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Adenosine 5' -triphosphate (ATP) is considered to be a 
useful indicator of life in soil and the adenylate energy 
charge (AEC) indicates the energetic status of soil mi­
croorganisms. A TP concentration and AEC levels have 
been extensively studied in a diverse group of soils. 
However, little knowledge is available on the levels of 
ATP and AEC in soils of mangroves. We report here 
the levels of adenylates ATP, adenosine di-phosphate 
(ADP) and adenosine monophosphate (AMP» and 
AEC in soils of undisturbed mangroves of South-, 
Middle-, North- and Little-Andamans. Relevant soil 
physico-chemical and microbial parameters and their 
relationship to ATP and AEC were also examined. 
A veraged across various mangrove sites, total N level 
was 1.44 ± 0.13 g kg-I, organic C 15.6 ± 1.5 g kg-I, mi­
crobial biomass C 410 ± 35 )lg kg-I, microbial biomass 
N 34 ± 2 )lg kg-l and qC02 41.1 ± 4.4 mg CO2 (g bio­
mass crl d-l. Among the adenylates, ATP ranged 
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from 2.32 to 3.22 nmol g-l (mean 2.87 ± 0.29), AMP from 
0.21 to 0.29 nmol g-l (mean 0.25 ± 0.03) and ADP from 
0.41 to 0.48 nmol g-l (mean 0.44 ± 0.03). Across sites, 
the average microbial biomass C/organic C ratio was 
2.6 ± 0.2% and microbial biomass C/N ratio at the 
mangrove sites was wider and ranged from 11.2 to 
14.5 with a mean of 12.0 ± 0.9. The ATP/microbial 
biomass C ratio ranged from 6.0 to 8.2 )lmol g-l with a 
mean of 7.0 ± 0.6 )lmol g-I, markedly lower than the 
worldwide average of 10-12 )lmol g-l reported in a 
wide range of soils. Lower ATP/microbial biomass C 
ratio in our mangrove soils is most likely due to a 
changed microbial community structure indicating a 
decomposition pathway dominated by fungi and mi­
croorganisms with large microbial biomass C/N ratio. 
The AEC levels were consistently >8.0 (mean 0.87) at 
all the sites, suggesting that the majority of microorgan­
isms in these mangrove soils are probably dormant. 

Keywords: Adenylates, ATP, ATP/microbial biomass 
C ratio, adenylate energy charge, mangrove forests. 

ADENOSINE 5' -triphosphate (ATP) occurs in all living 
cells1, but exocellular ATP has a half-life of less than 1 h. 
The ATP content is, therefore, considered a useful indicator 
of life in soi12. Besides, there is substantial evidence to 
suggest that the soil microbial biomass maintains an ATP 
concentration typical of microorganisms undergoing ex­
ponential growth in vitro3

,4. However, the soil microbial 
populations are supposed to be predominant in a dormant 
state with low metabolic activity and low turnover rates5

. 

It was proposed that the energetic status of soil microor­
ganisms can be evaluated by determining the adenylate 
energy charge (AECl In cultures of microorganisms in 
vitro, AEC values > 0.8 indicate actively growing cells, 
values from 0.5 to 0.7 represent dormant cells that are in­
capable of biosynthesis, and values < 0.4 occur only in 
dead or dying cells7. Pioneering work on adenylates (ATP, 
adenosine di-(ADP) and monophosphates (AMP» and 
AEC in soils was done by Jenkinson and co-workers8,9, as 
well as Brookes and co-workers6

,1O. Subsequently, Contin 
et al. 2 combined appropriate published data on ATP avail­
able up to 1996 and some of their own results in addition to 
Jenkinson's data9 to reexamine the literature on A TP and 
microbial biomass relationships in a wide group of soils 
from the northern hemisphere, southern hemisphere and 
Japanese paddy-dryland crop rotation. Notably, this in­
cluded soils under different management regimes encom­
passing arable, grassland and woodland soils. More recently, 
the literature base of A TP and biomass relationship was made 
larger and diverse by Joergensen and co_workers4,11-13 
through their excellent work on a wide group of soils of 
temperate and tropical ecosystems. Various other published 
data on adenylates in soils also exist14- 17. 

However, information on adenylates especially ATP 
and AEC in soils under the mangroves is limited. Man­
groves are one of the most unique and endangered eco-
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systems of the biosphere covering 60-70% of the tropical 
coasts, especially in India, Thailand, the Philippines, Mala­
ysia, Indonesia, Bangladesh and Papua New Guinea. In 
India, mangroves occur mostly in the west coast (Kerala, 
Karnataka, Goa, Maharashtra, Gujarat, coral atolls of 
Lakshadweep islands), and east coast (Tamil Nadu, An­
dhra Pradesh, Orissa, West Bengal, and the Andaman and 
Nicobar Islands). Among these, mangroves of the Anda­
mans are considered to be the most luxuriant18, covering 
about 77,769 ha 18. 

For the study, four undisturbed mangroves sites were 
selected from each district of the Andamans (10°30'-
13°42'N lat. and 92°l4'-94°l6'E long.) and 20 random 
cores (0-15 cm, 7 cm 0) were taken from each site. The 
soils were then sieved « 2 mm), and analysed for their 
moisture content. Sub-samples for the determination of 
organic carbon and total N were sieved to pass through a 
0.5 mm mesh. Soil pH was determined in a 1: 2.5 soil: 
water suspension, organic C by the Walkley Black 
method 19, total N by the Kjeldahl method20, clay content 
by the pipette method21 and cation exchange capacity 
(CEC) by the method of Gillman22 . The microbial bio­
mass C and N were estimated by fumigation-extraction 23 

using a factor of 0.45 (ref. 24) and 0.54 (ref. 25) respec­
tively. The adenylates (ATP, AMP and ADP) were esti­
mated by the procedure of Dyckmans and Raubuch26 . 
Dimethylsulphoxide (DMSO), Na3P04-buffer (10 mM), 
EDT A (20 mM) and a nucleotide-releasing buffer (ben­
zalkonium chloride containing 2 mM Mg-EDTA, 10 mM 
ammonium acetate and 20 mM THAM, pH 7.75 with ace­
tate)ll were used as extractants. The energy status of soil 
microorganisms was evaluated by determining AEC, 
which is defined as: AEC = (ATP + 0.5 x ADP/(ATP + 
ADP + AMP)27. The metabolic quotient (qC02) was de­
termined by measuring basal respiration (C02 evolution) 
in moist soil samples adjusted to 55% of its water-holding 
capacity. Briefly, the samples were pre-incubated for 3 
days at 20°C in the dark followed by measuring CO2 pro­
duction for another 3 days by trapping CO2 in 0.05 M 
NaOH. CO2 production was then measured by titration of 
the excess NaOH with 0.05 M HCI. The metabolic quo­
tient was calculated using the formula: ()lgCOrC evolved 
in 3 days g-l soil)/()lg biomass C g-l soil)/3 days x 
1000 = mg CO2-C g-l biomass C per day12. All values re­
ported are means of 20 determinations expressed in an 
oven-dry basis (24 h at 105°C). 

The results (Table 1) revealed that soil pH varied in a 
narrow range of 5.20-6.05, clay between 19 and 27%, 
CEC between 212 and 268 )lmol g-l, total N between 
1.31 and 1.83 g kg-1 and organic C between 13.9 and 
19.8 g kg-I. Among the microbial characteristics, micro­
bial biomass C varied from 366 to 478 )lgc g-l (mean 
410 ± 35) and microbial biomass Clorganic C ratio from 
2.3 to 3.1% (mean 2.6 ± 0.2; Table 2). The biomass C 
constitutes up to 5% of total organic C28 . However, ratios 
varying from 0.27 to 7.0% have been reported from soils 
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