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Effect of Increasing Concentrations of Chromium on Soil 
Enzymatic Activities and Soil Respiration 

MASOOMA QUAZI AND N. C. AERY' 

The effects of various concentrations of chromium on the activity of dehydrogenase. catalasc and 
soil respiration were studied after 14, 28. 56 and 112 days of incubation period. Chromium was applied 
as K2Crp1 in the amounts of 0. 25, 50, I 00, 200, 400, 800 i g g 1 of soil. Soil contamination with Cr 
decreased the activity of dehydrogenase, catalase and soil respiration. About 36.92% and 44.88% 
inhibition in the activity of dehydrogenase was caused by 50 and I 00 i g g I Cr addition respectively, 
after 14 days of incubation. Catalase activity significantly (P < 0.001) decreased with applied doses 
of chromium after 14 days of incubation. A significant inhibition in soil respiration was observed after 
56 days of incubation with applied doses of chromium. These results suggest that soil respiration. 
dehydrogenase and catalase enzyme activities are suitable parameters for the toxicity test. 

Key words : Chromium, dehydrogenase, cara/ase, soil respiration 

Introduction 

Chromium 1s the I 0 th abundant eiement in the earth 's 
mantle and persists in the environment as eith-:r Cr (III) or Cr 
(YI). Cr (VI) is toxic to both plants and animals being a strong 
oxidizing agent, corrosive, and potential carcinogen 1

·!_ 

Chromium has a harmful effect on soil microorganisms by 
depressing their biological activity3 as well as modifying the 
environment in which they live4

• The activities of soil enzymes 
support biochemical processes which are essential for the 
maintenance of soil fertility. They are important in catalyzing 
several important reactions necessary for the life processes 
of micro-organisms 111 soils and the stabilization of soil 
structure. the decomposition of organic wastes, organic matter 
formation and nutrient cycling'. Soil enzyme assays have been 
considered as one of the cheapest and easiest techniques 
and used as sensors for measuring the degree of soil pollution. 
Soil enzyme inhibition depends on the nature and concentration 
of heavy metabh_ 

Soil dehydrogenase activity renects the working of a 
group of intracellular en1ymes that are present in living soil 
microbes. These enzymes take part in many metabolic 
reactions involved in oxidative energy transfer7. 

Dehydrogenase activities in soils provide correlative 
information on the biological activity and microbial 
populations in the soil. Catalase is an intracellular enzyme 
found in all aerobic bacteria and most facultative anaerobes, 
but absent in obligate anaerobesx. Catalase can split hydrogen 
peroxide into molecular oxygen and water and thus prevent 
cells from damage by reactive oxygen species9 . Catalase 
activity may be related to the metabolic activity of aerobic 
organisms and has been used as an indicator of soil fertilityi 0

• 

Soil respiration, measured as CO! evolution or 0
2 

consumption, is one of the easiest. general and frequently 
used parameters for measuring the decomposition of organic 
compounds in soil 11

• It is commonly applied to characterize 
the microbiological status of soi I 1', and is furthermore 
discussed as potential. integrative bioindicator of soil health 
or soil quality!'. It has been recognized that high 
concentrations of heavy metals can have deleterious effects 
on organic matter decomposition and physiological processes 
of soil microbes 1

J and plants 1
'· 

16
· 

17
. 

Keeping this in view. a pot trial was undertaken to 
determine the effects of various concentrations of Cr on soil 
dehydrogenase and catalase enzyme activity. and soil 
respiration so that effect of this metal could be minimized and 
soil fertility could be maintained. 

Materials and methods 

The experimental soil was sandy-loam type with 
alkaline (8.7) pH. The main characteristics of experimental soil 
are presented in Table 1. Cr wa\ applied as potassium 
dichromate at doses of 25, 50, I 00, 200, 400. and 800 µg g I Cr 
of soil. Different concentrations of chromium as potassium 
dichromate were prepared separately by taking corresponding 
amounts (calculated on the basis of molecular weight) of the 
chemical per kilogram of soil sample. Pots without the added 
Cr constituted the control. 

Experiment was set during the month of May. Three 
replicates were prepared of each concentrations and its 
moisture content was brought up lo 60% water holding 
capacity by pouring distilled water and maintained throughout 
the incubation period. Activity of soil enzymes was measured 
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Table 1 : Physico-chemical characteristics of experimental reduction (44.88% and 43.25%, respectively) in enzymatic 
soil activity was observed after 14 and 56 days of incubation. 

Parameters Value 

Soil pH 8.7 
Soil moisture(%) 15.34 
Soil texture Sandy-Loam 
WHC(o/o) 51.73 
Bulk density (glee) 0.98 
Specific gravity 4.09 
Porosity(%) 76.25 
Organic carbon(%) 0.84 

after 14, 28, 56 and I 12 days of incubation period. The soil 
dehydrogenase enzyme activity was determined by Lenhard's 
method modified by Casida et a/. 18

• The substrate of 
dehydrogenase was 3% aqueous TTC (2, 3, 5, Triphenyl 
Tetrazolium Chloride) solution. Soil incubation was carried 
out for 24 hours at 30°C and the enzyme activity was measured 
at a wavelength of 485 nm with the help of a Shimadzu UV-
1700 spectrophotometer (Schimadzu, Columbia, Maryland). 
The activity was expressed as µg TPF g· 1 of soil 24 h 1• Soil 
catalase enzyme activity was determined by the method given 
by Roberge19 with slight modification (0.1 N KMnO 

4 
was used 

instead of0.02 M KMnO). 

Soil respiration was determined by measuring CO, 
evolution from soil by method of Pramer and Schmidt20 with 
slight modification (0.1 N NaOH and 0.1 N HCI were used 
instead of0.5 N NaOH and 0.5 N HCI). 

Statistical analysis 

The raw data were analyzed using Origin 6.1 software 
for the computation of corre lat ion coefficient (r), and 
regression equation (Y). 

Results 

C hromium showed an inhibitory effect on so il 
dehydrogenase activity. Soil dehydrogenase activity 
significant ly decreased with appl ied concentrations of 
chromium for incubation period of 14 and 112 days (Table 2). 
Even the lowest Cr concentration (25 µg g·1

) decreased the 
activity of dehydrogenase by nearly 29% after 14 days of 
incubation. At I 00 µg g·1 concentration of Cr, maximum 

After 112 days of incubation period, the lowest and the highest 
enzyme inhibition were observed in 25µg g· 1 and l00µg g· 1 

levels, which were 61.79 and 83.70% respectively, compared 
to control. The overall enzyme activity decreased with 
increasing incubation periods (Fig. 1). 
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Fig. 1: Effect of Chromium as potassium dichromate on soil 
dehydrogenase activity in experimental soil after 14, 
28, 56 and 112 days ofincubation period 

A very highly significant (P < 0.001) inhibition in 
catalase activity was observed with applied doses of chromium 
after 14 days of incubation (Table 3). At lowest applied dose 
of chromium (25 µg g·1) catalase activity was inhibited by 
6.4 1 %, 6.90% and 18.04% after I 4, 28 and 56 days of incubation 
periods, respectively. Maximum reduction in catalase activity 
was observed for highest applied dose of chromium (800µg g·1

), 

which was 51.48%, 53.96% and 48.05% after 14, 28 and 56 
days of incubation periods, respectively. Applied doses of 
chromium significantly and negatively correlated with catalase 
activity for 112 days of incubation. For applied doses of 
chromium, inhibition in the catalase activity was higher in the 
first two weeks but the inhibition decreased with incubation 
time (Fig. 2). 

In the present study, soi l respiration decreased in Cr 
contaminated soils as compared to uncontaminated soils. The 
col evolution ranged from 2.07 to 4.5 mg COl-C/1 00g soil. 
Increasing levels of Cr decreased the amount of COl evolution. 
The CO2 evolution decreased for all incubation periods ranging 

Table 2 : Relationship between soil applied Cr concentrations (X) and soil dehydrogenase activity (Y) 

Parameters (Days) Regression equation Correlation coefficient (r) Significance 

14 Y =2.9316-0.0 I 3 I 5x -0.8772 Significant (0.0 I < P < 0.05) 
28 Y =2.1364-0.00341 X -0.1812 Not Significant 
56 Y =8.43-0.03 I 83x -0.5222 Not Significant 
I 12 Y =6.96-0.0648x -0.8422 Significant (0.0 I < P < 0.05) 

3 10 



QuaLi and Aery/ J. £111'. Sci. Eng., 56(3), 201-1 

2.:
-: 1 -= -

0 ?S so 100 200 400 800 

Fig. 2 : Effect of Chromium as potassium dichromate on soil 
catalase activity in experimental soil after 14, 28, 
56 and 112 days of incubation period 

from Oto 800 ~tg Cr g 1
• COz evolution decreased by 36.40%. 

36.26%, 32.44% and 32%, respectively after 14, 28, 56, 11 2 
days of incubation period at Cr level of 800µg g I soil (Fig. 3). 
Soil respiration showed a highly significant inhibition with 
applied doses of chromium after 56 days of incubation periods 
(Table4). 

Discussion 

Heavy metals are regarded as inhibito rs of 
microbiological activity of soil. They cause quantitative and 
qualitative changes in the composition of microtlora and in 
enzymatic acti vity2'. They can inhibit enzymatic activities by 
interacting with the enzyme substrate complexes. denaturing 
the enzyme protein and interacting with its active sites22

• 

Dehydrogenase enzyme activity reflects the total range 
of acti vity of soi l microtlora and may be used as a good 
indicator of microbiological activity21

·
2
• . Frankenberger el a/.2' 

repo11ed that slightly higher quantities of heavy metals might 
stimulate the activity of soil enzymes, whereas in larger doses 
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Fig. 3: Effect of Chromium as potassium dichromate on soil 
respiration activity in experimental soil after 14, 28, 
56 and 112 days of incubation period 

they wi ll have an inhibitory effect on soil enzymatic activity. 
Dehydrogenase activity can be inhibited up to 90% by high 
soil contamination with heavy metals2fi . Motuzas el a/_21 found 
a significant decrease in the activities of dehydrogenases (95-
98%), urease (65-97%), saccharase (55-77%) and soi l 
respiration intensity (38-65%) in polluted soils as compared 
to unpolluted soi l. In the present investigation, chromium also 
inhibited the activity of soil dehydrogenase (Fig.I) . As 
dehydrogenase is an intracellular enzymefi its acti vity may be 
contributed to the inhibition of microbial growth and reduction 
in microbial number. Chundawat and Aery28 investigated the 
effects of various concentrations of Cd on soil dehydrogenase 
enzyme acti vi ty and soil respiration. The maximum soi l 
dehydrogenase act ivi ty was observed at I 00 ppm 
concentration of cadmium after 15 days of incubation, beyond 
this level a gradual reduction was observed. Higher doses 
( 1600 ppm) of cadmium significantly inhibited soil respiration 
after 30 days of incubation period 28. Wyszkowska29 observed 
that the effect of Cr (VI) on the activity of dehydrogenase, 
urease, acid phosphatase and alkaline phosphatase depends 

Table 3: Relationship between soil applied Cr concentrations {X) and soil catalase activity (Y) 

Parameters (Days) Regression equation Correlation coefficient (r) Significance 

14 Y = 1.6251--0.00 I 03x --0.9928 Very highly significant (P<0.00 1) 
28 Y=l.64o0-0.00I l7x --0.9626 Highly significant (0.00 I < P < 0.0 I) 
56 Y=l.5996-9.3749x --0.8002 Possibly sign ificant (0.05 < P < 0.10) 
I 12 Y=l.8899-3.52 I 3E-4x --0.8184 Significant (0.0 1 < P<0.05) 

Table 4: Relationship between soil applied Cr concentrations {X) and soil respiration (Y) 

Parameters (Days) Regression equation Correlation coefficient (r) Significance 

14 Y=3.2010-9.82456E-4x --0.5365 Not significant 
28 Y =2.7034-8.59649E-4x --0.4422 Not significant 
56 Y =4.4655--0.00 I 72x --0.9393 Highly significant (0.()() I < P < 0.0 l) 
112 Y=4.0328--0.00147x --0.7915 Possibly significant (0.05 < P < 0. 10) 
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on the rate of soil contamination with chromium and its 
inoculation with Bradyrhi-::.obium bacteria. A negative 
correlation was observed bet ween the degree of soi I 
contamination with chromium and the activity of 
dehydrogenase, urease, acid phosphatase and alkaline 
phosphatase. Even the lowest rate of chromium ( 10 mg Cr kg 1 

of soil) was enough to depress the activity of dehydrogenases 
by nearly 20% in non-inoculated and 7% in inoculated soil. 
The highest concentration of chromium ( 150 mg Cr kg·1 of soil) 
in both non-inoculated and inoculated soi l caused a nearly 
complete inhibition of the activity of dehydrogenases. 

Aerobic bacteria use catalase for protection against 
by-products formed during oxygen-dependent metabolism. 
There are few reports regarding the effect of Cr addition on 
soil catalase activity, but there are no reports indicating the 
effect of Cr doses ranging from Oto 800 µg g I and for varying 
incubation periods (14, 28, 56 and 112 days ). Stepniewska 
et al.io observed that the presence of Cr (YI) in soil has an 
inhibitory effect on catalase activity. In the sample enriched 
with 2, 5 and IO mg kg·1 of Cr (YI), activity of catalase was 
inhibited by 37 .6%, 58.4% and 66.7%, respectively. Inhibition 
in the activity of catalase was 76%. over the control, at 20 mg 
kg I Cr (YI) dose30

• Liu et al.31 reported a negative correlation 
between soil catalase activity and increasing dosage of heavy 
metals in wastewater irrigated soil. Negative correlations 
between heavy metals and soil catalase, urease and other 
enzyme activities were also demonstrated by Kizilkaya et al. 12• 

In the present study, a negative correlation was observed 
between soil catalase activity and increasing concentrations 
of chromium. A highly significant inhibition in soil catalase 
activity was observed with applied doses of chromium after 
28 days of incubation period (Table 3). Inhibition in catalase 
activity may be due to both lower synthesis and/or release of 
extracellular enzymes by microbes or to the inhibition of 
extracellular enzymes33

. Belyaeva et a/Y elucidated contrast 
results and found that catalase activity was not markedly 
inhibited by heavy metals. The highest inhibitory effect of 
chromium on catalase activity may be due to the sudden 
exposure of the microbes to heavy metal in the first two weeks. 
Later on the microbes may have adapted to the polluted 
environment, and the enzyme activity tended to recover". 

Bing et a/.34 observed the influence of various Cr 
concentrations (0.05, 0.25, 0.50, 1.00 and 2.00 g kg 1

) on the 
activity of soi l catalase, polyphenol oxidase, dehydrogenase 
and alkaline phosphatase in the incubation experiment with a 
period of 35 days. ALI the tested Cr concentrations significantly 
inhibited dehydrogenase activity by over 70% after 30 days. 
The activity of alkaline phosphatase was slightly inhibited 
while no obvious effect was observed on the activity of 
catalase in soil. Wyszkowska et a/. 1~ observed that chromium 
applied at doses of 0, 40, 80, I 20 mg kg I of soil, adversely 

affected the activity of soil dehydrogenase, urease and acid 
and alkaline phosphatase enzymes. 

Verma et al. 11 observed that the CO, evolution in Cr 
contaminated soils with sugarcane trash ran"ged from 6.8 to 
74.6 µg g I soils. The rate of soil respiration decreased with 
increasing heavy metal concentration. Maximum soil 
respiration was recorded at 7 days of incubation period and 
decreased with increasing incubation period. In clay soils, the 
addition of Cr at 10 µg g I or more decreased CO~ evolution, 
over the control. After 120 days of incubation period CO~ 
evolution decreased by 46.6, 48.7 and 71.4% in sandy, loam 
and clay sotls, respectively, at Cr levels of IO00µg g·1 soil. In 
the present investigation, increasing concentrations of 
chromium showed a highly significant negative correlation 
with soil respiration, after 56 days of incubation (Table 4) A 
decreased rate of soil respiration related to increased 
incubation period may be attributed to the concentrations of 
heavy metals, which would bring down the soil microbial 
activity16

• D' Ascoli et al. 11 showed a significant reduction 
from 15% to 41 % in soil potential respiration with higher 
chromium contamination (500-5000 mg Cr kg 1). Hattori 18 

indicated that CO, production was significantly depressed in 
heavy metal contaminated soil. Doelman and Hannstra39 have 
also observed that long term heavy metal contamination in 
soil has harmful effects on soil microbial activity, especially 
microbial respiration. 

Conclusion 

Results indicate that high concentrations of 
chromium had a detrimental effect on soil health . The soil 
enzyme activities significantly altered with the exposure of 
chromium as evidenced by the reduction in dehydrogenase 
and catalase activities. The decreasing rate of soil respiration 
reflects the fact that all the applied doses of chromium are 
toxic to soil microbial population, hence the measurement of 
CO2 evolution appears to be a sensitive indicator for Cr 
pollution. 
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