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ABSTRACT 
The objective of this work was to evaluate the dehydrogenase activity in rhizosphere of Musa AAB at different depths of the soil, 
agronomic management and age of the crop, and analyze the relationship between the enzyme activity and some soil biology properties. 
The present investigation focused on assessing the dehydrogenase enzyme in a soil Pachic Melanudands of Quimbaya, Quindio, 
Colombia. The growing practices of agricultural management were chemical, traditional and agroecological. The samplings were 
conducted in the rhizosphere at 0-5, 5-10,10-20 and 20-30 cm depth, and the surveys were made at 6, 12 and 18 months taking into 
account the plant phenology. Dehydrogenase activity was higher in the first cm of soil profile. The activity depends of the management 
crop being the higher in the agroecological conditions and the age of the plant. The activity was related to biological properties of the soil. 
This investigation constitutes the first study of enzymatic dehydrogenase activity of soil in that grow Musa AAB in Colombia. 
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INTRODUCTION 
 
The complexity of the soil and the need to investigate their 
fertility and quality, leading to this natural resource in a 
holistic approach, considering physical, chemical, biologi-
cal, and biochemical properties. Within the later, enzymes 
deserve special attention for their role in the mineralization 
of organic matter. 

Zhang et al. (2010), which cites several authors with 
reference to soil organic matter, has important effects not 
only soil enzymes activities, but also on microbial activities. 
Enzymes in soil, especially dehydrogenase, are highly 
associated with the microbial biomass, which in turn affects 
the decomposition of organic matter. 

Mineralization and immobilization of nutrients such as 
carbon, nitrogen, phosphorus, sulfur, boron, among others, 
are determined by the amount and type of organisms that 
make up the soil biota and its contribution enzyme (Bolaños 
2006). The extracellular enzymes of microbial origin deg-
rade macromolecules in smaller molecules, which are ab-
sorbed and consumed by the microbial cells, transforming 
them into biomass, CO2 and energy (Siqueira and Franco 
1988). It has been determined that in the soil, the main 
source of enzymes is the microbial biomass, but they can 
also originate from residues of plants and animals (Tabata-
bai 1994). Dehydrogenase activity is considered as an indi-
cator of oxidative metabolism and total microbial activity in 
soils (Skujins 1973 in Quilchano Marañon 2002). This led 
us to use the presence and activity of enzymes in the soil as 
an indicator of their quality and biodiversity. Also, Uda-
watta et al. (2008), Trasar-Cepeda et al. (2008) and Zagal et 
al. (2009) report that dehydrogenase activity is strongly 
influenced by soil management, although Lagomarsino et al. 
(2009) report extremely high variability of this enzyme in 
different systems under short-term crop rotation. 

Plantain (Musa AAB) crop, at a global level, is regarded 
as a product that ensures food security. In Colombia is of 

economic importance as a source of income of about US 
$ 57,000 and generates 286,000 jobs per year (Aranzazu et 
al. 2002). There is little information on plantain rhizosphere 
studies and therefore research is needed to better understand 
health and soil quality and productivity of this crop. 

The objectives of this research were: 1) to estimate de-
hydrogenase activity in rhizosphere of plantain at different 
depths of the soil, agronomic management and age of the 
crop and 2) to establish the relationship between enzyme 
activity and soil properties such as respiration and microbial 
biomass C and N. 

 
MATERIALS AND METHODS 
 
The field experiment was conducted in a soil Pachic Melanudands 
medial isothermic of Quimbaya, Quindío (Colombia), in the farm 
Peru, under the georeferenced coordinates 4° 38' 15.6'' N and 75° 
44' 8'' W, 1,420 masl. Average temperature of 22°C, 2.200 mm/ 
year, and relative humidity of 78%. The clone planted was horn 
cultivar (‘Dominico-Hartón’) (Musa AAB), from seed selected by 
health and weight (corms between 200 and 300 g). All growing 
practices were provided, while preserving differences in the three 
types of agricultural management or treatments. 
a) Chemical Management (CM): application of synthetic chemical 
fertilizers, insecticides to control Cosmopolites sordidus Germar; 
fungicides for control of Sigatoka (Mycosphaerella sp.) and herbi-
cides. 
b) Traditional Management (TM): just coffee pulp was applied at 
the time of planting. 
c) Agroecological Management (AM): includes application of 
compost prepared from products of banana peelings, cow manure 
and coffee pulp; all naturally occurring chemical fertilizers and 
bio-fertilizers. No agricultural chemicals were applied in any form. 

The samplings were conducted in the rhizosphere at 0-5, 5-10, 
10-20 and 20-30 cm depth, according to the distribution of the 
plantain root system the soil profile. The surveys were made at 6, 
12 and 18 months, taking into account the phenology of the plant. 
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To quantify the activity of dehydrogenase (EC 1.6.99.3) the TTC 
reduction technique (triphenyl tetrazolium chloride) was used 
(Thalmann 1968 cited by Alef 1995). The method is based on the 
rate of reduction of TTC to TPF (triphenyl formazan) after incuba-
tion at 30°C for 24 hrs in soil. Each sample (108) had three rep-
licates. After incubation, the TPF formed was extracted with ace-
tone. The samples were centrifuged and the intensity of red or 
optical density of the supernatant (TPF) was estimated at 546 nm 
by a spectrophotometer (Biorad Smartspec 3000). The concentra-
tion of TPF �g.g-1 in dry soil was determined by calibration curve 
(Casida et al. 1964). 

 
Statistical analysis 

 
The information was analyzed using the SAS statistical program 
(Statistical Analysis System) Version 8. Data variables that are not 
normally distributed were transformed before performing analysis 
of variance and Tukey’s test. After three treatments (CM, TM, 
AM), three ages, four depths and three replicates a total of 108 
samples were processed under a split design under randomized 
block. In this arrangement, the main plot was the crop and soil 
management and the sub plot were the three ages of plants. 

Results between the enzyme activity – dehydrogenase and 
microbial biomass were analyzed using Pearson’s correlation (P < 
0.05). 
 
RESULTS AND DISCUSSION 
 
The activity of the enzyme varied significantly with depth 
of sampling, age and agronomic management of the crop. 

 
Dehydrogenase and depth of soil 

 
The highest activity occurred in the first five centimeters of 
soil depth independent of the age of the plant. It decreased 
significantly as occurred in the profile, 75% of the dehy-
drogenase activity was concentrated in the top 10 cm of soil, 
and this value was 58.44% of 0 to 5 cm. These results may 
be related to soil moisture and activity of soil biota. 

Quilchano and Marañón (2002) found that dehydroge-
nase activity was higher in rainy season than in dry season, 
and was related to soil moisture and increased biological 
activity. Similarly, they found significant correlation with 
pH, Ca, Mg, K and water content in the soils studied, but 
not with C and N total. 

 Enowashu et al. (2009) also reports that the enzyme 
activities were higher in the upper soil layer and decreased 
within the soil profile. 

 
Dehydrogenase and agronomic management 
practices 
 
The activity of this enzyme was significantly different (P < 
0.01) in the rhizospheric soil of plants that were environ-
mentally sustainable practices 50.2 �g TPF.g dry weight 
(dw)-1, followed by 28.5 mg TPF.g dw-1 in chemical 
management and traditional 1.19 �g TPF.g dw-1 (Fig. 1). 

In the agricultural management treatment it was ob-
served the activity of the dehydrogenase decreased signifi-
cantly along with depth, being higher in the ecological 
management at different depths (Fig. 2). 

The increased activity of dehydrogenase in the ecologi-
cal management vs. the other may be associated with the 
presence and effect of organic amendments (compost) ap-
plied in this operation, as described in the methodology. 

Similar results were found by Bolton et al. (1985), in 
the countryside, land under sustainable management, with 
input from green manures. There, the activity of dehydroge-
nase, urease and phosphatase showed highly significant 
differences in soil which had received regular applications 
of chemical fertilizers. In the chemical management, in ad-
dition to the applications of synthetic fertilizers are also ap-
plied insecticides, fungicides and herbicides, which explain 
the activity of this enzyme was significantly lower than in 
the ecological management. Chang et al. (2007) found that 

the soil microbial biomass, populations of bacteria, fungi 
and actinomycetes, as well as soil enzyme activities (dehy-
drogenase, cellulase, glucosidase, protease, urease, arysul-
phatase, and acid and alkaline phosphatases) increased sig-
nificantly in the compost-treated soils compared with the 
chemical fertilizer-treated soil. 

Singh and Singh (2005) assessed the activity of dehy-
drogenase in soil to which was applied protectant (insecti-
cide) for seeds and found that decreased activity in samples 
taken 15 and 90 days after applying protectant. The adverse 
effect of insecticides can be derived from the toxicity of 
these products in the soil microbial population and activity. 
However, gradual increases over time, the activity of en-
zymes can be explained by increases in the populations of 
microbes resistant to such toxic. 

According the results obtained by Pajares et al. (2009) 
the addition of compost and farm manures (organic man-
agement), or fertilizer inputs adjusted to crop demand and 
combined with mulching had positive effect on the soil or-
ganic C content and soil biological activity in the short-term 
period in volcanic soil studied (Acrisol). In another study, 
Moeskops et al. (2010), comparing the effect of organic and 
conventional farming practice on soil microbial dynamics; a 
strong negative impact of intensive chemical fertilizer and 
pesticide use on soil enzyme activities was demonstrated. 

 
Dehydrogenase and plantain cultivation age 
 
The analysis of variance detected highly significant dif-
ferences in dehydrogenase activity in rhizosphere of plan-
tain according age of plantain (Fig. 3). 

According to the comparison of means test, was higher 
(40.1 �g TPF.g dw-1) in plantain flowering plants (12 
months), followed by plants at harvest, 18 months (33.6 
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Fig. 1 Dehydrogenase activity, at a depth of 0 to 5 cm under different 
agricultural management practices. Bars with different letters indicate 
statistical differences according to Tukey’s test (P < 0.01). 
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Fig. 2 Dehydrogenase activity in three agricultural management prac-
tices under to four depths of the soil profile. Bars with different letters 
indicate statistical differences according to Tukey’s test (P < 0.01). 
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TPF.g dw-1) and finally plants flower differentiation, sam-
pled at six months (24.1 �g TPF.g dw-1) (Fig. 4). 

In the cultivation of plantain, at an altitude between 
1300 and 1500 m, 12 months of age that correspond to the 
physiological development of flowering period, may to 
explain the increased enzyme activity, when you consider 
that flowering is a phenological phase, in this case was in-
creased the soil rhizospheric microbial activity and there-
fore the enzyme (Barea and Azcón-Aguilar 1982; Sánchez 
2003). 

The values found in this enzyme ranged between 4 and 
51 �g TPF.g dw-1, which can be considered high when com-
pared with those found by Bolton et al. (1985). However, 
these values are within the range recorded by Casida et al. 
(1964). 

Dehydrogenase activity is considered an appropriate 
measure of the total soil microbial activity, as there is high 
ratio (r = 0.84) between the consumption of O2 by microor-
ganisms and dehydrogenase activity in soils, but found no 
relationship between activity of this enzyme and the num-
ber of organisms, specifically bacteria (Stevenson 1959). In 
this sense, Casida et al. (1964) found similar results evalu-
ating actinomycetes, bacteria and fungi. 

Dehydrogenase enzyme activity was found to positively 
and significantly correlated with BMC (0.3, P < 0.05). 
These results confirm the reason for the close relationship 
between mineralization and soil enzymatic activity. 

CONCLUSIONS 
 
The dehydrogenase activity was higher in the first 10 cm 
soil profile and greater 0 to 5 cm. With regard to agricultu-
ral management practice, the soil dehydrogenase indicator 
was valid and sensitive to changes related to practices in the 
management of each evaluated; in the environmental man-
agement practice, the activity increased significantly com-
pared with traditional management practice and with the 
soil that received agrochemicals. In the rhizosphere of 
plants in bloom (12 months) was higher dehydrogenase ac-
tivity compared with the rhizosphere of plants found in six 
or 18 months (floral differentiation and harvest, respec-
tively). The dehydrogenase activity was related to biolo-
gical activity measured in terms of BMC. Changes in this 
enzyme are important in the mineralization of carbon and 
are a reliable diagnostic parameter, easy and inexpensive. It 
is in this research corroborates the importance of studying 
enzymes in the soil as indicators sensitive to changes, 
which become the monitoring tools can be used in making 
management decisions agronomic cultivation of plantain. 
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Fig. 3 Dehydrogenase activity rhizospheres of plantain in different age 
(depth of 0 to 5 cm). Different letters indicate statistical differences 
according to Tukey’s test (P < 0.01). 
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Fig. 4 Dehydrogenase activity in rhizosphere of plantain plants of dif-
ferent ages and four deep. Different letters indicate statistical differences 
according to Tukey’s test (P < 0.01). 
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