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INTRODUCTION

Agriculture is primarily a system whereby the solar energy is exploited

for human consumption through photosynthesis. As the primary source of

energy, photosynthesis provides the energy for food, feed, fuel and fibre.

The yields of crop plants depend mainly on the efficiency of the photosynthetic

process and this in turn is determined by genetic, environmental and

management factors. The genetic characteristics of the plant determine the

potential maximum rate of photosynthesis, the rate of dry matter production

and the form and nature of storage organs, such as those usually harvested as

food. The environmental factors such as water availability, temperature,

day-length, light intensity and availability of nutrients determine to what

extent this potential can be reached.

The use of both stable and radioactive isotopes has led to major advances

in the understanding of the basic mechanisms of photosynthesis. An early use

of isotopic material in photosynthetic investigations was the demonstration
] 8

using 0, that 0 evolved in photosynthesis was derived from water rather
14

than from CO . When the long-lived isotope of carbon, C, became

available in 1945. its use, coupled with two-dimentional chromatography

developed a few years earlier, enabled Calvin and Benson (1948) to devise
14

experiments to elucidate the pathway of photosynthetic CO fixation.

THE PHOTOSOiTHETIC PROCESS

The photosynthetic process takes place in the chloroplasts. These are

lens-shaped organelles, 1 to 10 \xm in diameter and displaying two key areas:

(1) the lamellae (membranes), consisting of stroma lamellae (single lamella)

and grana lamellae (stacked lamellae), both of which contain the photosynthetic

pigment, the chlorophylls, and (2) the stroma, a granular fluid matrix where

the reduction of CO occurs. The transformation of the energy of sunlight

into chemical energy (photophosphorylation) occurs in lamellae. The photo-

chemical events of the light phase result in (i) the production of a strong
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reducing agent/ reduced nicotinamide adeninedinucleotide phosphate (NADPH),

(ii) the accompanying evolution of 0 as a by-product of the splitting of

water and (iii) the formation of ATP which is coupled to the flow of electrons

Both NADPH and ATP are needed to convert CO to organicfrom HO

molecules
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THE CARBON DIOXIDE FIXATION PATHWAYS

On the basis of the first stable product of photosynthetic CO fixation,

plants can now be divided into two main groups, i.e. the C-3 and C-4 plants.

A third group namely CAM (Crassulacean Acid Metabolism) plants is a variation

of C-4 metabolism (Zelitch, 1971).

C-3 photosynthesis

This pathway of CO fixation can be separated into four major phases

(Hall and Rao, 1987):

(i) Carboxylation phase

In this first phase the five carbon sugar ribulose bisphosphate (RuBP) is

carboxylated to form two molecules of phosphoglyceric acid (PGA). Since PGA

is the first stable product of this metabolic sequence and is a 3-carbon

compound, the pathway is called the C-3 pathway. It is also often referred to

as the Calvin cycle (Fig. 1) after its elucidation by Calvin and his

co-workers. This primary carboxylation reation is catalysed by the enzyme

ribulose bisphosphate carboxylase/oxygenase (RUBISCO).
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FIG. 1. The C-3 pathway (Calvin cycle).

(i>.) Reduction phase

During this phase, the PGA formed in the carboxylation phase is reduced to

srbon sugar level (Triose-P) using t

AT? generated in photochemical reactions.

3-carbon sugar level (Triose-P) using the assimilatory power of NADPH and

(iii) Product synthesis phase

Part of the triose-P molecules formed in phase (ii) is finally converted

to the end products of photosynthesis usually sucrose or starch. But, other

compounds such as fats, fatty acids, amino acids, organic acids and other

carbohydrates can also be synthesized depending on the plant species and the

environmental conditions.

(iv) Regeneration phase

This phase ensures that the CO acceptor RuBP is regenerated in a cyclic

manner. Some of the triose-P molecules, through a complex series of

reactions, and utilizing some of the ATP generated in photochemical reactions

finally replace the RuBP which can again undergo further carboxylation.

C-4 photosynthesis

Prom about 1946 to 1966 the Calvin cycle was considered the only pathway

for CO fixation in higher plants. Then, in 1966 Hatch and Slack working

with sugarcane presented detailed evidence that another pathway (Fig. 2) for
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FIG. 2. The C-4 pathway.

CO fixation exists in some species. In this pathway the initial

carboxylation reaction is catalysed by an enzyme called phosphoenolpyruvate

(PEP) carboxylase in which the CO. acceptor phosphoenolpyruvate is

carboxylated to form a four carbon compound oxaloacetate. The oxaloacetate is

rapidly converted to malate or aspartate, or both. These are then

translocated to bundle sheath cells around the vascular bundle where they are

converted to pyruvate. In the conversion to pyruvate a molecule of CO is

released which is again trapped by RuBP to form 3-PGA, in the Calvin cycle,

which in these plants is operative in the bundle sheath cells. Species with

this mode of CO fixation are called C-4 plants because their first product

of photosynthesis (oxaloacetate) is a four carbon molecule. Some major

physiological, biochemical and anatomical differences (Table 1) exist, between

C-3 and C-4 plants which leads to marked differences in crop productivity

between them (Coombs, 1984).

In C-4 plants a distinct bundle sheath layer develops around the vascular

tissue. These bundle sheath cells are rich in organelles, particularly large

and dark green chloroplasts that often show reduced grana development. The

chloroplasts synthesize large amounts of starch. Chloroplasts are also

present in the mesophyll cells of C-4 plants, and these mesophyll cells form a

concentric ring around the bundle sheath layer. This arrangement of

chlorenchyma layers is termed the 'Kranz syndrome'. In C-3 plants a bundle

sheath layer is either absent or when present as in the case of some C-3

grasses, no chloroplasts are present and as a result the entire photosynthetic

machinery occurs in mesophyll cells.
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Table 1: Major differences between C-3 (photorespiring) and C-

(non-photorespiring) plants

Criterion

1. First stable product of

photosynthesis

2. Primary CO acceptor

3. Photosynthetic rate

(mg CO /dm2/h)

4. Temperature optima for

C-3

PGA

RuBP

15-30

Approx. 20°C

C-4

Malate/Aspartate

PEP

30-80

Approx. 30°C

5.

6.

7.

8.

12

photosynthesis

Effect of O on photosynthesis

CO compensation point

Leaf anatomy

Presence of starch

9. Photorespiration

10. Average annual yield/ha

11. Maximum growth rate
2

Markedly inhibited

-50 ppm

Bundle sheath

cells either

absent or if

present contain

no chloroplasts.

Present in meso-

phyll cells

High

15-30 t.

20-35

Insensitive

0-10 ppm

Bundle sheath

cells containing

chloroplasts are

always present

Normally present

in bundle sheath

cells

Low or absent

65-80 t.

50-60

(g dry wt./m /day)

Representative plant species Wheat, rice, barley Maize, sorghum,

legumes, most sugar-cane, many

fruits and vege- other grasses and

tables, etc. sedges, Amaranthus,

Portulaca, etc.

Crassulacean Acid Metabolism (CAM)

CAM plants are the third group of plants which show distinct metabolic

characteristics. These species which comprise primarily of arid-zone plants

also have a C-4 cycle, but the movement of carbon is separated in time rather

than in space. In many CAM plants the metabolic variation is an adaptation to

arid environmental conditions. Carbon dioxide is fixed by the PEP carboxylase
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reaction in the dark (stomata open) and accumulates as malate in the leaf cell

vacuoles. In the light, the stomata close thereby conserving the little water

that is available, while CO is released internally from the malate and

refixed through the Calvin cycle (Osmond and Holtum 1981). Thus CAM plants

have developed an ingenious physiological and biochemical method of reducing

water loss and escaping drought. They often are important crop plants (e.g.

Pineapple, Agave and Prickly pear) growing in arid and semi-arid habitats.

Photorespiration

Photorespiration involves the evaluation of CO in light by

photosynthesizing tissues, using early products of photosynthesis as substrate

(Tolbert, 1971). This substrate is now known to be the two carbon

glycollate. The CO and 0 in the atmosphere compete for the enzyme

RUBISCO; high CO and low O promote carboxylation and therefore the

formation of Calvin cycle products while high 0 and low CO promote

oxygenation and therefore photorespiration. As a result of the dual

properties of this enzyme, photorespiration becomes an inevitable consequence

of C-3 photosynthesis under normal atmospheric conditions. During the

operation of the photorespiratory pathway (Fig. 3) four molecules of

glycollate are ultimately converted to one molecule of hexose, and two

molecules of CO are released as a by-product. ATP is also synthesized

during this reaction. Various assay methods have shown that at high

irradiance, the release of CO by photorespiration amounts to 25-50% of net

CHLOROI'LAST

PEROXISOMF. MITOCHONDRIA

FIG. 3. The photorespiratory pathway.
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photosynthesis (Kumarasinghe ejt a_l., 1977). Photorespi rat ion, however, is

undetectable or operates at an insignificant level in C-4 species which

probably accounts for the high net photosynthetic rates in C-4 plants. The

pathway is complex and involves three types of cell organelles - the

chloroplasts, mitochandria and the peroxisames. Within the cell these bodies

lie in close proximity which facilitates the flow of carbon between them. The

general consensus of opinion is that photorespiration is a wasteful process

plants could do without. However, attempts to reduce photorespiration and

thereby increase photosynthesis and crop production under field conditions,

particularly using chemicals or by selecting for photorespiratory deficient

mutants have not met with much success so far.

NITROGEN FIXATION IN RELATION TO PHOTOSYNTHESIS

Certain micro-organisms, mainly bacteria and blue-green algae are capable

of reducing atmospheric nitrogen to ammonia, a process referred to as

biological nitrogen fixation (see Hardarson and Danso, this volume). The

organisms may be free-living, or symbiotic as in the case of legume-rhizobia

or Azolla-Anabaena associations. The basic requirements for biological

nitrogen fixation are,

1. The enzyme complex nitrogenase

2. A strong reducing agent of low redox potential (reduced ferredoxin,

flavodaxin, NAD or NADP)

3. ATP

The enzyme nitrogenase catalyses the reduction of N to NH .

N + 3 X H + 6 ATP > 2NH + 3X + 6 ADP + Pi

The reductant (XH ) and the ATP required for the nitrogenase system are

provided by the products of photosynthesis. Further, a supply of

photosynthates is also required to provide the carbon skeletons necessary to

convert NH to complex nitrogenous compounds of the cell.

The importance of photosynthates to nitrogen fixation has been clearly

demonstrated by a number of workers (Lawrie and Wheeler, 1975; Pate et. al. ,

1979). In legumes, during the early vegetative phase, about 60 percent of the

daily acquired photosynthate is transported down the stem, about 40 percent

being Averted to the roots and 30 percent to the nodules. Approximately half

of this carbon input to the nodules is returned to the shoots as fixation

products and the rest is used for respiration and growth of the nodule.
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It has been shown that CO enrichment increased nitrogen fixation by

improving photosynthesis of plants, growing in enclosed jars. In soybeans,

for instance, the increase in CO concentration in air from 300 to 1200 ppm

resulted in a four to five-fold increase in nitrogen fixation. This was due

to the formation of a greater number of nodules, a higher efficiency of the

nodules and a prolongation of the active period of nitrogen fixation. In

subsequent experiments, it was found that lowering the 0. concentration in

the ambient atmosphere has almost the same effect on nitrogen fixation as

increasing C0_ concentration. The conclusion was drawn that both increasing

CO and lowering 0 reduced photorespiration and thus more photosynthates

were available for nitrogen fixation. In many legumes the amount of downward

transport of carbon decreases with age, particularly during the reproductive

phase when the pods and seeds compete successfully for carbon and nitrogen

with other plant organs. It therefore seems important to maintain a steady

supply of photosynthates to the nodules so that nitrogen fixation can be

maintained during the critical stage of heavy demand for nitrogen.

PRACTICAL EXERCISES

Carbon technique

Exercise No. 1

Objective

14
1. To familiarize " ith the technique of preparing CO into gas

cylinders.
14

2. To gain practical experience in the feeding of CO into leaves.
14

3. To measure the photosynthetic rates of some crop plants using CO .

Materials and equipment

1. Plant material: C-3 and C-4 plants.
14

2. Compressed gas cylinder containing CO air, in which the absolute
14

CO concentration and the specific activity of CO are known.

3. Compressed air cylinder containing ordinary air.

4. Leaf chamber and other accessories.

5. Cork borer in which the area is known.

6. Forceps.
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7. Disposable gloves.

8. Stop watch.

9. Scintillation vials containing soluene (2ml).

10. Instagel or any other suitable scintillator.

11. A scintillation counter.

Experimental procedure

14
Preparation of CO_ gas - (Refer to Fig. 4)

A - TIIRKK-NECKEn ROUND BOTTOMED FLASK
B - SODA I.IHE TOWER
C- COj-FREE AIR CYLINDER (LAKCE)

D- ' 4 r . n , GAS CYLINDER (SHALL)
E- THRF.F.-WAY TAP
F- SYRINGE CONTAINING LACTIC ACIP (101)

FIG. 4. 14CO2 preparation line.

Evacuate cylinde D using a high vacuum pump and connect to E.
14,

Take the precalculated quantity of

unlabelled sodium carbonate in A.

C labelled sodium carbonate and the

Using F inject lactic acid (10%) into A. Keep C and D in closed position.

After allowing time for the liberation of

CO -free air passing through B flushes

14
CO gently open D so that

14
the CO produced in A,

into D.

5. Once atmospheric pressure is attained in D (when bubbling stops in G)

close E to A.

6. Open E to C and gradually increase the pressure in D until the desired

pressure is reached.
14

7. Close C and D. 5four CO gas cylinder (D) is now ready for use.

14,
Feeding CO gas into a leaf

A schematic diagram of the
14
CO feeding apparatus is shown in Fig. 5.
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FIG. 5. Schematic diagram of the field apparatus for
exposing leaves to 14CO2. (A) 14C0? gas cylinder;
(B) 12CO2 gas cylinder; (C) polythene tubing; (D) three-
way stopcock; (E) flow meter; (F) feeding chamber; (G) soda-
lime tower.

1. Open cylinder A and maintain a flow rate of about 400 ml/min in E.

2. Repeat above procedure with cylinder B and close tap D to both A and B.

3. Open leaf chamber F, insert leaf and carefully close so that the chamber

is made air tight.

4. Open tap D to cylinder A and allow passage of

chamber. Start timing now.

5. After the desired period of exposure of leaf to

cylinder A and open to cylinder B containing ordinary air to flush the

system of residual CO gas. About 1 min. is sufficient for this

purpose. Flushing time depends on the lenght of tubing between D and G,

and the flow rate used.

14
CO through the leaf

14
CO , close tap D to

14
Open the leaf chamber F and punch out a disc from the CO fed area

of the leaf, using the cork borer provided.

Plunge the leaf disc into a scintillation vial containing 2 ml of soluene

(direct in-vial sample digestion). Allow about 24 hours for complete

digestion.

The use of the scintillation counter is explained by Buchtela (This

volume). The counter gives the number of disintegrations per minute (dpm)

after appropriate quench correction. Add 5 ml of Instagel or any other
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suitable scintillation cocktail into your sample vial and count the

radioactivity.

10. Calculate the net photosynthetic rates of your leaf sample using equation

1, and discuss your results.

An example

In an experiment carried out to measure the photosynthetic rates of some

crop plants using 14CO the following results were obtained (Table 2).

Table 2. Experimental results

Plant species Radioactivity in leaf disc dpm

Maize

Sugarcane

Amaranthus

Banana

Apple

Soybean var. 1

" var. 2

var. 3

" var. 4

866,678

799,384

750,076

233,156

266,464

466,312

249,810

283,118

266,465

Other measurements made

14
Specific activity of CO used = 0.5 pCi/umole

1 2
Area of leaf disc = 0.04 dm

Time of exposure to
14
CO = 1 min

Calculations

Let, the dpm of leaf sample be
14

the sp. activity of C02 gas used

leaf area
14

time of exposure to CO

= d

= S

= a

= t

Now,

= 2.2 x 10 dpm
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Therefore, the number of \iCi in d -
2.2x10

And the number of pinoles CO,, = — x —-—
2 2.2X106 S

1 pmole CO2 = 44 |ig

Therefore, — x pinoles CO = x — x —— yg CO
2.2xlO6 ° - 5 2 2.2X106 S 1 2

d 1 4 4 1

"Z^ " — • — • T555- » »
2

This is the amount of CO fixed by a leaf area of a dm in a time of t

minutes.

2
Therefore the amount of CO fixed per square decimeter (dm ) per hour

is represented by the equation,

d 1 44 1 1 60 _„ , -2 -1
x ——- x : x — — — x - x - mg CO^.dm .h

„ _ ,,,6 S 1 1000 a t y — 2
2.2x10

or

NPR = x — x — x — mg CO .dm .h (Equation 1)
a 2.2x10

Where NPR = Net photosynthetic rate (mg CO2.dm~2.h"1).

The photosynthetic rates calculated using equation 1 are given in Table 3.

Table 3. Photosynthetic rates as measured in various plant species

Plant species Net photosynthetic rate
-2 -1

(rag CO .dm .h )

Maize 52

Sugarcane 4B

Amaranthus 46

Banana 14

Apple 16

Soybean var. 1 28

Soybean var. 2 15

Soybean var. 3 17

Soybean var. 4 16
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Measurement of carbon distribution by radioactivity counting

Exercise No. 2

Objective

To study the distribution of carbon between leaves, stems, roots and
14

nodules of a legume, following photosynthesis in CO .

Materials and equipment

1. Plant material: six week old soybean plants in pots.
14

2. CO feeding apparatus (as in exercise 1).

3. Whole plant feeding chamber.

4. Cork borer.

5. Forceps.

6. Disposable gloves.

7. Scintillation vials containing soluene (2 ml).

8. Instagel or any other suitable scintillation cocktail.

9. Scintillation counter.

Experimental procedure

14

1. Feed CO to a legume plant using a feeding chamber disigned to

accomodate a whole plant. The other component of the gas flow system are

basically the same as in Fig. 5.

2. Remove plants from the feeding chamber and punch out about 4-5 leaf discs

to determine the net photosynthetic rate. Record fresh weight of the leaf

disc.

3. Leave for 4-5 hours in ordinary air iot translocation of photosynthates.

The chase period in ordinary air will vary according to the type of

experiment.

4. Separate the plants into leaves, stems, roots and nodules. Record the

total fresh weight in each component.

5. Chop the component plant material separately into 2-4 mm segments.

6. Remove a sub-sample of about 100 mg into a specimen vial containing 1 ml

of tissue solubilizer (Ex. Soluene).

7. After allowing about 24 hours at 60°C for complete digestion of plant

material, remove a 100 pi aliquot into a scintillation vial.

8. Add 10 ml of Instagel or any other suitable scintillation cocktail and

count the radioactivity using a scintillation counter.
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9. Alternatively, a sample can be dried and a sub-sample of about 50 mg

oxidized using an automatic sample oxidizer (Packard or Harvey Instrument

Corporation).

An example

The following results were recorded in an experiment carried out to
14

determine the distribution of C in four varieties of soybean.

Table 4: Radioactivity in leaf discs

Plant species

Radioactivity (dpin)

in leaf discs

NPR

mg CO .dm .h

Soybean var. 1

11 var. 2

var. 3

" var. 4

466,312

249,810

283,118

266,465

28

15

17

16

Table 5: Radioactivity in 100 mg plant samples

Plant species

Radioactivity (dpm) in 100 mq sample

Leaves Stems Roots Nodules

Soybean var. 1
11 var. 2

var. 3
11 var. 4

693,817 284,618 590,553 358,893

212,691 126,438 321,255 3,045,036

291,462 138,459 432,543 2,427,636

621,366 243,369 849,963 708,486

Table 6: Total fresh weight (g) of plant parts

Plant species

Soybean var.

" var.

" var.

" var.

1

2

3

4

Leaves

15,61

11,72

12,31

11,13

Stems

12,32

10,23

10,84

9,32

Roots

6,91

5,42

4,82

3,61

Nodules

2,73

1,20

1,82

1,52

Total

37,57

28,57

29,79

25,58
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Table 7: Total radioactivity (dpmxlO ) in plant parts

Plant species

Soybean var.

" var.

" var.

" var.

1

2

3

4

Leaves

108,23

24,87

35,86

68,98

Steins

34,93

12,89

14,96

22,64

Hoots

40,71

17,34

20,76

30,59

Nodules

9,67

36,54

43,69

10,63

Total

193,54

91,64

115,27

132,84

Table 8: Percent radioactivity in different plant parts

Plant species Leaves Stems Roots Nodules

Soybean var.

" var.

" var.

var.

1

2

3

4

56

27

31

52

18

14

13

17

21

19

18

23

05

40

38

08

Calculations

1. Using equation 1, calculate the NPR of the leaf discs. The results are

shown in Table 1.

2. Calculate the total radioactivity in each plant component using the

following equation.

TFW x SR
SFW

T R = ^ (Equation 2)

Where,

TR = Total radioactivity (dpm) in plant part

SR = Radioactivity in sub-sample

TFW = Total fresh weight

SFW = Fresh weight of sub-sample

The parameters SR, SFW (Table 5) and TFW (Table 6) are experimentally

determined, and TR (Table 7) is calculated.
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14
3. To determine the percent distribution of C in different plant parts

(Table 8), first add up the total radioactivity (TR) in component plant

parts to obtain the radioactivity in the whole plant. Now, using the
14

following equation calculate the percent C in each plant component.

14 TR
% C in plant part = ,_,_, x 100 (Equation 3)

WPR

Where,

TR = Total radioactivity in plant part

WPR = Radioactivity in whole plant

Measurement of carbon distribution by autoradiography

Introduct ion

Autoradiography is a technique where by an image or a picture is produced

on a photographic plate showing the distribution and concentration of a

radioisotope in a given body. Autoradiography is broadly divided into two

types, (i) micro-autoradiography and (ii) rcacro-autoradiography. In macro-

autoradiography the presence of the radioisotope is located through images

visible to the naked eye whereas in micro-autoradiography images are observed

at cellular and sub-cellular level with either light or electron microscopes.

In this training manual, only the techniques involved in macro-autoradiography

will be dealt with. In general, in macro-autoradiography, relatively large

material containing the radioisotope, such as entire plants, animals or

chromatograms are used. Usually, the dried, flat sample is placed in close

contact with an X-ray film in a dark room. After allowing sufficient time for

exposure, the film is developed and fixed. The image produced by the nuclear

radiation can be seen on the developed film with the naked eye in the same way

as an image is observed on a ordinary negative photographic film. The image

produced and its relative darkness will illustrate the area and the extent of

accumulation of the radiotracer in the given sample. For more detailed

information about both macro and micro autoradiography, see L'Annunziata

(1987).

Materials and equipment

1. Plant material: six week old soybean plants in pots.
14

2. C0_ feeding apparatus (as :

3. Whole plant feeding chamber.
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4. Plant pressing equipment.

5. Oven.

6. X-ray film.

7. X-ray film developer.

8. X-ray film fixer.

Experimental procedure

14

1. Feed CO to a 10-day old soybean plant, transfer into ordinary air

and leave for 4-5 hours to allow distribution of photosynthates.

2. Arrange the plant inbetween two sheets of paper (absorbant type) in such a

way that it will remain displayed well on drying. If necessary place a

flat metal plate on top to ensure good pressing.

3. Place in an oven and dry at 70°C for about 24 hours.

4. Remove the dried plant, place an X-ray film in close contact with the

specimen and leave in a dark room for exposure.

5. After a given period of time (about 3-5 days depending on the amount of

radioactivity in the plant material), remove the X-ray film and develop in

the usual manner.
14

6. Determine the extent to which C is translocated into the root system
by visually observing the image produced on the X-ray film.

INFRA-RED GAS ANALYSIS TECHNIQUE

Introduction

Infra-red gas analysis (IRGA) of CO is now a commonly used method for

determining photosynthetic and respiratory CO. gas exchanges in plants. The

method does not involve the use of radioisotopes. It is relatively simple and

accurate, provided a suitable infra-red gas analyser is available. At present

portable, battery-operated models are available which can be conveniently used

in the field for field photosynthetic measurements. However, unlike with
14
C, the method does not permit any biochemical or carbon partitioning

studies.

Infra-red gas analysis makes use of the ability of heteroatomic gas

molecules (ex. CO., H O , NH etc.) to absorb infra-red radiation at

specific wavelengths of the electromagnetic spectrum, each gas thus having a
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characteristic absorption spectrum. Other gas molecules such as 0 and N

which consist of two identical atoms do not interfere with measurements as

they do not absorb infra-red radiation. The major absorption peak for CO.

is at 4.25 Mm wavelength. There are however secondary peaks at 2.66, 2.77

and 14.99 urn wavelengths. Unfortunately/ water molecules also absorb

infra-red radiation at 2.77 pm and since H O vapour is normally present in

air in large quantities/ this presents a problem by overlapping with the 2.77

peak of CO . However/ this can be easily overcome by drying the air before

use or by filtering out the wavelengths at which the absorption bands of the

two gases overlap (Long, 1982).

An IRGA consists of three main components, the infra-red (IR) radiation

source, gas analysis cells, and the detector. The IR radiation source is

generally a tungsten or nichrome alloy spiral which is heated to about

600-800°C. IRGAs vary in construction but most laboratory analysers are

designed to produce dual beans from a single source, allowing passage of equal

amounts of IR radiation through two parallel cells. These cells are termed

reference and analysis cells. The reference cell allows the passage of

reference air (usually CO -free air) while the sample gas passes through the

analysis cell. To maximize flow of air, the inner surfaces of the cells are

usually gold-plated. CO. present in the sample air stream will absorb a

certain amount of IR radiation passing through the analysis cell thus

decreasing the amount of IR radiation reaching the detectors, in comparison to

the reference cell which will not absorb any IR radiation. The amounts

absorbed by the detector would be inversely proportional to the amounts

absorbed by CO molec lies in the cells. The detector signal is then

rectified and amplified for display.

Recent developments in IRGA instruments have resulted in decreasing the

size of analysers with single cells instead of two. The portable ADC-LCA

(Analytical Development Company, England) which is an example of this type has

a single sample cell with a single solid-state radiation detector. The IR

radiation produced by the source passes through the cell into the detector via

a thin bandpass film-filter which isolates the 4.25 (im absorption band. The

instrument pumps sample gas and reference air alternately through the cell for

periods of 2 seconds each. The radiation received in the 2 second cycle with

sample air is stored and compared with that received during the next 2 seconds

with reference air. The process is repeated in cycles and the difference in

energy reaching the detector between half cycles is proportional to the CO

in the sample gas, which is rectified and amplified for display. This novel
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technique of gas alternation in a single cell has resulted in the design and

production of relatively small and portable instruments like the ADC LCA which

is ideally suited for field measurements.

Exercise No. 3

Objective

To measure the photosynthetic and photorespiratory rates of field grown

soybean and maize using the IRGA technique.

Materials and equipment

1. IRGA (ADC-LCA).

2. ADC-Parkinson leaf chamber.

3. Air supply unit.

4. Mounting mast.

5. ADC data lodger.

6. Plant material: field grown maize and soybean.

Experimental procedure

1. Connect the IRGA, leaf chamber and the air supply unit with suitable

tubing (polythene/ polypropylene or butyl tubing) in order to form an open

gas-flow system (Fig. 6).

CAS
D1I.UTER

AIR SUPPLY
UNIT

OUT

REF

k >

PARKINSON

LEAF CHAMBER

1

AN

REF I RCA

FIG. 6. Gas connections between the IRGA, Parkinson
leaf chamber, air supply unit and the gas diluter.
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2. Check the silica gel in the air-supply unit and the soda-lime in the IRGA.

3. Switch on the air supply unit and the IRGA and set the flow rate in air

supply unit to about 500 ml.min , and the flow rate in the IRGA to

about 180 ml.min

4. Activate the leaf chamber with the switch marked "AVX".

5. Set the mode selector to read zero, remove the leaf chamber cover and

close the chamber without enclosing a leaf.

6. Check the zero again, and set the mode selector to "REF". The display

will now show the CCL concentration to be used in the experiment.

7. Now insert a leaf in the leaf chamber and close it.

the mode

selector set to "DIFF" position.

When a steady reading is observed (normally in 30 - 60 seconds) record the

Measure the CO concentration in the differential mode i.e.

CO concentration.

10 Set to a) %RH . B) °C and c) PAR, to measure the % relative humidity,

temperature and the photosynthetically active radiation, respectively.

11. When steady state photosynthesis is attained darken the leaf by replacing

the leaf chamber cover and record the readings for about 2 minutes. The

increase in CO concentration in the air stream will be due to

photorespiratory CO outburst.

12. Calculate the photosynthetic and pliotorespiratory rates and discuss your

results.

An example

In conducting a field experiment designed to measure the photosynthetic

and photorespiratory rates of maize, cassava and soybean the following results

(Table 9) were recorded by the investigator.

Table 9. Experimental results

Light

Dark

Plant

species

Maize

Cassava

Soybean

Maize

Cassava

Soybean

RH

%

34

45

68

32

41

62

Temp.

°C

28

28

28

28

28

28

PAR

(xlO)

50

50

50

0

0

0

CO Cone.

vpm.'DIFF'

-85

-38

-26

+ 01

+ 14

+07

Leaf area
2

cm

10

10

6.25

10

10

6.25

Air flow

ml.min

600

600

500

600

600

500
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From the data given above calculate the photosynthetic and photorespira-

tory rates (mg CO .dm '.h ) of the three plant species.

First, proceed to calculate the mole flow of air using the following

equat ion:

1

I300~
273

273+T

Where,

(Equation 4)

F = Mole flow of air (mules.min. )

V = Air flow rate (ml.min. )

P = Atrn. pressure during measurement (bars)

T = Temp, recorded during measurement (°C)

Now, substitute P in the following equation:

NPR = AC x
]0 0

x — - — x 60 x
44

(Equation 5)

Where,

— 2 — 1
NPR = Net photosynthetic rate (mg CO .dm .h )

2
a = Leaf area (cm )

AC = CO differential (vpm)

The photosynthetic and photorespiratory rates calculated using equations 4

and 5 using the data given in Table 9 are presented in Table 10.

Table 10. Calculated photosynthetic and photorespiratory rates

Plant

species

Mai ze

Cassava

Soybean

Photosynthetic

rate (mg CO .dm .h )

Photorespiratory

(my CO .dm .h )

53.85

24.OB

21.97

00.63

07.60

08.45

PR as a %

of PS

1. 17

31.56

38. 46
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