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Abstract 
 

The definition of soil quality encompasses physical, chemical and 
biological characteristics, and it is related to fertility and soil health. Soil 
enzyme activities are the direct expression of the soil community to 
metabolic requirements and available nutrients, can be used as soil quality 
indicators. Among all enzymes in the soil environment, dehydrogenases 
are one of the most important, and are used as indicator of overall soil 
microbial activity. Flooded soils present a unique situation since they are 
predominantly under anaerobic conditions in several physical, chemical, 
and biological characteristics. Flooding changes the chemistry, 
microbiological properties, and nutrient supply capacity of soil. In 
particular, the effect of flooding causes an increase on soil dehydrogenase 
activity. This review examines selected papers containing soil 
dehydrogenase activities in flooded soil that could be used to determined 
effect of flooding on soil dehydrogenase activity.  
Keywords: dehydrogenase activities, flooded soils, soil quality 
 

Abstrak  
 
Definisi kualitas tanah meliputi faktor fisik, kimia dan biologi, dan terkait 
dengan kesuburan dan kesehatan tanah. Aktivitas enzim tanah adalah 
ekspresi langsung dari komunitas tanah untuk melakukan proses 
metabolik untuk menghasilkan nutrisi, dan dapat digunakan sebagai 
indikator kualitas tanah. Di antara semua enzim dalam lingkungan tanah, 
dehydrogenase adalah salah satu yang paling penting, dan digunakan 
sebagai indikator aktivitas mikroba tanah secara keseluruhan. Tanah 
sawah dengan kondisi tergenang menyajikan situasi yang unik karena 
secara fisik, kimia, dan biologi berada dalam kondisi anaerob. 
Penggenangan menyebabkan terjadinya perubahan secara kimia, 
mikrobiologi, dan kapasitas pasokan hara tanah. Secara khusus, Efek 
penggenangan menyebabkan peningkatan aktivitas dehidrogenase tanah. 
Tulisan ini mengkaji beberapa penelitian mengenai aktivitas 
dehidrogenase pada tanah sawah, yang dapat digunakan untuk 
menentukan efek pengenangan terhadap aktivitas dehidrogenase tanah. 
 Kata Kunci: aktivitas dehidrogenase, tanah sawah, kualitas tanah 

 
Introduction 

The soil habitat is defined as the 
totality of living organisms inhabiting soil, 
including plants, animals, and 
microorganisms, and their abiotic 
environment (Voroney 2007). 

Soil is critical components of 
terrestrial ecosystem, which also include 
the atmosphere, water, plant and other 

organisms. Healthy soils are essential 
for the integrity of terrestrial ecosystems 
to remain intact or to recover from 
disturbances, such as drought, climate 
change, pest infestation, pollution, and 
human exploitation including agriculture 
(Ellert et al. 1997). 

Soil quality and its degradation 
depend on a large number of physical, 
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chemical, biological, microbiological and 
biochemical properties.The last two are 
being the most sensitive since they 
respond rapidly to changes. The 
microbiological activities of a soil directly 
influence ecosystem stability and fertility. 
It is widely accepted that a good level of 
microbiological activities has essential 
roles in maintaining soil quality (Dick and 
Tabatabai 1992; Bouma 2002). 

The physical indicators are related to 
the organization of the particles and 
pores, reflecting effects on root growth, 
speed of plant emergence and water 
infiltration; they include depth, bulk 
density, porosity, aggregate stability, 
texture and compaction. Chemical 
indicators include pH, salinity, organic 
matter content, phosphorus availability, 
cation exchange capacity, nutrient cycling, 
and the presence of contaminants such as 
heavy metals, organic compounds, 
radioactive substances, etc. These 
indicators determine the presence of soil-
plant-related organisms, nutrient 
availability, water for plants and other 
organisms, and mobility of contaminants. 
Finally, biological indicators include 
measurements of micro- and macro-
organisms, their activities or functions. 
Concentration or population of 
earthworms, nematodes, termites, ants, 
as well as microbial biomass, fungi, 
actinomycetes, or lichens can be used as 
indicators, because of their role in soil 
development and conservation; nutrient 
cycling and specific soil fertility. Biological 
indicators also include metabolic 
processes such as respiration, used to 
measure microbial activity related to 
decomposition of organic matter in soil, 
and a commonly used index: the 
metabolic quotient (qCO2), defined as the 
respiration to microbial biomass ratio, 
which is associated to mineralization of 
organic substrate per unit of microbial 
biomass (Anderson 2003, Bastida et al. 
2008). 

For many years, studies on soil 
microbiology have been based only on the 
analysis of the microflora present in the 
soil, ignoring the influence of extracellular 
enzymes produced by microorganisms on 
the decomposition of organic matter and 
the continuous flux of different elements in 

the soil, that for Ceron and Melgarejo 
(2005) understanding and maintaining 
biodiversity has become an increasingly 
important field of research, and 
maintaining critical functions may 
ultimately be more important than 
maintaining taxonomic diversity.  

Microbial activity is of great 
importance for biological and 
biochemical soil processes because it 
directly influences the transformation of 
nutrients and organic compost. It is also 
qualitatively and quantitatively 
associated with the presence of 
extracellular hydrolytic enzymes which 
are important in the process of 
decomposition and mineralization of 
organic matter ( Nannipieri et al. 2002). 
The enzymatic activities play a key role 
in soil nutrient cycling, which is 
essential in both the mineralization and 
transformation of organic matters and 
plant nutrients in soil ecosystem. Soil 
enzymes play biochemical functions in 
the overall process of organic matter 
decomposition in the system; they are 
important in catalyzing several 
reactions, necessary for the life 
processes of microorganisms in soils, 
the stabilization of soil structure, the 
decomposition of organic wastes, 
organic matter formation, and nutrient 
cycling, providing an early indication of 
the history of a soil and its changes in 
agricultural management (Kandeler et 
al. 2006). The state of enzymes in the 
soil was used to describe the location 
and microenvironment in which it 
functions and how it was bound or 
stabilized in the microhabitat. Enzyme 
activities have been associated with 
indicators of biogeochemical cycles, 
degradation of organic matter and soil 
remediation processes, so they can 
determine, together with other physical 
or chemical properties. Because 
enzymes are difficult to extract from 
soils and regularly loose their integrity, 
enzyme activity determination must be 
made under strict laboratory conditions 
paying particular attention to 
temperature control, incubation time, 
pH buffer, ionic strength of the solution, 
and substrate concentration (Gianfreda 
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and Ruggiero 2006, Verchot and Borelli 
2005, Eldor  2007). 

Soil enzyme activities are good 
indicators or soil quality, since it is closely 
related to organic matters, physical 
characteristics, microbial activities and 
biomass in the soil, provide early 
information about changes Nevertheless, 
due to enzyme origin (from bacteria, fungi, 
plants, and a range of 
macroinvertebrates), different enzyme 
locations (intra or extracellular), matrix 
association (alive or dead cells, clays or 
and humic molecules) and assay 
laboratory conditions, it has been 
demonstrated that it is of great importance 
to optimize the procedures for enzymatic 
activity determination in order to obtain 
the best values and indices according to 
intrinsic soil properties  (Dick and 
Tabatabai 1992) 

There are lots of enzymes in soil, 
such as oxidoreductases, hydrolases, 
isomerases, lyases and ligases. Each of 
them plays key biochemical functions in 
the overall process of material and energy 
conversion. Soil dehydrogenases are the 
major representatives of the 
oxidoreductase enzymes class and one of 
the most important are used as an 
indicator of overall soil microbial activity, 
because they occur intracellular in all 
living microbial cells (Gu et al. 2009). 
Moreover, they are tightly linked with 
microbial oxidoreduction processes 
(Moeskops et al. 2010). 

About 75% of the 143 million ha of 
rice land are wetlands, where rice grows 
under flooded conditions during part or all 
of the cropping period. Flooding is 
beneficial to rice cultivation by (1) bringing 
the soil pH near to neutrality; (2) 
increasing availability of nutrients, 
especially P and Fe; (3) stimulating 
biological N,-fixation; (4) depressing 
soilborne diseases; (5) supplying nutrients 
from irrigation water; (6) decreasing weed 
incidence, especially those of C,plants; 
and (7) preventing water percolation and 
soil erosion (Watanabe et al. 1987). 

 
Figure 1. Microenvironments of The Wetland 

Rice Field Ecosystem (Roger et al. 1993) 
 

Flooding and crop growth lead to 
the differentiation of 
macroenvironments differing in 
physicochemical and trophic properties, 
in short, a flooded rice field are 
composed of floodwater, surface-
oxidized soil, reduced soil, rice plants 
(submerged parts and rhizosphere), 
plow layer, and subsoil (Fig.1). 
Although those environments can be 
macroscopically differentiated, they are 
more or less continuous. In particular, 
continuous exchanges take place 
between floodwater and oxidized soil 
(Watanabe and Furasaka, 1980). 

There is a shift in the soil 
microflora from predominantly aerobic 
microorganisms to facultative and 
obligateanaerobic ones after a soil is 
flooded. This shift from aerobic to 
anaerobic microorganisms in flooded 
soils has been found to cause an 
increase in soil dehydrogenase activity 
(Chendrayan et al. 1980, Skujins 1978, 
Ladd 1978), Active dehydrogenase 
system has ability to transfers hydrogen 
from dehydrogenase to molecular 
oxygen, which use molecular oxygen 
directly as hydrogen acceptors (aerobic 
dehydrogenases) or to operate through 
other hydrogen acceptors (anaerobic 
dehydrogenases). Their measurement 
became an indication of the activity of 
the soil anaerobes (Howard 1972, 
Pedrazzini and McKee 1983). 
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This review focuses on precise 
description of mentioned the most 
important soil factors stimulating soil DHA 
are described below. It also deals with the 
microbiological management of flooded 
soil and factors effect DHA  in flooded soil. 
 
Soil Dehydrogenase Enzyme Activity 

Soil enzyme activities are very 
sensitive to both natural and 
anthropogenic disturbances and show a 
quick response to the induced changes. 
Therefore, enzyme activities can be 
considered effective indicators of soil 
quality changes resulting from 
environmental stress or management 
practices. Long-term productivity and 
conservation of soil can provide important 
information about the effects of soil 
management practices on soil properties. 
Results showed that levels of organic 
matter, nutrient cycling, nitrogen and 
phosphorus were greater in agricultural 
than uncultivated soils. These specificity 
makes enzyme useful for comparing 
microbial communities, monitoring 
community succession, evaluating the 
effects of disturbance or ecosystem 
variables on microbial processes and for 
studying microbial processes at the 
molecular level (Sinsabaugh et al. 1991, 
Dick et al. 1994, Dick 1997). 

One of indicator that used for 
measurement biology activity in soil is 
dehydrogenase enzyme activity that 
oxidizes soil organic matter by transferring 
protons and electrons from substrates to 
acceptors. It is a part of respiration 
pathways of soil microorganisms that 
gave indications of the potential of the soil 
related to biochemical processes that 
used for maintaining soil health (Burns 
1982).  

The intracellular dehydrogenase 
enzymes belong to the oxidoreductases 
and catalyse the oxidation of organic 
compounds by separating two–H atoms. 
Many specific dehydrogenases act as to 
transfer the separated H to either 
nicotinamide adenine dinucleotide or 
nicotinamide adenine dinucleotide 
phosphate. Through these co-enzymes 
the H atoms take part in the reductive 
processes of biosynthesis (Tabatabai 
1982). Therefore, the overall 

dehydrogenase activity of a soil 
depends on the activities of various 
dehydrogenases, which are a 
fundamental part of the enzyme system 
of all microorganisms (enzymes of the 
respiratory metabolism, the citrate cycle 
and N metabolism). 

There are various soil 
environmental and cultural practices 
those influence the soil microbial 
biomass and their activities. The most 
important soil factors stimulating soil 
DHA are described below. 
1. Soil pH 
Generally, enzyme activities tend to 
increase with soil pH (Moeskops et al. 
2010), it is often assumed that pH may 
affects soil enzymes level in three 
different ways (Shuler and Kargi, 2010): 
by changing in the ionic form of the 
active sites of the enzymes, which 
consequently affect the enzyme activity 
and hence the reaction rate, by altering 
the three-dimensional shape of 
enzyme, and by affecting the affinity of 
the substrate to the enzyme. Soil pH 
can significantly affect activities in soil. 
Trevors (1984) also reported that 
dehydrogenase activity was decreased 
when soil samples were adjusted to a 
lower pH value from the initial soil pH pf 
7.7. Soil dehydrogenase activity 
increased in a linear manner when 
plotted against pH. The correlation 
coefficient was 0.982 for the 
relationship. Very little activity was 
observed below pH 6.6 and above a pH 
of 9.5. Thus, the pH factor is considered 
to be the best predictor of DHA in the 
soil environment (Moeskops et al. 
2010). 
2. Organic matter content 
Soil organic matter (OM) has important 
effects not only on soil enzymes 
activities but first of all on the activities 
of microorganism. Soil OM has been 
considered as an indicator of soil quality 
(similarly like dehydrogenases,) 
because of its character of nutrient sink 
and source that can enhance soil 
physical and chemical properties, and 
also promote biological activity (Salazar 
et al. 2011). Interestingly, not only 
amount of OM in the soil is important 
but most of all its quality, as OM affects 
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the supply of energy for microbial growth 
and enzyme production (Fontaine et al. 
2003). Summarizing, the higher content of 
OM, the more active the soil 
microorganisms. Microorganisms 
accelerate the degradation of OM, which 
is reflected in soil respiration and release 
of carbon dioxide from the rizosphere 
(Zhang et al. 2010), thus DHA is positively 
correlated with OM content. Similarly, 
increase of DHA with higher 
microorganisms number was reported 
(Fontaine et al. 2003). 
3. Soil Moisture 
Microbial population, their activities and 
biochemical transformations differ widely 
in soils of various moisture content. It is 
demonstrated that soil moisture 
significantly alters the microbial 
populations, its activity and the 
relationships between various parameters 
(Tiwari et al. 1987). They found that 
moisture has a profound influence on the 
dehydrogenase activity. While in the air 
dried and 1/2 field capacity soils, the 
activity decreased and stabilized at a very 
low level, in case of field capacity and 
waterlogged soil it rose rapidly to a high 
level. In the case of wetted soil, increased 
moisture could bring onto solution soluble 
organic matter, which might be 
responsible for the increased bacterial 
population. In the case of the air-dried 
soil, the decrease may be because of the 
extrene dryness, which became 
unfavorable for most bacteria and few 
could survive in the air-dried soil. Water 
availability strongly affects on soil 
microbial activity, community composition, 
and consequently on soil enzymatic 
activities. As soils dry, the water potential 
increases, and as well microbial activity as 
intracellular enzyme activity slows down 
(Geisseler et al. 2011). In the case of wet 
soils, increased moisture could bring into 
soil solution soluble OM, what might be 
responsible for increase of bacterial 
population number . What is important, we 
should have consciousness that any 
compound, which alters the number or 
activity of microorganisms, could on the 
other hand affect on soil biochemical 
properties, and ultimately also on soil 
fertility and plant growth (Subhani et al. 
2001). Low water availability can inhibit 

microbial activity by lowering 
intracellular water potential, and thus by 
reducing of hydration and enzymes 
activity (Wall and Heiskanen, 2003). 
4. Temperature 
Many researchers have studied effect 
posed by temperature incubation on soil 
DHA and or on soil microorganisms 
abundance. Subhani et al. (2001) and 
Tansey and Brock (1978) have 
extensively reviewed the effects of 
environmental temperatures on 
microorganisms. Taking into account 
the important fact that DHA is found 
inside the viable soil microbial cells 
only, its activity must be the highest at a 
temperature close to optimum 
temperature for microorganisms’ growth 
and their development. Incubation of 
soil samples at 37°C increased soil 
dehydrogenase activity above the 
values normally observed at lower 
temperatures (Casida et al. 1964). It is 
known that, the rate of enzyme 
catalysis generally increases with 
increase in temperature until the 
unfavorable temperature, at which 
enzyme becomes denaturized and 
hence its activity reduces. 
5. Fertilization and pesticides 
amendment 
Organic and inorganic fertilizers are 
commonly used to increase nutrient 
availability. The balanced fertilization of 
major elements (N, P, K) for plant 
nutrient could be beneficial for the 
growth of plant aboveground parts and 
roots (Chu et al. 2007), and also for 
improvement of soil structure (Macci et 
al. 2012). However, fertilization could 
affect on the population of soil 
microorganisms and consequently soil 
enzymatic activities. It is often 
assumed, that inorganic fertilizers had 
relatively less effect on soil enzymes 
activity than organic fertilizers (Chu et 
al. 2007). Macci et al. (2012) noted, that 
DHA usually reached higher level in the 
organic treatments. Soil DHA is an 
indicator of soil quality and microbial 
activity and also is the most frequently 
used to determining the influence of 
various pollutants (like pesticides or 
excessive fertilization) on the 
microbiological quality of soils. 
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Anderson et al. (1981) reported that 
pesticides generally appear to haveno 
adverse effect on the population of total 
bacteria in soil expect at concentrations 
exceeding recommended rates. 
6. Heavy metals presence 
Heavy metals, even though they are 
natural constituents of soil, could have 
long-term hazardous impacts on the 
health of soil ecosystems, and adverse 
influences on soil biological processes. 
Generally, it was assumed that heavy 
metals can reduce enzyme activity by 
interacting with the enzyme-substrate 
complex, denaturing the enzyme protein 
or interacting with the protein-active 
groups, they could also affect the 
synthesis of enzyme microbial cells (Pan 
& Yu, 2011). Wilke (1989) reported, the 
significant declines of dehydrogenase 
activity in all the above studies indicate it 
to be the most sensitive parameter for the 
detection of harmful effects of inorganic 
pollutans on the soil microbial activity. 
 
Dehydrogenase Activities of Flooded 
Soils 

Rice is the only major annual food 
crop (with the exception of aroids) that 
thrives on land that is water saturated, or 
even submerged, during part or all of its 
growth cycle. Wherever conditions are 
favorable, lowland rice fields are formed 
into paddies that hold water during the 
land preparation and rice-growing periods 
(De Datta 1981). Dehydrogenases are 
intracellular enzymes catalysing oxido-
reductive reactions and are active both in 
aerobic and anaerobic conditions, 
although most dehydrogenases are 
produced by anaerobic microorganisms. 
Changes in dehydrogenase activity can 
be due to modifications of the composition 
of the microbial community as well as of 
the soil redox potential (Eh) (Dick and 
Tabatabai 1992).  

Yoshida (1975) reviewed, Flooding 
of rice soils provides a favorable 
environment for anaerobic microbes and 
the biochemical changes are varied and 
numerous. However, a thin surface layer 
of lowland soil generally remains oxidized 
and sustains aerobic microbes. The main 
biochemical processes in flooded soil, 
however, can be regarded as a series of 

successive oxidation-reduction 
reactions mediated by different types of 
bacteria.  In a complex ecosystem of 
lowland soils, the soil-water ratio varies 
and so does the microbial population. 
Three major types of microbes are 
present in lowland rice soils in variable 
proportion: 
1. Obligate aerobes that grow only in 
the presence of molecular oxygen. 
2. Obligate anaerobes that grow only in 
the absence of oxygen.  
3. Facultative anaerobes that can grow 
either with molecular oxygen or 
anaerobically when supplied with a 
suitable electron acceptor other than 
molecular oxygen. 
Since microorganisms in flooded soil 
bring about a large number of 
biochemical changes, it is difficult to 
combine all of these processes into a 
single and unified system. The main 
biochemical transformations in flooded 
soils can be regarded as a series of 
successive oxidation-reduction 
reactions mediated by different types of 
bacteria. Flooding a soil alters the 
character of the microbial flora: aerobes 
are replaced by facultative and obligate 
anaerobes. The successive microbial 
changes are accompanied by a gradual 
biochemical and chemical reduction of 
the soil, a lowering of the redox 
potential (Eh), and a change in pH. 
Dehydrogenase activity reflects the 
metabolic activity of the components of 
the total bacterial population and 
provides an index of the respiration 
function associated with their metabolic 
activity (Pedrazzini and McKee 1984). 
Pearsall and Mortimer (1939) reported, 
after flooding a bloom of microbial 
activity occurs. Following that, microbial 
activities are retarded gradually due to 
exhaustion of initially available organic 
substances, and a steady state is 

reached between O₂ supply through 
flood water and its consumption 
beneath the water. Thus, the soil is 
differentiated into an oxidative layer at 
the surface, which is several milimeters 
thick and underlying reductive layer. In 
irrigated rice fields, the floodwater is an 
oxicphotic environment. The transition 
between the floodwater and the 

70  JURNAL BIOSLOGOS, AGUSTUS  2014, VOL. 4 NOMOR  2 



. 

anoxicaphotic reduced soil is made by the 
oxidized soil-water layer. The floodwater 
and the oxidized layer constitute a 
continuous ecosystem in which four major 
mechanisms related to soil fertility take 
place: 
1. Biological N-fixation,  
2. N losses by volatilization of NH3, in 
relation to the photosynthetic activity of 
the biomass, and by the nitrification-
denitrification process, 
3. Trapping and recycling by the 
photosynthetic biomass of C and mineral 
salts released from the soil and fertilizers, 
and 
4. Transport of nutrients from the soil to 
the water by the phytoplankton and the 
primar consumers. 
The intensity of these reactions is directy 
related to the properties of the floodwater 
and the activity of the biomass (Watanabe 
and Roger 1985). 

A study by Brzezinska et al. (1998) 
suggested that soil water content and 
temperature influence dehydrogenase 
activity indirectly by affecting the soil 
redox status. The effects of different water 

content and temperature on the O₂ status 

are expressed by ODR and Eh. Changes 
of soil water content, temperature and of 
the soil itself caused changes in soil 
aeration status towards hypoxia and later 
to anoxia. An increase in soil water 
content reduced the aeration status by 
reducing the air-filled pore spaces 
available for the diffusion of gases, while 
an increase in the temperature enhanced 
demand for O₂ in the soil medium thus 
contributing to a decrease of ODR values. 
It also accelerated redox transformations 
under O₂ defficiency reducing the redox 
potential further. The energetic efficiency 
of anaerobic respiration is much lower 
than that of aerobic respiration. This is 
probably the main reason for the close 
relationship between dehydrogenase 
activity and soil aeration status. The most 
pronounced relationship between 
dehydrogenase activity and the aeration 
status of the soil is expressed by the use 
of redox potential. A higher conditioning 
temperature causes an increase of 
dehydrogenase activity as well as a 
greater decrease in redox potential. After 
flooding the soil, the oxygen present is 

rapidly exhausted so that a shift of the 
activity from aerobic to anaerobic 
microorganisms takes place. Such 
redox transformations are closely 
connected with respiration activity of 
soil microorganisms. Under anaerobic 
conditions, soils are important sources 
of a number of greenhouse gases such 
as N₂O, CO₂, and CH4. The main 
factors controlling denitrification rates in 
soil are generally O₂ concentration, 
NO3

– concentration and availability of 
easily metabolizable organic matter. In 
short, that NO3

– reduction to N₂O and 
organic matter dehydrogenation to CO2 
are related to dehydrogenase activity.  

Wlodarczyk et al. (2002) also 
indicated that the major factor 
determining soil dehydrogenase activity 
was its aeration status. Thus the role of 
the physical factors in determination of 
the dehydrogenase activity is important 
as far as they alter the Eh of the soil. 

In conclusion, CO2 and N₂O 
production under flooded conditions 
were related to dehydrogenase activity, 
which curvilinearly increased with the 
organic matter content and curvilinearly 
decreased with Eh. The cumulative 
CO2 production increased linearly with 
soil organic matter content and 
curvilinearly with dehydrogenase 
activity and decreased linearly with Eh. 

The cumulative N₂O production linearly 
decreased with Eh and curvilinearly 
increased with pH and dehydrogenase 
activity but linearly with the organic 
matter content. The CO2:N2O ratio in 
the gases evolved curvilinearly 
increased with Eh and curvilinearly 
decreased with dehydrogenase activity 
and N2O and CO2 production. 

Wolińska and Stępniewska (2011) 
mentioned relationships DHA-Eh have 
significant negative character, what 
means that increase of soil DHA level is 
indirectly connected with decrease of 
Eh values, as most of microorganisms, 
which are responsible for DHA prefer 
rather anaerobic conditions, and belong 
to obligate anaerobes. What is more, 
anaerobic conditions are consequence 
of flooding and decrease of oxygen 
availability in soil environment. 
Competition for oxygen limits aerobic 
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processes and the subsequent oxygen 
deficiency creates local anaerobic 
microsites, which stimulates growth of 
anaerobic bacteria and finally DHA. In the 
literature data, it was also assumed 
(Brzezińska et al. 1998), that DHA is 
strongly affected by both Fe as Mn 
presence in the soil. Chendrayan et al. 
(1980) also demonstrated a striking 
increase in the dehydrogenase activity of 
soils following flooding. Presumably, the 
increased dehydrogenase activity was 
related to the increase in the population of 
anaerobic microorganisms in flooded soil 
especially after amendment with rice 
straw. Iron reduction is probably the most 
dominant of all redox reaction in a flooded 
soil. Interestingly, dehydrogenase has 
been implicated in the microbial reduction 
of ferric oxides. This would suggest a 
relationship between iron reduction and 
dehydrogenase activity in flooded soils. 

Pedrazzini and McKee (1984) 
reported the dehydrogenase activity in the 
flooded soil with rice plants did not 
increase unlike that of the flooded soil 
control. It is possible to consider that the 
rice roots were competing with the 
bacteria for nutrients in the soil of the 
flooded rice soil treatment. The absence 
of plants in the flooded soil control allowed 
the bacteria to utilize the nutrients in the 
soil without competition. The fact that the 
flooded rice soil plus straw treatment 
showed the highest dehydrogenase 
activity suggests that simultaneous 
availability of P, K, and N (fertilization) and 
C source (rice straw) leads to a strong 
increase in microbial metabolism. 
Previous studies have also shown that the 
incorporation of crop residues into the soil 
leads to a stimulation of dehydrogenase 
activity related to increases in bacterial 
growth. 

Soil redox potential have significant 
distinction in drained and flooded 
treatments, high redox potential in drained 
treatment had low levels of 
dehydrogenase activity and had a high 
levels of activity in flooded treatments with 
low redox potential. 
Conclusion 

Soil enzymes play key biochemical 
functions in the overall process of organic 
matter decomposition in the soil system. 

Dehydrogenases are one of the most 
important, the most sensitive 
bioindicators and are used as an 
indicator of overall soil microbial 
activity, relating to soil quality and 
fertility. Flooded soils present a unique 
situation that changes the chemistry, 
microbiological properties, and nutrient 
supply capacity of soil, since they are 
predominantly under anaerobic 
conditions. The major factor 
determining soil dehydrogenase activity 
related to the increase in the population 
of anaerobic microorganisms in flooded 
soil especially after amendment with 
rice straw. Soil physical conditions also 
have such a strong indirect influence on 
soil dehydrogenase activity through 
changes of soil aeration status 
(expressed either by Eh or by ODR). In 
conclusion, CO2 and N₂O production 
under flooded conditions were related 
to dehydrogenase activity, which 
curvilinearly increased with the organic 
matter content and curvilinearly 
decreased with Eh. All of these 
indicates that, the role of the physical 
factors in determination of the 
dehydrogenase activity is important, as 
far as they alter the redox potential of 
the soil. 
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