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'ABSTRACT

A two year field study was conducted to investigate the effects of prunings of Dactyladenia barteri (Hook.
f. ex Oliv.), Leucaena leucocephala (Lam.) de Wit, Gliricidia sepium (Jacq.), and Senna siamea (Lam.) on
the activity of earthworms and soil and worm cast properties. Earthworm activity was measured by
quantifying worm casts deposited at the soil surface. Results of the study showed that the effect of the
different mulches on earthworm activity was similar. The cumulative trend-in surface cast production was
also similar under the different muiches. Irrespectlve of the type of mulch and the year of sampling, the
concentration of nutrient elements were significantly (P = 0.05) higher in worm casts relative to uningested
soil. Worm casts contain 2 — 3 times more Ca, 2 — 3 times more Mg, 3 — 4 times more K, 5 ~ 6 times more N
and 2 — 5 times more organic C than the top 5 cm of the soil.

INTRODUCTION

Mulching is an old practlce in agnculture The .

practice of mulching is known to influence -soil
_physical, chemical and biological properties that
regulate crop growth and productivity. The
benefits of mulching- include, reduction in soil
temperature, weed competition, and soil erosion
as well as enhanced biological activity, water
infiltration, soil ‘moisture regime, nutrients and
soil structure (Lal 1975, 1983; Kamara 1986;
Budelman 1989; Mbagwu 1990; Makus et al,
1994). Plant materials are commonly used as
muilch but plastic materials are sometimes used.
Hedgerow trees used in alley cropping are pruned
mgulmiy to ptoduce organic : matenals that can be
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used as mulch. Earthworms facilitate the
decomposition processes of mulch and other
organic materials. They play an important role in
soil fertility through nutrient cycling and the
formation of organic matter (Bargali et al/, 1993).
Since the rate of litter decomposition is a function
of litter quality, quantity and initial nutrient
concentration (Mulongoy and Gasser, 1993,
-Bargali et al, 1993), it is considered necessary to
study the effect of mulch of contrasting quahty on
activities of earthworms, an organism that
regulates litter decomposition. This experiment
was therefore designed to (1) investigate the effect
of Leucaena leucocephala, Dactyladenia barteri,
Gliricidia sepium and Senna siamea leaves on the
biological activity of tropical earthworms. (2)
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assess the possible influence of different mulches

on the quality of worm casts and soil. (3) assess
the effect of the different prunings on soil organic
matter and nutnent turn-over through earthworm
casts.

MATERIALS AND METHODS .

The experiment was conducted at the
International Institute of tropical Agriculture
(IITA), Ibadan (7° 31'N and 3° 54E), Nigeria, on
an Alfisol that was manually cleared of six-year-

old fallow. Slashed materials were allowed to dry -

on the plots for some days, then gathered and
removed. The plots which measured Sm x Sm in
size were laid out as randomized complete block
design (RCBD) with five replicates. Plots were
uniformly planted to maize at inter-row spacing of
.50cm and intra-row “spacing of 30cm without
tillage. Three seeds were planted per hole and
thinned down to 2 plants two weeks after seed
germination. The treatments were leaves ~of
Leucaena leucocephala, Dactyladenia barteri,
Gliricidia sepium and Senna siamea applied a
week after seed- germination. The leaves were
applied at the rate of 5t/ha in the first year and

10t/ha in the second year. The control plot had no -

_pruning applied. Weeding was done on the control -

plots at two and six weeks after planting. Four
square frames of 25cm x 25cm were installed in
each. plot giving a total of one hundred frames.
Old worm casts within the frames were removed
after the frames weré installed.
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Earthworm casts were continuously sampled from
May 28, 1993 to November 9, 1993 and from
June 7, 1994 to November 29, 1994. Casts
produced inside the frames were collected two
“times per week. Earthworm casts collected were
oven dried at 100°C for 72 hours and weighed to
determine the dry matter. The casts. were then
stored in plastic containers till the end of the
season when the cumulative sample from each
frame was processed for chemical analysis.

Soil samples were collected from each plot after
bush clearing, before planting and after maize

. harvest. Six soil samples were collected per plot at

depths of 0-5cm, 5-10cm and 10-15cm. A
composite of the six samples at the same depth
was made to obtain three

RESULTS

- Earthworm activity

Casting activity of earthworms was assessed over
a period of 167 days from May to November in
1993, and 176 days from June to November in
1994. The cumulative amount of casts in the first
year (Fig. 1) shows a similar trend in all the

- treatments. Similar trend was also shown in the

- second year. Seasonal variation in worm casting
activity was significant (P > F = 0.0001),

indicating changes in cast production from one
month to another. This variation follows a similar
pattern irrespective of the mulch type (Fig. 2).
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Fig. 2 Seasonal variation in casting actmty of earthworms under mulches of different

" tree specles Ibadan, Nigeria, 1994

In mulched plots, casting in the first year dropped
sharply after reaching a peak unlike a more
gradual decline in the no-mulch control. In the

second year, there was a very sharp decline in

casting activity betwecn October and November

irrespective of the treatnents. The low casting .

activity of earthworms at this period is a response
to dry conditions as indicated by high soil
moisture tension (Fig. 3).

Casting activity reaches the peak period earlier
under mulches of non-nitrogen fixing plant in the
first year. In the second year, casting activity
reached a peak in August under mulches of non-

fixing tree species, in September in the control

and in October under N-fixing tree mulches (Fig.
4). Mean dry matter cast production in both years
showed that mulching at the rates applied did not
affect the amount of worm casts deposited at the
soil surface. There was also no statistical
difference between the quantity of worm casts
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' depos1ted under mulches of N-fixing trees and
. non N-fixing trees. “

Properties of Soil and Earthworm Casts

The concentrations of exchangeable Ca, and Mg,
were significantly higher in worm casts than soil
in both the mulch and no mulch treatments (Table
1). Worm casts contain 2-3 times more Ca and
Mg than the topScm of soil. The concentrations of
exchangeable Ca and Mg.were statistically similar
between the mulch treatment and the no mulch
control. Similarly, concentrations of exchangeable
Ca and Mg in both soil and worm casts .were
unaffected by the use of mulches of N-fixing

- plants (Leucaena and Gliricidia) relative to- the

non N-fixing plant mulches (Dactyladenia“ and
Senna). Mulching did not affect soil pH in both
years (Table 2). Mulches of N-fixing trees
significantly reduced soil pH in both years of the
study.  Mulch application decreased the pH of

-worm casts in the second year relative to the
control. :
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The pH of worm casts was increased under
mulches of N-fixing trees relative to the non N-
fixing trees in the second but not in the first year.
There was significantly higher concentration of
exchangeable K in worm casts than in coil being
2-7 times more. Mulching did not affect the
concentration of exchangeable K in both soil and
worm casts in both years. However, exchangeable
K was increased in soil under mulches of N-fixing
trees -compared to the non N-fixing trees, in the
~ first but not in the second year of this study.

Concentrations of total N and organic C in both
soil and worm casts were not affected by
mulching in the first year (Table 3). There were
however, higher concentrations of total N and
organic C in worm casts deposited on mulched
plots relative to the control in the second year.

Total N and organic C in both soil and worm casts
did not vary appreciably between plots treated
with mulches of N-fixing plants when compared
with those of non N-fixing plant mulches.

Generally,” total N and organic C were "
significantly higher in worm casts than in soil.
There were 5-6 times more N and 2-5 times more
organic C in worm casts than in soil.

Nutrient turnover in Worm casts

Nitrogen returned to the soil surface through casts
under mulch (Table 4) averaged 81.4 kg/ha in the
first year and 118.39 kg/ha in the second year.
Average figures for the no mulch control were
42.9kg/ha in the first year and 103.23 in the
second year. Organic carbon in casts deposited at
the soil surface ranges from 273-419.9 kg/ha
under mulch compared to 152.5 kg/ha in the
control treatment in the first year. In the second
year, organic carbon averaged 1451.03 kg/ha in
casts under mulch compared to 1195.19 kg/ha in
the control. However, mulching did not affect the
quantity of nutrients recycled through worm casts.
Also, mulching with leaves of N-fixing plants
showed no significant advantage on the quantity
of nutrients turned over in earthworm casts.

Table 1:  Concentration of ex changeable Ca, and Mg Jemol {(+) kg'] in earthworm casts and surface soil (0-5cm) as influenced by different plant

mulches. ‘
Mulch Exchangeabie Ca / Exchangeable Mg
Soil Cast ot Soil Cast 1
1993 "
lenurnenn hTh 1747 ok 134 A4 *
Senno 6.95 18.82 e 1.21 365 e
Dactyladenia &2% 16.58 ok 1.16 3.30 xx
Gliricidia ) 19.47 * 1.98 313 *
Control $.23 17.85 hE 1.30 3.98 o
AOV single d.f. comparison
Mulch vs none NS NS NS NS
N fixers vs none NS NS x> NS )
1994 ' '

Leucoena 7.08 14.52 ok 1.44 2.69 e
Senna 8.61 17.04 o 1.45 2.61 e
Dactyladenia 6.22 13.68 whx 1.14 2.46 ok
Gliricidia 8.23 14.51 e 1.70 2.82 Hrs
Control . 1.68 14.86 o 1.20 2.46 **
AQV single d.f. comparison

Mulch vs none NS NS NS NS

N fixers vs none NS NS NS NS

"NS = ntosignificont. * = Significont of p = 0.05. ** = Significant ot p = 0.01. *** = Significunt o

DISCUSSION

| Casting activity of earthworms varied seasonally
due probably to the climatic variables that

t p.=0.001

determine the level of soil dryness or wetness.
Consequently, the rate of worm casts production
will not be uniform throughout the season.

Earthworm activity occurs during the rainy



season, usually from April to November. The
Aimplication of seasonal
‘activity is that estimating worm' cast production

variation

in, casting

from samples collected at a paﬂiéularpen'od will
lead to either under or over estimation

Table 2. Effects of mulch on pH and concentration of exchangeable K [cmol(+) kg'] in surface soil (0-5cm) and worm cast. Ibaden, Nigeria

Mulch pH Exchangeable K
Soil Cast 1 Soil Cast t

1993 ,
Leucuene 6.48 6.89 Ns 0.37 100 **
Senna 6.63 7.09 = 0.28 1.39 -
Dactyladenia 6.46 6.89 * 0.24 129 .
Gliricidia 6.75 6.99 Ns 0.17 1.22 b
Control 6.77 7.05 * 0.26 1.05 Ao
AQV single d.f. comparison
Mulch vs none NS NS NS NS
N fixers vs none * NS * ‘ NS

1994
Leucaeno 6.52 6.59 Ns 0.53 0.82 ' >
Senna 6.82 6.88 Ns 0.34 .13 b
Dactyladenia 6.60 6.61 Ns 0.28 061 b
Gliricdia 6.76 6.84 Ns 0.44 0.87 *-.
Control 6.75 7.00 ns 0.26 © 062 e
AGV single d.f. comparison
Mulch vs none . NS * NS NS
N fixers vs none ** ** NS NS

NS = ntosignificant. * = Significant ot p = 0.05. ** = Significont a1 p = 0.01. *** = Significant ot p.=0.001

Table 3:  Effects of mulch on concentration of N and Organic C (%) in surface soil (0-5cm) and earthworm casts. {hadan, Nigéﬁu.

Mulch Total N Organic
Soil Cost t Soil Cast’ t
' 1993
Leucaena 0.28 1.57 b 3.05 6.25 i
Senng 0.30 1.72 * - 3.03 ) 641 »
Dactyladenio 0.24 1.24 i 245 5.65 i
Gliricidia 0.30 1.69 * 314 549 -
Control 0.28 1.78 * 287 : 5.59 bl
AOY single d.f. comparison
Mulch vs none NS NS NS NS
N fixers vs none NS NS NS NS
1994
Leucaena 022 0.43 wr 27 5.09 i
Senna 0.25 0.44 had 2.54 5.74 b
Dactylodenia 0.19 0.37 i 1.82 436 -
Gliricidia 0.25 0.4 - 251 5.10 i
Control 0.20 037 b 1.96 A e
AOV single d.f. comparison
Mulch vs none NS . NS e
N fixers vs none NS NS NS NS -

NS = ntosigrificont, * = Significant ot p = 0.05. ** = Significant at p = 0.01. *** = Significant at p.=0.001

Mulching with different plant materials did not
significantly affect the quantity of cast produced
compared to the control. This observation was
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consistent for the two years of the study but
contrary to the report by Lal (1978) of 5-7 times
more earthworm casts under mulch than in no
mulch control. This study was conducted on a



land that was high in nutrient status (Table 5),
- hence the availability in soil, of enough resources

that can sustain the worms may be more important
 than niutritional and other benefits of the mulch.

10-15
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Toble 4: (umulotive omounts ofwdrm cast and nutrient turnover in earthworm casts deposited at the soil surface os inflvenced by different
plont mulche . : \
Muldt - DM cast Nutrient contents of earthworm casts {Kg/ha)
{t/ha) (o Mg K Total N Org. (
| 1993 - | ,
Leutoeno 5.76 19.05 2.3 211 AL 345.20
Sennay 141 21.75 - 2.63 3.19 92.75 362.50
Doctyludenia - 5.4 74.36 10.43 375 92.16 419.90
Glisicidia 44 16.85 8.55 207 63.35 17390
Control 285 9.69 136 1.08 4293 152.50
AOV single d.f. comparison o '
Mulch vs none NS NS - NS NS N NS
N fixers vs none NS NS NS NS NS NS
o 1994
Leucoena 319 91.83 10.38 10.37 135.44 1609.57
Seno 38.46 86.91 8.26 716 112.76 1470.74
Dndylndenm 25.00 104.75 11.46 9.06 139.80 1661.05
Giricdia 2094 616 132 653 - 85.56 1062.76
Contvel 2926 78.45 8.57 ‘ 100 103.23 1195.19
AQV single d.. comporison
Mulch vs none NS NS NS NS NS . NS
K fixers vs none NS NS NS NS " NS NS
Table 5. Initial properties of the soil at the start of the trial
Soil depth {cm) @ Mg K Total N Org. matter
! B e — 7R
6-5 8.33 1.55 0.39 0.23 393
5-10 5.01 0.96 0.22 0.14 213
429 0.86 0.22 0.12 1.61

Compared to the amount of mulch applied in the
first year, the additional mulch applied in the
second year caused an 18% increase of worm
casting activity under Dactyladenia 'but a
reduction under the other residue mulches by
0.9%, 27% and 38% .in Leucaena, Senna and
Gliricidia respectively. This result indicates that a
‘high rate. of certain mulch types (> 5 t/ha) may
suppress the activity of earthworm fauna in the
soil.

The greater concentration of nutrients in the casts
relative to the soil in this study can be explained
in part by the fact that earthworms ingest
preferentially higher amounts of finer soil
particles rich in  organic matter, which
consequently reflect on the properties of the casts.
Other workers (Lal 1983; Cortez ct al 1989) have
made similar observation. - Low utilization
efficiency of nutrients by earthworms (Syers et al
1979; Heine and Larink 1993) can also partly.

. explain the observed differences in nutrient
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concentration between worm casts and soil.
Christensen (1987) showed that most of the soil C
and N was in the clay (50-65% C and 56-68% N),
the silt having smaller proportions (29-41% C and
27-38% N), while sand fraction accounts for only
4-7% of the organic matter. Since worm casts
have higher proportions of clay and silt fractions
but lower contents of sand than parent . soil
(Asawalam 1997), selective ingestion of finer soil
particles can also explain the difference between
nutrient concentration in soil and earthworm casts.
Finner soil particles are richer in plant nutrients
than the coarse particles. The non-significant
effect of mulch on chemical properties of soil and
worm casts in the first year of the study was
probably due to the fact that the worms derived
from sotil sufficient C and N to meet their needs.
Significant effects of mulching on pH, total N and
organic C in worm casts but not in soil were
observed in thc second year. This result
demonstrates that dependence on surface litter by
earthworms is a secondary option that is exploited
when soil rescrve is depleted to a certain level.

Nutrient rccycling is an important process related
to the nutrition of plant in natural ecosystems.
While loss of soil and nutrients through surface
runoft can be controlled, nutrient losses through
lcaching and decp percolation remains a problem.
Translocation to the soil surface of potentially
lcachable nutrients in the soil is thus very
benefictal  especially where the cost of soil
improving amendments are beyond the reach of
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