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Abstract :

Soil enzyme and microbial activities are affected by fertilizer and compost applications and can be used as sensitive

indicators of ecological stability. Microbial population and soil enzymes viz,, dehydrogenase, urease, acid phosphatase and aryl-
sulphatase were determined in the long-term fertilizer and compost applied paddy soil. Soil samples were collected from the four
treztments (control, compost, NPK and compost+NPK). Long-term NPK-+compost application significantly increased activities
of urease, dehydrogenase and acid phosphatase than all other treatments. The compost application enhanced activities of urease,
debydrogenase and acid phosphatase than the NPK application. However, arylsulfatase activity was not significantly different between
compost and fertilizer application. The highest microbial population was recorded in the NPK+compost treatment. The compost
application also resulted in higher microbial population than the NPK application. The above results indicate that ecological stability
could be maintained by application of compost alone or with NPK.
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INTRODUCTION

Present day concerns over problems of environmental
pollution and disturbance in soils due to the application of
chemicals has stimulated researches in evaluation of the poss-
ible impacts of these stresses on ecosystem biota and long-
term productivity. Soil biota is considered an important and
labile fraction of soil organic matter involved in energy and
nutrient cycling. The quality of any soil depends not only on
the natural biological composition of the soil, but also on
changes related to intensive cultivation and management”.

The importance of microbial activity in cycling organic
matter and regulating active nutrient pools in soils suggests
that the effects of pollution on soil microorganisms are fund-
amentzlly related to the effects on crops natural vegetation
and ecosystem productivity””. Microbial activity measurements,
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therefore, appear as good indicators of the degree of pollution
of contaminated soils*®. Simultaneous measurement of enzyme
activities in soil might be more valid for estimating the over
all microbial activity and its response to diffuse pollution and
environmental stress. [t also gives informations on the dive-
rsity of functions that can be assumed by the microorganisms
in the soil, which is one of the main questions in the field of
sustainable soil management™.

Microbial activity is in fact a general term that includes
all the metabolic reactions and interactions conducted by the
microflora and microfauna in soil”. It has been established
that the more dynamic characteristics such as soil enzymes re-
spond more quickly to changes in crop management practices
or environmental conditions'".

Dehydrogenase is considered as a good indicator of micr-
obial activity in soil in relation to their mineralizing func-
tion'*”, Urease and phosphatase activities in relation to the
cycle of N (ammonification, nitrification, denitrification) or P
(release of inorganic P) in soil have been used to evaluate the
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fertility of the soil or to describe the functioning of the ecos-
ysternw’ls).

The present study was undertaken to ascertain the effects
of long term application of fertilizers on activities of dehydro-
genase, urease; acid phosphatase and arylsulfatase, and popu-

lation on of bacteria, fungi, actinomycetes and N; fixers,
MATERIALS AND METHODS

Four treatments were selected from a long-term experiment
at NYEAS, Milyang, Korea. The fertilizer application was st-
arted in 1967 on paddy soil. The fertilizer treatments included
in the present study were T1 (control), T2 (10 t compost/ha),
T3 (150-100-100 kg NPK/ha) and T4 (compost+NPK). The N,
P and K were applied through urea, diammonium phosphate
and muriate potash every year. Fach treatment replicated thr-
ice in a randomized block design.

Soil samples were collected from a depth of 5 to 10 cm
from multiple locations in each plot and sieved at the field
moist condition to pass a 2-mm screen, then mixed and sub-
sampled for the determinations of enzyme activity and micro-
bial population.

Activity of dehydrogenase (formazan release method) was
determined by the method of Casida et al.'”. Acid phosphata-
se (Orthophosphoric monoester phosphohydrolase EC 3.1.3.2;
pH 65 37°C) and urease (Urea amidohydrolase EC 35.15;
NHi-N release method; pH 9 37°C) were determined by the
methods of Tabatabai and Bremner” and Tabatabai and Brem-
ner', respectively. Arylsulfatase (arylsulfatase sulfohydrolase EC
3.1.6.1; pH 5.8, 37°C) was assayed by the method of Tabatabai'.

Microbial populations were enumerated using the serial
dilution plate count technique with a selective medium for
each organism. Total bacteria, total fungi and actinomycetes
were enumerated on soil extract agar’’, rose bengal agar””
and Kuster's agar™, tespectively, And free living N, fixers

. ,24)
were enumerated on Norris N-free agar™".

RESULTS AND DISCUSSION

Soil dehydrogenase is an index of soil metabolism ie. total
oxidative activities of microflora in soil, and consequently the
enzyme may be associated to be a good indicator of microb-
iological activityq). The application of compost plus NPK sho-
wed the maximum dehydrogenase activity (153.6 mg formazan
/kg soil/hr), which closely followed by only compost and
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Fig 1. Effect of long-term applications of fertilizer and
compost on soil dehydrogenase(A), urease(B), acid
phosphatase(C) and arylsulfatase(D) activity. (Small
bar represents LSDygs)

only NPK application (1461 and 1453 mg formazan/kg soil
/hr, respectively) (Fig. 1-A). This is also supported by the
higher total population of bacteria, fungi and actinomycetes in
the compost-applied soils.
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The long-term application of compost increased the dehy-
drogenase activity when compared to NPK application. This
suggests that dehydrogenase activity is sensitive to long-term
application of NPK and the enzyme activity can be slightly
inhibited in those soils. Kanchikerimath and Singh™ reported
similar results; heavy application of NPK for 26 years signifi-
cantly inhibited dehydrogenase activity in soils. However, app-
lication of NPK with compost increased dehydrogenase acti-
vity, and this suggests the compost application would reduce
the inhibitory effect of chemical fertilizers. Applications of co-
mpost improved the organic matter status of soils, and which
was in turn reflected in the higher enzymatic activity. Sim-
ilar corclusion was also made by Beyer et al”.

Urea widely used as fertilizer of N source and the usef-
ulness of urea depends on its breakdown into two molecules
of ammonia and one of bicarbonate. This chemically difficult
reactior: is aided by the enzyme urease, which is present in
many soil bacteria. The highest urease activity exhibited
(4182 mg NHy¢-N/kg soil/hr) in the NPK+compost treatment,
followed by only compost application then only NPK applic-
ation (Fig. 1-B). NPK+compost application increased the micr-
obial population in the soil, which in tumn might have enha-
nced urease activity. The lowest urease activity was found in
the control treatment. Application of only NPK and only co-
mpost also increased the urease activity compared to control
treatment. The availability of urea and urea related compo-
unds present in the compost might have enhanced signific-
antly the urease activity.

Major portion of the P in soil locked in the organic com-
pounds, and this organic P is available to plants upon its
degradation by phosphatase enzymes. Many plants and soil
microorganisms produce the phosphatase enzymes, which in
turn make organic P available to plants. The highest phosp-
hatase activity was exhibited in the NPK+compost treatment
(231.6 mg nitrophenol/kg soil/hr), which followed by only co-
mpost and only NPK applied treatment (Fig, 1-C). The soil
amended with NPK and/or compost increased acid phosp-
hatase activity compared to control treatment. Kanchijerimath
and Singh™ reported that phosphatase activities were incre-
ased with application of NPK fertilizer and compost treatme-
nts as compared to control. Increase in organic matter cont-
ent in the soil also increased the enzymatic activity. In this
experiment, we also noticed the highest organic matter content
in the NPK+compost soil. Similar acid phosphatase increase
was also reported by Ajwa et al” in fertilized soils compar-

ed to unfertilized,

Arylsulfatase catalyzes the hydrolysis of organic sulfate
ester with an aromatic radical™. The soil amended with co-
mpost+NPK showed the highest arylsulfatase activity, which
was followed by only compost application and then only
NPK application (Fig. 1-D). The compost-applied soils exhib-
ited higher arylsulfatase activity; this may be due to the
Scontaining organic compounds amended to soil. Ajwa et al?
reported similar increase of arylsulfatase enzyme activity due
to long-term fertilization. The lowest arylsulfatase activity
was recorded in the control treatment.

The microbial population dynamics was also different with
physiological growth stages of paddy crop. In the initial sta-
ges of plant growth microbial populations were not much inc-
reased (Table 1 to 4), however, in August microbial popu-
lation was increased rapidly, which also coincidence with rep-
roductive stage of the paddy crop. The populations of fungi,
actinomycetes and N fixers also followed the same trend.

The treatments receiving NPK+compost, only compost, and
only NPK harbored significantly higher populations of bacte-
ria, fungi, actinomycetes and N; fixers compared to the cont-
ol treatment (Table 1 to 4). The highest microbial popu-
lation was recorded in the treatment receiving NPK+compost,
and followed by the only compost treatment. However, appi-
ication of compost harbored significantly higher microbial pop-
ulation than NPK application. The control treatment harbored
significantly less microbial population. Microbial populations
were increased due to the application of compost, and this is
mainly attributed to organic matter build-up in the soil™.

Table 1. Population dynamics of bacteria during cropping
period of the paddy as influenced by the long
term fertilizer and compost applications

Treatments may June July Aug Sept Mean

( x 10°/g soil )

Control 2421 3566 3629 4813 3412 3568
Compost 7262 5363 6006 8220 5636 64.97
NPK 6746 4178 6230 7324 4725 5839
NPK+compost ~ 77.78 8310 7882 9701 7869 8308
Mean 6051 5354 5936 7513 5410 6033

Treatment (T) Month (M) TxM

LSDogs 6.08 6.80 13.60




328 Ravi Gadagi, Chang-Young Park, Geon-Jae Im, Dong-Chang Lee, Jong-Bae Chung, Olayvanh Singvilay and Tong-Min Sa

Table 2. Population dynamics of fungi during cropping peri-
od of the paddy as influenced by the long term
fertilizer and compost applications

Treatments  May June July Aug  Sept Mean

(x 10% g soil )
Control 2649 2006 4150 538 2212 3271
Compost 7340 4607 9696 10125 4768 7307
NPK 6746 3412 9508 9876 3529 6616
NPK+compost 10159 4778 11987 13048 5027 89.9
Mean 6723 3708 8835 9557 3897 6548

Treatment (T)  Month (M) TxM
1.5Dygs 0.68 0.76 153

Table 3. Population dynamics of actinomycetes during crop-
ping period of the paddy as influenced by the
long term fertilizer and compost applications

Treatments ~ May  June July Aug  Sept Mean

( x 10* /g soil )
Control 3254 1709 2855 3590 2515 2784
Compost 5476 3852 5572 6769 4521 5238
NPK 5317 2925 4918 5906 3812 4575
NPK+compost 6020 4086 7300 8776 4825 6201
Mean 5016 3143 5161 6260 3918 4699

Treatment (T)  Month (M) TxM
LSDoos 0.53 0.60 120

Table 4. Population dynamics of free-living N fixers during
cropping period of the paddy as influenced by the
long term fertilizer and compost applications

Treatments ~ May  June July  Aug  Sept Mean

(x 10° /g soil )
Control 4048 5275 6317 7731 5125 559
Compost 6825 11405 1172 13044 9825 10564
NPK 5714 9192 11681 1218 8424 9445
NPKtcompost 7738 12405 16420 18275 10222 13012
Mean 6081 9569 11535 12817 8399 9680

Treatment (T)  Month (M) TxM
LSDoes 0.64 071 143

In conclusion, the enzyme and microbial activities were
increased due to compost application compared to only NPK
application as well as control over period of 37 years. The
results indicate that ecological stability could be maintained by
application of compost alone or with NPK. The favorable ef-
fect of soil enzymes and microbial activities on crop product-
ivity can also be attributed to soil nutrient availability for
plants, improvement of soil physical properties and efficiency
of fertilizer nutrients by organic amendments. We can also
reduce the excess application of NPK to soil which is coupled
with various hazardous effects on human beings.
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