


2 LECTURES.

Dr. Archana Dutta
Study material for M.Sc Botany Second semester
Assistant Professor(Guest Faculty)
Dept. of Botany, MLT College, Saharsa
archana77.das@gmail.com
Mob No. - 9065558829



Photorespiration and Its Effect 

on Dry Matter Production 

By SHIGEMI AKITA 

Department of plant Physiology and Genetics, 

National Institute of Agricultural Sciences (Konosu) 

Currently, higher plants can be divided 
into two groups according to the mode of 
photosynthetic dark reaction. Rice, soybean, 
wheat and many crops are called C3 plants 
becaues they fix CO2 through the Calvin 
cycle and produce a C3 acid as a primary 
product. On the other hand, maize, sugar
cane and many tropical grasses are called C4 

plants because they fix CO2 by C4 dicarboxy
lic acid pathway6>. 

The efficiency of photosynthesis differs 
considerably between these two types of 
plants. In general, the photosynthesis of C3 

plants is lower than those of C4 plants. One 
of the major causes for the lower efficiency 
of photosynthesis of C3 plants may be due 
to the active photorespiration which is 
seemingly a reverse reaction of photosynthe
sis releasing considerable amount of CO2. 
Usually, the amount of carbon loss through 
photorespiration accounts for 30 to 50 % of 
apparent photosynthesis. 

Thus, the regulation of photorespiration 
may possibly bring about the enhanced dry 
matter production of C3 plants through the 
enhanced photosynthetic efficiency. 

Pathway of photorespiration 

In 1955, Decker found out the CO2 burst 
in darkness just after illumination and pre
dicted the presence of high CO2 evolving 
process in a lights>. Thereafter, many re
ports presented the evidences that photo
synthetic tissues of C3 plants had a special 
CO2 evolving reaction which differed from 
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Fig. 1. Photorespiration pathway proposed by 
Tolbert et al. 

the ordinary dark respiration. Photorespira
tion is completely light dependent because 
the substrate for photorespiration is gly
colate supplied directly from photosynthetic 
Calvin cycle. Besides, photorespiration pro
ceeds only under oxidative condition. Accord
ing to Tolbert, glycolate is produced from 
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ribulose di-phosphate (RuDP) catalized by 
the RuDP oxygenasell> in the chloroplast. 
G lycolate is transported to the peroxisome 
and is oxidized to produce glycine. Then 
glycine transferred to the mitochondria pro
duces sel'in and CO2 (Fig. I). The positive 
biological role of photorespiration has been 
doubted and photorespiration is now fre
quently regarded as wasteful reaction, since 
the growth experiment in low 02 environ
ment suggested that plant could do without 
photorespiration o. 

On the other hand, C4 plants do not show 
photorespiration apparently. The lack of 
photorespiration of C4 plants have been ex
plained by the anatomical and biochemical 
compartmentation which is creating an in
hibitory environment of photorespiration, 
although there are some uncertainties and 
controversies. The leaves of C4 plants have 
well developed chlorophyllous bundle sheath 
cells besides the mesophyll tissue which is 
the main tissue doing photosynthesis in Ca 
plants. This anatomical differentiation of two 
specialized photosynthetic cells has close re
lationship with biochemical sequences of c~ 
photosynthesis. The C4 photosynthesis in
volves two sequential, but spatially-separated, 
carboxylation reactions. The first carboxyla
tion reaction which is catalized by PEP 
carboxylase occurs specifically in mesophyll 
tissue and produces C4 acids. These C4 acids 
are transported to bundle sheath cells and 
decarboxylated. The released CO2 is fixed 
by the second carboxylation catalized by 
RuDP carboxylase. In bundle sheath cells of 
C4 plants, the same photosynthetic pathway 
as that of Ca plants (Calvin cycle) would 
be operating. Therefore, photorespiration 
pathway itself is known to exist. Photo
respiratory CO2 evolved in bundle sheath 
cells might be trapped by the efficient PEP 
carboxylation in the surrounding mesophyll 
tissue. 

Factors affecting photorespiration 

The important environmental factors af-
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Fig. 2. Diagramatic expression of the effect of 
environmental factors on photorespiration 
rate 

fecting photorespiration are light, tempera
ture, 0 2 and CO2 as shown in Fig. 2. High 
temperature and high light intensity increase 
photorespiration remarkably. Photorespira
tion rate decreases linearly with the lowering 
of atmospheric 0 2 concentration because 0 2 

is indispensable for producing glycolate in 
the process of photorespiration. Photorespi
ration is most active around the ordinary 
atmospheric CO2 concentration and high CO2 

suppresses photorespiration. This is because 
photorespiratio11 and photosynthesis may 
share one of the photosynthetic intermediate 
as the substrate. The increase of CO2 con
centration enhances the incorporation of that 
photosynthetic intermediate to photosynthe
sis. This may cause the decreased amount 
of the substrate to be used by photorespira
tion. 

Some physiological factors are known to 
affect photorespiration rate. Robinson and 
Gibbs reported that the concentration of 
several photosynthetic intermediates of Calvin 
cycle affect photorespiratory activity9>. Salin 
and Homan reported that photosynthesis of 
young leaves of tobacco, lemon and orange 
did show a little response to oxygen con
centration 10>. This fact seems to indicate 
that young leaves of those C3 plants do not 
show photorespiration. 



Table 1. Effect of low oxygen concentration on dry matter production of rice plant, 
var. Tanginbozu 
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Final dry weight (g) Dry weight increase (g) 
Treatment Initial dry weight (g) 

LB LS R E Total w We 

Control 28. 70 6.07 11. 90 4. 21 12. 43 34. 61 5. 91 8. 76(100) 

3% 02 29.90 8. 24 25. 10 5. 19 4.83 43. 36 13. 46 13. 46(154) 

Notes: Initial dry weight was estimated from the relationship between dry weight and fresh weight. Effect 
of CO2 concentration difference on dry weight increase between control and 3% 0 2 plot was corrected 
on the supposition that the dry weight increase of rice plant was proportional to CO2 concentration. 

The comparison of dry weight increse between plots in parenthesis was made by taking dry weight 
in control plot as 100. 

LB: leaf blade, LS: leaf sheath and stem, R: roots, E: ears, We: dry weight increase after CO2 

effect corrected. 
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Plate 1. Effect of low oxygen concentration on growth of rice plant var. Tanginbozu. 
Materials were treated with the artificial air containing 3% 0 2 for 20 days 
from the heading stage in outdoor condition. In 3% 0 2 , barrenness, expan
sion of the space between tillers and many young shoots were observed. 
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