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Abstra ct. Field experiments were conducted
on an Ultisol near Port Harcourt in south-east Nigeria.
The broad objective was to evaluate the response of
plantain to mulch. Medium false horn plantain (Musa
sp. cv AAB) known locally as ‘Agbagba’ was used in the
trial. The treatments were: elephant grass (Pennisetum
purpureum), opaque plastic (black underneath and
white at the top) adequately perforated, elephant grass
on plastic, plastic on elephant grass, wood shavings, un-
mulched control. In this paper, we present the effect of
the different mulch materials on soil physical (bulk
density, temperature, thermal efficiency) and chemical
(pH, organic carbon, total nitrogen, Bray-P, cation ex-
change capacity) properties.

In general, organic mulches (elephant grass and
wood shavings) or plastic on elephant grass maintained
more favourable soil physical and chemical properties
than inert synthetic (plastic) mulch or unmulched con-
trol. Comparison between plastic and organic mulches
suggests that effect of mulch on soil was both physical
and chemical. The results emphasize the beneficial ef-
fects of mulching on soil properties under plantain.

INTRODUCTION

Plantains (Musa sp. cv AAB) provide an
important source of food in many parts of
the humid tropics. In addition, plantain

production is fast becoming highly commer-
cialiseq as a result of the new awareness of
the potential importance of plantains, both
as a cheap food and high income-yielding
crops [9,14,31]. The economic and indus-
trial importance of the crop in Nigeria have
been highlighted [1,23].

One major constraint in commercial
plantain production in tropical Africa is the
rapid decline in vigour and yield in the
ratoon crops in field-grown plantains [3].
On the other hand, the closely related bana-
na remains productive through many
ratoons, even under field conditions [7,34].
Compound-grown plantains also remain pro-
ductive over many ratoons. The high produc-
tivity and longevity of compound-grown
plantains compared with their field-grown
counterparts have been attributed to regular
application of kitchen and other compound
wastes, close cultural attention given by the
farmers, and to nutrient recycling to the
benefit of the compound plantains from
deep rooted perennial tree crops inter-
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planted [7,16]. Consequently, compound
plantains are grown under more favourable
soil conditions than the field-grown crops.

Mulching has been reported to improve
soil environment for crop production through
its influence on soil physical, chemical and bi-
ological properties [2,4,8,11,21,24,25]. Over
the years research in various parts of West
and Central Africa has shown that plantain
responds postively to mulch [6,13,15,17-
20,29,30,32-34].

In most of these studies, however, the
effects of different mulching materials on
properties of the soil under plantain have
not been quantified over a long period. In
addition, it still remains unclear whether
the response of plantain to mulch is due to
nutrient or physical changes in the soil in-
duced by mulching.

As part of a detailed study of the re-
sponse of plantain to mulch on a tropical
Ultisol, efffects of different mulching ma-
terials on soil physical and chemical proper-
ties are evaluated. In an attempt to separate
nutrient and physical effects, inert synthetic
(plastic) mulch and biological materials
(elephant grass and wood shavings) are
compared with an unmulched control treat-
ment.

MATERIALS AND METHODS
Location

The experiment was conducted at the
International Institute of Tropical Agricul-
ture (IITA) substation at Onne, near Port
Harcourt in the high rainfall region of
south-east Nigeria (4°SUN, 7°03’E). The
climate of this region is humid and supports
lowland tropical rainforest vegetation. The
mean annual rainfall is about 2 500 mm,
generally falling between the beginning of
March and November. Rainfall distribution
is bimodal (March-July and late August-
November). The highest mean monthly
temperature occurs between November and
April and ranges between 30 to 35°C. The
soil of the experimental site is an Ultisol,

derived from coastal sediments, and is
classified as loamy, siliceous, isohyperther-
mic, oxic paleudult. Some chemical and
physical properties of the 0 to 15 cm depth
of the soil are shown in Table 1. The soil
consists of 70.1% sand, 5.1% silt and 24.8%
clay and has a bulk density of 1.44 g cm™3,
The soil is acidic and has a pH (in water) of
4.72. Total acidity and cation exchange ca-
pacity are 0.75 and 2.46 meq/100 g, respective-
ly. Organic carbon is 1.21%, total nitrogen is
0.12% and available phosphorus is 125.54
mg kg'l.

Table 1. Some chemical and physical properties of
0-15 cm layer of the experimental soil

Value

Soil property
pH (1:1 H0) 472
Organic carbon (%) 121
Total nitrogen (%) 0.12
Bray-1 phosphorus (mg kg‘l) 125.54
Cation exchange capacity (meq/100g) 2.46
Total acidity (meq/100 g) 0.75
Exchangeable cations (meq/100 g)
Calcium 0.62
Magnesium 0.48
Potassium 0.53
Manganese 0.02
Sodium 0.09
Particle size distribution (%)
Sand 70.1
Silt 5.1
Clay 24.8
Bulk density (g cm3) 1.44

Exchangeable cations range from 0.62
meq/100 g for calcium to 0.02 meq/100 g for
manganese. Prior to the present study, which
started in August 1986, the field had been
left fallow for two years with Peuraria phase-
oloides. On the 14th of August, the entire
field was mowed with a rotary mower. This
was done to kill the Peuraria phaseoloides.
The mowed fallow crop was left as mulch on
the field. The dry matter yield of the Peu-
raria phaseoloides was 7.8 t ha™..
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Experimental layout

The experimental layout was a com-
plete randomized block with four replica-
tions. Each replicate consisted of six plots,
each 19 m by 14 m in area. Treatments were
five different mulchmg materials and a
weeded control:

Treatment 1. Unmiulched control, the
plot was clean weeded with regular spraying
with paraquat (1- 1t , dimethyl 4. 4! bipyridi-
lium ion).

Treatment 2. Elephant grass (Penmsetum
purpureum) shoot at the rate of 80 t ha' yr
fresh weight, giving a layer of 15.5 cm thick-
ness.

Treatment 3. Opaque plastic (black under-
neath and white at the top) which was adequ-
ately perforated.

Treatment 4. Elephant grass shoot (same
as in treatment 2) on plastic (same as in treat-
ment 3).

Treatment 5. Plastic (same as in treat-
ment 3) on elephant grass (same as in treat-
ment 2).

'I‘reatment 6. Wood shavings at the rate
of 100 t ha! yr giving a layer of 11 cm
thickness.

High rates of the organic mulches (ele-
phant grass and wood shavings) were used
in order to provide effective ground cover
and to stimulate better root and sucker devel-
opntent [30, 34]. Mulch rate of 80 t ha™ yr! of
fresh shoot of Eupatorium odorantum or
Pennisetum purpureum has been used in
plantain studies in south-east Nigeria [34].
Some chemical properties of the organic
mulches are given in Table 2. Treatments 2
to 6 did not require any weed control. On

each plot, 20 clean sword suckers of me-
dium false horn plantain (Musa op. cv
AAB) called ‘Agbagba’ locally and ‘Libanga
Likale’ in Central Africa were planted for
observation while another 20 suckers were
planted as guards. The planting distance
was 3 by 2 m. Another 200 suckers were
planted as guards for the entire field. Total
number of suckers planted for the entire
field was 1 208. Fertilizers (N and K) were ap-
plied by broadcasting six times at regular in-
tervals over 10-month growing {)enod to give
an annual total of 300 kg N ha™ and 550 kg
K,0 hal. Plastic mulch was removed be-
fore feruhzers were applied. Furadan (2,3-
dihydro-2,3-dimethyl-7-benzo-furamyl
m-methyl carbamate) was applied at six
months interval at 3 g active ingredient per
plant crop. Cercospora or sigatoka leaf spot
attacked the field during the experiment and
was controlled by spraying the field with tilt
(piopiconazole-1-(2-(2,4 dichlorophenyl)-4-
propyl-1,3-dioxalan-2-yl methyl)-1H-1,2,4-
triazole). A single follower system was
adopted for ratoon crop with only the biggest
sucker per mat being allowed to replace the
plant or mother crop.

Soil properties measurement

Soil bulk density was measured at 16
and 24 months after planting (MAP) using
undisturbed cores (5 cm long and 5 cm in-
ternal diameter). Three cores were taken at
random from each plot but approximately
1 m from the plants. Samples were taken
from 0-10 cm depth at 16 MAP and from
0-10 and 10-20 cm depths at 24 MAP. Soil
temperature was measured with bent-stem

Table 2. Some chemical properties of the organic mulches used in the study

Bases
Total P '
Treatment Total N Ca Mg K Mn Na
*) (mgkg™)
Elephant grass 2.09 293 394 358 2308 387 442
Wood shavings 0.33 28 358 76 1698 102 631
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mercury-in-glass soil thermometers in-
stalled at the centre of each plot for all re-
plications within plant rows at depths of 5
and 10 cm relative to the soil surface. Diur-
nal variation of maximum and minimum
soil temperature was measured for a period
of 12 months (September 1986-August
1987). Soil samples for the determination of
chemical properties were taken at 6, 18 and
24 MAP from 0-15 cm depth and from each
replicate of each treatment and analyzed.
These samples were air-dried and sieved
through a 0.5 mm sieve. Soil pH was deter-
mined in a water suspension at a 1:1 ratio.
Soil samples were analyzed for organic
carbon (by Kjeldahl digestion), Bray-I phos-
phorus, and for 1IN ammonium acetate-ex-
tractable potassium, calcium and magnesium.
The cation exchange capacity was calculated
by the sum of ammonium acetate-exchange-
able bases and potassium chloride exchange-
able aluminium and hydrogen (acidity).

RESULTS AND DISCUSSION
Bulk density

Soil bulk density measured at 16 MAP
was not significantly affected by mulch treat-
ments (Table 3). At 24 MAP, bulk densities of
0-10 and 10-20 cm depths were significantly
affected by mulching. In the 0-10 cm depth,

bulk density was lowest for plastic on ele-
phant grass treatment and highest for both
plastic and elephant grass on plastic treat-
ments. However, only plastic on elephant
grass treatment had significantly lower bulk
density than the unmulched control; bulk
density under the other treatments was not
significantly different from the control.
Mulching effect on bulk density was not sig-
nificantly different for elephant grass and
plastic on elephant grass treatments (1.28
g cm > vs. 1.26 g cm'3). In the 10-20 cm depth,
bulk density was lowest for elephant grass
mulch and highest for elephant grass on
plastic mulch. All the other mulch treat-
ments had bulk densities in between.

Soil temperature

Figs 1 and 2 show mean montly maximum
soil temperatures (September 1986-August 1987)
at 5 and 10 cm depths, respectively. Fig. 2
shows mean monthly minimum soil tempera-
tures at 10 cm depth. For statistical compa-
rison, average temperatures (September
1986-August 1987) at each depth were com-
puted (Table 4). Data presented in Table 4
show that mean monthly maximum and
minimum soil temperatures at both 5 and
10 cm depths were statistically affected by
mulching. The differences due to mulch
treatments were also observed in the month

Table 3. Effect of mulching materials on soil bulk density (g cm’s) of 0-10 and 10-20 cm layers

Months after planting (MAP)

Treatment
16 24 24

0-10cm 10-20 cm
Control 141al 1.38 be 1.50 ab
Elephant grass 133a 1.28 ab 147a
Plastic 142a 147c 1.59 be
Elephant grass on plastic 140a 147 c 1.59 be
Plastic on elephant grass 1.36a 1.26 1.52 abc
Wood shavings 136a 1.42c 1.52 abc

1 Means followed by the same letter within the same column are not significantly different at the 5% level of Dun-

can’s multiple range test.
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Table 4. Mean monthly maximum and minimum soil temperature and thermal efficiency at 5 and 10 cm depths
as affected by mulching

Temperature* (°C)

Treatment Max. Min. Max.-Min. Thermal Max. Min. Max.-Min. Thermal
difference efficiency difference efficiency
S5cm 10 cm

Unmulched control ~ 33.8al  288a 5.0 2.57a 303a 27.0b 33 1.66 ab
Elephant grass 303bc 2750 28 1.33b 281b 2640 1.7 0.85c
Plastic 315b 275b 4.0 2.01a 324c 283a 3.7 221a
Elephant grass on '
plastic 28.6d 269b 1.7 0.89b 30.8a 283a 25 1.25 be
Plastic on elephant
grass 294cd 273 21 1.05b 30.6a 284a 22 1.18 bc
Wood shavings 283d 270b 13 0.73b 29.6a 285a 11 0.05c

1 For explanation see Table 3.
* Average for September 1986 - August 1987.

of occurrence of peak in maximum tem-
peratures at 5 cm depth (Fig. 1). Mean
monthly maximum soil temperature at 5 cm
depth was highest for the unmulched treat-
ment and lowest for the wood shavings
mulch during most of the months. All the
other treatments had temperatures in be-
tween. The moderation effect of mulch on
soil maximum temperatures has also been
reported [4,5,10,12,22]. Sudden changes in
soil temperature as in unmulched soil can
affect the plant roots, especially uptake of
water and essential nutrients and biological
activities. The peak maximum temperature
(38°C) recorded at the 5 cm depth throughout
the period of observation was measured in
January 1987 in the unmulched treatment. On
the other hand, the peak maximum soil tem-
perature (33.5 °C) under plastic mulch was
recorded in April. Compared with the un-
mulched treatment, elephant grass, plastic,
elephant grass on plastic, plastic on elephant
grass and wood shavings treatments de-
creased mean monthly maximum soil tem-
perature at 5 cm depth by 3.5, 2.3,5.2, 4.4 and
5.5°C, respectively (Table 4). Throughout
the period of observation, mean monthly
maximum soil temperature at 10 cm depth
was highest under plastic mulch treatment
and lowest under elephant grass treatment.

Among the mulched treatments, mean
montly maximum soil temperatures at 5 and
10 cm depths were higher under plastic
mulch than under the other mulches, con-
firming the lower thermal efficiency of plas-
tic mulch.

Mean monthly minimum soil tempera-
tures at 10 cm was lowest for elephant grass
treatment (Fig. 2). Among the other treat-
ments, minimum soil temperatures varied
from month to month. Generally, variations
in minimum soil temperatures from month
to month among treatments were not marked.

Diurnal variations (maximum and mini-
mum) at 5 cm depth among treatments
were very marked (Table 4). Data based on
average for the period of observation show
that diurnal temperature ranges were 5°C
for unmulched soil, 2.8°C for elephant
grass mulch, 4.0°C for plastic, 1.7 °C for
elephant grass on plastic, 2.1 °C for plastic
on elephant grass and 1.3 °C for wood shav-
ings mulch. At the 10 cm depth, diurnal
temperature ranges were 3.3, 1.7, 3.7, 2.5,
22 and 1.1°C for unmulched, elephant
grass, plastic, elephant grass on plastic, plas-
tic on elephant grass and wood shavings, re-
spectively. Organic mulch treatments seem to
dampen the diurnal wave of soil surface
temperature only. Similar observations were
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Fig. 1. Variation of mean monthly maximum soil temperature at 5 cm and 10 cm depths for different

mulching treatments.

made by Hasson and Hussain under green-
house condition in aridic region [5].

The effectiveness of a given mulch in re-
ducing temperature fluctuation was evalu-
ated using the ‘Stigter’s ratio’ method [26-28].
Data presented in Table 4 show that mulch-
ing with wood shavings, plastic on elephant
grass, elephant grass on plastic and ele-
phant grass induced the same temperature

fluctuation reduction which was different
from that induced by control and plastic at
the 5 cm depth. However, at the 10 cm depth,
the thermal efficiency induced by elephant
grass, wood shavings, elephant grass on plas-
tic and plastic on elephant grass mulches was
similar. On the other hand, mulching with
elephant grass on plastic, plastic on elephant
grass, and the unmulched control also
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Fig. 2. Variation of mean monthly minimum soil temperature at 10 cm depth for different mulching treatments.

produced similar thermal efficiency, where-
as, the temperature fluctuation reduction
induced by plastic mulch and the unmul-
ched control was significantly different from
the other treatments.

Soil chemical properties

Chemical properties of 0-15 cm depth
_sampled at 6, 18 and 24 MAP for different
treatments are shown in Tables S, 6 and 7,
respectively. At 6 MAP, soil pH was lowest
under plastic mulch and highest under
wood shavings mulch. However, differences
in pH for elephant grass, plastic, elephant
grass on plastic, plastic on elephant grass
and unmulched treatments were not signifi-
cant. Similarly, soil pH under unmulched
control, elephant grass, elephant grass on
plastic, plastic on elephant grass and wood
shavings treatments was not significant.
Mulch treatments did not affect organic
carbon and total nitrogen sampled at 6
MAP. Bray-P, total acidity and cation ex-
change capacity were higher under elephant
grass mulch in comparison with the other

mulch treatments. Bray-P was lowest under
plastic mulch, total acidity lowest under
wood shavings mulch and CEC lowest
under plastic on elephant grass treatment.
Exchangeable potassium, calcium and mag-
nesium were significantly affected by mulch-
ing treatments. Exchangeable K was highest
under elephant grass on plastic and lowest
under both plastic and unmulched treat-
ments. There was no significant difference
in exchangeable K content between ele-
phant grass and elephant grass on plastic
treatments (0.39 meq/100 g vs. 0.40 meq/100 g).
Exchangeable Ca was highest under wood
shavings mulch, while exchangeable Mg was
highest under both elephant grass and wood
shavings treatments. The high contents of
Bray-P and exchangeable K, Ca and Mg as
well as the fovourable CEC under elephant
grass treatment may be attributed to the fa-
vourable nutrient dynamics under the mulch.
For example on a kg ha basis, elephant grass
mulch showed an increase of 31, 70, 6 and 21
per cent in Bray-P, exchangeable K, Ca and
Mg, respectively, in relation to the control.
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Table 5. Effects of mulching materials on soil chemical properties of 0-15 cm layer sampled at 6 MAP

Total CEC Exchangeable cation
Treatment pH  Organic Total Bray-1 acidity K Ca Mg
C N P
% (%) (mgkgl (meg/100 g)

Unmulched

control 456abl 1.58a 0.12a 107.25 ab 2.10ab 3.38ab 0.23a 0.50ab 0.39ab
Elephant grass 458ab 143a 0.12a 14043a 395a 395a 039b 053ab 047b
Plastic 415a 1.48a 0.11a 92.80 b 294b 294b 0.23a 044ab 023a
Elephant grass .

on plastic 445ab 136a 011a 124.25ab 337ab 3.37ab 040b 042a 0.39ab
Plastic on

elephant grass 433ab 137a 0.11a 112.73ab 289b 289b 028a 037a 034ab
Wood shavings 473b 1.72a 013a 114.68ab 297b 297b 0.25a 0.63b 047b

Table 6. Effects of mulching materials on soil chemical properties of 0-15 cm layer sampled at 18 MAP

Total CEC Exchangeable cation
Treatment pH  Organic Total Bray-1 acidity K Ca Mg
C N P
%) (%) (mgkgl) (meq/100 g)

Unmulched

control 430abl 1.56ab 0.14a 115.50ab 1.98ab 0.16a 02la 02la 01la
Elephant grass 443b 183b 015a 89.73a 198ab 030b 036b 036b 032b
Plastic 420a 140a 012a 115.03ab 215a 015a 014a 014a 017a
Elephant grass

on plastic 445b 16lab 0.14a 163.60c 1.71a $.24ab 0.19a 0.19a 0.18a
Plastic on

elephant grass 430ab 145a 012a 119.50bc 1.92ab 0.24ab 021a 02la 017a
Wood shavings 450b 1.66ab 012a  100.68 a 194ab 0.24ab 036b 036b 0.18a

Table 7. Effects of mulching materials on soil chemical properties of 0-15 cm layer sampled at 24 MAP

Total CEC Exchangeable cation
pH Organic Total Bray-1 acidity
Treatment C N P K Ca Mg My N
(%) (%) (mgkg) (meq/110 g)

Unmulched

control 523al 132a 015ab 50.18a 117a 2.03a 0.21a 0.28a 019a  0.13abc0.22 ab
Elephant grass 5.33ab 1.89c 0.19b  58.68a 128a 288c 0.28ab0.47bc0.61c  0.20c 0.23ab
Plastic 523a 135a 0.14a 49.65a 157a 228ab 0.16a 0.19a 0.15a 00l1a 02la
Elephant grass

on plastic 515a 146ab0.14a  63.95a  148a 3.02c 0.37b 0.34ab0.46bc 0.18 bc 0.28 b

Plastic on
elephant grass 543bc 1.50ab0.14a  70.03a 092a 211a 0.21a 033a 041b 0.13bc 0.23ab

Wood shavings 5.58c  1.73bc0.16ab 46.28a 131a 268bc 0.19a 0.55c 040b  0.10ab 0.22ab

1 For explanation see Table 3.
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At 18 MAP, mulch treatments signifi-
cantly affected all soil chemical properties
except total N content (Table 6). Soil pH
decreased under all mulch treatments ex-
cept for plastic and elephant grass on plas-
tic, when compared with values obtained at
6 MAP. However, soil pH was highest under
wood shavings mulch and lowest under
plastic mulch. Organic C was highest under
elephant grass treatment and lowest under
plastic. Bray-P was highest under elephant
grass on plastic treatment, while total
acidity was highest under plastic treatment.
Exchangeable K, Ca and Mg were highest
under elephant grass treatment.

At 24 MAP, mulch treatments signifi-
cantly affected all soil chemical properties
measured (Table 7). Soil pH increased by
11, 13, 11, 9, 15 and 18 per cent under con-
trol, elephant grass, plastic, elephant grass
on plastic, plastic on elephant grass and
wood shavings, respectively, in relation to the
initial pH of the experimental soil. Organic C
and total N were higher under organic mul-
ches (elephant grass and wood shavings), in
comparison with the other treatments. Or-
ganic C and total N (on kg ha'! basis) in-
creased.by 9 and 25 per cent for control, 56
and 58 per cent for elephant grass, 12 and
17 per cent for plastic, 21 and 17 per cent
for elephant grass on plastic, 24 and 17 per
cent for plastic on elephant grass, 43 and 33
per cent for wood shavings when compared
with the initial organic C and total N con-
tents of the experimental .soil. The high
contents of organic C and total N under
wood shavings and elephant grass mulches
may be attributed to nutrient addition from
the mulches (Table 2). In comparison with
values obtained at 18 MAP (Table 6), Bray-P
and total acidity measured at 24 MAP de-
creased appreciably. Exchangeable Ca and
K decreased under all treatments in relation
to initial soil contents. Exchangeable Mg
decreased under all treatments except under
elephant grass mulch, when compared with
the initial Mg content of the soil.

CONCLUSIONS

1. Elephant grass, plastic on elephant
grass and wood shavings mulches significantly
decreased soil bulk density in the 0-10 cm
depth, measured at 24 MAP.

2. Mean monthly maximum and mini-
mum soil temperatures were more favour-
able under elephant grass mulch than under
all other mulch treatments and the control.

3. Diurnal variations of soil tempera-
ture were more pronounced at 5 cm than at
10 cm depth, especially for unmulched
plots.

4. At 5 cm depth, wood shavings, plastic
on elephant grass, elephant grass on plastic
and elephant grass mulches induced similar
thermal efficiency which was different from
control and plastic mulch Thermal effi-
ciency was best under wood shavings and
elephant grass mulches at 5 and 10 cm
depths respectively, in relation to the other
treatments.

5. Soil pH, organic carbon, total ni-
trogen and exchangeable potassium, cal-
cium and magnesium were generally more
favourable under elephant grass and wood
shavings miulches than under all the other
types of mulch.

6. Increase in soil pH due to mulching
was more pronounced at 24 MAP than at
6 and 18 MAP.

7. In general, organic mulches (elephant
grass and wood shavings) maintained more
favourable soil physical and chemical proper-
ties than inert synthetic (plastic) mulch.

8. Comparison between plastic and or-
ganic mulches suggests that effects of mulch
are both physical and chemical.
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