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Abstract

Spores and infective propagules of vesicular-arbuscular (VA) mycorthiza were examined in earthworm casts and field
soils collected from three different soil management treatments (zero tillage with straw amendment, deep tillage without
amendment (bare), and zero tillage with previous perennial cropping of Stylosanthes hamata) on an Alfisol in the semi-arid
tropics (SAT) of India. The average mean of spore counts and most probable number (MPN) of infective propaghles of VA
mycorrhiza (VAM) were significantly (P < 0.05) higher in earthworm casts than in field soil across the-three soil
management treatments, There was no significant difference in the number of VAM spores or propagules amoni field soils
from the three different soil management treatments, but the number of VAM spores and propagules in the eartiiworm casts
from the deep tillage bare treatment was significantly higher (P < 0.05) than in the earthworm casts from th other two
treatments. In the deep tillage bare treatment, the number of spores and MPN of infective propagules were significantly
(P < 0.05) higher in carthworm casts than in field soil. Therefore, it may be concluded that can VA
mycorrhizal spores and propagules in their casts.

Keywords: casts; Soil VAM les; Vesicular-arbuscul
1. Introduction plant roots and VA mycorrhiza (VAM) is widely
known to be important to the nutrient acquisition of
Vesicular-arbuscular (VA) mycorrhizal fungi oc-  host plants (Barea, 1991). Owing to the hypogeous

cur in nearly all soils. The symbiosis between host nature of VA mycorrhiza and because it is symbiotic,
VA mycorrhiza requires mobile vectors or living

roots for its translocation and dispersal. A wide

- range of vertebrates and invertebrates have been

* Submitied as ICRISAT Journal asticle No. 1820, suggested as potential vectors of VA mycorrhiza

2"; gmm‘*u suthor. Tol. +91-40996161, Fux. +91-40-  (Mcliyeen and Cole, 1976; Harinikumar and Bag-

1 Breseat address: Envi ! Biology L  Kakat ymj. 1994), nnq earthworms are considered to be
Univaﬂty,-‘vuymu:nylp:rru\:lumw 53’ 009, Andhra mz.‘ important in its dispersal (Rabatin and Stinner, 1986).
Indin, . Earthworms can transport a large amount of soil
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through their feeding activity (Lavelle et al., 1983),
and fore can disseminate both beneficial and
detrimental soil microorganisms in the upper part of
the soil profile or to the surface of the soil. The soil
passed through the gut of earthworms is different
from the field soil in its qualitative and quantitative
composition of microorganisms (Doube et al., 1994).

treatment showed the largest number of casts among
annual crop treatments, while the previous cropping
of S. hamata treatment showed the largest number of
casts and the deep tillage bare treatment produced
medium numbers of casts among all the treatments
(Reddy et al., 1995).

As the earthworm biomass was highest in August

It has recently been d d that
VA 1| in their casts
(Reddell and Spun, 1991 Gmge, 1993). This is
for an agricull Y because
ms and VA my can jointly con-
lnbutc o enhunced soil fertility and crop nutrition.

P such as soil
can greally influence the population size and activity
of both VA mycorrhiza and earthworms. The present
study aims to demonstrate that earthworms concen-
trate the spores and propagules of VA mycorrhizal
fungi in their casts, and to quantify the spores and
viable propagules in earthworm casts and in non-in-
pested soils as i by the soil
treatments on a semi-arid tropical Alfisol in India.

2. Materials and methods

The experimental sitt was an Alfisol at the
ICRISAT Asia Center, Patancheru, Andhra Pradesh,
India. The details of the site have been reported by
Smith et al. (1992). The experiment had 15 soil

with three replications. This
|ncluded nine annually cropped treatments compar-
ing tillages (zero, 10 cm and 20 cm) and mulches (no
mulch, farm yard manure and rice straw), and six
perennials: pigeonpea (Cajanus cajan) (P), Cenchrus
ciliaris (C), Stylosanthes hamata (S), and mixtures
of these species, i.e. PS, PCS and CS. In 1993,
sofghum(Sorghum bicolor (L ) Moench) was planted
in all the toi

and Sep during 1989-1992 (Reddy et al.,
1995), earthworm casts and field soil samples were
collected on 16 August 1993. Field soil samples
were randomly collected from six spots 10 cm deep
in each replication of each treatment, and mixed
thoroughly by shaking in a plastic bag. Earthworm
casts were also randomly collected from six spots in
each replication of each treatment, and mixed in a
plastic bag.

Soils and casts (200 g per replicate) were used to
extract the VAM spores by a wet-sieving method
(Gerdemann and Nicolson, 1963). The most probable
number (MPN) of infective propagules was esti-
mated as described by Porter (1979). A 10-fold
dilution series was first made by mixing 10 g soil or
casts for each replicate of treatment with 90 g diluent
sterilized sand. The second dilution was made by
mixing 10 g of the mixture of soil or cast and sand
from the first dilution with 90 g diluent sterilized
sand. This dilution was done to 10~ with five
replicates. Then 10 g of 1073, 107* and 10~%
dilution soils were placed in a plastic pot containing
350 g sterilized sand. Three sorghum seeds were
sown in one pot, and the seedlings were thinned to
one a week later. The plants were harvested after 6
weeks under glasshouse conditions, where they were
maintained by periodically supplying nutrient solu-
tion devoid of phosphorus. The sorghum roots were
washed free of soil, autoclaved in 10% KOH, and
stained in trypan blue-locto-glycerol. Infection was
observed under 40 X magnification, and the MPN

eﬁ'ects Three so:l manaj emenl v.reutm:nls (three

was d as described by Alexander (1982).
The avernge spore and propagule numbers were
- " treatment. The standard error of
means under different groups of
nained from GENSTAT analysis
The least significant differences
rted using these standard error of
as given in Cochran and Cox
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3. Results and discussion

The densny of VA myooﬂhm spores and the

MPN of infective VA les in
carthworm casts and in ﬁeld soils are sl\awn in Table
1. Two species of endogei hworm, Ochoch 0.05) numb

number of spores in earthworm casts and field soil
from deep tillage bare treatments was significantly
(P £0.05) higher than that from other soil manage-
ment treatments. The earthworm casts from the deep
tillage bare treatment had significantly higher (P <

ona phillotri (Michaelsen) and Lampito mauritii
(Kinberg), were recorded at the experimental site,
the former being dominant. The abundance of earth-
worms per square metre was 6, 59 and 40 for deep
tillage bare, zero tillage with added straw and previ-
ous cropping of S. hamata, respectively (Reddy et
al,, 1995). The casts of both types of earthworm
were small rounded pellets and were morphologi-
cally indistinguishable. The grand mean of the spore
number in the casts across the three soil management
treatments was significantly higher (P < 0.05) than
that in the field soils. This indicates that, overall,
earthworm casts contain significantly higher densi-
ties of spores than field soils. The average mean

Table |

of spores than those from the other
two treatments. However, no significant difference in
the spore numbers was found among the three field
soils from different soil management treatments. The
extent to which earthworms increase the number of
spores was greater in deep tillage bare treatments
(2.4-fold) than in zero tillage with straw treatments
(1.6-fold), but there was no increase in previous
cropping of S. hamata.

The MPN values are much higher than those
reported from locations in other parts of the world
(Table 1) (e.g. An et al., 1990). However, the values
are comparable to those reported from another Indian
soil (Harinikumar and Bagyaraj, 1988). As with the
density of spores, overall, the density of propagules

VA mycorrhiza spores and MPN of infective VA mycorrhiza propagules from earthworm casts and field soil

Soil management

No. of spores (g~ dry soil)

Casts Soil Mean
Decp tillage bare 63 26 45
Zero tillage with added straw 23 14 19
Previous S. hamata (zero tillage) 21 19 20
Mean 36 20
Lsp(n* 98
LsD(2)* 174
LSD(3) ¢ 25.6
LSD(#¢ 25

MPN of propagules (™' dry soil X 10?)

Deep tillage bare 102.0 233 62.7
Zero tillage with added straw . 240 17 179
Previous S, hamara (zero tillage) 167 31 99
Mean 416 127
Lsp(n* 2079
Lso(@* 3433
LsD(3) ¢ 40.50
LSD(9)* 48.34

* To compare grand means of casts and soil at P = 0.05.

* To compare means of a pair within a s0il management at P = 0.05,

¢ To compare mcans of soil

* To compare mean values of any pair from the casts and /or the field soils at P =005,



130 K.K. Lee e1 al. / Applied Soil Ecology 3 (1996) 177-181

across three soil management treatments was higher
in earthworm casts than in field soil. The average
mean number of propagules in earthworm casts and
field soil from the deep tillage bare treatments was
sagmﬁcmﬂy (P 50.,05) higher than that from other
The ecarth casts
fmm the deep tillage bare treatments had signifi-
cantly higher (P < 0.05) numbers of propagules than
those from the other two treatments. However, no
significant difference in the propagule numbers was
found among the three field soils from different soil
Within a soil
treatment, deep tillage bare treatments showed a
significant difference (P <0.05) in the density of
propagules between earthworm casts and field soil,
with a 4.4-fold increase when earthworms are pre-
sent. The earthworm casts from the deep tillage bare
treatments contained the highest density of propag-
ules, and the lowest densities of propagules were
found in the field soil of previous cropping of S.
hamata.

VA mycorrhiza infection of sorghum was exam-
ined in eight selected treatments in an earlier study
using the same experimental plots (Lee et al., 1995).
The infection was highest with sorghum roots in
deep lillnge bare treatments, and lowest with previ-
ous cropping of S. hamata and previous
cropping of Cenchrus ciliaris treatments, both of
which received zero tillage treatment. It may be
assumed from the present study and the earlier one
that earthworms feeding on decaying roots high in
mycorrhiza infection produce casts ining high

tain considerably higher numbers of VA mycorrhizal
spores and propagules than undigested field soil
(Reddell and Spain, 1991; Gange, 1993). The enrich-
ment of spores and propagules in earthworm casts is
thought to be due to the earthworms' selective feed-
ing activity in the rhizosphere and/or in soil with a
high organic matter content such as decaying roots
where VA mycorrhiza are more abundant (Lee,
1985). It should be noted that the present study only
showed the density of VA mycorrhizal spores and
propagules in earthworm casts and field soil that
were sampled once only. In order to assess the
impact of this increase of VA mycorrhizal spores
and propagules on soil fertility, further study is
required on the population of earthworms, the quan-
tification of earthworms’ casting activity, and an
assessment of the density of VA mycorrhiza in worm
casts over longer periods.
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