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All chemical, physical and biological processes are accompanied by heat flow (heat flow = 
rate of thermal energy produced or absorbed by the sample). Using the microcalorimetry, 
it is possible to measure very low heat flow. 

Isothermal microcalorimetry is particularly valuable for monitoring a variety of 
processes as it is a non-destructive and non-invasive technique. It does not require any 
prior sample treatment nor does it limit analysis to a physical state of a sample. Solids, 
liquids, gases, transparent and non-transparent samples alike can be analysed. In the plant 
physiology, microcalorimetry has proven to be an invaluable tool for studies involving 
complex metabolic processes, such as those associated with the effects of various 
environmental factors on small plants its organs, tissues and cells. 
 
1. MICROCALORIMETRY IN PLANT PHYSIOLOGY – MINIREVIEW 
As mentioned by Criddle and Hansen (1999), as early as 1908 Pierce used differential 
calorymetry, was discovered that germinating seeds produce a heat. The 1990’ witnessed 
the peak of investigation of use of microcalorimetry in plant biology. At present it is well 
known that the main sources of heat emission from plants tissue are processes connected 
with dark respiration. Nevertheless heat flow is also accompanied with anabolism and 
membrane transport processes (Graf and Bengttsson 1984). American scientists among 
other Criddle, Hansen and Smith described precisely relation between intensity of heat 
production by plants and its growth rate as well as adaptation to environmental stresses 
(Criddle and Hansen 1999). 

Simultaneous measurements of the rates of heat production and dark respiration by 
living plant tissues provide a useful means of determining metabolic efficiencies and 
detecting and quantifying changes in the metabolic pathways active in the tissues 
(Criddle et al. 1990, Hansen et al. 1994, Criddle et al. 1997). The ratio of heat rate 
production to intensity of respiration is called the calorespirometric ratio (Criddle et al. 
1990). 

The  applications   of   microcalorimetry  methods  in   theory  and practice  are 
wide talked   over   in   books   and   review   articles   written   by   Hansen  et   al.  1997,  
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Criddle and Hansen 1999, Smith et al 1999, Smith et al. 2000 and Smith et al. 2001. 
Selected examples of the use of microcalorimetry in plant physiology are presented 
below. 

1) Respiration measurement using microcalorimetry. Criddle et al. (1990) proposed 
simply method for dark respiration rate measurements using microcalorimeter. These 
method based on measurement of heat production accompanied with binding of CO2 
(secrete from tissue during respiration) and NaOH in the microcalorimetric reaction 
vessel. 

2) Calculation of temperature for optimal growth of species and varieties. The 
mentioned above calorespirometric ratio depends on temperature and can be useful for 
estimation the range of optimal temperatures for growth of species and varieties. 
Moreover it can help indicate range of temperatures (high and low) which are 
unfavorable for plants development. According to Criddle et al. (1997) and Thygerson et 
al. (2002) effective growth is expected when values of calorespirometric ratio are low. In 
this type of investigations heat production and respiration of plants have to be measured 
in wide range of temperature from 0 to above 40oC. This way Criddle et al. (1997) 
showed differences in range of temperatures for optimal growth of tomato and cabbage. 
Also Taylor et al. (1998) described different requirements of temperature range for 
growth of few varieties of Zea mays. In conclusion, because of different genotypes have 
different temperature dependencies for metabolic heat rate and dark respiration, 
calorespirometric ratio could be used as simple factor for “rapid selection of crop plants 
for increased productivity in a specified climate and leads to better understanding 
between genotype and environment” (Hansen et al. 1996). 

3) Estimation of plants viability after stresses. Heat emission from plants reflects the 
metabolic activity of tissues and gives information about cells viability. That is why heat 
flow measurement might be used as a survival test in experiments in which the influence 
on plants of stress factors such as frost (Rapacz and ur 1996) or heavy metal 
contamination (authors unpublished data, Fig. 1) are studied. 

4) Estimation of regeneration potential of callus. Regeneration processes beginning 
in callus tissue (embryogenesis or organogenesis) manifest higher activity of metabolism. 
This phenomena significantly depends on plant genotype. Microcalorimetric 
measurement can help select callus line with greater morphogenic potential ( ur at al. 
2000). 

5) Herbicide effect on plant metabolism. Suwanagul (1995) found that 
microcalorimetric methods can be used for early detection of weed resistance to 
herbicides by analysis of differences in metabolic responses between herbicide resistant 
and susceptible biotopes. Our previous data also show that more resistant weed from the 
family Graminae have a few times higher metabolic activity (heat flow) that susceptible 
ones. 
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Fig. 1. Heat emission from the first leave of winter rape seedlings var. Gorczanski 

growing in in vitro culture on media containing differ concentrations of cadmium 

(authors unpublished data). Values marked with the differ letters are significantly 

different (α<0.05) according to Duncan Test. 

 
 

6) Monitoring of seeds germination. Microcalorimetry gives possibilities of monitor 
heat production and CO2 emission rates of individual seeds to study the effects of 
environmental or hormonal factors that influence germination and vigor (Edelstain et al. 
2001). Thermogram on figure 2 show the differences between heat flow from mustard 
seeds germinating on allelopatic extract from sunflower leaves and on the pure water 
(Skoczowski et al. 2003). The decrease of metabolic activity in dying seeds after 24 hour 
of incubation on extract is observed. Based on fluctuation recorded on plot there is 
possible to choose the moments for additional investigations such as biochemical 
analysis. 
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Fig. 2. Differences in heat flow from mustard seeds (Sinapis alba L.) germinating on 

water and extract from sunflower leaves (Skoczowski et al. 2003). 

 
7) Trees selection in forestry. Measurement of metabolic activity of small 

meristematic tissue sections from growing branch tips can help in selection of trees with 
potentially fast growth rate (Anekonda et al. 1996, Anekonda et al. 1999, Criddle and 
Hansen 1999). 
 
 

2. FUNCTIONAL DESCRIPTION OF 2277 THERMAL ACTIVITY MONITOR  
(based on the Instruction Manual by Thermometric AB, Järfälla, Sweden) 
The Thermal Activity Monitor (TAM) is a calorimetric system designed to monitor a 
wide range of chemical and biological reactions. The system can observe and quantify 
both exothermic (heat-producing) and endothermic (heat-absorbing) processes. 
Information can be obtained concerning the rate and extent of basic chemical reactions, 
changes of phase, changes of structure and the metabolism of living systems. 

The TAM utilizes the Heat Flow or Heat  Leakage  principle,  where   heat  
produced  in a thermally-defined  vessel  flows  away in an effort   to establish  thermal  
equilibrium with its   surroundings   (Fig. 3). Exceptional  thermal  stability  is  achieved  
by  utilising  a  25 liter   water   thermostat   which   surrounds   the   reaction   measuring  

A.SKOCZOWSKI, A. JANECZKO 

M.FILEK, J. BIESAGA-KO CIELNIAK, I.MARCI SKA (eds.) 



 

 

163

vessels and acts as an infinite heat sink. The temperature of the water bath has to be 
stabilised so as temperature differences less than 10-6 °C must be detectable. Reactions 
can be studied within 5 - 80°C, the working temperature range of the thermostat. 
However, to operate at working temperatures between 5 and 12 °C, the TAM must be 
located in a cold room, where the temperature is carefully controlled. 
 
 
 
 
 

 

 
 

 

 

 
 

 

 

 
Fig 3. The heat flow principle (based on the 2277 Thermal Activity Monitor Instruction 

Manual by Thermometric AB, Spjutvägen 5A, SE-175 61 Järfälla, Sweden; modified). 

 
Up to four individual measuring vessels can be housed in the water thermostat, 

where they are maintained at a temperature, constant to within ±2 x 10-4°C to allow 
fractions of a W to be measured routinely. 

Heat energy from an active sample in the reaction vessel is channelled through 
extremely sensitive thermopile (the Peltier elements) before escaping to the heat sink. 
The Peltier elements act as thermoelectric generators. These are bimetal devices 
constructed  from  semiconductor  materials,  and  capable  of  responding  to  
temperature gradients of  less  than  one  millionth  of a  degree  Celsius.  Peltier  
elements  are  made up of a large number of semiconductor  junctions  joined  in  series  
and  assembled  in  sandwich form.  These  highly  sensitive  detectors  convert  the  heat  
energy  into  a  voltage  signal  proportional  to  the  heat  flow. Results  are  presented  as  
a  measure  of  the  thermal energy   produced  by  the  sample per  unit  of  time. In  most  
measuring  cup,  the  two Peltier  detectors  are  connected  in  series  (Fig.  4). The   sum  
of  the  voltage   signal  from  this  pair  of  detectors  is  referred  to  the   sum  of  the   
voltage  signal  from  the pair  on  the  other  measuring   cup  in   the  same  cylinder.  
The  two  pairs  are  connected  in  series,  but  in opposition, so that  the  resultant  signal  
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represents the difference in heat flow from the two measuring cups. This design allows 
one measurement cup assembly, or side, to be used for the sample, and the other to be 
used as a blank, or reference. Results are quantified by electrical calibration. A signal 
correction microprocessor compensates for the time constants within the measurement 
system. Dynamic correction of the signal takes place automatically before the results are 
presented. An in-built interface is provided for control of the system by an external 
computer. 
 
 
 
 
 
 

 

 

 
 

 

 

 
 

 

 

 
Fig. 4. Twin measuring principle (based on the 2277 Thermal Activity Monitor 

Instruction Manual by Thermometric AB, Spjutvägen 5A, SE-175 61 Järfälla, Sweden; 

modified). 
 

A wide range of accessories is available for the TAM. These accessories allow the 
utilisation of established fixed temperature calorimetric techniques for the design of 
either individual experiments or routine analytical methods. Interactions involving 
liquids, solids and gases can be measured. Standard reaction vessels are available for 
titration, perfusion, ampoule, flow and mixing measurements. 

In the ampoule  measuring  mode  the  sample  is  pre-equilibrated  within  the 
cylinder  before  introduction  to  the  measuring  cup. Samples,  held  in  glass or 
stainless  steel  sealed  ampoules  are  lowered  on  the  ampoule  lifters  into  the neck of 
the  measuring  cylinder.  The  ampoule  is  retained  in  the  neck  by  a  magnetic  disk 
in the  top  cap  of the  ampoule  lifter.  The  outside  of  the  neck  is  in  direct  contact 
with  the  water  in  the  thermostat  bath,  therefore   there   is  a  rapid  exchange  of  heat  
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between the ampoule and the water via the neck. By remaining in the neck for some time, 
the ampoule and the sample inside are brought to thermal equilibrium with the water 
bath. The ampoule is then ready to be gently lowered into the measuring cup. 

In flow systems, the sample is pumped through a spiral fine bore heat exchange coil, 
passing directly through the thermostat bath. By the time the sample has passed through 
the heat exchanger and into the measurement area, equilibration is complete. This process 
is continuous. 
There is also a wide range of accessories available that enables maximum flexibility for 
sample management and control for experimental conditions prior to or during 
measurement (TAM News, Thermometric AB). 
Using closed (sealed) insertion ampoules there is possible to measure a heat production 
by the biological materials in stabile environmental conditions. Titration Unit can be used 
to study: ligand binding, lipid–protein interactions, protein conformational changes, 
enzymatic kinetics. In the Perfusion Unit the influence of atmospheric composition and 
changes in humidity on the plants metabolism might be monitored. 
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