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Abstract

Changes in saccharide contents of tea leaves during infection with blister blight
fungus Fxobasidium vexans Masse was studied. Saccharose and glucose contents
decreased in the blistered portions when compared (o (he normal regions until
sporulation and remained constant during the entire period of sporulation. Fructose
content increased abruptly during the initiation of sporulation and remained constant
up to the end of sporulation in both blistered and non-blistered regions. Starch
content continuously decreased in the blistered region. Peroxidase activity was highly
enhanced during the final stages of leaf senescence. The activity of acid invertase
was inversely proportional o the starch content and closely related to the changes in
the saccharose and glucose contents. Protein and chlorophyll contents gradually
decreased in the blistered regions.

Additional key words: blister blight, chlorophyll, fructose, glucose, host-parasite interaction,
invertase, leaf senescence, peroxidase, saccharose, starch.

Starch, glucose, and saccharose accumulate around the site of infection until the end
of the latent period (Owera et al. 1983, Kiessling and Hoffmann 1985). Direct
assimilation of glucose was postulated by McKay and Maclean (1992). Grabo (1993)
discussed the uptake of saccharose, either as a disaccharide or hydrolysed at the host-
parasite interface. Saccharose and starch play an important role in satisfying the
saccharide requirements of leaf and leaf-borne pathogens (Whipps and Lewis 1981,
Manners 1089). As a result, the saccharose content decreases due to action of
enzymes such as invertase (Mitchell er al. 1978, Greenland and Lewis 1983). Starch
accumulation during sporulation has been demonstrated histochemically {Sziraki
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et al. 1984). Starch is degraded in the vicinity of sporulating mycelium, while an
accumulating ring surrounds the infected region (Inman 1962, Scholes and Farrer
1987).

Our experiments determine the changes in saccharide metabolism during different
infection stages of tea plant by the fungal pathogen Exobasidium vexans Masse that
canses hlister hlight disease (Agnihothrudu 1995). Studies on invertase activity, as
well as on chlorophyll (Chl) and protein contents were carried out to assess the
senescence of the leaves at different developmental stages of the fungus.

Camellia sinensis O, Kuntz clone UPASI-3 (B/5/63) of tea was grown for three
years in a field at an altitude of 3000 m. The lower surface of the second leaf was
inoculated with a suspension of basidiospores [approx. 5 mg in 10 cm® water with
0.01 % Tween 80, (v/v) to ensure uniform infection density]. Control plants werc
treated with a water/Tween solution. The plants were kept in pots with sand - soil
mixture (3:1) in a well humidified chamber (air humidity 70 %, temperature 18 °C,
irradiance 210 pmol m™s™!, 16-h photoperiod) for further observations. The infecled
leaves were macro- and microscopically examined 1 h prior to collection for analysis.
Ten 2-mm” leaf segments with one blister each were selected by punching out with a
cork borer and sorted out by separate developmental stages. During the translucent
spot stage (7 - 8 d after infection (d.p.i.) 2 samplings (F, and F») and at the outbreak
of basidia (8 - 10 d.p.i.) the sampling B; were taken. B, characterised sporulating
blister on both surfaces, whilst high spotulation took place at B; and B,. Samples
taken after the onset of basidiospore production (11 - 28 d.p.i.) were named N, to Ny,
according to the amount of basidiospores within the blister. The leaf discs were
washed in distilled water and dried for determination of the dry mass,

For saccharide analysis, infected and healthy second leaves were detached 10 h
after the beginning of the light period and immediately cooled to 4 °C. In infected
leaves, segments without blister were cut out. The leaves were frozen to -30 °C,
ground with pestle and mortar, and used for further analyses. All samplings (7 = 6)
were taken twice, each of 2 independent experiments.

Invertase activity was determined spectrophotometrically at 460 nm according to
Bacon et al. (1965) and Long er al. (1975). For the extraction of ethanol-soluble and
insoluble saccharides (mainly starch), a Soxhlet apparatus filled with 200 ¢m” ethanol
(80 %) and 1 g (d.m.) leaf material was used. The ethanol fraction was retained for
the enzymatic detection of glucose (Higgett and Nixon 1957, Bergmeyer 1988),
fructose (Kakac and Vejdelek 1974), and saccharose (Van Handel 1968). Insoluble
saccharides such as starch were hydrolysed in H,SO, (75 %) and centrifuged. The
resulting glucose in the supertanatant was estimated using the anthrone reagent as
described by Herbet et al (1971). Further on, plant material (250 mg) homogenised
in a mortar and pestle with 5 cm’ chilled phosphate buffer (0.1 M, pH 7.7) was
centrifuged (10 min, 2000 g, 4 °C). The crude extract was used to measure the
peroxidase activity (Braber 1980) and. following acetone precipitation, for the
determination of proteins as described by Lowry et al. (1951). Chlorophyll (Chl)
content was determined as described by Lichtenthaler (1987) using the above
mentioned supernatant. For statistical evaluation (significance of differences hetween
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infected plant material, respectively. At the end of the course of

Saccharose (Fig. 1.4) and glicose (Fig. 1B) contents differed between infected leaf
infection (N 1o Nyg), its level was slightly below that of the control.

segments and the control depending on the fungal development. Until the beginning
of sporulation (B)), the infected leaf segments had a higher content of the both

comparable healthy and infected tissues), an ANOVA was performed using Microsoft
saccharides than the control. As sporulation increased, the saccharose and glucose

Excel.
contents decreased in infected leaves to a level below that of the controls, and then
remained nearly constant throughout the sporulating period. At the end of sampling

period the content of both saccharides was nearly 50 % of that of the control. By
contrast the fructose content (Fig. 1C) showed no statistically significant difference

(P < 0.05) between infected and non-infected leaves. Tt increased abruptly in both
infected and contro!l leaves, concurrent with pronounced sporulation. This increased

concentration remained nearly constant up to the end of sporulation (N} and until

wilting of the non-
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FUNGAL STATUS
The acid invertase activity was inversely proportional to the starch content and
closely related w the changes in saccharose and glucose contents. The significantly

From the end of the incubation period until the onset of sporulation, infected

leaves had a higher starch content than the control (Fig. 1D). During intensive
infected leaf segments until the onsct of nccrosis. From N, onwards, the starch

basidiospore production (Bj), there was a sharp decrease in starch content in the
content was less than 50 % of that of the non-infected control.

Fig. 1. Contents of saccharose (A4), glicose (B), [ructuse (C), and starch (D) [g kg'(d.m.)] in

infected and non-infected leaves at various development stages.
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enhanced enzyme activity began with the onset of sporulation and reached a
maximum at the stage of maximum basidiospore release, when it was nearly 10 times
higher than in the control. At N, the senescence of the leaves commenced, as shown
by the enhanced peroxidase activity. Invertase activity was much lower in non-
infected leaves.

With the onset of necrosis (), the Chl and protein contents decreased in blistered
leaves as well as in the non-infected controls (Table 1). The protein content of the
controls (Table 1) was, however, lower than that of the blistered segments. Leaf
tissues between the blisters had the highest protein content at F,. After high
sporulation (Byg), it was reduced, and stagnated until the end. As the necrosis
advanced (Ns), the infected leaf, as compared with the control, showed progressive
senescence. This progress was, additionally, demonsiratcd by the decrease in Chl
content {Table 1).

Table 1. Concentrations of chlorophyll (Chl) and scluble protein in blister-infected leaf segments
between the blister without mycelium as compared to the non-infected control leaves {means of
5 replicates £ S.E.).

Developmental stage  Chla Chl & Chl at+b Protein

(g kg (dm)] [g ke'(d.m.)] [gkg'tdm)]  [gkg'(dm.)]
F; control 6.82 £ 0.03 225+ 0.04 940+ 0.02 164 + 14
infected leaf 7.04 £0.02 2.51 £ 0.01 9.49 + 0.01 213+ 19
B, control 6.40 £ 0.03 2.090+0.02 8.45 £ 0.01 159+ 21
infected leaf 7.11+0.01 231 +£0.01 9.42 £ 0,01 132+ 8
N; centrol 4,20+ 0.03 2.70+£020 690018 109+ 12
infected leaf 3.88=0.11 2,79 £ 0.04 647+ 0.15 15[+ 6
N, control 348+0.12 1.24 £ 0.08 498+ 0.37 87+ 3
infected leaf 351027 1.26 £0.10 4.86+ 0.45 71+ 6

Consumption of saccharides during fungal sporulation is high and thus a deficit of
saccharides in plant tissues is usually observed (Schipper and Mirocha 1969). Long
ef al. (1975) obscrved an inercased saccharide content in infected arcas as a resull of
changes in the starch content (Scholes and Farrar 1987 Wagner and Boyle 1995).
This implies a strong relationship between the onset of fungal growth and sporulation
and mobilisation of saccharides in host tissues. The parasite incorporates these
saccharides in its growing mycelium. Additionally, photosynthetic activity may be
reduced (Scholes ef al. 1994),

These uobservations can be verified by determining saccharose and glucose
contents, linked to acid-invertase activity (Fig. 1). According to Inman (1962) as well
as to our results, initial infection results in an enhanced glucose concentration.
However, the onset of basidiospore release causes a decline of glucose concentration
below that of the control as a result of the fact that ca. 6.4 x 10° basidiospores can be
produced per day (Huysmans 1952) which represent an enormous consumption of
metabolites and energy.
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McKay and Maclean (1992) have reported glucose as the main metabolite
transported between host and pathogen. Reduction in the invertase activity of the host
might result in a decrease in production of glucose, thus causing a reduction in the
further metabolic activities of the fungal cells. Although the localisation of invertase
is not vet clear (Storr and Hall 1992, Scholes ef a/. 1994), its increasing activity
during sporulation may be due to a fungal enzyme, as Xiu ef al. (1993) have
proposed.

We think that the decrease in glucose is not a direct effect of the transfer and
efflux of saccharides during sporulation and at the onset of necrosis (N}, because no
further sharp decrease in glucose concentration was detectable. Fructose
accumulates, as it is not transported between host and fungus, while the content of
substrate, i.e. saccharose, decreases.

As only 2 basidiospores are produced per basidium, the amount of spores
delivered per blister is generally reduced. This permits the maintenance of reduced
basidiospore production over a long period. Slow sporulation seems to prevent a
premature exhaustion and necrosis of the infected leaf, including an carly death of
the fungus, which ensures the most effective utilisation of resources.

According lo Miidla ef af. (1987), the contents of Chl and proteins decreased in
both control and infected leaves as the end of sporulation is in close connection with
necrosis. The differences in saccharide metabolism as compared with the control and
exhaustion of saccharides can be the primary indicator for the onsct of necrosis.
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