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Abstract

The effect of 30 % defoliation of shaded leaves in lower layers of plant was studied on activities of carbonic anhydrase
(CA) and ribulose-1,5-bisphosphate carboxylase (RuBPC), leaf dry mass per unit leaf area, and plant dry mass of mus-
tard (Brassica juncea). Removal of 30 % of leaves resulted in increased CA and RuBPC activities of leaves, and leaf and

plant dry masses.
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Mustard is an important crop of the tropical region of the
world, characterised by large number of leaves in the
lower layers on the plant (Weiss 1983). Effective solar
irradiation of these leaves is reduced. That leads to a low
photosynthetic rate and unproductive leaves as the crop
matures. Earlier work showed that removal of 30 % of
such leaves increased plant biomass and seed production
maximally, and other levels of defoliation were less ef-
fective (Khan et al. 2002b). However, an effect of defo-
liation on photosynthetic enzymes has not been studied
yet. An increase in photosynthetic biomass formation due
to defoliation could be achieved only if it increased the
amount and activity of photosynthetic enzymes. CA and
RuBPC are important enzymes in photosynthesis and
thus in biomass accumulation. CA accelerates the reac-
tions of HCO;™ dehydration, increases the CO, concen-
tration in the place of carboxylation, and thus contributes
to the effective work of RuBPC in the cell (Siiltemeyer
et al. 1993). Net photosynthetic rate is related to the ac-
tivity of CA (Hayat et al. 2001). The reported research
was, therefore, undertaken to study the effect of 30 %
defoliation of lower leaves on CA and RuBPC activities
and dry mass accumulation in mustard.

Mustard (Brassica juncea L. Czemm & Coss. cv.
Alankar) seeds were sown in 23-cm diameter earthen pots
filled with acid washed sand. The plants were grown with
Hoagland’s nutrient solution (Hewitt 1966), and two
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plants per pot were maintained. The pots were kept in a
greenhouse of the Botany Department, Aligarh Muslim
University, Aligarh, India under natural day length. At
40 d after sowing (pre-flowering stage), leaf number was
14 and 30 % of these leaves on lower layers were re-
moved by excising the leaf blades. Control plants were
not defoliated. Each treatment was replicated five times.
At 60 d after sowing (post-flowering stage), activities of
CA and RuBPC, leaf dry mass per unit leaf area, and
plant dry mass were determined. Leaf area was measured
with a leaf area meter (LA 211, Systronics, India) and dry
mass was taken after drying the samples in an oven at
80 °C for 24 h.

For measurement of enzyme activities, leaves from
apex to base on the plant axis were collected, and homo-
genised as a composite sample in 0.05 M Tris-HCI (pH
8.5), containing 1 mM dithiothreitol, S mM MgCl,, 1 mM
EDTA, and 1 % polyvinylpyrrolidone. Homogenate was
passed through Whatman 42 filter paper and centrifuged
first at 1 000xg for 10 min and then at 5 000xg for 30
min. The supernatant was used as a source for determin-
ing the activities of CA and RuBPC. The CA activity was
determined by an electrometric method (Rickli et al.
1964), and RuBPC by a spectrophotometric method
(Lawlor et al. 1989). The values were statistically
analysed.

Abbreviations: CA, carbonic anhydrase; RuBPC, ribulose-1,5-bisphosphate carboxylase.
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Table 1. Activities of carbonic anhydrase (CA) and ribulose-1,5-bisphosphate carboxylase (RuBPC), leaf dry mass per unit leaf area,
and plant dry mass of mustard following defoliation of leaves in lower layers.

Defoliation CA RuBPC Leaf dry mass Plant dry mass
[%] [mmol m?(leaf) 5] [umol m?(leaf) s [mg cm™) [g plant™]

0 10.6 50 16.0 9.4

30 18.2 120 24.6 12.6

LSD (p <0.05) 22 20 2.4 1.4

Removal of 30 % of leaves increased CA and RuBPC
activities, and leaf and plant dry masses. The removal of
unproductive lower leaves helped in diverting plant re-
sources in the formation of new leaves. In defoliated
plants, more new leaves emerged. These leaves contrib-
uted to the increased activities of CA and RuBPC of
composite leaf sample (Table 1). The co-localisation of
CA and RuBPC in stroma helped rapid dehydration of
HCO;™ for RuBPC by CA resulting in an increase of
RuBPC activity and high leaf and plant dry masses
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similates to the reproductive sink. My results suggested
that an increase in photoassimilation efficiency and plant
dry mass of defoliated plants was caused by increased
activities of CA and RuBPC.
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