improvement lasted for
only a short period of time as plant height
differences between treatments diminished
progressively over time. Increase in root and
shoot growth according to Ojeniyi et al., (2009)
is attributed to reduction in bulk density
resulting from mulch application compared to
no-mulch treatment. Similarly, Chiroma et al.,
(2005) reported that mulch application
irrespective of tillage practice gave rise to
significantly better root growth of millet crop
compared to zero mulch treatments. These
observations may be attributed to higher soil
moisture, and reduction in evaporative losses.
The objective of this study is to determine the
effects of rates of rice bran-mulch on the
growth of sorghum and millet in a semi-arid
environment.

MATERIALS AND METHODS

Description of the Study Area

A field experiment was conducted at two sites.
Site 1 is located near Gate 2, in the Faculty of
Agriculture Teaching and Research Farm (11°
49" N, 13° 13" E and 324 m above mean sea
level), while Site 2 is situated in the Faculty of
Agriculture orchard, opposite Centre for Arid
Zone Studies complex (11° 49" N, 13° 12" E
and 327 m above mean sea level), University
of Maiduguri, Borno State.
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The climate of the study area is the seasonal
wet-dry, semi-arid type. The annual rainfall
ranges between 600 and 900 mm as observed
during a ten-year period, 2000 to 2009
(Department of Meteorological Services,
Maiduguri). In addition, potential
evapotranspiration usually exceeds rainfall for
about 8 to 9 months during a given year
(Grema and Hess, 1994) except during the
rainy periods. The soils of the study area are
sandy loam in texture, developed from
Aeolian sand deposit. Site 1 is characterized
by gentle slope, while Site 2 is nearly level
plain. The vegetation of the study area is
dominated by vast grassland with few
scattered trees and shrubs (Department of
Forestry, University of Maiduguri).

The experiment was laid out in a split-plot
design with four replications. The test crops
(sorghum and millet) represented the main-
plot, while the residue rates (0, 10 and 15
tons/ha) represented the sub-plot treatments.
The rates of residues (wheat straw and wood
shavings) applied in the study area range
between 4 and 10 tons/ha (Chiroma et al,
2005; Chiroma, 2004).

Before the commencement of the experiment,
soil samples were collected from three
replicates of each treatment, at 0-15 cm and
15-30 cm depths. The soil samples were air-
dried, passed through a 2 mm sieve for
physico-chemical analysis following the
procedures described in detail by Page et al.,
(1982). Also, a representative sample of the
crop residue (rice bran) was analyzed in the
laboratory for its N, P, Org. C, K, Ca, Mg and
Na contents following the procedures
described in IITA (1979).

Rice bran-mulch was uniformly applied on the
surface of plots measuring 8§ m x 4 m, just
before planting. Five to six Apron star treated
sorghum (var. ICSV III) seeds were sown at a
spacing of 40 cm within rows and 75 cm
between rows, while millet (var. LCIC MV-2
(LCIC 9702)) seeds were sown at a spacing of
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50 cm within rows and 75 cm between rows
(BOSADP, 1993). The seedlings were thinned
to two plants per stand two weeks after
planting. Recommended fertilizer rate of NPK
(64:32:30) kg/ha for sorghum and millet was
applied in two split doses (BOSADP, 1993).

Weeds removal was carried out
manually at 2, 6 and 9 weeks after planting.
Harvesting of matured grains was done at
twelve weeks after planting.

Crop growth indices (plant height, leaf area
index, root perimeter and maximum rooting
depth) were measured at 3, 6, 9 and 12 weeks
after  planting,  representing  seedling
establishment, vegetative growth, flowering
and maturity stages, respectively. Plant height
was measured on eight randomly selected,
tagged plants within the net plot (five middle
rows, measuring 3mx 2 mand 3 mx 1.5 m
respectively for sorghum and millet), from the
base of the plant (soil surface) to the apex of
the flag leaf with the aid of a 3.5 m long
calibrated wooden pole. Leaf Area Index
(LAI) was determined using data obtained
from five plants tagged within the net plot
following the modified length and width
product measurement method (Dugje and Odo,
2006). Root growth development was
measured by the destructive sampling method
(Obisesan, 1986). The length, L (from the soil
mark to the root tip) and width, W (distance
along the widest portion of the entire root
system) of the roots were measured using a
metre rule. Root perimeter (root room), P, an
index of exploratory ability of the root system,
was estimated as 2(L+W) (Obisesan, 1986).
The rooting depth on a given day was
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estimated by employing an empirical
relationship developed by Borg and Grimes
(1986).

The data obtained were subjected to statistical
analysis (ANOVA) at 5% level of significance
using Statistix 8.0 (2005). Where significant
differences exist between treatments, the
differences were separated using Duncan’s
Multiple Range Test (DMRT).

RESULTS AND DISCUSSION

Physico-Chemical Properties of Soils of
the Experimental Sites

The physico-chemical properties of soils (0 —
15 and 15 — 30 cm soil depths) of Sites 1 and
2, and the chemical composition of rice bran
(mulching material) are presented in Table 1.
The soils of the experimental sites are slightly
acidic and sandy loam in texture. They are
classified as Typic Ustipsamment (Rayar,
1986). The organic matter content is low, and
decreased with depth as expected. The
available phosphorus content of these soils is
low, total nitrogen is moderate high and base
status of these soils is low according to the
ratings for soil fertility by FAO (1984; 2004)
and Esu (1991). Generally, Site 2 soils
possess higher clay content and higher nutrient
status than those of Site 1. Soils with
considerably high clay content are usually
associated with higher nutrient and water-
holding capacity compared with those high in
sands. It is therefore, not surprising that soils
at Site 2 performed better Site 1 soils with
respect to growth indices studied.
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Table 1: Physico-chemical properties of soils

of the experimental sites before cultivation and

chemical composition of rice bran-mulch at Maiduguri, 2009

Parameters Site 1 Site 2 Site 1 Site 2 Rice Bran (%
Min. Content)

Soil Profile Depth, cm 0-15 0-15 15-30 15-30

pH (1:2.5) in Water 6.25 6.20 6.33 6.34

pH (1:2.5) in CaCl, 5.56 5.69 5.17 5.76

Electrical Conductivity, pS cm™ 66.0 104.90 36.15 53.80

Sand, g kg™ 630.50 630.50 643.00 643.00

Silt, g kg™ 258.80 258.80 240.00 241.00

Clay, g kg 110.70 110.70 117.00 116.00

Textural Class SL SL SL SL

Organic Carbon, g kg 5.00 4.83 2.78 4.68 2.52

Organic Matter, g kg™ 8.62 8.33 4.79 8.07 5.04

Total Nitrogen, g kg™ 2.58 2.30 1.30 2.23 0.19

C : N Ratio 2.02 2.08 2.13 2.10 12.99

Available Phosphorus, mg kg™ 4.56 17.59 3.15 10.59 0.14

Exchangeable Calcium, cmol kg™ 2.15 5.45 2.65 4.35 1.80

Exch. Magnesium, cmol kg™ 1.50 1.90 1.35 2.10 1.73

Exch. Potassium, cmol kg™ 0.64 1.31 0.49 1.03 0.03

Exch. Sodium, cmol kg™! 0.46 0.56 0.48 0.65 0.04

Exch. Acidity (H" + AI’"), cmol kg’ 0.70 0.65 0.95 0.95

Cation Exch. Capacity, cmol kg™ 4.75 9.22 4.97 8.12

Effective C. E. C., cmol kg™ 5.45 9.87 5.92 9.07

Base Saturation, % 87.20 93.40 83.96 89.85

Crop Growth Parameters

The differences in crop growth indices (plant
height, leaf area index, root perimeter and
maximum rooting depth) observed between
sorghum and millet at the various growth
stages are attributed to inherent differences
between the two crop types at the two sites.

Plant Height

The plant height of sorghum and millet is
presented in Table 2. Results obtained from
this study show that 15 tons/ha mulch
treatment consistently produced the tallest
sorghum and millet plants at seedling
establishment, vegetative growth, flowering
and maturity stages at Site 1, while at Site 2,
both 10 and 15 t/ha mulch application rates
resulted in taller plants than the 0 t/ha at
vegetative growth, flowering and maturity

stages. These observations could be attributed
to availability of higher soil organic matter and
total nitrogen content arising from the
application of 15 t/ha mulch at Site 1. Another
reason for the tallest plants resulting from the
highest mulch application rate could be the
lower seasonal crop evapotranspiration under
15 t/ha mulch treatment compared with 0 and
10 t/ha mulch rates, as found in this study at
Site 2 (Eze, 2014). Taller plants may have
resulted from a conducive microclimatic
environment created by more adequate mulch
cover provided on the soil surface under 10
and 15 t/ha mulch rates at Sites 1 and 2, and
higher leaf canopy cover as observed at Site 1.
A similar report by Odofin (2005) indicated
that mulching significantly increased maize
plant height, although, the improvement
observed diminished over time.

62



€9

JUBOIJTUSIS JON ‘SN
“Aniqeqoxd
JO [9A9] 946 18 (LYINQ) 1521, 23ury a[dnniA s, uedun( 03 SUIPIOII. JUIIJIP A[JUBDIJIUSIS JOU ATk SUWN[OI Y} UI (S) I0)3] dWeS Y} YIIM SUBIN

SN SN SN SN SN SN SN SN SN SN SN SN axyv
uonoeadjuy

FAS

618 9% 86'¢ §Tol oLvy 16°S 6201 199 YLy (4N €Sl 680 'Y Gl

BOV'CLL  BO9'161  BEEC6SI BICTOLL ®B8C981  EBSI¥SI BO8'80I  BYOVCI  BLOEO By0°61 BGL'CT ®CESI eUA 01

B69'891  BRL'L8T  G00°0SI B6C'091  BIOT8I  qL6'LEI qecs's6  BSGOLI  APSTIL BCR'LI By8CC 4AL8CI BUA 0
BOLPST 48T ELL  dPT9¢l BRO'SYI  AvL'691  O¢9'ITCI qroc8 999101  q4LET9 BLY' S Bg6'61 49601 Ijel
L B LUY ViR ¢ |

FAS

9¢’1 0L¢ 6C'S vl LYy 86°S IC¢ ITL S 3 690 651 e RINN

BZO'L6T  BTOH'LOC  ®BTI98I BZCCOI  BOO'OVC  BOE O8I BOI'LOL  BO9OII  ®BCL'LO BOR'LI BGR'O0C ®BOgYI wnygiog
q6S°Sel  qST091  qe6°011 arescl  qe0°sSl qr'S6 qeL’€8  ®Bl6'CIl  909°¢S BGO'LI BORCC AvClIl q ddAL
01 'y

pauIquIoy) ¢MS LS paurquion) TS LS paurquioy) TS 1 NS paurquioy) TS LIS 2
ade)s Ayinyewt 3y 33e)s SuLIIMO[) IV 331)S YIMO0.13 IABIITIA JY 93©)S JUdWYSI[qB)S SUI[PIIS IV JuduIBALJ,

6007 ‘LIsnprepy

e J9[[1wu pue wnygaos jo (wd) 3ysy jue(d uo yonuw pue doad Jo )P 7 dqeL

- 107/(1)FZ/SSIN PPPQ puv HDMY ‘210MyaduQ) ‘opvs] uvssvyly ozq



¥9

“JuBdYIUSIS JON ‘SN

“Anpiqeqoid
JO [9A9] ¢, G 18 (LYINQ) 1521 d8ury a1dnniy s, uedun(q 03 SUIpPIOII. JUIJIP A[JUBOIUSIS JOU dIk SUWN[OI A} UI (S) 101 WeS Y} YIM SUBIN
SN SN SN SN SN SN SN SN SN SN SN SN adxyv
uondeIdu]
&0 LLTO €1co 891°0 010 LETO 2920 ¢81°0 L6170 L10°0 [10°0 L000 F4S
9691 B6SL'lT  'EE9'] ©0Co’l BH96°1  BLLY'L ©0g9'l B0CO'l  BOVEL ©g80°0 BIIL'0 ®6S0°0 By ¢Cl
BGLL'L BECO'l  BLTY'I BgYL'1 BIEO'C  ®B99Y'L Bpecl BILI'C  ®BIS60 BGLO0 BLIT'0  9T€0°0 eyA 0T
B6S9'1 BLSO'lT  BIOC] e0I9°1L B6CO'l  ®BO6T'L Bp8T°1 BGIL'T PS80 6500 80600 96200 eyA0
djea YA :g
101°0 611°0 S81°0 LETO 8¢€10 €CC0 §90°0 010 880°0 100 €200 ¥00°0 FdS
9L€6'0 q980C°'T 99990 qzcL6’0 9060  9€S8°0 ary 1l qzLTl  ®910°1L ©690°0 B980°0  ®ESO0 WIIIA
BESY'C BICCCT ®BCIPT BLYSC B6S8'C  B9ETC BIC8l BCOGT  ®IQO'lL BLLOO B9TI'0  9LT0°0 wny3iog
adL ], doa) 1y
pulquo)  7ONS [ IS pIulquo) TS [9IS paulquo) TS  [AYNS pAulquo)  7IYS [ MS
age)s
3ge)s Ayanyew 3y age)s SuLIIMO[) 1Y 33e)S YIMO0I3 IABIIZIA }V JUIWIYSI[q IS SUI[PIIS IV JuduUIBAL L,

6002 ‘1In3npIEIA )& JI[[IW pue WNYS.I0S JO Xapul Baae Jed[ uo ydnuw pue doad jo s394 :€ dqeL

uv.Aq 2214 J0 103 fJ7]



Eze, Alhassan, Tsado, Onyekwere, Kwari and Dada NJSS/24(1)/2014

Leaf Area Index (LAI)
The leaf area index of sorghum and millet is
presented in  Table 3. At seedling

establishment stage, 15 tons/ha mulch rate
produced higher sorghum and millet crop
canopy cover than both 0 and 10 t/ha mulch
rate at Site 1. The reason for this observation
could probably be due to the better soil surface
cover arising from the 15 t/ha residue rate,
similar to the findings of Akanbi and Ojeniyi
(2007) and Ojeniyi et al, (2009). However,
residue treatments had no significant (P <
0.05) effect in the subsequent stages of
growth, suggesting that the significant
differences in LAI at seedling establishment
stage was not sustained throughout the growth
period.

Root Perimeter

The root perimeter of sorghum and millet is
presented in Table 4, while the significant
interaction effect of crop type and mulch
treatment on the root perimeter of sorghum
and millet is presented in Table 5. In this
study, results obtained at Site 1 in which root
perimeter was observed to be higher in the 15
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t’/ha mulched plots than in the 0 t/ha mulched
ones at vegetative growth stage may be due to
the observed higher soil organic matter and
total nitrogen content and better soil surface
cover under 15 t/ha mulch application rate at
Site 1. At maturity stage, 10 tons/ha mulch rate
resulted in a higher root perimeter than 0
ton/ha mulch rate due to the same reasons
mentioned above. At Site 2, the combination
of sorghum and both 10 and 15 t/ha mulch
application rates gave the highest root
perimeter at flowering stage. This may be due
to the greater horizontal and vertical root
extension exhibited by sorghum crop and the
two mulch application rates. Another reason
could be the higher soil organic matter and
total nitrogen content under sorghum, and
under 10 and 15 t/ha mulch treatments at Site
2. The higher grain yield of sorghum, and also
the higher grain and stover yield under 10 and
15 t/ha mulch treatments may have been the
benefit that accrued from the greater horizontal
and vertical root extension exhibited by
sorghum and the two mulch application rates
at Site 2.
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Table S: Interaction effects of crop x mulch on root perimeter (cm) of sorghum and millet
at flowering stage at site 2 at Maiduguri, 2009.

Crop type
Mulch rate Sorghum Millet
0 t/ha 112.25b 129.88ab
10 t/ha 130.75a 124.88ab
15 t/ha 134.75a 112.88b
SE + 7.48
Maximum Rooting Depth at the two sites. The combination of sorghum

The maximum rooting depth of sorghum and
millet is presented in Table 6, the significant
interaction effect of crop type and mulch
treatment on the maximum rooting depth of
sorghum and millet is presented in Table 7.
The difference in maximum rooting depth
between the mulched and zero-mulch plots
was not significant. The relatively low annual
rainfall and low drainage below the root zone
in the study area (Eze, 2014) probably may be
responsible for the observation of no
significant difference in maximum rooting
depth among the three mulch treatments.
Differences in maximum rooting depth may
have been masked by the scanty moisture
received from rainfall and low drainage below
the crop rooting depth during the growing
season. Also, profile moisture content
observed in this study show that differences in
moisture content among mulch treatments did
not extend beyond 30 cm depth in most cases
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and the three mulch treatments performed
better than millet and all mulch combinations,
with respect to maximum rooting depth at
maturity stage at Site 1. This could be
attributed to the greater root zone depth of
sorghum (1.0 m) at Site 1 as observed in a
related study (Eze, 2014). Also, the sorghum
root zone was observed to be wetter than that
of millet at this site at maturity stage.
Furthermore, the combination of sorghum and
0 t/ha mulch rate had deeper root penetration
than the combination of sorghum and 15 t/ha
mulch due to higher moisture content
exhibited by 0 t/ha mulch treatment at maturity
stage at Site 1. The lower root zone moisture
content under 15 t/ha mulch treatment could
be due to higher depletion of root zone
moisture under 15 t/ha mulch treatment which
resulted in a higher plant height, grain yield
and stover yield at Site 1, as found in this
study.
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As shown in Table 8, the significant difference
found between the observed and expected
maximum rooting depth of sorghum at Site 1
under 0, 10 and 15 t/ha mulch application rates
implies that maximum rooting depth of
sorghum cannot be predicted at site 1 using the
Borg and Grimes (1986) equation. In contrast,
no significant difference was found between
the observed and predicted maximum rooting
depth of millet under 0, 10 and 15 t/ha mulch
rates at Sites 1 and 2, and in the combined
data. Similarly, no significant difference was
found between observed and predicted

maximum rooting depth of sorghum under 0,
10 and 15 t/ha mulch rates at site 2 and the
combined data. The implication of no
significant difference between observed and
expected values is that, maximum rooting
depth of both sorghum and millet can be
adequately estimated using the Borg and
Grimes (1986) equation at the two sites. This
will reduce the time, labour and resources
usually associated with the field measurement
of maximum rooting depth of sorghum and
millet on a given period during the growing
season.

Table 8: Comparative Analysis (Paired T-test) of mean field measured (observed) and
predicted (expected) maximum rooting depth (¢cm) of sorghum and millet at

Maiduguri, 2009.
Treatment Maximum rooting depth (cm)
Silt Crop Mulch Observed Expected Sandard T-ratio
(t/ha) Error
1 Sorghum 0 43.90 33.90 1.842 5.43%
10 42.36 32.61 1.957 4.98%*
15 42.60 32.06 2.324 4.53%*
Millet 0 37.16 39.87 2.830 2.57"8
10 38.34 30.86 2.921 2.56N8
15 39.07 31.23 3.092 2.54N8
2 Sorghum 0 46.95 38.31 3.755 230
5 47.60 39.01 3.774 2.28N8
10 44.93 37.05 3.427 2.30™
Millet 0 41.14 33.69 2.589 2.88N8
5 43.59 35.83 2.725 2.85™
10 40.90 33.01 2.973 2.65™
Combined Sorghum 0 44.18 35.20 3.109 2.89M
5 44.11 35.19 3.053 2.90™
10 43.77 34.71 3.053 2,97
Millet 0 39.15 31.78 2.698 2.73N8
5 40.96 33.34 2.811 271N
10 40.98 33.09 3.021 2.61N

*: Significant at 0.05 level of probability;
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NS: Not Significant.
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CONCLUSION AND RECOMMENDATIONS

From the findings in the present study, it is
concluded that 15 t/ha mulch rate improved
crop growth in most cases at the two sites.
Fifteen t/ha mulch application rate is,
therefore, recommended for the production of
taller sorghum and millet plants at Site 1. Also,
both 10 and 15 t/ha mulch application rates are
recommended for the production of greater
root perimeter at Site 1, and taller plants at Site
2.
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