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Abstract 
The microcalorimetric technique was used to analyze the influence of different plantation years in vegetable farms on soil microbial activity. With this 
aim, three soil samples were collected in Changsha, China, from different plantation years: 1-2 years (NX), 10 years (HX) and 30 years (CJ). Power- 
time curves were described for tested soil samples application by glucose and ammonium sulphate, the total heat changes of the microbial growth 
reaction (Q

total
 [J g-1]) and the microbial growth rate constant (k [min-1]) were calculated from the curves. Our results also indicated that all power-time 

curves presented typical changes of microbial activity. The sharps of these three time-power curves are similar and close to the sigmol. Plantation 
years had a significant impact (p<0.05) on the characteristic microcalorimetric parameters P

max 
(values of thermal power at the maximum of the peak), 

t
max

 (values of peak time, it is the time to reach the maximum of the peak), Q
total

 and k that generally followed the series: HX>CJ>NX (P
max

 and k), 
CJ>NX>HX (t

max
) NX>HX>CJ (Q

total
). In conclusion, microbial activity of the soil samples determined by microcalorimetry reflected differences in 

plantation years of vegetable soil. 
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Introduction 
Soil microorganisms play an essential role in the environment due 
to their role in nutrients transformations, plant growth promotion/ 
suppression, the decomposition of organic material and in various 
soil physical processes 1, 2. The activity, quantity, type, 
composition and biodiversity of soil microorganisms were 
influenced by various factors including soil ecological factors 3. 
Therefore, the microbial activity measured in soils can indicate its 
degree of fertility and quality for agricultural management. 

In determining microbial activities, microorganism counting, 
substrate induced respiration, microbial biomass C, N and 
microelectrodes were taken frequently 4. However, in recent years, 
the application of microcalorimetric technique in soil microbial 
activities has drawn increasing attention. Microcalorimetry is a 
highly sensitive method to assess the overall biomass and activity 
of soil microorganisms. It allows the study of biology at the 
molecular and cellular levels with the power-time curves 
generating a lot of kinetic information. By analysis of the power- 
time curves, kinetic parameters, such as microbial growth rate 
constant, heat evolution process and heat yield of microbial growth 
can be evaluated 3. Another advantage of the microcalorimetry 
technology is its simplicity and non-disturbance of samples and 
providing a continuous measurement of heat production for the 
same sample for a prolonged period of time, which is not possible 
by using other methods 5. The aim of this study was to investigate 
the influence of different plantation years in vegetable farms on 
soil microbial activity measured by calorimetric technique. These 
soil samples were collected from vastly different plantation years 
in Changsha City (central south China). 

Materials and Methods 
Soil sampling: Soil samples were taken from different areas in 
Changsha, Hunan province, in central south China. Three 
contrasting vegetable farms of different plantation years were 
selected for the study, they included 1 year (NX, 28°10' N, 112°34' 
E), 10 years (HX, 28°08' N, 113°04' E) and 30 years (CJ, 28°10' N, 
112°34' E), respectively. At all 3 above sites, soil samples were 
collected from the surface horizon (0-15 cm) using 5.5 cm diameter 
stainless steel corer at 10-15 positions randomly selected in the 
rows of the vegetable plantations in an area of 300 m2 of each 
field. The soils were mixed to obtain 3 composite samples per one 
field. The soil sample was immediately placed in a gas-permeable 
plastic bag and stored at 4°C until analysis. The properties of the 
soil (a Fluvisol developing towards a Cambisols) are shown in 
Table 1. 

Microcalorimetric measurements: Calorimetric experiment was 
performed on a TAM air multi-channel thermal activity 
microcalorimeter (Thermometric, 3114/3236, Sweden) 6. 
Measurements were carried out in hermetically sealed 5 ml stainless 
steel ampoules. All 5 ml steel ampoules were cleaned and sterilized 
in an oven at 120°C for 2 h before use. All soil samples were first 
placed at 28°C for 24 h and then submitted to microcalorimetric 
measurements. For each soil sample, 1.0 g soil at 60% of water- 
holding capacity (WHC) was put into a sterilized steel ampoule 
and then 0.4 ml of a sterilized solution containing 1.5 mg of glucose 
and 1.5 mg of ammonium sulphate was added immediately. The 
reference ampoule was filled with 0.4 ml of sterilized distilled water, 
measurement of all samples was in triplicates. The temperature of 



Journal of Food, Agriculture & Environment, Vol.10 (1), January 2012      931 

the calorimeter system and the isothermal box was controlled at 
28°C. The power-time curve of microbe growth was continuously 
monitored and recorded. 

Results and Discussion 
The results obtained from calorimetric determination for 3 tested 
soil samples were shown in Fig. 1 and Table 2. The power-time 
curves showed evolution changes of microbial activity. The values 
of total heat (Q

total
 [J g-1]) and the microbial growth rate constant 

(k [min-1]) were calculated from the curves. 
All recorded power-time curves presented a typical process of 

microbial metabolic activity (Fig. 1). In all soil samples, heat flow 
increased exponentially after a lag phase, which was followed by 
a stationary phase and a decline phase. The sharps of these three 
time-power curves are similar and close to the sigmol. This could 
be mainly explained by the similarities of soil texture, diversity, 
populations and metabolism of soil microorganism due to the same 
cultivation and management associated with the studied soils. All 
the correlation coefficients were higher than 0.998, indicating a 
good reproducibility and correlation (Table 2). However, ANOVA 
revealed that plantation years had a significant impact (p<0.05) 
on the characteristic microcalorimetric parameters (P

max
, t

max
, Q

total
, k) 

(Table 1). Values of thermal power at the maximum of the peak 
(P

max
) and the microbial growth rate constant (k) followed the 

series HX>CJ>NX; values of peak time (t
max

) followed the pattern 
CJ>NX>HX. In contrast, the pattern of values of total heat 
evolution recorded from soil samples (Q

tota
) was significantly 

different and followed the series NX>HX>CJ (Table 2). So, our 
work provides a new thermochemical method (microcalorimetry) 
for the determination of the influence of the different plantation 
year of vegetable farm on soil microorganism metabolic activity. 
Compared with other biological methods, microcalorimetry is more 
sensitive and can be easily performed 7. It is anticipated that it is 
a promising and feasible technique to be applied in other biological 
and environmental research fields, such as heavy metal, pesticides 
and toxic agents 3, 5. 

All metabolic processes occurring within living cells produce 
heat; thus, metabolic processes can be studied by monitoring 
changes in heat flux with a sufficiently sensitive microcalorimeter. 
Microcalorimetry can directly measure the biological activity of a 
living system and provides continuous information concerning 
heat production, thereby providing considerable qualitative and 
quantitative information 5. Power-time curves were recorded for 
samples representing different management practices, in which 
great variability in microbial activity can be observed (Fig. 1). The 
calorimetric information provides considerable assistance in 
understanding features related to the effects of management 
practices on soil. The calorimetric curves resulting from soil 
microbial activity can display a single large thermal effect, various 
minor initial thermal effects, or a rapid increase followed by a slow 
decrease. The area under the curve (Q

total
) describing the thermal 

power as a function of time (s) reveals the intensity and time 
necessary for the development of microbial activity within a 
specific soil system. As a result, the area under the heat flux peak 
is a good indicator of microbial activity. The reasons for the 
observed differences in microcalorimetric parameters (P

max
, t

max
, 

Q
total

, k) in three vegetable soils may be due to the heavy 
applications of both complex fertilizer and organic fertilizer 
application, which increased by the years of plantation. 

Taken together, microcalorimetric data show changes in the soil 
microbial activity in the metabolism processes affected by the 
different plantation years in vegetable farms. The microcalorimetric 
method was successfully adapted to take in our study. The 
thermokinetic parameters (P

max
, t

max
, Q

total
, k) obtained from the 

metabolic power-time curves could act as a quantitative indicator 
of soil microbial activity. 

Soil samples  
Total C 

(g kg-1) 

Total N 

(g kg-1) 
C:N pH 

CEC 

(c mol kg-1) 

Clay content 

%  

HX (10 years) 8.15±0.01c 1.02±0.02v 7.99±0.08c 5.98±0.06a 15.02±0.18b 34.1±2.01c 

NX (1-2 years) 10.7±0.03b 1.19±0.01b 9.04±0.02b 4.60±0.03b 12.66±0.38c 41.6±0.11a 

CJ (30 years) 19.8±0.11a 1.88±0.03a 10.55±0.25a 5.62±0.01a 20.36±0.36a 38.10±0.14b 

Table 1. Soil chemical properties (0-10 cm) from 3 soil samples: 1-2 years (NX), 10 years (HX) 
and 30 years (CJ) of vegetable growing. 

EC Electrical conductivity; CEC Cation exchange capacity. 
Means are followed by the letters indicating significant differences at P<0.05 by Duncan’s test procedures. 

Soil samples  P max (µw) tmax (min) Qtotal (J g-1) K*10-3(min-1) R – correlation coefficient 

HX (10 years) 289.1±3.6a 880.1±32.4b 3.35±0.02a 8.64±0.72a 0.9936a 

NX (1-2 years) 267.5±1.9b 1165.6±110.4a 3.84±0.06a 4.05±0.08c 0.9980a 

CJ (30 years) 272.2±4.8b 1170.3±98.7a 2.82±0.01b 6.73±0.28b 0.9984a 

Table 2. The characteristic microcalorimetric parameters from power-time curves. 

The data obtained from power-time curves with 1.0 g soil samples supplemented with 0.4 ml solution containing 1.5 mg of glucose and 1.5 mg of ammonium 
sulphate. P

max
: Values of thermal power at the maximum of the peak; t

max
: Values of peak time, the time to reach the maximum of the peak; Q

total
: Values 

of total heat evolution recorded from soil samples; k: The microbial growth rate constant. 
Values represent mean ±SEM (n=3). 
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Figure 2. Power-time curves recorded microcalorimetrically from 3 
soil samples: 1-2 years (NX), 10 years (HX) and 30 years (CJ) of 
vegetable growing amended with glucose and ammonium sulphate. 
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