J. Phytol. Res. 21(1) : 119-122, 2008

CHANGES IN a-ASCORBI.C.ACID, PIGMENTS AND PROTEIN IN
RUMEX MARITIMUS LINN. DURING INFECTION WITH SMUT
FUNGUS, USTILAGO PARLETOREII F.A. WAL. ‘ '

0. NOYON SINGH and L. NONGDREN KHOMBA SINGH*
Department of Botany, Lilong Haoreibi College, Manipur, India.
*Department of Plant Pathology, College of Agriculture, Central Agricultural University, Imphal, Manipur, India.

Rumex maritimus Linn. is an annual herb, mesophyte, distributed prominiently in Manipur. The plant
is normally infected with smut fungus, Ustilago parletoreii, F.A. Wal. Both the infected and fresh
uninfected plant sometimes used as food by a few sections of the people of Maripur. There are
fluctuations of c-ascorbic acid, pigments and protein during infection of the plant by this smut

fungus.
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Introduction
Rumex maritimus Linn. is angiospermic herb belonging
to the family Polygonaceae, and normally attains a height
of 1-2 feets. In young condition the shoot is filled with
. parenchyma tissue and gradually becomes hollow at the
pit portion with maturity. The young shoots and leaves
are often infected with the smut fungus, Ustilago
parletoreii F.A. Wal. The infected plant is used as food
by the local people of Manipur. The black and brown
teleutospores are also used as palatable food by these
people. The infected plant does not produce flower and
hence, there is no formation of seeds. Variation of

o-ascorbic acid, pigments and protein during infection

has been studied. The paper discusses the reason of
decrease and increase of these metabolites during
infection.

Materials and Methods

Fresh plant materials both healthy and infected were
collected. These materials were cut into picces and crushed
thoroughly. For the estimation of o-ascorbic acid the
procedure adopted by Roe' was used. For the assay of
chlorophyll,a,b, and S-carotene the method used by
Lichtenthaler et al.? was adopted and that of protein the
procedure adopted by Lowny et al.* was used. In all the
samples 5 stages were devided viz., preflowering stage
(PF), Flowering stage (F), Initial Infection stage (IN),
Medium Infection siage (ME), Severe Infection Stage
(SEV) and Spore.

Results and Discussion

Table 1 shows the levels of ax-ascorbic acid in the control
(PF and F) and infected tissues (IN and SEV). In the
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controlled tissues the level of c-ascorbic acid was 0.86mg
and 0.87mg in PF and F, respectively. With the start of
infection the level of total ex-ascorbic acid in the leaf tissues
decreased from 0.83mg (IN,) to final stage of infection,
ie., 0.66mg (SEV). In the case of host shoot the same
trends were recorded. In the shoot the amount of &-
ascorbic acid in the PF and F was r<corded to be 1.3 mg
and 1.2 mg, respectively. There was gradual decrease of '
the same till the infection reaches the final stage, i.e., (0.81
mg). The value obtained in the infected tissues was always
lower than the control. Mahadevan and Sridhar* described
that in the diseased plant ascorbic acid reduces quinones
to phenols and this reaction has created the defence
mechanism of the host plant. Gunasekaran and Weber®
viewed that the low content of ascorbic acid in the infected
tissues might be due to host-pathogen interaction in which
the ascorbic acid from the host might serve as a carbon
source for the fungus in the formation of other metabolites.
The decline in the concentration of ascorbic acid in the
infected host tissues might be due to the production of
certain ascorbic dehydrogenase enzyme by the fungus
itself and also possible that during host-pathogen
interaction this very enzyme might have been,
synthesised®®. Isherwood and Mapson® also reported that
the biosynthesis of ascorbic acid is markedly influenced
by the chloroplast content. The reduction of chlorophyll
content in the leaf tissues (present findings) would have
resulted the decrease in ascorbic content of the infected
tissues. Parmar et al.'® and Prasad® reported that the
decrease of ascorbic acid might be due to transformation
to dehydroxy o-ascorbic acid or by the enzymic activities
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Tablel. Variation in the a-ascorbic acid content expressed in mg/g fresh wt. in dlfferent stages of Rumex maritimus
mfected with Usttlago parletoreii.

Pigment — PF F IN, N, “ME, ME, SEV
Leaf 086 087 08 075 071 066 066
Shoot 13 12 12 7 113 101 081

PF = Preflowering; F= Flowcring; IN =Initial infection ;
ME =Medium infection ; SEV = Severe infection.

Table 2. Changes in chlorophyll content expressed in mg per gram fresh tissue and -carotene in gig per gram fresh tissue
in different stages in the leaf tissues of Rumex maritimus infected with Ustilago parletorell.

Pigmemt PP F I, N, ME,  ME, SV
Total Chl. 147 140 128 119 L9 116 111
Chl.a 069 068 058 056 051 045 043
Chtb. - 0® Om 07 063 068 070 068
B- carotene 030 028 025 025 02 - 019 - OIS

_ Chlab 1451 1281 0821 0891 0.75:1 0641 0631

Table 3. Changes in chlorophyll content expressed in mg and 3- carotene in ug per gram fresh tissue in different stages
in the host.shoot tissues of Rumex maritimus infected with Ustilago parletoreii.

Pigment PF F IN, IN, ME ME, SEV
Total Chl. 041 034 053 031 024 021 020
‘Chla 016 0.17 0.19 014 - 0.12 009 009
Chlb 025 o7 034 on 014 0.2 o1
B carotene 0.10 0.09 0.08 0.06 003 002 002

Chla/b 0.06:1 11 0.56:1 0.82:1 0.86:1 0.75:1 0.82:1

Table 4. Vanatlon of protein content (mg/g) in the dried material of thc host plant Rumex maritimus infected with
Ustilago parletereii.

Pigment _ PF___F N, N, ME, ME, SEV___ Spore
Leaf 1428 13.18 1678 1868 19.50 1636 1551 2167
Shoot 990 1006 412 1416 1320 1120 1046
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of the pathogen which was strengthencd by the increase
in the contents of reduciiz sugar in the infected part.
Hence, it may be concludc 1 that the decrease in the level
of ascorbic acid during infection of Rumex maritimus
might be due to the metabolic activity or host-parasite
interaction of Rumex maritimus and Ustilago parletoreii.

Findings shown in Tables 2 and 3 clearly indicated
that there was a gradual decrease in different types of
plant pigments, viz., chlorophyll a & b. B-carotenc, during
infection. The decrease in pigments in the infected plants
was observed by different workers'"'>. The decrease in
the amount of pigment contents in the diseased plant might
be due to the reduction in the number and size of the
chloroplast caused by the pathogen’. It has also been
reported that the low pigment content in the diseased
tissues might be due to inhibitation of its production by
the fungus''. It was reported that the increased
chlorophyllase activity also helps in the lowering of the
chlorophyll in the defence of host pathogen
combination!™, It may also be explained that during the
infection certain inhabitors might be secreted by the
pathogen which affect the synthesis of chlorophyll
pigments'>1¢. Hence, it may be concluded that the gradual
decrease of plant pigments in the plant tissues during
infection may be explained due to the influence of the
invading fungus on the normal metabolism of the host plant.

The findings of protein'in the healthy and

infected  tissues of the host plant Rumex maritimus are.

shown in Table 4. The level of protein in the control leaf,
pre-flowering (PF) and Flowering (F) stage was indicated
to be 14.23 mg and 13.18 mg, respectively. With the start
of the infection the level of protein in the leaves decreased

from 16.78 mg (IN1) to 15.51 mg (SEV) with the -

advancement of infection, except in Medium Infection
(MEI) where the value was recorded to be 19.50 mg. In the
case of control host shoot sample (PF and F) the protein
value was 9.9 mg and 10.06 mg, respectively. There was
slight increase till infection reached upto (IN2) 14.16 mg
and after reaching the maximum value at this stage it
declined till it reached the final stage i.e. SEV (10.16 mg).
In the case of leaf the minimum value obtaified in the
tissues was always higher over the control. However, th>
situation was aiso same in the case of host shoot during
the infection period. But the amount of protein value was
found highest in the case of fungal spores (21.67 mg).
From the above result it is clear that the maximum amount
of protein value was found in the leaves over the shoot. It
was also clearly seen that the accumulation of protein
concentration gradually increases from early stage of
infection and decreases with the severity of infection. The

decrease in the amount of protein in the diseased tissues
was brought about due to sporulation of the infected
fungus. Yamamoto et al*, Tani and Yamamoto® reported
that the increase during infection was due to increase in
protein synthesis accelerated by the biosynthetic enzyme
and other proteins involved in plant defence. Staples and
Ledbter? observed the increase in protein in the infected
plant was mainly incorporated into the fungal mycelia and
spores. Many other researchers also gave their views on
the increase in both protein and amino acids in the infected
tissues?2?, They further viewed that the increase might
be due to translocation of the same from other part of the
host to the infected tissues or increased synthesis of both
protein and amino acids. Albersheim and Valent* viewed
that fungal pathogen produces or secretes protein which
inhibits enzyme of the host capable of attacking the
pathogen. Rudolph?* also reporied that the increase of .
additional protein in the tissues was due to the increased
metabolic activity in stress. Hence, it may be concluded
that the increase in the level of protein during infection
might be due the metabolic activities or the host parasite
interection.
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