J. Mycopathol Res 56(1) : 21-27, 2018 (ISSN 0971-3719)
© Indian Mycological Society, Department of Botany,
University of Calcutta, Kolkata 700 019, India

Evaluation of ant nest microenvironment from Darjeeling Himalaya
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Ants, the potent ecosystem engineers are capable of managing its own ecosystems by influencing the
physico-chemical features of soil and thereby controlling soil microbial community. Ants collected foods,
food residues and excreta are the important sources of nutrients for those microorganisms in nest area.

Present studies on ant nest soil samples collected from south-west Darjeeling Himalaya area revealed that
microbial load of nest soil were remarkably higher in number compare to that of the surrounding area
imespective of ant genus. From twenty nests samples only three different ant genera, viz, Solenopsis,
Monomorium and Companotus have been identified as the members of family Formicidae. The nest soils
were of mostly neutral range pH, with high moisture content and appeared chemically rich in organic
carbon, nitrogenous compounds and available phasphorus. As Darjeeling Himalayan soil faces a constant
dermand for nutrients specially for nitrogen and phosphorus, ant-left nest soil can meet that following proper

agro-ecological management practices.

Key words: Ant-nest microbes, Darjeefing Himalayan soil, Himalayan ant

INTRODUCTION

Ants have versatile ecological habitats except the
extreme polar regions. These foraging soil insects
are well known for redistribution and recyding of
soil nutrients and are called ancient ecosystem
engineers (Wagner ef al. 1997). Colony of ant gen-
erally consists of series of underground chambers,
connected to each other and surface of earth by
small tunnels. They collect and store organic food
and release excreta with in specific sites of nest
which greatly influence physical, chemical and bio-
logical properiies of the nest soil ecosystem. Be-
sides ants, a number of other organisms like bac-
teria, fungi, actinomycetes, microarthopods, centi-
pedes and millipedes are found in ant nests
(Sleptzovaa and Reznikovab, 2006). However, the
nature of ant food source, the foraging sirategy and
the nestling behaviour may play role in determining
the microbial community structure associated with
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nests (Boots et al. 2012). Thus, ant nest could be
claimed as a rich microhabitat and biogeochemi-
cal hotspots with unique assemblage involving ants
and microbes (Clay et al. 2013). High moisture
content and concentrated oxidizable organic mat-
ter as nutrients favors growth of fungi referred as
‘fungal garden’, the food for ant larvae and most
of the ants farm fungal cultivars are monocultures
(Scott ef al. 2010). Presence of actinobacteria,
capable of antibiotic synthesis, probably to protect
those farm fungi has also been reported (Haeder
et .al,. 2009). The amount of soil porosity in ant-hill
sol_l is significantly higher ompare to the nearby
soil which facilitates abundant growth of
saprophytic fungi and aerobic bacteria (Kotova ef
a{._2_013) and nitrogen-fixing and phosphate solu-
bilizing microbes (Echezona et al. 2012) and other

decomposer organisms on the ant refuse d
um
(Fernandez et al. 2014). 2

There are many examples from the literatu
re on
studies of the distribution, diversity and role of ant

nest microbes. To our knowledge no previous stud
has addressed such ant-associated organisms fmn):
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Himalayan and sub-Himalayan grass land or ter-
rain ecosystems. Darjeeling, a part of the Eastem
Himalayan zone with semi-evergreen, temperate
forests. Soil is mild to highly acidic, rocky or sandy
with low moisture content. Out of 828 species of
ants (Formicidae) found in India and the highest
variation (382 species representing 65 genera) has
been recorded from the state West Bengal (Bharti,
2016). But the myrmecofauna of Darjeeling

Himalaya and their nest specific microbiome as well
are still unexplored.

In this study, attempts have been made to answer
thfe questions (1) What kind of ants are present in
Fhls site of interest? (2) Do the nest soil differ from
its surroundings? (3) Is this soil useful for local
agriculture in Darjeeling Himalaya?

MATERIALS AND METHODS
Study site and ants

This study was undertaken in the south west part
of Darjeeling Himalaya (India, 27°13" to 26°27° N
latitude and 87°59" - 88°53" E longitude) at eleva-
tion ranging 1250-1440 m and in total area ap-
proximately 100 km X 100 km ( Fig.3). Nests were
not abundant and mostly confined in three main
sites viz, Soureni, Nagri and Dhajea non-tea gar-
den grassland locality with the dominance of ant
family Formicidae, Componatus compressus un-
der sub family Formicinae, Solenopsis sp.and
Monomorium sp. under subfamily Myrmicinae. Al-
together twenty densely populated active nest soil
samples from their centre and twenty correspond-
ing non nest samples considered as control (1.5
m apart from the tentative centre of nest) were
collected during the period of spring to pre-mon-
soon i.e. March to June, 2016 (availability of nests
during monsoon to winter was found extremely
rare). Samples, 1cm beneath the surface, were
collected in autoclaved bottles using ethanol ster-
ilized borer and stored at 4°C in the field. In labo-
ratory samples were sieved to collect ants and soil
part was immediately air dried for further physico-
chemical measurements. For microbiological
study, fresh soils were used within 48h.

Physico-chemical measurements of soil
Soil moisture content was determined gravimetri-

cally and pH was measured in soil: water mixture
(1g in 10 ml). The texture of soil sample was de-
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termined on the basis of particle size an.alysis_ fol-
lowing the standard method of mgchamcal_ Sieve
shaking. Total organic carbon of soil was estimated
following acid digestion method of ch)lklevy and
Black (1934) using concentrated sulphunc acid. For
estimation of total nitrogen the Kjeldahl method
(Keeney and Nelson, 1982) and for phqsphate
(NaHCO, extractable P) method as described by
Olsen and Sommers (1982) were followed.

Free amino acids in soil sample (sieved and air
dried) were extracted with deionized H,O at a
soil:solution ratio of 1:5 (w:v). From this solqtnon 5
and 15 il per spot were applied on the activated
silica gel TLC plate. Plates were developed by bu-
tanol, glacial acetic acid and water, 12:3:5. After
drying the visualization of spots was done using
ninhydrin solution, 0.2% in n-butanol, w/v. Rf value
for each spot was determined and compared with
those of authentic samples (Hi media) and the ref-
erence values accordingly.

Soil microorganisms

Nest and non nest control (both in triplicate) soil
samples were collected in sterile container for mi-
crobial analyses and were held for 48h maximum
in a refrigerator at 4°C. Total number of viable mi-
croorganism (CFU) in soil and types (bacteria,
actinobacteria and fungi) were determined on the
basis of their growth and colony morphology on
nutrient agar medium. Probable availability and
number of amylase and cellulose, exoenzymes
synthesizing organisms from the same sets of soil
sample were determined using starch agar me-
dium (Hi media) and using Gram's iodine solution
and CMC agar medium (Hi Media) and 0.1% Congo
!‘ed respectively. Nitrogen-free agar was used to
isolate the microorganisms having tentative ability
of nitrogen fixation. Microbial growth on Pikovskaya
agar (Hi media) medium with clear halo zone de-
termined the solubilization of tricalcium phosphate
by them (Pal Saha et al. 2014). In each case of
microbe’s isolation serial dilution followed by spread
plate technique and incubation for 72h at 30eC -
37°C (as per requirements) was done.

Data management and analysis

Experiments were conducted in triplicate for the

values of soil parameters. The three experimenta|
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values were averaged o generate the data points
for final analysis. We used t-test to compare pH
level, percentage of moisture, total organic car-
bon, available nitrogen, available phosphorus, and
average number of microbes between nest soil and
non-nest soil samples for three different sites and
combined samples. The Pearson's Correlation
coefficient was used to measure the correlation
between these parameters. All data management

and analysis was done using Microsoft Excel and
SAS 9.2.

RESULTS AND DISCUSSION

Soil physico-chemical and microbial param-
eters: nest soil vs. non nest control soil

In this study we compared physico-chemical (Table
1a) and microbiological (Table 1b) parameters of
nest soils of three available ants genera, with those
of respective non-nest control soils, collected from
south-west Darjeeling during the period of spring
to pre-monsoon, 2016. All of the nest soils were of
almost neutral pH range, with high moisture con-
tent (>20%) compare to typical Himalayan acidic
dry soil. In contrast to recorded pH of Himalayan
soil (4.8-5.4), characteristic shifting of nest soil pH
towards neutral range (6.2—7.2) might be ex-
plained by the presence of ant-derived substances
(Frouz and Jilkova, 2008), food residues and cat-
ion contents, specially on nest margin (Jilkova et
al. 2011; Farji-Brener and Werenkraut, 2017).
However, earlier findings of Frouz et al. (2003)
established that ants’ activity increased in pH in
acidic soil and decreased in pH in basic soils. It
was also found that the texture of nest soils was
mostly loamy compare to sandy to loamy sand
quality of non-nest areas as recorded following the
data analyses of soil particle size measurement
(data not shown). The relation between soil qual-
ity and moisture content had been noticed from
each site which proved the greater infiltration ca-
pacity of nest soil (Wang et al. 2017). It was clear
that regardless of the ant species, the deviation in
nest soil texture was the result of forging activity of
insects.

The rocky soil of Darjeeling Himalaya is mostly poor
in lime, magnesium, phosphorus and nitrogen (Ray
and Mukhopadhyay, 2012) like those of our ex-
perimental control soils. Nest soils appeared ex-
traordinarily chemically rich in available organic
carbon (41-108 times, p<0.0001), nitrogen (14-38
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times, p<0.0001) and phosphorus (about 10 times,
p<0.0001) compare to non-nest s0il samples
(Table 1b). The experimental data revealed that
the average higher contents of organic. carbon,
nitrogen and phosphorus in nest microenwroqmen'
were independent of ant genus. Accumulation of
organic matter in nest might be due to ant’s food
residue, carbon mineralization and input of :_ani
secreted substances (Dauber ef al. 2001) which
depend on season and age of the nest (Wagner
et al. 2004). The enhanced contents of nnrqgen
and phosphorus could also be the action of unique
microbial assemblage which were rare or absent
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Fig.1: Total number of colony forming unit (CFU) per gram of soil
of twenty different nest soil and non-nest soil samples was
determined. Soil sample was diluted upto 10° fold followed
by plating on nutrient agar medium and was incubated for

48h at 32°C )

in respective non-nest soil. These findings corrobo-
rate with earlier researches (Boots et al. 2012).

The qualitative assay for free amino acids follow-
ing thin layer chromatographic method showed
positive for each of twenty nest soil samples in
contrary of non-nest control soils where no as such
free amino acids were found (Table 2). However,
the type of amino acids in nest soil varied greatly.
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Fig.2: Total number of culturable bacteria, fungi and actinomycetes
of nest soil and non-nest soil sample were determined. Re-
sults obtained on the basis of colony morphology and gf‘m
characteristics on nutrient agar plate and microscopic ob-
servation of individual colony grown on nutrient agar pl;:.

The Solenopsis sp. ant nest Soils

A mostly contai
arginine followed by aspartic a Y contained

cid, cysteine and
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Table 1b: Comparson of soil quality collected from of nest and non-nest area

P value
Ske Variables Number Nest soil Number Non Nest :i:'::‘ame
of (Mean) of Sample (Mean)
Sample
<0.0001
i 4 -0 4 Lo ! '5;9 <0.0001
Moisture % 7 237 7 10.99 11. s
Total organic carbon %" 7 335 7 0.08 326 o
Available nitrogen % * 7 0.04 1.49 :
7 153 0.0008
s Available phesphorus % * 7 081 7 0.08 072
A Average, No. of Microbes X 10% 168.90 ; 50.18 118.70 0.0098
gm of soil 2
503 1.90 <0.0001
PH 7 6.93 7 . "
Moisture % 7 2124 7 7.97 1327 <0'm1
Total organic Carbon %" 7 3.47 7 0.04 3‘:; » c;oos
Available nitrogen % * 7 155 7 0.07 1. <'0 -
= Available phosphorus % * 7 0.90 7 0.08 0.82 .
i Average, No. of Microbes X 10% 84.04 2 1728 66.75 0.0363
gm of soil
0001
PH 6 6.93 6 485 2.08 s
Moisture % 6 2531 6 8.22 17.10 <0.0001
Total organic Carbon %* 6 433 6 0.04 429 0.0008
Available nitrogen % * 6 0.88 6 0.06 0.82 <0.0001
z Available phosphorus %* 6 0.90 6 0.09 0.81 <0.0001
3 Average , No. of Microbes X 10% 6 61.10 6 11.42 4968 0.0955
o gm of soil
PH 20 6.78 20 495 1.83 <0.0001
Moisture % 20 2286 20 9.10 1376 <0.0001
Total organic Carbon %* 20 3.69 20 0.05 3.63 <0.0001
Available nitrogen %° 20 1.34 20 0.06 129 <0.0001
Available phosphorus %* 20 0.87 20 0.08 0.78 <0.0001
w :
3 Average No. of Microbes X 20 106.90 20 27.04 79.81 <0.0001

10% gm of soil

*Total organic carbon was estimated following acid digest
phosphate the nesslerization and ascorbic acid method were

thod of Walkley and Black (1934) *For estimation of total nitrogen and
followed respectively as described by Jackson A. in ‘Standard method for

ination of water and waste water’ by American Public Health Association, APHA (18™ ed., 1992). Average number of soil microbes
(cm)mlohwiuhspmadphtanmdonmmemagarandgmwnhatsz"c

blage of fungi-bacteria-actinobacteria where the soil
pH ranges between 6.2-6.5, suitable for fungal
growth and some unique bacteria and
actinobacteria too as similar to other report
(Sharma and Sumbali, 2013).

Biochemical characteristics of nest microor-
ganisms

The individual isolate was tested for the synthesis
of extracellular amylase, cellulase and nitrogenase
and for solubilization of tricalcium phosphate fol-
lowing 48h solid plate cultures on starch agar me-
dium, CMC agar medium, nitrogen-free Stockdale

agar medium and Pikovskaya agar medium, re-
spectively. About 10-100% total organisms from
individual site appeared as either amylase or cel-
lulase synthesizing organisms (Table 3) that means
pre-monsoon nest soil microbiota resulted in very
good decomposing activity, which contributed a
considerable amount of easily available organic
carbon to the soil and thereby to flourish microbial
community. However, only eleven soil samples
showed the presence of 3-14.66% free living ni-
trogen fqdng bacteria compare to a large number
of organisms secreting other three enzymes. 10-
25% of the total isolated bacterial strains showed.
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Table 2: Free Amino acids available from different nest soil samples
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Soil Sample
Acidic

Iu lys met phe ser thr

Amino Acid *
Basic Neutral

Dhajea Sample
1.Solenopsis
2.Solenopsis

3.Solenopsis

4. Monomorium _ -

S.Camponotus
6.Monomorium -
7.Camponotus
Nagari Sample
8.Camponotus
9_Solenopsis -
10.Camponotus
11. Monomorium
12.Monomorium
13.Solenopsis
14.Solenopsis
Soureni Sample
15. Monomorium
16.Monomorium
17 .Solenopsis
18_Solenopsis
19. Solenopsis
20.Camponotus

Ant genus arg asp cys g

trp
Lt

[Jabsence of amino acid; JJ]] presence of amino acid;

*arg-arginine; asp-aspartic acid; cys-cysteine; glu-glutamic acid; lys-lysine; met-methionine; phe-phenylalanine; ser-serine; thr-threo-

nine; trp-tryptophan

TLC of amino acids was performed on silica gel plate using solvent mixture -butanol, glacial acetic acid and water (12:355)

positive results for all four enzyme synthesis tests.

Interestingly, every nest horboured bacterial,
actinobacterial or fungal strain, mostly a single type
of microbial strain, which was efficient in mineral-
ization of phosphate, contributing 33-100 % of to-
tal microfiora for that site. Out of twenty, eleven
nest soil samples facilitated the growth of free-liv-
ing nitrogen fixing organisms up to the 15% of to-
tal isolates from that site. Limitation of the organ-
isms under this category might be due to the pres-
ence of sufficient nitrogenous food residue or ant
excreta. Wagner et al. (2004) showed the dispro-
portionate distribution of N-space within nest site
which depended on food habit of ants as well as
excreta location in nest. Data derived from Table
3 did not reveal any correlation between the differ-
ent types of microflora (bacteria, actinobacteria and
fungi) isolated from nest of the specific ant and
their tested biochemical features.

The reports on the activity of diazotrophs in fungal
garden of leaf-cutter ants (Pinto-Tomas et al. 2009)
or assemblage of fungi-bacteria-actinobacteria
(Sharma and Sumbali, 2013) to increase the avail-
ability of free amino acids, total nitrogen and phos-
phorus approved the results using our ant nest
microbial isolates. However, we agree the hypoth-
esis of deposition of feed and excreta to increase
in these nutrients (Vele et al. 201 0).

Results of this study indicate that the ant-nest mi-
croenvironment is the naturally available nutrients
rich bag. Indigenous ant-left-nest soil can be opted
as it is better suited of plant growth in hill soil like
that of Darjeeling. Furthermore, the enhanced
bioavailability of nutrients could make the nest soil
more approachable for hill agricultural use.

ACKNOWLEDGEMENT

Authors are grateful to the Officer-in Charge,

Scanned with CamScanner

.%f).




56(1) April, 2018]

Table 3= Number of organisms (%) isolated from twenty different
nest soll samples showing abllity to synthesize extra-
cellular amylase, cellulase phosphatase and nitrogenase

% nest organisms syntheslzing enzymes*

ml Amylase Cellulase Phosphatase Nitrogenase
1 S8.3:+6S5 5056 75136 14431

2 68.12t85 4545:35 590014 ND

3 753255 375+35 625246 ND

4 68152 49152 80+7.0 75205
5 32+3.9 28125 60186 3+0.4

6 61171 5512.8 85250 146611.5
7 7827.2 70+6.5 75255 55106
8 745:66 72¢6.8 82.7¢8.5 ND

8 445:48 405¢25 7665 ND

10 32¢6.5 25¢1.5 33.3316.6 ND

1" 10£22 1815.5 90+9.8 7.5t0.5
12 25:1.6 10£1.2 8016.8 3.5¢0.5
13 50:5.0 3535 60+7.7 48404
14 60+6.3 5016.8 50+8.5 ND

15 50+46 50+7.5 1000 ND

16 33225 3015.2 100£0 10.5+1.2
17 45:46 45:7.4 77.77135 6+0.4
18 1000 1000 100£0 55+0.4
19 1000 80:5.5 8815.5 ND

20 50:6.5 46+4.0 66.6615.8 ND

“Results on the basis of microbial growth (positivelnegative) on
respective media, Starch agar, CMC agar, Pikovskaya agar and
Nz-free Stockdale agar media. ND- Not detected
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