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Microbial populations, enzyme activities and nitrogen-
phosphorus-potassium enrichment in earthworms casts and in the
surrounding soil of a pincapple plantation
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Swmmary. Total populations of bacterin and fungi, de
hydrogenase activity (as a measure ol total potential
microbial activity), and urcase and phosphatase activi-
ties were determined in carthworm casts and surroun-
ding laterite soils planted to pincapple. T'he casts con-
tained higher microbial populations and enzyme activ-
ities than the soil. Except for fungal populations, sta-
tistically signiticant (P = 0.05) increases were found in
all other parameters. Microbial populations and en-
zyme activities showed similar temporal trends with
higher values in spring and summer and lower values
in winter. The earthworm casts contained higher
amounts of N, P, K and organic C than the soil
(P = 0.05). Selective feeding by earthworms on organi-
cally rich substrates, which break down during pas-
sage through the gut, is likely to be responsible for the
higher microbial populations and greater enzyme ac-
tivity in the casts.

Key words: Earthworm casts — Bacteria — Fungi —
N, P, K — Organic C — Dehydrogenase activity —
Urease activity — Phosphatase activity.

Earthworms may constitute a major part of the soil
faunal biomass (Lee 1983). They are known to ac-
celerate plant-residue decomposition by incorporating
and mixing the surface residues into the soil during
burrowing, feeding and casting activities (Mackay and
Kladivko 1985). Earthworm feeding activity increases
Microbial populations (Gorbenko et al. 1986), while
casting and excretion may indirectly improve the nutri-
tnt supply to plants (Krishnamoorthy and \a-
Jranabhaiah 1986). Some studies are available on the
Microflora of the intestinal tract of earthworms
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(Ciothenko et al, 1986), but enzyme activitics in carth-
worm casts have so far received hittle attention from
soil biochemists (Businelli et al. 1984). FFor a better un-
derstanding of the effect of carthworm activity on nii-
crobe-mediated processes in soils, knowledge ol the
microbial biomass and its activity in earthworm casts
may be useful. In the present work, a comparative
study on microbial populations of bacteria and fungi
and some enzyme activities (dehydrogenase, urcase,
and phosphatase) in earthworm casts and the sur-
rounding laterite soil was carried out in order to deter-
minc how a microbial biomass and its activities are af-
fected by passage through the carthworm gut.

Materials and methods

Study area and climate. The study was conducted at pineapple re-
sciarch station Nayabunglow (latitude 25° 44'N, longitude 91° 53'L)
at an altitude of 800 m in the Khasi hills of Mcghalaya about 30 km
notth of Shillong, India, ‘The parent rocks are gnicss, schists, and
granites, ‘The soil Is a red sandy loam (sand 66.7%, silt 15.9%, clay
17.5%) of laterite origin (Oxisol). The pH (H,0) ranged from 4.5
to 7.2 and the organic C content varicd between 1.5% and 2%. The
moisture content of the soil and casts ranged between 11.9% and
331.9% and soil temperature varied between 11°C and 31°C (Table
).

The climate of the study arca can be divided into four marked
seasons: (1) the monsoon season of heavy rainfall (May-Septem-
ber) from the southwest monsoon; (2) a transitional period of low
raintall (October — November), due to the retreating monsoon, (J)a

_winter scason (December —February) with scattered low rainfall;

and (4) a windy dry summer (March = April). The annual rainfall
during the study period (1986 —1987) was 2300 mm. The average
maximum and minimum ambient temperatures of the study site
were 27.0°C and 7°C, respectively. The percentage relative humidi-
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ty reached 84" during the rainy season (Fig. 1). Five species of -

carthworms were recorded during the sampling periods. These were
Amynthas alexandri, Darwida assamensis, Meduascolides un-
trophyes, Metaphire houlleti, and Nelloscolex strigosus, L ida
assummensis was the dominant species. Soil samples (0—25 ¢m) Und
fresh earthwaorm casts (visual observation) lying on the soil surface
were collected aseptically at monthly intervals,
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Table 1. pH and moisture content (o) of laterite soil samples and carthworm casts

TG T ST S D S =
Dates Soil temperature Moisture content (%) pH (H,0)

°C)
Soil Casts Soil Casts

15/4/86 30 17.7 £0.069 12.2+0.081 5.0 1 0.045 6.0 £0.021
15/5/86 31 258+ 0.071 16.0 £0.058 4.5+0.043 6.21+0.057
15/6/86 Rl 24.5 £ 0.069 20.5 +0.024 5.0 +0.043 5.910.076
15/7/86 30 26.210.065 19.4 +0.056 5.010.038 5.6 10.038
1S/8 K6 26 2100078 [RIORNONIAY | S 002 120 0.
1S/9/86 20 N RYO0OMH 10.21 0.021 SA410.037 T.0L0.01)
15710786 (2] 228+ QORI 212 0051 5.310.028 6.0 0.004
15/11/86 19 13910051 1240023 5.2 +0.034 6.4 £0.088
15/12/86 18 13.0 +0.059 11910019 3.2£0036 6.0 10 (07
15/1/87 1.7 19,4+ 0.076 154 1+0.02) S.4E0.045 6.5 +0.019
15/2/87 15 24210049 2V 81 0.046 52 E0:029 5.4 1£.0.023
1. S73.7%7 1l 26,6 20075 12.610.091 5.0 %0.043 S.1£0.088

All values + SE
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Fig. 1. Monthly vanation in rainfall (histogram), ambient tempera-
ture and relative humidity of the study aren O, minimum temper-
ature; @, maximum tempetature; A, relative hummidity

Physical and chemical characterization. Soil temperature was re-
corded with a soil thermometer. Moisture contents in the soil and
in the earthworm casts were estimated by drying the siunples
105°C for 24h in a hot-air oven. The pH was determined in a 1:5
(w:w) soil water suspension with an electric digital pH meter. For the
N, P, K, and orgnnic/(,' measurements, the samples were air-dried
and sieved (< 0.2 mm). Walkley anid Black’s rapid ritration method
was adapted for the determination o organic C (Allen 19 74). Total
N was estimated by a semi-micro Kjeldahl method as described by
Allen (1974). Exchangeable K was extracted in ammonium acetate
solution (pH 7) and measured by flame photometer (Systronics-121,
Ahmedabad, India). A molybdenum blue method, using Beay's ex
traction solution (111 g of ammohium uoride dissolved in t litre
HCl), was used 1o measure available PP (Allen 1974).

Microbiological analysis. Fungal populations in earthworm casts
and soil were estimated by Warcup's soil plate method, vsing rose
bengal agar medium (Martin 1950). A\ sample of 0015 g sonl was in-
oculated in sterilized Petry dishies, using a sterihized nichrome spatu

la. A few drops of sterilized distilled water were poured at the bot-
tom of the Petri dishes to disperse the soil aggregates uniformly,
Lhen approximately 15 ml molten and cooled (below 45°C) rose
bengal agar, supplemented with streptomycin sulphate, was poured
into the Petri dishes. The dishes (three replicates) were gently rotated
and mcubated at a temperature of 25 +1°C for 5 days.

A 10000 dilution was used to enumerate the bacterial colo-
ny forming units (Johnson and Curl 1972). tialf a milhilitre of the
suspension was inoculated onto sterilized Petri dishes containing
1S misoliditied nutrient agar medium, The dishes were then rotated
gently ina swirling motion to disperse the inoculum unitformly over
the surtace ot the medium. The inoculated dishes were incubated at
30t 1°C for 24 h,

Dehydrogenase activity (a measure of biomass or potential met-
abolic activity) was assayed by the 2-3-5-triphenyltetrazolium chlo-
ride reduction technique (Casida 1977). Five grams of fresh soil were
placed in a test-tube (15x1.5cm) and carefully mixed with 0.1g
CaCOy and I ml fresh 1% 2-3-5-triphenyltetrazolium chloride solu-
tion. The tubes were pluggad with a rubber stopper and incubated
at 30°C for 24h. The resulting slurry was transferred on Whatman
no. | filter paper and triphenyl formazan was extracted with succes-
sive aliquots of concentrated methanol. The volume of filtrate was
made up to 50 ml by adding methanol, The extinction of the pink
colour was read spectrophotometrically (Hitachi 220) at 485 nm, us-
ing methanol as a control (without soil).

Urease activity was assayed by the method of McGarity and My-
ers (1967). Ten-gram samples of soil were placed in 100-ml volumet-
ric asks and treated with 1 ml tolune. Thereafter, 10 ml buffer (pH
7)yand S ml of 10% urea solution were added. The Masks were shak-
en and incubated at 37°C for 3h. For the control, 10 ml urca so-
fution was replaced by 10 mi distilled water. After incubation the
volume of each flask was made up 10 100 ml by adding distilled
water. The tlasks were then thoroughly shaken and their wrf“?“l-‘
liltered through a Whatman no. § filter paper. The ammonid .rC'
leased as a result of the urease activities was measured by lhcl in-
dophenol blue method. Half a millilitre of filtrate was placed in @
25-mbvolumetric flask and § mib distilled warer was added. The mixs
ture was reated with 2 ml phenolate solution and .5 il sodinm hy-
pochlotite solution and the volume of the Thuk was made up 10
25 ml by adMng distilled water. The extinction of the blue colour
that developed as a result of the urcase activities was read spectro”
photometrically at 630 nin.

Acid phosphatase activity was eatimated by the meth
ed by Eabatabai and Bremner (1969). A 0 1 g sample of s
encin a sO-ml conical flask, and 4 ml moditicd universal butler

od suppest
ol wis 1ik-

(pH
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Fig. 2. Monthly variation in organic C, N, P, and K levels of earth-
worm casts and laterite soil samples. ®, cast; O, soil

6.5), 0.25 ml tolune and | ml of 0.115Af p-nitrophenyl phosphate
solution were added. The flask was swirled for a few seconds to mix
the contents and then placed in an incubator at 37°C for 1 h. After
the incubation the stopper was removed and { ml of 0.5 Af calcium
chloride and 4 ml of 0.5 M sodium hydroxide solution were added.
The soil suspension was then filtered through Whatman no. 12 filter
Paper, and the yellow colour of the acid phosphatase activity was
read spectrophotometrically at 420 nm. bFor the control samples,
tml p-nitrophenyl phosphate solution was added after the addition
of the calcium chloride and sodium hydroxide solutions (i.e., imine-
diately before filtration of the soil suspension). Values reported in
the table and ligures are all means of triplicate analyses. The data
were analysed statistically by adapting Student’s t-test procedures.

Results

No P K und orgunlcé(;' contents of the casts and soil
are ShOWr\ in Fig. 2. The concentrations of these nutri-
Ents were higher in the casts than in the laterite soil.
DU“ng July, maximum concentrations of all nutrfents
were recorded from both casts and soil, with a fall in
the nutrient content during the winter and a slight in-
Crease in the spring.

Fungal populations were higher in the casts than in
" the s50j) (Fig. 3). Generally, the trend of change in the
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Fig. 3. Monthly variation in fungal and bacterial population of
carthworm casts and laterite soil samples. Symbols as for Fig. 2

fungal populations of both casts and soil was similar
over all the sampling periods. There were two peaks in
fungal populations, one in spring (April) and another
in autumn (September). During the rainy summer pe-
riod (June) and during winter (December) fungal pop-
ulations dropped to a very low level. Bacterial popula-
tions followed a similar trend of monthly variation
(Fig. 3), except that only the winter values dropped.

Dechydrogenase activity (Fig. 4) was greater in
carthworm casts than in the soil. The maximum activi-
ty was recorded in July and the minimum activity in
December and January. The trend of temporal varia-
tion was generally similar in both casts and soil.
Urease activity peaked during May. A drop in activity
was recorded in june, followed by an increase in July.
Urcase activity was low during the winter, with a mini-
mum in January. After the winter, there was a slight
increase in urcase activity, Phosphatase activity was
also higher in the casts than in the soil, with a peak
in July. Lower values were recorded during the winter,
bHut the drop was not as significant as the fall in dehy-
drogenase and urcase activities (Fig. 4).

Discussion

[xarthworm casts may contain higher numbers of mi-
croorganisms than the surrounding soil (Dash ct al.
1979). In the present investigation, both bacterial
(7? = 0.05) and fungal populations were higher in the



-

> I
-

B 200"'/\/\
= e
(T8 V’K — o, —o »
< >

v ./
W =120k \‘\O\,\Q;O/o
< %3
ES
T Cn
a av
w oo
S =
£ s

IE

L — A " A A 1 it A It 1 1
s
5 5 /\/ s
= e
> 0
— w16
:’T

o Y
u¥ O

UREAS
{mg NH;
o
o
—

{0 }¢ CHRE EReES i A L A i 1 L i1 3¢ J

>

2~
o 2T F‘/‘\'/‘\
- e

‘;‘310> \
iy .
Fa

S len
2 H
QNO.S-—

-
S €
8
S8

DL Lot L i iC 1 1 1 L 1 L )
:géhels/ﬁ 1976 15/7 15/8 15/9 1510 15/11 15212 1571 15, ¢ 1573
SAMPLING DATES

Fig. 4. Monthly variation in dehydrogenase, urcase and acid phos-
phatase activities in earthworm casts and laterite soil samples. Sym-
bols as for Fig. 2

casts. The differences may be caused by environmental
changes within the earthworm’s digestive tract, due to
ingestion of food material, providing a rich substrate
for the growth of microorganisms. Dchydrogenase,
urcase, and phosphatase activities were also higher in
the casts than in the soil. Since the numbers of bacte-
rna and fungi increased after passing through the
earthworm gut, this may be responsible for the in-
crease in enzyme activities. The increcased microbial
activity is probably responsible for the increased dehy-
drogenase activity as a measure of total biomass (Ross
and Roberts 1970) and the increased urcase (Syers et
al. 1979) and acid phosphatase activities (Sharpley
and Syers 1976) in earthworm casts. The higher urease
activity in the casts can be attributed to higher levels
of organic matter (Syers et al. 1979), since urease is
-known to be bound with. organic matter (Beri et al.
1978). The higher phosphatase activity in the casts
'may be explained by a combination of increased earth-
-worm and enzymatic activity and increased biomass
#Sharpley and Syers 1976).
Higher values of organig C, N, P, and K were re-
scorded 11 the eanta than in the topanil sampies, Thia
nutrient enrichment of casts may be ascribed to the di-

gestion and mineralization of the organic matter,
which contains higher concentration of nutrients thap
the poor, laterite soil. The increase in N content of the
casts has been attributed to the intimate mixing of
plant remains and microbial excretions with minera|
soil in the earthworm digestive tract (Lunt and Jacob.-
son 1944). Earthworms may have a positive influence
on N,-lixing bacteria (Lee 1983) which may and (o ]2
the N content of the casts. The differences in available
P between the casts and the soil in the present study
was statistically significant (P = 0.05). Similarly, the
ditferences in organic C and exchangeable K were also
statistically  significant (P =0.001, P =0.05, re-
spectively). Higher values of N, P, K, and organic C
in the casts were also reported by Lal and Vieeshauwer
(19K2). In the present study the increases in the level
ol N, P, K, and organic C were ol a lower order than
those of carlier reports (Sharpley and Syers 1976;
Syers ¢t al. 1979; Krishnamoorthy and Vajranabhaiah
1986). It may be concluded that carthworms play a
specific role in the distribution of soil fungi and in the
enrichment of casts in N, P, K, and organic C, and in-
crease the mineralization rate by increasing the micro-
bial biomass and enzyme activities.
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