Measuring Photosynthetic capacity of plants using IRGA
All living things in the universe required energy for their growth and maintenance. Algae, higher plants and certain groups of bacteria capture this energy from solar raditation because they have photosynthetic pigments in them. Literally photosynthesis is a process in which photosynthetic organisms synthesize larger molecules (Carbohydrates) from smaller molecules, water and CO2, in the presence of solar energy (sunlight) that is absorbed by photosynthetic pigments and chlorophyll. 

Although photosynthesis is fundamental to plant productivity, many other factors modify the magnitude of productivity attained in the field. The relationship between plant productivity and these factors is described by the following equation:

Pn = QßE – R

The above equation suggests three possible means by which productivity might be increased, the amount of incident light (Q), respiratory losses of biomass (R), the efficiency of light interception (ß) and efficiency of energy conversion (E). In theory, improvement of E is the most attractive means of increasing productivity and economic yield. 

Photosynthetic energy conversion describes the whole photosynthetic process from light capture on the photosynthetic membranes to CO2 assimilation and its subsequent metabolism in the chloroplast and elsewhere.

Most of the minimum sets of measurements and monitoring necessary to allow modeling of productivity are oriented towards photosynthetic processes. The recommended data inputs are CO2, temperature, precipitation, radiation and vapour pressure. These inputs are required to describe and model the following key properties: CO2 flux, net primary production, H2O flux and vapour exchanges, vegetation structure including leaf area index and carbon distribution above and below the ground.

Measurement of CO2 uptake provides an alternative and direct method of measuring carbon exchange with important advantages: it is instantaneous and non- destructive, and can provide an unambiguous and direct measure of the net rate of photosynthetic carbon assimilation.

The majority of CO2 exchange studies have involved enclosure methods, i.e. enclosure of leaf in transparent chamber. The rate of CO2 by the material enclosed is determined by measuring the change in the CO2 concentration of the air flowing across the chamber. 

Principle.

Infra red gas analysis of Co2 is most widespread method due to reliability, accuracy and simlicity of this technique. To determine CO2 exchange for a leaf area of about 10 cm2 in an open or semi closed system the instrument should be capable of resolving a CO2 mole fraction of 0.1-1.0 umol mol-1 (vpm) against the normal mean atmospheric concentration of about 354 umol mol-1.
Hetero-atomic gas molecules absorb radiation at specific sub-millimeter IR wave-bands, each gas having a characteristic absorption spectrum. Gas molecules consisting of two identical atoms (e.g. O2, N2) do not absorb IR radiation, and thus do not interfere with determination of the concentration of hetero- atomic molecules. IR gas analysis has been used for the measurement of a wide range of hetero-atomic gas molecules, including CO2, H2O, NH3, CO, N2O, NO and gaseous hydrocarbons. The major absorption band of CO2 is at 4.25(m with secondary peaks at 2.66, 2.77 and 14.99 (m.

The only hetero-atomic gas normally present in the air with an absorption spectrum overlapping that of CO2 is water vapour (both molecules absorb IR in the 2.7(m region). Since water vapour is usually present in the air at much higher concentrations than CO2, this interference is significant, but may be overcome simply by drying the air. Absorption bands are in fact made up of a series of absorption lines corresponding to the rotational states of CO2. Absorption of radiation by CO2 at any one wavelength follows the Beer-Lambert law(), and thus depends on the radiation path length through the measuring cell and molar concentration of CO2 :

                      (w = 1 – exp (-1 . M . kw)

Most CO2 IRGAS use broad-band radiation and total absorption will therefore be determined by integrating over all absorption lines in the 4.25(m band. Since kw will differ between specific wavelengths, the spectral distribution of energy will change with passage of the broad band radiation through the sample, the more strongly absorbed wavelengths being depleted more rapidly than the more weakly absorbed wavelengths.

Parts of IRGAS.

Types of IRGAS. 

Gas exchange (IRGA)


Measure gas exchange and transpiration (E) on intact third leaf of each plant using ADC. LCA-4.
Gas exchange characteristics were measured using an open system LCA-4 ADC portable infrared gas analyzer (Analytical Development Company, Hoddeson, England). These measurements were carried out from 10:00 to 14.00 hours with the following specifications/adjustments: leaf surface area 6.25 cm2, ambient CO2 concentration (Cref) 371 µmol mol-1, temperature of leaf chamber (Tch) varied from 25-28 oC, leaf chamber volume gas flow rate (v) 296 mL min-1, leaf chamber molar gas flow rate (U) 400 µmol s-1, ambient pressure (P) 97.95 kPa, PAR (Qleaf) at leaf surface  maximum up to 770 µmol m-2 s-1. Measurement of net CO2 assimilation rate (A), transpiration rate (E), water use efficiency (A/E), stomatal conductance (gs), intrinsic water use efficiency (A/gs), and sub-stomatal CO2 concentration (Ci) were made on the youngest fully emerged leaf (usually 3rd leaf from top) of each plant. A caution was also made that the measurements of control plants were immediately followed by that of the same cultivar under saline conditions. 
