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ABSTRACT

Biocompost has been identified as an alternative to chemical fertilizers that increased soil microbial population
and soil enzyme activities in sustainable farming. The objective of this field study was to evaluate the effect of three
halophytic composts in combination with farmyard manure and phosphate solubilising bacteria (Bacillus megateri-
um) on soil microflora and enzyme activities. The results show that among nine treatments given, the application of
Suaeda compost in combination with farmyard manure and phosphate solubilising bacteria (T,) significantly incre-
ased the soil microflora such as bacteria, fungi and actinomycetes and soil enzyme activities such as dehydrogena-
ses, alkaline phosphatase, cellulase and urease in soil cultivated with Arachis hypogaea.
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In many countries throughout the world, agricul-
tural soils are being degraded at an alarming rate
by wind and water erosion, salinization, nutrient
depletion and desertification as a consequence
of improper and inappropriate farming practices.
The impact of organic management systems on soil
microbiological diversity, activity, and their impli-
cation for soil fertility was reviewed by Shannon
et al. (2002). According to Nelidov et al. (1988)
organic manures stimulated soil microorganisms
and thereby increased its productivity. It is be-
lieved that most soil enzymes originate from soil
bacteria, fungi and plant roots. Soil enzymes are
mediating biochemical transformations involving
organic residue decomposition and nutrient cycling
in soil (McLatchey and Reddy 1998).

Oil seeds constitute the main agriculture sector
in India, which leads to “yellow revolution”. India
accounts for 9.6% of the world’s total output of
oilseeds, with more than 25 million hectares of
land under oilseeds. Despite such considerable
area and production of groundnut in the coun-
try, the average yield of groundnut is rather poor

— only about 900 kg/ha as against 1416 kg/ha of
the Asian average and 1275 kg/ha of the world
average (Hedge 2005).

Cuevas (1997) recorded the nutrient values of
mangroves and observed that nutrient contents in
halophytes were higher when compared to green
manures (glycophytes). However, halophytes ac-
cumulate NaCl in their tissues. The present work
is based on the concept that when halophytes are
subjected to composting, it is possible that NaCl
content present in the tissues degrades during
decomposition. Na* in NaCl may chelate with the
organic acids produced during decomposition and
release Cl-, resulting thus in the concentration of
NaCl. Decomposition nullifies the presence of NaCl
content in plant tissues. Watson (2003) also stated
that leaching the compost with water reduces the
concentration of soluble salts. The main objective
of our field study was to evaluate the effect of
three different halophytic composts in combina-
tion with farmyard manure and phosphobacteria
on soil microflora and enzyme activities in soils
cultivated with Arachis hypogaea.
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MATERIAL AND METHODS

Experimental site. The experiment was carried
out in the Thandavaraya Sozhaganpettai village
near Pichavaram mangrove forest, 12 km away from
the Annamalai University. The experimental field is
situated at 11°21’N latitude and 79°50’E longitude,
at the altitude of above +5.25 m mean sea level.
The experiment outline was entirely randomized
block design with three replications.

Compost preparation. Three fast growing
and dominant halophytes, namely Suaeda mari-
tima (L.) Dumort., Sesuvium portulacastrum L.
and Ipomoea pes-caprae (L.) Sweet, were chosen
for making compost after a detailed survey.
Well-decomposed farmyard manure was mixed
with the halophytic compost. Phosphobacteria
(Bacillus megaterium var. phosphaticum) were
obtained from the Department of Agricultural
Microbiology, Faculty of Agriculture, Annamalai
University, India. For three months, healthy halo-
phytes were harvested from nursery and used for
a preparation of compost. The plant materials as
well as rice straw were well chopped. The fungus
Pleurotus sajor-caju (Fr.) Singer, was added to
the compost heap to improve its decomposition.
The amount of activator used was usually 1% of
the total weight of the substrate (Cuevas 1997).
By the end of the third month, the compost was
ready for use. The soil-available nutrients such as
nitrogen (Subbaiah and Asija 1959), phosphorus
(Olsen et al. 1954) and potassium (Jackson 1973)
were analysed before the beginning of the ex-
periment. The physical-chemical characteristics
of the experimental soil presented in Tables 1
and 2 show the nutrient contents of the selected
halophytic compost.

Treatment. The following treatments were used
in the present study: T, — unmanured, T, — Ipomoea
compost 6.25 t/ha, T, — Sesuvium compost 6.25 t/ha,
T, - Suaeda compost 6.25 t/ha, T, — Ipomoea
compost 3.13 t/ha + farmyard manure 3.13 t/ha,
T, - Sesuvium compost 3.13 t/ha + farmyard
manure 3.13 t/ha, T6 — Suaeda compost 3.13 t/ha
+ farmyard manure 3.13 t/ha, T7 — Ipomoea
compost 3.13 t/ha + farmyard manure 3.13 t/ha
+ phosphobacteria 3 x 10%/ha, Ty — Sesuvium
compost 3.13 t/ha + farmyard manure 3.13 t/ha +
phosphobacteria 3 x 10%/ha, Ty — Suaeda com-
post 3.13 t/ha + farmyard manure 3.13 t/ha +
phosphobacteria 3 x 10°/ha.

Soil sampling. The topsoil samples were taken
from the depth of 0—10 cm depth at four equidistant
positions in each plot. These samples were bulked to

PLANT SOIL ENVIRON., 53, 2007 (4): 186-192

provide one representative sample per plot. At the time
of sampling the surface soil in all plots was dry.

Estimation of the microorganism. The enu-
merations of microflora in soil samples amended
with the halophytic compost were analysed by soil
serial dilution technique, using soil extract agar
medium for bacteria, Martin’s Rose Bengal agar
medium for fungi, and Kenknight’s agar medium
for actinomycetes (Pramer and Schmidt 1965).

Estimation of the soil enzymes. Dehydrogenases
and alkaline phosphatase activities were deter-
mined by the method described by Tabatabai
(1982). Cellulase was estimated by the technique
proposed by Galstyan (1965). Urease activity was
measured according to the method proposed by
Nannipieri et al. (1980).

Sodium and chloride. The available sodium was
estimated using the flame photometer method
(Stanford and English 1949). The available chloride
content was estimated with the Mohr’s titration
method (Jackson 1973).

Statistics. The results were analysed by using
analysis of variance (ANOVA) and the group means
were compared with the Duncan’s Multiple Range Test
(DMRT) (Duncan 1957). Values were considered
statistically significant when P < 0.05.

RESULTS

An experiment was carried out to find out wheth-
er the process of decomposition of halophytes

Table 1. Physico-chemical properties of the experi-
mental soil

Properties Value
Physical properties

Coarse sand (%) 48.86
Fine sand (%) 34.25
Silt (%) 5.58

Clay (%) 10.26
Textural class Sandy
Chemical analysis

Available N (kg/ha) 144.8
Available P,O, (kg/ha) 4.85

Available K (kg/ha) 156.7
Organic carbon (%) 0.32

Organic matter (%) 0.55

Soil reaction (pH) 7.89

Electrical conductivity (dS/m) 1.36
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reduces the NaCl concentration in the compost.
From the results (Table 2), it was concluded that
NaCl concentrations were drastically reduced
when the halophytes were subjected to decom-
position. It was also observed that at the end of
decomposition, Suaeda compost in combination
with farmyard manure and phosphobacteria (T,)
gained higher nutrient contents when compared
to other halophytic composts. Nutrients such as
N, P, K, Ca, Mg and micronutrients were found
to be higher in T, compost. However, a reduction
in pH, organic carbon and C: N ratio was noticed
in Ty compost, as well.

Furthermore, the experiment proved that soil mi-
croflora showed a significant increase in bacteria,
fungi and actinomycetes; enzyme activities such
as dehydrogenases, alkaline phosphatase, cellulase
and urease were increased in soil treated with ha-
lophytic compost when compared to unmanured
soil during first sixty days of cultivation period.
Maximum soil microflora and enzyme activities
were identified in Suaeda compost treatment in
combination with farmyard manure and phospho-
bacteria (T,). Generally, all the treatments were
better than the unmanured soil.

Nearly 70% increase in bacteria, 62% in fungi and
50% in actinomycetes (Figures 1-3) were noticed
in the soil treated with Suaeda compost along
with farmyard manure and phosphobacteria (T,).
However, a reverse trend in microflora was ob-
served in soil treated with halophytic compost
from 60 days of treatment until the harvest stage,
whereas a reduction of about 20% in bacteria, 20%
in bacteria, 20% in fungi and 21% in actinomycetes
populations was recorded in Suaeda compost in
combination with farmyard manure and phosphobac-
teria (T,) when compared to the other treatments and
unmanured soil (Figures 1 and 3).

Similarly to soil microflora a significant effect
was recorded in enzyme activities and nearly a 70%
increase in dehydrogenases, 75% in alkaline phos-
phatase, 70.1% in cellulase and 70.8% in urease
activities was recorded in Suaeda compost in com-
bination with farmyard manure and phosphobac-
teria (T9), as it is shown in Figures 4—7. However,
a reverse trend in soil enzyme activity was also
observed in soil treated with halophytic compost
from 60 days of treatment until the harvest stage
and it was noticed that a reduction of about 20%
in dehydrogenases, 22.8% in alkaline phosphatase,
20.6% in cellulase and 20.5% in urease activities
(Figures 4—7) was observed in Suaeda compost in
combination with farmyard manure and phosphate
solubilising bacteria treated soil (T,).
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Table 2. Nutrient contents of different halophytic compost at maturity period (90 days)
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Figure 1. Effect of different halophytic compost applica-
tion on soil bacteria. Values shown are mean + SE for
three replications (different letters above bars indicate
a significant difference at P < 0.05 according to the
Duncan’s multiple range test)
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Figure 2. Effect of different halophytic compost ap-
plication on soil fungi. For further explanations see
Figure 1
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Figure 3. Effect of different halophytic compost appli-
cation on soil actinomycetes. For further explanations
see Figure 1

The results from the present study indicate that

the treatment with halophytic compost significantly
decreased the pH of the soil. The pH (Figure 8) was
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reduced to 5.95% in Suaeda compost + farmyard
manure and phosphobacteria (T,) when compared
to other compost treated soil and unmanured soil
during harvest stage; in this treatment (T,) EC
(Figure 9) was reduced to 24.7%.

The application of halophytic compost signifi-
cantly decreased the sodium and chloride contents
in soil cultivated with Arachis hypogaea (Figures 10
and 11). Nearly a 50% reduction in sodium and
a 44.4% reduction in chloride content were ob-
served in Suaeda compost + farmyard manure
and phosphobacteria treatment (T,).

DISCUSSION

The soil microbial population is related to quan-
tity, type and placement of organic matter addi-
tion. In this study it was observed that halophytic
compost increased the soil microflora when com-
pared to unmanured soil. Among nine halophytic
compost treatments, Suaeda compost in combi-
nation with farmyard manure and phosphobac-
teria (T,) increased the soil microbial population
when compared to other treatments and control.
These results are in agreement with some other
findings, in which an application of biofertilizer
caused an increase up to 80% in bacteria, 65% in
fungi and 53% in actinomycetes populations (Wan
and Wong 2004).

Halophytic compost increased dehydrogenases ac-
tivity and similar results were found, when organic
manures with green manure increased dehydroge-
nases activity up to 75% (Kannaiyan and Kalidurai
1995). Bolton et al. (1985) noticed nearly a 25%
reduction in dehydrogenases activity due to green
manure incorporation after 50 days of cultivation
period. The activity of dehydrogenases basically
depends on the metabolic state of the soil biota.
It is significantly correlated with soil biomass
carbon in organic amended soil (Garcia-Gill et al.
2000). In this experiment halophytic compost also
increased the alkaline phosphatase activities and
similar observations were recorded in other studies,
showing that an application of organic manure with
green manure increased the alkaline phosphatase
activity up to 82% (Kumar and Kannaiyan 1992).
However, Thanikachalam et al. (1984) reported
nearly a 25% reduction in alkaline phosphatase
activity in the case of field with biofertilizer ap-
plication after 70 days of cultivation.

In general, alkaline phosphatase activity was
higher with the treatment with higher amount
of available phosphorus. Spier and Ross (1978)

189



W 40t day O 80th day B harvest

300 1
250 A
200 -

150 1

3
3
3
£
3
3
3
3
$

3
3
H
H
H
H
H
3
3
3
3
H
H
H
H
H
3!
3
3
H
H
H
2

100

ug triphenyl formazon/g soil/24 h

50 A

Control TI T2 T3 T4 TS T6 T7 T8 T9

Figure 4. Effect of different halophytic compost ap-
plication on soil dehydrogenase activity. For further
explanations see Figure 1

reported a stimulation of alkaline phosphatase
production by organic manure and presence of
organic compounds. Higher alkaline phosphatase
activity would promote the rate of hydrolysis of
organic phosphorous compounds and thus more
inorganic phosphorus would be formed.

It was noticed that halophytic compost increased
the cellulase activity when compared to unma-
nured soil. These results are in agreement with the
findings of Kumar and Kannaiyan (1992), whose
results showed that an application of organic ma-
nures increased the cellulase activity nearly to
32% in soil treated with green manure. Bolton
et al. (1985) observed nearly a 25% reduction in
cellulase activity after 50 days in soil treated with
green manure. The increased cellulase activity was
significantly correlated with microflora (Kshattriya
et al. 1992).

As for the urease activity, its increase was ob-
served when halophytic compost was used, com-
pared to unmanured soil. Subramani and Kannaiyan
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Figure 6. Effect of different halophytic compost applica-
tion on soil cellulase activity. For further explanations
see Figure 1
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Figure 5. Effect of different halophytic compost applica-
tion on soil alkaline phosphatase. For further explana-
tions see Figure 1

(1989) reported that organic manures increased the
urease activity up to 73% in biofertilizer treated
soil. However, after 65 days of cultivation period
a reverse trend was observed and nearly 26% re-
duction in urease activity was observed in the
same field (Subramani and Kannaiyan 1989). The
activity of soil urease was positively correlated to
total organic matter and nitrogen content (Reynolds
1985).

In general, a reverse trend in soil microbial popu-
lation and soil enzyme activity was observed after
60 days to harvest stage. The addition of various
organics provided the carbon substrates, which
led to the increased soil microflora and enzyme
activities during the first 60 days. However, after
60 days these activities subsequently declined be-
cause the available carbon content was exhausted
by soil microbes (Goyal et al. 1992).

The results also confirm a significant decrease
of NaCl in the soil when treated with halophytic
compost, which is evidenced by the reduction
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Figure 7. Effect of different halophytic compost appli-
cation on soil urease activity. For further explanations
see Figure 1
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Figure 8. Effect of different halophytic compost applica-
tion on pH. For further explanations see Figure 1
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Figure 10. Effect of different halophytic compost ap-
plication on available sodium in soil. For further ex-
planations see Figure 1

of pH and EC. A similar trend was observed by
Wahid et al. (1998). This could be caused by the
maturity of finished compost. When fresh organic
compost was applied to the soil, the ongoing mi-
crobial activity caused the reduction of pH due
to a production of organic acids.

To conclude, the addition of various organics
provides the substrate with carbon, which leads
to an increase of the soil microflora and enzyme
activities during the first 60 days; after this period
these activities decline since the available carbon
content present in the soil is exhausted by soil
microbes.
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