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Changes in Amino Acid Content in Infected Leaves
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ABSTRACT

Ethanol-soluble amino acids in healthy and powdery mildew-infected leaves of the susceptible cultivar Peruvian
and the adult-plant-resistant cultivar Asse of spring barley were quantitatively analysed. At | day after inoculation,
the levels of amino acids in the infected first leaves of the two cultivﬁrs were similar to those of comparable healthy
controls. During sporulation, increases in amino acids were more pronounced in Peruvian than those in Asse. The
changes in amino acid content in the infected first and fifth leaves were closely related to the number of colonies
per leaf. The susceptible cultivar Peruvian showed higher amounts of amino acids in infected first and fifth leaves

at all infection intensitives than did Asse.
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amino acid content of plants infected by fungi reflect

INTRODUCTION the alteration in various metabolic processes favorable

or unfavorable for fungal development. Although there

Amino acids are not only substrates for plant are some reports on changes of amino acid metabolism

pathogens, but may also affect certain metabolic in tissues infected with biotrophic fungi, the results
processes capable of producing preformed substances inconsistent(2,3,10,11,12,14,15).

associated with resistance (13). Substantial changes in In previous investigations, qualitative and quantita-
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tive differences in resistance to powdery mildew
between spring barley cultivars during plant develop-
ment could be easily detected under controlled condi-
tions on the basis of race specificity, infection type or
rate(4) and infection process(5). Amino acid metabo-
lism altered during plant development, possibly with
some relation to the appearance of adult-plant-resist-
ance in the barley cultivars tested(8). The inhibitory
effect of barley leaf extracts at the fifth-leaf stage was
more pronounced than that at the first-leaf stage(6).
We also suggested that gene action may be changed
during development in barley cultivars differing in
resistance to powdery mildew(9).

In contrast to race-specific, mostly hypersensitive
type of resistance, there is very little information about
the physiological or biochemical mechanisms governing
the processes which retard the development and limit
the growth of powdery mildew in compatible host-
pathogen relationships. The different quantitative
levels of resistance in barley cultivars may depend on
and affect the metabolic processes within the infected
plants. Our previous results also demonstrated that
carbohydrate metabolism was less altered in powdery
mildew-infected plants of adult-plant-resistant barley
cultivars than in susceptible cultivars(7). This paper
reports the results of experiments that examined
amino acid contents in powdery mildew-infected plants

of susceptible and adult-plant-resistant barley cultivars.
MATERIALS AND METHODS

Plant and inoculum. The spring barley (ffordeum
vulggre L.) cultivars used were Peruvian which is
susceptible to powdery mildew at all plant-growth
stages, and Asse which is susceptible at the early
leaf stages but resistant at the late leaf stages. To avoid
any contamination by powdery mildew, the plants
were grown in cases (130x90x130 cm) made of glass
and muslin in a greenhouse. The conditions for cultiva-
tion of plants were as follows: (i) illumination by
8,000 lux (400 W HQL lamps) for 16 h of light/day
from 6 a.m, to 10 p.m_, (ii) temperature maintained at
18+1°C during the light period and 15t1°C during
darkness and (iii) relative humidity 60%10%/85%10%
(day/night). Plants for experiments were grown in

plastic pots (13x13x13 cm) containing sterilized com-

post soil mixed with the fertilizer Hakaphos (7 g per
20 kg compost). During cultivation of the plants no
more fertilizer was applied.

Plants at the firs't- and fifth-leaf stages were inocu-
lated by uniformly spraying a conidijal suspension of
Erysiphe graminis f.sp. hordei Marchal (race C11 Amsel)
in FC 43 (Fluorinert Llectronic Liquid, Commercial
Chemicals Division/3M, St. Paul, Minnesota) on the
abaxial surface of the leaves. The same inoculum
density was sprayed on the seedling leaves of both
cultivars. As a result, the leaf areas infectea were
about 40% for Peruvian and about 20% for Asse. The
plants showing different colony numbers after inoﬁula-
tion (Fig. 2) were selected for determining the effect
of infection intensities on the amino acid level of
barley plants at the first- and fifth-leaf stages.

Analysis of amino acids. One gram fresh weight of
leaf tissue at the required stages of development was
harvested at 11 am,, cut into l-cm segments and
boiled in 20 ml of 80% (v/v) ethanol (ti\ree changes).
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Fig. 1. Contents of ethanol-soluble amino acids in
healthy and powdery mildew-infected first
leaves of spring barley cultivars (Peruvian=
susceptible, Asse=adult-plant-resistant) at
intervals after inoculation at the first-leaf
stage. Each value represents a mean * one
standard deviation of three replicate samples,
Arrows indicate the beginning of colony
formation. The leaf areas infected were about
40% in Peruvian and 20% in Asse.
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Prior to sampling, the conidia and mycelium produced
were carefully removed by brushing the infected leaves.
The pigments were removed from the ethanol extracts
by shaking in 50 ml of 80% ethanol with 30 ml petro-
leum benzine. Total amino acids were determined by
the method of Yemm and Cocking (16) using glycine

as a standard.
RESULTS AND DISCUSSION

The experiments were done using barley plants th
first-and fifth-leaf stages, because mature plants at later
growth stages could not be uniformly infected by
artificial inoculation of E. graminis. Our previous
studies demonstrated that when using these inoculation
methods, adult-plant resistance of spring barley to
powdery mildew can be detected and estimated at the
third or fifth-leaf stage (4,5). ‘

Figure 1 presents the amounts of total soluble
amino acids in healthy and infected first leaves of the
susceptible cultivar Peruvian and the adult-plant-
resistant cultivar Asse at intervals after inoculation of
E. graminis. In healthy leaves, the amount of total
soluble amino acids was similar in Peruvian and Asse
throughout the experiment. At 1 day after inoculation,
the levels of amino acids in the infected leaves of the
two cultivars were similar to those of comparable
healthy controls. As the fungal structure became
established on the leaf surface, the soluble amino
acids began to increase. During sporulation at 7 and 9
days after inoculation, increases in amino acids were
more pronounced in Peruvian than those in Asse.

Amino acids are of central importance in the
metabolism of plants, principally because they are
required as building blocks for protein biosynthesis.
The increase in amino acids in infected leaves is likely
to be related to the stimulation of protein synthesis
or the rapid decomposition of proteins. The occurrence
of continuous protein turn-over in plants involves a
continuous requirement for new amino acid biosynthe-
sis, since the amino acids from the degraded proteins
are further broken down and not returned to the
synthetic pool(1).

At the seventh day after inoculation, the amounts
of total soluble amino acids in the infected first and

fifth leaves were related to the number of colonies
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Fig. 2. Contents of ethanol-soluble amino acids in
healthy and powdery mildew-infected first and
fifth leaves of spring cultivars (Peruvian=
susceptible, Asse=adult-plant-resistant) on the
7th day after inoculation at the first-and fifth-
leaf stages, respectively. Each value represents
a mean of three determinations.

per leaf (Fig. 2). The susceptible cultivar Peruvian
showed higher amounts of amino acids in infected
first-and fifth-leaves at all infection intensities thai
did Asse.

These findings suggest that in susceptible cultiva'.
the metabolic activity in infected plants is markedly
promoted in the direction favorable for powdery
mildew development by the increased activity of
enzymes when compared with adult-plantresistant
cultivars. The less impairment of amino acid metabo-
lism of adult-plant-resistant cultivars by powdery

mildew may contribute to the higher yields of barley.
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