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THE phenomenon of free proline accumulation in
plants exposed to diverse environmental and bio-
logical stresses has considerable physiological signifi-
cance. In response to water stress conditions, large
amount of free proline accumulates in plants?—=.
Similarly, accumulation of free proline in plants takes
place under salinity stress®*%, low temperature
conditions’™® and when plants get exposed to air
pollutants!®-12, The reports indicate that free proline
synthesised from glutamate serves as energy donor
during such environmental stresses® 2, Recently pro-
line accumulation in plants has been demonstrated by
biological stresses; the level of proline increased in
tomato and tobacco plants parasitised by Meloido-
gyne javanica or Agrobacierium tumefacienst4.13
Sugarcane plant is subjected to biological stress by the
attack of various diseases. One of the most important
and common diseases is red rot which mainly affects
the stalk of sugarcane. The present study was per-
formed to observe proline accumulation in different
parts of sugarcane plant as a result of stress by
Colletotrichum falcarum Went, the causal agent of red
rot disease.

Five-month-old healthy sugarcane plants (cv. CoJ
64) were Inoculated with spores and mycelium of
C. falcatum grown on oat meal agar medium. The
inoculation was done in the third internode from
ground level The control plants were inoculated
without fungus. After two months, tissue samples were
collected from the inoculated plants. The stalk was
split open and the tissue samples were taken from three
places: (a) unaflected internodal tissue adjacent to soil
level, (b) red rot affected portion near inoculation
point, and (¢) unaffected internodal tissue just above
to rotted portion. Besides stalk, samples were taken
from nodal buds (located near the inoculation point)
and leaves (6th from top). Similarly, after 5 months
of inoculation such samples were taken again for
analysts.

The samples were frozen overnight, thawed and
extracted with 909% ethyl aleohol (1:20, w/v) in a
chilled mortar. The extract was centrifuged to remove

activated charcoal. Further analysis was performed by
the methods of Troll and Lindsley!S and Meon ef a/'®
with minor modifications by adding 2 m] glacial acetic
acid and 2 ml of freshly prepared acidic ninhydrin
reagent (125 mg ninhydrin: 3 ml acetic acid: 2 m!l of
6 M phosphoric acid). The transmittance was re-
corded at 529 nm. Free proline concentration was
determined from the standard curve prepared from
pure proline. The data were statistically analysed.

The results presented in table 1 show that there was
pronounced ris¢ in proline content of nodal buds,
leaves and internodal tissue of the plant inoculated
with Cell:tofrichum falcatwm than uninoculated one
(controi}). Earlier, similar findings were reported in
plants infected with fungit?, bacteria 14.15 viruses!®
and those parasitised by nematodes'®, In 2-month-
inoculated plants, proline content increased three
folds (75.4 ug) in the nodal buds, while in leaves and
internodal tissues a substantial increase was noticed.
Out of three portions of internode maximum proline
accumuiation (140.2 yg) was found in rotted tissue
followed by its lower (93 ug) and upper (87.2 ug)
portions.

After 3 months, iIn S-month-inoculated plants,
significant increase in free proline was recorded in
leaves (996 ug), and upper and bottom internodal
portions (1868 and 150.64g, respectively).
Conversely, there was marginaf decrease in the nodal
buds (70.2 g) and the rotted portion of the internode
(137 pg).

These results indicate that consequent upon injury
in the internode by the fungal pathogen, proline
accumulation was induced in the adjoining plant parts
to meet the enhanced energy requirement. Various
workers': '3 consider that during stress conditions

Table ¥ Changes in free proline content in sugarcane (cv. CoJ
64) plant paris after infection by Colletotrichum falcatum

Mean proline content (ug/g fresh wi*)

2 months aflter

5 months after

tnoculation inoculation

Dis- Dis- C.D.

Plant part cased Healthy eased Healthy (5°)
Internode (1,) 95.0 87.4 1506 928
Internode (1,) 140.2 23.8 137.0 998

Internode (1,) 81.2 8I.8 1868 860 326
Leaf 94.8 60.2 99.6 59.8
Nodal bud 75.4 25.0 70.2 248

* Mean of § replicates: [, -bottom portion adjacent 10 soil level; | y-red
rot affected portion; 1,-just above to affected part,
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proline is synthesised from glutamate and, thus, serves
as energy reserve. After 5 months of inoculation when
considerable rotting occurred in the internode, proline
content reduced in the rotted portion and adjoining
nodal buds. This trend was suggestive of proline
oxidation 1o fulfil the energy demand at the place of
high metabolic activity.

The authors thank Dr Y, R. Saxena, for help and
guidance.
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THE germplasm of cassava (Manihot esculenta Crantz)
maintained at this Institute comprises 1,320 genetic
stocks assembled from different cassava growing
countries of the world, and among them 60 clones are
found to be male sterile. Cassava is heterozygous, cross-
pollinated and generally propagated vegetatively. Male
sterilities resulting from pachytene abnormalities!,
desynapsis®, aberrant behaviour of tapetum3 non-
separation of microspores from tetrad* and functional
male sterility” have already been reported. Among
these about 40 clones exhibit male sterility caused by
the non-separation of microspores and, due to its
apparent importance an attempt has been made to
understand the inheritance of male sterility in cassava.
The male stertle (MS) clone Ce-539 showing the
characteristic non-separation of microspores, but
having high female fertility, was selected and crossed
with the male fertile (MF) clone Ce-613. Crosses were
made between two other MF clones Ce-384 and Ci-326
and open-pollinated (OP) seeds were also collected
from the ms 539, MF 584 and OP-4 clones. The resulting
scedling progenies were screened for male sterility.
Microsporogenesis and the sequence of pollen develop-
ment in MS and MF clones were also compared.

Male fertile: The microsporogenesis was normal and
tetrads lasted only for a short time (figure 1). The
microspores separated and developed their own intine
and exine, The tapetum showed signs of shrinking as
the microspores separated and completely disappeared
later (figure 2). The anthers were filled with pollen and
the pollen fertility was above 909 (figure 3).

Maile sterile: In the Ms clone 539, the anthers were
somewhat shrivelled and empty at the time of anthests.
The meiosis and early microsporogenesis was normal
as in the case of MF clones. However, the microspores
failed to separate from the tetrads and gradually
degencrated (figure 4). The empty shells of the tetrads
were discernible for a longer period (figure 5) but they
also disappeared later. The tapetum was healthy and
comparable with that of MF even at the time of early
degencration in the tetrads, but, later the tapetum also
degenerated and disappeared leaving empty anthers
(bgure 6). In cassava, when male sterility was caused by
the non-separation and degeneration of microspores,



