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Abstract

Among four mulberry (Morus alba L.) cultivars (K-2, MR-2, BC2-59, and S-13), highest net photosynthetic rate (Px)
was observed in BC2-59 while the lowest rates were recorded with K-2. Significant differences among the four cultivars
were found in leaf area, biomass production, activities of ribulose-1,5-bisphosphate carboxylase and sucrose phosphate
synthase, and glucose and sucrose contents. The Py and the activities of photosynthetic enzymes in the four cultivars
were significantly correlated with the growth and biomass production measured as leaf yield, total shoot mass, and aerial
plant biomass. )
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Mulberry is one of the most important cash crops in
India, which is the only source food material for deve-
loping silkworm. Mulberry is capable of thriving under a
variety of agro-climatic conditions. Recommendations for
cultivar selection based on photosynthetic productivity in
mulberry have seldom been done. Mulberry is sensitive
(Agastian et al. 2000), responding extremely well to the
optimum agricultural inputs but showing practically no
growth when plant nutrients and moisture operate as lim-
iting factors (Susheelamma et al. 1990, Dorcus and
Vivekanandan 1997).

The photosynthetic performance of plants could be
used for the prognosis of plant productivity. Induction of
photosynthesis in nature usually takes place by orderly
light mediated activation of the enzymes of PCR cycle,
thus establishing a system for its regulation (Leegood
1985, Dietz 1986). The ecological behaviour of the plants
is determined by photosynthetic productivity, coupled to
the use of photosynthetic products in growth and deve-
lopment. Manipulation of the photosynthetic system by
genetic engineering using molecular biological modifi-
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cation of source and sinks will result in the production of
the plants with resistance to different agro-climate. We
report the use of morphological, physiological, and bio-
chemical analyses to understand the potential variations
among four different mulberry cultivars. Attempts were
also made to examine the morpho-physiological charac-
ters with a view to build up the preliminary selection cri-
teria for best performance of mulberry cultivars.

Mulberry plants (Morus alba L. cvs. K-2, MR-2,
BC2-59, and S-13), obtained from the regional sericul-
tural research station, Coonoor, Tamilnadu, India, were
propagated in 30 cm pots under 12 h natural photoperiod
[irradiance (400-700 nm) of 1600-1 800 pmol m? s]
with day and night temperatures of 30/23 °C and appro-
ximate air humidity of 60 %. The plants were well wate-
red and periodically fertilised with nutrient solution.
Third or fourth leaf from top of one-year-old plant was
collected for all the physiological and biochemical mea-
surements. Plant height, number of branches, total length
of branches, leaf yield, shoot mass, and aerial biomass
were determined.

Author for correspondence; fax: + 91-413-655211/655265, e- mail: arreddy@yahoo.com

Abbreviations: Chl, chlorophyll; DCPIP, 2,6-dichlorophenol indophenol; DTT, dithiothreitol; FeCN, ferricyanide; PVP, polyvinylpyr-
rolidone; PS2, photosystem 2; RuBPC, ribulose-1,5-bisphosphate carboxylase; SPS, sucrose phosphate synthase; UDP, uridine-di-
phosphate.

Acknowledgements: Research in the laboratory of A.R. Reddy was supported by grants from the Department of Biotechnology
(BT/R&D/01/018/95), -Government of India, New Delhi and Indian Council of Forestry Research and Education (ICFRE 68-
95/ICFRE), Dehradun, India. KVC acknowledges the Council of Scientific and Industrial Research, New Delhi for the Senior Re-
search Fellowship.

305



K.V.CHAITANYA et al.

Py was measured according to Ramachandra Reddy
and Nandan Kumar (1996), being monitored after pre-
irradiation of the leaves for 40 min. Irradiation was by
halide flood lamps behind a water screen. Py measure-
ment in individual leaves from different shoots was re-
peated three to four times. Chloroplasts were isolated
according to Leegood and Walker (1993). Freshly har-
vested leaves were irradiated for 15 min to degrade leaf
starch. 5 g of leaves was cut into strips and homogenised
in a semifrozen grinding medium which consisted of 0.33
M sorbitol, 10 mM Na,P,0,, 5 mM MgCl,, 1% PVPP-
40, 0.5 mM DTT, and 2 mM sodium ascorbate at pH 6.5.
The crude extract was squeezed through two layers of
cheese-cloth and the filtrate centrifuged at 250xg for 5
min to remove cell debris. The supernatant was then cen-
trifuged at 2 500»g for 10 min. The pellet was suspended
in a cold medium consisting of 0.33 M sorbitol, 2 mM
EDTA, 1 mM MnCl,, and 50 mM HEPES (pH 7.6). A
portion of this chloroplast preparation was layered on
a sucrose gradient comprising 1.50, 1.00, and 0.75 M
sucrose in 10 mM ftricine-KOH (pH 7.6) and centrifuged
at 2 500xg for 15 min. The chloroplasts at the interface
between 1.00 and 1.50 M sucrose were diluted with
a suspension medium consisting of 0.33 M sorbitol, 50
mM HEPES (pH 7.6), 2 mM EDTA, 1 mM MgCl,, and
1 mM MnClL. This suspension was centrifuged at
5000xg for 5 min to yield a pellet of intact purified
chloroplasts. The intactness of the purified chloroplasts
used in the present study was 80-85 % according to Lilley
et al. (1975). The photochemical activities in the isolated
chloroplasts were determined spectrophotometrically as
described by Raghavendra and Das (1976).

Enzyme extractions were performed at 4 °C. The leaf
blades (10 g) were homogenised with a grinding medium
which consists of 100 mM Tris-HCI (pH 7.8) containing
5 mM DTT, 10 mM MgCl,, 1 mM EDTA, 5 mM magne-
sium acetate, and 1.5 % PVP-40. The homogenate was
squeezed through four layers of cheesecloth and then cen-
trifuged at 10 000xg for 10 min. The protein was preci-
pitated with 75 % (m/v) ammonium sulphate and spun at
30 000xg for 30 min. The precipitate was dissolved in
50 mM Tris-HCI buffer (pH 8.0) which contained 1 mM
DTT and 0.2 mM NADPH. Ribulose-1,5-bisphosphate
carboxylase (RuBPC) activity was assayed at 30 °C by
the incorporation of 'CO, into acid stable products
(Lorimer et al. 1977) and the radioactivity was measured
in the liquid scintillation counter. Sucrose phosphate syn-
thase (SPS) was assayed at 30 °C by measuring the pro-
duction of UDP (Huber 1981). Chl content was deter-
mined spectrophotometrically in 80 % acetone extract
(Arnon 1949).

The contents of starch and sucrose in the leaf tissues
were estimated enzymatically according to Ramachandra
Reddy et al. (1996). The total sugar content in the 80 %
ethanolic extract was determined using the anthrone
method (Dubios et al. 1956).
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Cultivars BC2-59 and S-13 possessed significantly
higher biomass yields than other cultivars (Table 1).
Plants were significantly higher in the BC2-59 cultivar
(176.3 cm) while cultivar S-13 contained more branches
(13.3) with a maximum branch length of 1 418 cm (Table
1). The biomass production was high in cultvars BC2-59
and S-13 (1249.1 and 1 139.0 g, respectively) compared
to that of K-2 or MR-2 (404.0 and 785.1 g, respectively).

2.0

15 +

10 |

05

glucose
H sucrose

CONTENTS [g kg(d.m)] STARCH CONTENT [g kg™(d.m.)]

GLUCOSE AND SUCROSE

0.75 |

050 |-

SUCROSE PHOSPHATE
SYNTHASE ACTIVITY
{mmol kg (protein) s

PHOTOREDUCTION OF DCPIP
or FeCN fmmol kg™ (Chl) s”']

160

140

CHLOROPHYLL [g kg™'(f.m.)]

120

100
BC2-59 S-13

MULBERRY CULTIVAR

Fig. 1. Total chlorophyll content in the leaves, photosystem 2
activities measured as photoreduction of DCPIP or FeCN in
isolated chloroplasts, sucrose phosphate synthase activity, and
contents of glucose, sucrose, and starch of four mulberry culti-
vars (K-2, MR-2, BC2-59, and S-13). Means of at least four
independent determinations + one SE.



VARIATION IN PHOTOSYNTHETIC RATES AND BIOMASS PRODUCTIVITY

Table 1. Morphological characteristics, photosynthetic rates, and RuBPC activity of four mulberry cultivars under pre-
liminary yield trial. Average values for three seasons: spring (February to April 1999), summer (May to July 1999), and

rainy (August to October 1999).

Parameter Mulberry cultivar
K-2 MR-2 BC2-59 S-13

Plant height {cm] 115.0 145.0 176.0 160.0
Number of branches per plant 8.1 12.7 9.3 13.3
Total length of branches [cm] 576.0  1053.0 1002.0 1418.0
Leaf yield per plant [g] 252.0 465.7 726.3 638.0
Mass of shoot per plant {g] 152.0 3194 522.8 501.0
Aerial biomass per plant [g] 404.0 785.1 1249.1 1139.0
Photosynthetic rate [mg(CO,) m?s™]  0.91 0.99 112
RuBPC activity [mol kg™\(Chl) s™'] 76.40 77.45 91.70 88.50

Chloroplasts from cvs. S-13 and BC2-59 possessed
high activity of DCPIP and FeCN reduction associated
with relatively high Chl content and this indicates a high
PS2 capacity (Fig. 1). Py depends on the development of
the photosynthetic system -including the energy-trans-
ducing components and on enzymes of the carbon reduc-
tion cycle (Evans and Terashima 1988, Geiger and Ser-
vaites 1994). A significant variation in Py among the
mulberry cultivars was presumed to result from the rate-
limiting enzyme activity of RuBPC (Table 1), and this
might strongly influence the productivity of mulberry
plants. Hence the cvs. S-13 and BC2-59 possessed rela-
tively high activity of the carboxylating system thus as-
suring high Py. We presume that the carbon assimilating
capacity and the biomass productivity in mulberry might
be limited by the activity of RuBPC. Our results also
show that the cultivars with high carboxylating activities
possess relatively large biomass productivity.

Sucrose phosphate synthase, which is important in su-
crose partitioning, regulates sucrose synthesis. Source-
sink studies of whole plants showed that the photosyn-
thetic carbon can be differentially partitioned into sucrose
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