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Abstract: Soil dehydrogenase activity is a good indicator of overall microbial activity in soil, and it can serve as 
a good indicator of soil condition. However, seasonal changes in soil moisture content may have an effect on soil 
dehydrogenase activity, making an accurate assessment of soil condition difficult. In this study, we attempted 
to determine the significance of soil dehydrogenase activity for assessing soil condition, and we attempted 
to find a way to account for the influence of soil moisture content on soil dehydrogenase activity. Soils were 
sampled in dry evergreen forest (original vegetation), bare ground (severely degraded) and Acacia plantation 
plots established on bare ground in 1986 and 1987 in Sakaerat, Thailand. Soil physico-chemical characteristics 
and dehydrogenase activity in the Acacia plantation soil had few differences from those in the evergreen forest 
soil. Soil dehydrogenase activity varied significantly between the bare ground and the forests regardless of the 
season (wet or dry), while the season did not produce a significant variation in soil dehydrogenase activity, as 
determined by repeated measures analysis of variance (p=0.077). The physico-chemical data provided the first 
principal component as a good measure of soil fertility. Values of soil dehydrogenase activity significantly cor-
related to scores of the soil samples of the first principal component (R=0.787, p<0.001). We found that soil 
dehydrogenase activity is a useful indicator of the extent of soil degradation and the rehabilitative effects of 
reforestation in this part of Thailand. Rev. Biol. Trop. 57 (1-2): 223-234. Epub 2009 June 30.

Key words: Acacia auriculiformis, land degradation and rehabilitation, savanna, soil dehydrogenase, soil 
moisture.  

Soil microbes contribute to plant growth in 
various ways (Albrecht et al. 1981, Handman 
et al. 1991, Derylo and Skorupska 1992), and 
soil dehydrogenase activity is an indicator of 
soil microbial activity (Herman and Maier 
2000). Soil dehydrogenase activity responds to 
changes in soil quality related to previous land 
usage (Rao et al. 2003) and other factors such 
as soil pollution with heavy metals (Hinojosa 
et al. 2004) or herbicides (Wingfield et al. 
1977). Soil dehydrogenase activity reflects the 
workings of a group of intracellular enzymes 
that are present in living soil microbes. These 
enzymes take part in many metabolic reactions 
involved in oxidative energy transfer (Smith et 
al. 1983). Since dehydrogenases are not active 

as extracellular enzymes in soil, soil dehy-
drogenase activity is considered to be a good 
indicator of overall microbial activity (Dick 
1997). 

In addition to land degradation, soil dehy-
drogenase activity may be affected by changing 
season, in particular, a wet/dry seasonal cycle. 
In a savanna region, soil dehydrogenase activ-
ity reflected seasonal changes in soil moisture 
(López-Gutiérrez et al. 2004). When a soil 
sample is air-dried, the dehydrogenase activ-
ity may increase (Rao et al. 2003) or decrease 
(Ross and McNeilly 1972, Rao et al. 2003) 
depending on the makeup of the soil itself or 
the particular soil horizon. These past findings 
led us to consider wet/dry seasonal changes 
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when soil dehydrogenase activity is used as an 
indicator of the intensity of land degradation.     

In this study, we analyzed changes in soil 
dehydrogenase activity to test the hypothesis 
that this activity is affected by land degrada-
tion/rehabilitation (soil condition) and wet/
dry seasonal moisture changes. The Sakaerat 
Environmental Research Station, Thailand, 
has a land degradation-rehabilitation gradi-
ent (Doi and Sakurai 2004), and the area 
undergoes an annual wet/dry seasonal cycle 
(Bunyavejchewin 1986). In the dry season, the 
soil becomes drier, and it was expected that 
this would affect the levels of dehydrogenase 
activity for soils across the entire land degra-
dation-rehabilitation gradient. The objective 
of this study was to test the following hypoth-
esis: soil dehydrogenase activity in Sakaerat 
changes significantly between the wet and dry 
seasons, and this seasonal variation is more 
pronounced than the variation along the land 
degradation-rehabilitation gradient. The rela-
tive significance of the soil moisture changes 
was analyzed by multiple regression analyses 
assuming abiotic soil environmental gradients 
(McCune et al. 2002) as the predictors of soil 
dehydrogenase activity.  

MATERIALS AND METHODS

Site description: The Sakaerat 
Environmental Research Station, Wang Nam 
Kiao district, Nakhon Ratchasima (14°30’ N, 
101°55’ E) was established in 1967. At that 
time, most of the area had already been dis-
turbed by human activities (Kaeoniam et al. 
1976). The area is 7 808 hectares and the 
altitude ranges from 250 to 762 m above mean 
sea level. The climate is classified as savanna 
(Köppen 1931). The area includes dry ever-
green forest, dry deciduous forest and planta-
tion plots as the major vegetative types (Fig. 1). 
The vegetative types are distributed in a mosaic 
pattern in the northeastern part of the site. Bare 
ground, having no vegetation as a result of 
past human activities, is also scattered in the 
mosaic. The soil is originally an Orthic Acrisol, 
according to the FAO/UNESCO scheme (FAO/
UNESCO 1979). 

In this work, dry evergreen forest, Acacia 
plantation and bare ground soils were com-
pared. The vegetative types were randomly 
distributed. Thus, the vegetative mosaic was 
regarded as a completely randomized design 
(Doi and Sakurai 2004). The numbers of repli-

Fig. 1. Map the Sakaerat Environmental Research Station (SERS) and the sampling points. DDF and DEF indicate dry 
deciduous forest and dry evergreen forest, respectively.
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cations were 7, 7 and 6 for dry evergreen forest, 
Acacia plantation and bare ground, respec-
tively. All the sampling points were on slight 
slopes (less than 10°). 

The dry evergreen forest is primarily domi-
nated by Hopea ferrea and Shorea spp. that form 
the upper storey 20 to 40 m above ground. A typ-
ical dry evergreen forest fosters more than 1 000 
trees (trunk diameter at breast height >5 cm) 
ha-1, the total basal area at 1.3 m height exceeds 
30 m2 ha-1 and the above ground biomass is over 
200 tons ha-1 (Kanzaki et al. 1995).

The Acacia auriculiformis plantation plots 
are scattered in the area (Fig. 1). The Acacia 
plots were established in 1986 and 1987 in 
the areas that were subjected to slash and burn 
shifting cultivation (Kaeonium et al. 1976). 
In this area, the original vegetation had been 
removed and the biomass had been burnt. The 
cleared area had been cultivated for a few 
years, and then abandoned when the soil qual-
ity deteriorated to the extent that could not sup-
port crop production. Some of the abandoned 
areas had been converted to plantation plots 
of Acacia mangium, Eucalyptus camaldulensis 
and other tree species. A. auriculiformis was 
one of the introduced tree species.  

The bare ground soil has been intensively 
deprived of nutrients and has lost conditions 
seen in forest soils. At these sampling points, 
restoration of vegetative cover did not occur 
and the harsh conditions for plants make the 
bare ground remain so. Morphological features 
of bare ground can still be seen at some points 
in the site. For typical bare ground, the A 
horizon can not be recognized. The uppermost 
horizon is reddish brown, rich in gravel, and 
has few roots and other plant organs/debris. 
The boundary between the uppermost horizon 
and the deeper horizon is not clear, while the 
horizon deeper than 50 cm is pale orange (Doi 
and Ranamukhaarachchi 2007b).   

 
Soil sampling: To investigate effects of 

the wet/dry seasonal cycle, soils were sampled 
on Sep 25 and 26, Nov 25 and 26, Dec 24 and 
25, 2005 and Feb 27 and 28, 2006 (Fig. 2). The 
sampling was done within 26 hours, in which 

the area had negligible precipitation (<1 mm). 
At each sampling point, hundred-mL core 
samplers, 5 cm in diameter, were inserted from 
the surface to a depth of 5.1 cm. A circle, 10 
m in diameter was established, and eight soil 
cores were randomly taken within the circle. In 
addition, two other cores were randomly taken 
in the circle for soil moisture and bulk density 
measurements. The eight soil cores were imme-
diately placed into a single plastic bag, mixed 
and brought to the laboratory. For measuring 
soil dehydrogenase activity, the moist soil 
immediately passed through 2 mm sieve and 
was used for the assay. For soil physico-chem-
ical analyses, the soil samples were air-dried, 
passed through 2 mm sieve then analyzed. 

 
Physico-chemical analyses of soils: The 

following methods were applied as previously 
reported (Doi and Sakurai 2004). Soil mois-
ture content and bulk density were determined 
using oven drying at 105 °C for 48 h. The air-
dried and sieved soil was suspended in water at 
a soil to solution ratio of 1:5 and reciprocally 
shaken at room temperature for 1 h at 120 rpm 
to determine its pH. Soil organic matter was 
determined by the loss of ignition method. 
Exchangeable cations (Ca, K, Mg and Na) were 
extracted with 1 M ammonium acetate (pH 
7.0), then Ca, K and Na were determined with 
an atomic absorption spectrophotometer. The 
sum of Ca and Mg contents in the extract was 
determined with the eriochrome black titration 
method, then the Ca content was subtracted 
from the sum to determine the Mg content. 
Exchangeable acidity (Al and H) was deter-
mined with titration. Available phosphorus was 
determined by the Bray II method. Cation 
exchange capacity was calculated as the sum of 
the four exchangeable cations (Ca, K, Na and 
Mg) and the exchangeable acidity. Soil fertil-
ity index (Moran et al. 2000) and soil evalua-
tion factor (Lu et al. 2002) were calculated to 
quantify the intensity of land degradation in the 
study site (Doi and Sakurai 2004). The follow-
ing equations were used to calculate integrative 
soil quality indices: 
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Soil fertility index = pH + organic matter (%, 
dry soil basis)+ available P (mg/kg dry soil) + 
exch K (c eq/kg dry soil) + exch Ca (c eq/kg 
dry soil) + exch Mg (c eq/kg dry soil) – exch 
Al (c eq/kg dry soil)	 [1] 
 
Soil evaluation factor = [Exch K (c eq/kg dry 
soil) + exch Ca (c eq/kg dry soil) + exch Mg (c 
eq/kg dry soil) – log(1 + exch Al(c eq/kg dry 
soil))] X organic matter (%, dry soil) + 5	 [2] 

 
Soil dehydrogenase activity measure-

ment: Soil dehydrogenase activity was mea-
sured within 12 h after sampling the last 
sample. The activity was determined by 
colorimetric measurement of the reduction 
of 2, 3, 5-triphenyltetrazolium chloride to 

triphenyltetrazolium formazan according to the 
method of Casida et al. (1964). Five grams of 
fresh soil were suspended in 5 mL of 250 mM 
tris-HCl buffer (pH 7.4) containing 3.47 mM 
glucose. The enzymatic reaction started when 1 
mL of 2.5% (w/v) triphenyltetrazolium chloride 
solution was added to the soil suspension. The 
reaction took 12 h in the dark at 37 ºC, mixing 
the suspension occasionally. The reaction was 
stopped by adding methanol. The methanol 
suspension was passed through cotton plug, 
filled up to 100 mL with methanol, and the 
formazan was measured colorimetrically at 480 
nm. The control was prepared by mixing the 
soil sample with methanol before adding the 
tris-HCl buffer and the tetrazolium solution. 
The coloration for the control was a negligible 

Fig. 2. Meteorological data during the research period.
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value of less than 3% of the sample value, sug-
gesting the negligible abiotic formation of the 
formazan (Wada et al. 1978).    

      
Effects of air-drying, re-moistening and 

5 ºC refrigeration of soil on soil dehydro-
genase activity: In the above conditions, soil 
dehydrogenase activity was not significantly 
affected by the seasonal cycle. This was unex-
pected, and therefore, the November samples 
were air-dried to confirm if the soils’ dehydro-
genase activity significantly respond to more 
intensive drying that intensively deprives the 
microbial niche of moisture. The air-dried soil 
samples were also re-moistened to examine 
if the re-moistening treatment restores the 
original dehydrogenase activity (Hinojosa et al. 
2004). The air-drying treatment took 30 days 
at 26 ºC in the dark and the air-dried soil was 
kept in a plastic bag. The residual soil moisture 
was determined using oven drying at 105 °C 
for 48 h. After the air-drying treatment, the soil 
moisture contents were; bare ground, 1.57% 
±2.86; Acacia plantation, 2.09% ±1.34; ever-
green forest, 2.07% ±1.94. In the re-moistening 
treatment, distilled and sterilized water was 
supplied to the air-dried soil sample to give the 
field moisture content, previously determined 
by oven drying at 105 ºC. The re-moistened 
soil sample was incubated at 26 ºC in the dark 
for another month in a tightly closed plastic 
bottle. The bottle was occasionally ventilated 
by opening the cap.    

This confirmatory experiment was extend-
ed to investigate whether the widely adopted 
soil storage method at 5 ºC significantly affects 
soil dehydrogenase activity. The December soil 
samples were used for this experiment. The 
soil in a plastic bag was stored in a refrigerator 
immediately after the sampling and sieving. 
The soil was kept for 12 and 25 days before the 
dehydrogenase activity was measured.  

 
Data analyses: All the following analyses 

were performed using the statistical software, 
SPSS 10.0.1 (SPSS Inc.). Repeated measures 
analysis of variance for each of the soil physico- 
chemical characteristics and soil dehydrogenase 

activity was performed. Dunnett T3 t-test was 
performed to examine the significant differ-
ences between means. Principal component 
analysis of the soil physico-chemical data was 
performed to extract a principal component 
for describing the land degradation-rehabilita-
tion gradient. Linear regression analysis was 
performed to examine a linear relationship 
between values of soil dehydrogenase activ-
ity and scores on the principal component 
for describing the degradation-rehabilitation 
gradient. Multiple regression analysis was per-
formed to determine abiotic soil environmental 
factors that were significantly correlated to 
soil dehydrogenase activity. In the multiple 
regression analysis, the stepwise method at the 
default criteria (p=0.05 for inclusion and 0.10 
for removal) was chosen.   

RESULTS

Physico-chemical soil characteristics 
and soil dehydrogenase activity: There was 
a significant correlation between the land deg-
radation/rehabilitation and most soil variables 
that we tested (p<0.05, Table 1). Soil from 
degraded land showed high values for bulk 
density and exchangeable Al content, and low 
values for moisture content, pH, organic matter 
content, contents of basic cations (K, Ca, Mg) 
and available phosphorus. In most compari-
sons, the values for the Acacia plantation soil 
were not significantly different from those for 
the evergreen forest soil. For several soil char-
acteristics, the bare ground soil was significant-
ly poorer than that from the evergreen forest 
or the Acacia plantation. The Acacia planta-
tion soil showed the restorative effects of the 
plantation on the degraded soil. The wet to dry 
season transition produced significant changes 
in soil moisture content, bulk density and pH. 
However, there was not a significant change in 
soil dehydrogenase activity between the wet 
and dry seasons. There was, however, a signifi-
cant difference in soil dehydrogenase activity 
between the bare ground and the forests. Thus, 
our hypothesis that seasonal variations in soil 
moisture content have more influence than the 
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Table
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negative. An analysis of variance for the first 
principal component showed that degrada-
tion/rehabilitation was a significant source of 
variation (p<0.001), while sampling time and 
the interaction were not significant (p>0.502). 
Hence, as shown in a previous report (Doi 
and Sakurai 2004), the first principal compo-
nent axis is the general soil fertility indicator. 
The relationship between the first principal 
component scores and the values of dehydro-
genase activity was liner (R=0.787, p<0.001). 
Therefore, the variation of soil dehydrogenase 
activity reflected the land degradation/rehabili-
tation significantly. 

Effects of air-drying soil and refrigera-
tion on soil dehydrogenase activity: Air-drying 
and the re-moistening treatments resulted in no 
significant differences in soil dehydrogenase 

land degradation/rehabilitation on soil dehy-
drogenase activity was not borne out. 

 
Relationship between the physico-chem-

ical soil variation and soil dehydrogenase 
activity: The physico-chemical data for the 
soil samples we tested are shown in Table 2. 
According to Kaiser’s criterion (Kaiser 1960), 
the first four principal components were sig-
nificant, and these four principal components 
explained 78% of the total variation, reflecting 
its simple data structure. The first principal 
component accounted for a large part of the 
total variation as described in a previous report 
about soils in Sakaerat (Doi and Sakurai 2004). 
For the characteristics that favor plant growth, 
the values of eigenvectors on the first princi-
pal component were positive, while those for 
bulk density and exchangeable acidity were 

Table 2
Results of principal component analysis of the physico-chemical data

Statistic
Principal components

1 2 3 4 5

Eigenvalue 5.08† 1.83 1.32 1.16 0.62

Variation explained (%) 42.3 15.3 11.0 9.69 5.17

Cumulative* 42.3 57.6 68.6 78.3 83.5

Physico-chemical characteristic Eigenvectors

Moisture 0.31 0.19 0.65 -0.52 -0.23

Bulk density -0.50 0.19 -0.69 -0.10 0.03

Organic matter 0.78 0.20 0.19 0.29 0.03

pH 0.72 -0.41 -0.25 -0.05 -0.19

Bray II P 0.25 -0.69 0.30 0.02 0.58

Exchangeable Na 0.33 0.55 -0.22 -0.54 0.35

Exchangeable Ca 0.94 0.07 -0.17 0.09 0.06

Exchangeable K 0.75 0.32 -0.12 -0.22 0.13

Exchangeable Mg 0.91 0.07 -0.06 0.27 -0.14

Exchangeable Al -0.44 0.47 0.09 0.56 0.17

Exchangeable H -0.40 0.61 0.36 0.11 0.06

Cation exchange capacity 0.91 0.28 -0.05 0.24 0.10

* Cumulative % of the variation of multivariate profile explained by the primary principal components
† The underlined figures indicate the principal component is significant according to the Keiser’s criterion (eigen value > 
1, Keiser 1960).
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activity among the soils (Fig. 3). Land degrada-
tion/rehabilitation and air-drying/re-moistening 
together were significant (p<0.001 for both) as 
sources of the variation, while their interaction 
was not significant (p=0.104). This lack of sig-
nificance can be attributed to decreases in the 
original dehydrogenase activity in the forest 
soils. Re-moistening treatment did not restore 
the original activity.  

Refrigeration at 5 ºC was also a signifi-
cant source of variation in soil dehydrogenase 
activity (p=0.008), but it was less signifi-
cant than air-drying/re-moistening (p<0.001). 
Land degradation/rehabilitation was more sig-
nificant (p<0.001) as a source of variation than 

refrigeration at 5 ºC, while their interaction was 
not significant (p=0.219), and the differences 
in dehydrogenase activity between the bare 
ground soil and the forest soils continued even 
in the conditions of refrigeration.   

 
Multiple regression models: Multiple 

regression analyses showed that exchangeable 
Mg content was the most significant soil char-
acteristic, and it accounted for 63% of the total 
variation in soil dehydrogenase activity (Table 
3). Soil moisture content was the third most 
significant, following Bray II P content, which 
accounted for only a small part (4.3%) of the 
variation in soil dehydrogenase activity.   

Fig. 3. Effects of soil moisture treatment (a) and 5ºC refrigeration (b) on soil dehydrogenase activity. The diamond, open 
circle, and triangle indicate bare ground, Acacia plantation and dry evergreen forest, respectively. The values indexed by 
the same letter for each moisture treatment and storage period do not have significant differences at p=0.05 according to 
the t-test.
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DISCUSSION

Significance of exchangeable soil Mg 
content: In some cases, variation of soil enzy-
matic activity among soils in question was 
significantly attributable to differences in soil 
organic matter content (Gianfreda and Bollag 
1996, Baligar et al. 1999). Baligar et al. (1991) 
found exchangeable Mg content to be a signifi-
cant abiotic determinant of soil dehydrogenase 
activity.

The reduction of the tetrazolium com-
pound could be enhanced by exchangeable 
Mg in the dehydrogenase reaction mixture. A 
preliminary comparison between the evergreen 
forest and the bare ground soils showed that the 
oxidation rate of the tetrazolium compound of 
the Biolog EcoPlate (on which effects of avail-
able soil nutrients were minimized) was twice 
as high in the evergreen forest soil as in the 
bare ground soil (Doi 2005). On the other hand, 
in the current assay conditions, the dehydroge-
nase activity was five to ten times higher in the 
evergreen forest soil than in the bare ground 
soil (Table 1). The increased difference in the 
present study may be due to the contribution of 
exchangeable Mg in the reaction mixture as the 
cofactor (Karr and Emerich 2000). 

 
Protective effects of soil structure on 

microbial survival: Decreases in dehydroge-
nase activity in air-dried forest soils suggest 
a protective function of soil pores (Chenu 
and Stotzky 2002). Soil microbial cells tend 
to gather in the spaces where their protective 
effects help their survival (Heijnen et al. 1993). 

In these pores, soil moisture is relatively well 
retained, while it dries easily in other soil spaces 
(Adl 2003). Furthermore, it has been found that 
soil moisture distributes unevenly (Ehlers et al. 
1995). If soil is sieved and air-dried by spread-
ing the soil and occasionally mixing on a plate, 
fragile spaces are broken and lose their mois-
ture rapidly. When there is a rapid decrease in 
moisture due to air-drying, some microbes may 
actually die (Paul and Clark 1989). To restore 
the original soil microbial activity in the forest 
soils, it would be necessary to restore the lost 
fragile spaces broken by the air-drying treat-
ment (Leij et al. 2002). Thus, it appears that re-
moistening alone was ineffective in restoring 
the dehydrogenase activity because of the loss 
of soil structure and moisture. 

The relatively minor decreases in soil 
dehydrogenase activity that were caused by 
refrigeration at 5 ºC suggest that the retention 
of the soil moisture protected the microbes.  
Dehydrogenase activity in a temperate for-
est soil showed a significant increase after a 
comparable storage period of 29 days at 4 ºC 
(Ross and McNeilly 1972). The decreases in 
activity due to refrigeration that we observed 
(Fig. 3) may be due to the fact that the microbes 
in tropical soil are unable to withstand cold 
temperatures.   

Air-drying of soil samples is used when it is 
difficult to assay soil enzymatic activity imme-
diately after the sampling (Gianfreda and Bollag 
1996), and it has been found that β- glucosidase 
activity in an alluvial sandy soil did not change 
after air-drying (Rao et al. 2003). However, 
in some cases, air-drying of soil significantly 

Table 3
Multiple regression models for describing variation of soil dehydrogenase activity in Sakaerat

Model
Model fitness

Dehydrogenase activity (µ mol formazan/h/g dry soil) = ;
R p

1 0.630 <0.001 Exch Mg (m eq/kg dry soil) x 0.957 + 1.81

2 0.747 <0.001 Exch Mg (m eq/kg dry soil) x 0.890 + Bray II P (mg/kg dry soil) x 4.36 - 15.3

3 0.790 <0.001
Exch Mg (m eq/kg dry soil) x 0.830 + Bray II P (mg/kg dry soil) x 4.28 - Moisture 
(%) x 0.642 - 21.0
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affects the enzymatic activity. Dehydrogenases 
do not show enzymatic activity if the micro-
bial cells are dead, and this happens when a 
soil sample is air-dried (Paul and Clark 1989). 
We believe that there was still sufficient mois-
ture in the soil in February (the driest month in 
Sakaerat, Thailand) to protect the soil microbes. 
However, it is expected that some microbes may 
die when this soil is air-dried. 

 
Rehabilitative effects of reforestation on 

soil microbial activity: Comparisons between 
the Acacia plantation soil and the other soils 
show the restorative effects of Acacia planting 
(Doi and Ranamukhaarachchi 2007a, Table 1). 
The microbial function has also been restored, 
as shown by the fact that there were no 
significant differences in soil dehydrogenase 
activity between the Acacia plantation and the 
evergreen forest soils. The Acacia trees had 
been growing for 18 or 19 years, during which 
time many native species have returned to the 
plantation plots (Kamo et al. 2002). Thus, 
planting of A. auriculiformis and the return 
of native species may restore the original soil 
microbial activity. Increasing the diversity of 
plant community can help enrich soil fertility 
(El-Keblawy and Ksiksi 2005) and establish 
the soil’s ecological structure (Beare et al. 
1995). In an adjacent paddy field, the soil fertil-
ity, expressed as a soil fertility index (Moran et 
al. 2000), was comparable to the bare ground 
soil, and the value of dehydrogenase activ-
ity was poor (1.81 ±0.74 μmol formazan/h/g 
dry soil [n=40]). This shows the difficulty of 
restoring microbial activity when the land is 
burdened with agricultural production.  

  
Soil dehydrogenase as a single measure 

of land degradation and rehabilitation: In this 
study, changes in soil dehydrogenase activity 
correlated very well with the land degradation/
rehabilitation. The dehydrogenase assay offers 
a continuous measure of soil microbial activity 
as a result of the total redox sequences (Smith 
et al. 1983). Moreover, various soil microbes 
have redox sequences in their cells. The dehy-
drogenase assay is superior to techniques that 

involve threshold-manner observation such as 
most-probable-number counting of a target soil 
microbial group (e.g., Soares et al. 2006). These 
techniques may be unsuitable for describing a 
gradient that significantly correlates to the 
activity of microbial cells, in which these cells 
are more or less active depending upon envi-
ronmental condition, but do not actually die in 
the environment. 

Thus, it appears that the assay of soil 
dehydrogenase activity can serve as an inte-
grative measure of soil quality. A soil ecosys-
tem includes many microbes that can reduce 
tetrazolium compounds (Sollod et al. 1992) 
Dehydrogenase isozymes of a microbial spe-
cies respond to different environmental impacts 
in different ways (Berchet et al. 2000), while 
the formation of formazan can be measured as 
a single variable. This value has a highly sig-
nificant correlation with the first principal com-
ponent, suggesting its integrative nature; i.e., 
formazan formation represents various redox 
reactions. This study shows that soil dehydro-
genase activity is a useful single criterion for 
measuring the status of land degradation and 
the rehabilitation in the field. This technique 
will minimize labor, expense and time spent for 
monitoring soil quality in land rehabilitation 
efforts in savanna regions.  
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