Phytochemistry, Vol. 26, No. 2, pp. 367-369, 1987.
Printed in Great Britain.

0031-9422/87 $3.00+0.00
© 1987 Pergamon Joumnals Ltd.

GLYCINE-BETAINE ACCUMULATION INFLUENCES SUSCEPTIBILITY OF
WATER-STRESSED BARLEY TO THE APHID SCHIZAPHIS GRAMINUM

GusTavO E. ZUNIGA and Luis J. CORCUERA*

Departamento de Biologia, Facultad de Ciencias, Universidad de Chile, Casilla 653, Santiago, Chile

{Revised received 6 June 1986)

Key Word Index —Hordeum; Gramineae; barley; Schizaphis graminum; greenbug; aphids; insect resistance; water

stress; betaine; proline.

Abstract—Water deficit increased susceptibility of barley to the aphid Schizaphis graminum. Proline and
glycine-betaine accumulated in the stressed plants. These compounds were incorporated into artificial diets to test their
effects on aphids. Survival of S. graminum was not affected by proline and glycine-betaine. In addition, glycine-betaine
increased reproduction of the greenbug at concentrations similar to those found in stressed barley plants. When
glycine-betaine was added to detached shoots of barley, population growth rate of S. graminum increased in that plant
material kept in the betaine solutions. It is suggested that glycine-betaine accumulation may be responsible for the
increased susceptibility of water-stressed barley to the greenbug.

INTRODUCTION

Barley leaves accumulate proline and glycine-betaine
under water stress [ 1]. The grain yields of barley cultivars
that accumulate proline as a response to water stress are
not decreased over a wide range of environments [2].
However, proline accumulation does not serve as an index
of drought resistance [3]. Although a precise role has yet
to be assigned to glycine-betaine, this compound may
function as an organic cytoplasmic osmoticum [4]. The
finding that glycine-betaine is located in the cytoplasm
supports this hypothesis [S]. Moreover, proline and
glycine-betaine protect several enzymes against in vitro
heat inactivation [6]. It has also been reported that
proline concentration increases in virus-infested leaves
[7]. Haglund [8] suggested that plants with a higher
content of proline are more susceptible to insect predators
but it was later shown that proline content does not
influence susceptibility of barley [9]. Betaine and choline
concentration increased following rust infection in sus-
ceptible but not in resistant wheat varieties [10].
However, a direct correlation between the susceptibility
and the concentration of these compounds has not been
demonstrated. We report here that accumulation of
glycine-betaine in water-stressed barley may influence the
susceptibility of seedlings to the aphid Schizaphis grami-
num (Rondani).

RESULTS AND DISCUSSION

Water stress and susceptibility of barley

Barley seedlings subjected to water stress were infested
with adult apterous aphids. Aphid population growth rate
increased in the stressed plants (Fig. 1a). These plants also
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accumulated glycine-betaine and proline (Fig. 1b). To test
if these compounds were responsible for the increased
susceptibility, detached shoots and leaves were put in
solutions containing proline, choline and glycine-betaine.
After two days each group was infested with adult aphids
and the population growth rate was determined six days
later (Fig. 2). Population growth rate increased in plants
kept in the glycine-betaine solutions. Proline and choline
produce a small decrease in the population growth rate.

Aphid feeding experiments

Proline, choline and glycine-betaine were incorporated
into artificial diets to test their effects on the greenbug.
Choline decreased survival of aphids, while proline and
glycine-betaine did not (Table 1). Moreover, glycine-
betaine increased reproduction of the greenbug at concen-
trations similar to those found in plants (Table 1 and
Fig. 3).

Our results have shown correlations between natural
accumulation of glycine-betaine and plant susceptibility.
Also, a similar correlation was found when glycine-
betaine concentrations of the leaves were artificially
increased by putting the plants in glycine-betaine sol-
utions. Moreover this compound increased the reproduc-
tion of aphids reared with artificial diets. Thus, it is
suggested that glycine-betaine accumulation may be a
factor responsible for increasing the susceptibility of
water stressed barley to the aphid S. graminum. Whether
other compounds involved in water stress responses also
increase susceptibility to aphids remains to be determined.
Since proline and choline did not show beneficial effects
on aphids reared on artificial diets, it is possible that
cultivars which preferentially accumulate these com-
pounds are more resistant to aphids than those that
accumulate glycine-betaine.
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Fig. 1. Effect of water stress on the susceptibility of barley plants and proline and glycine-betaine content. Barley
seeds cv F. Union, were grown in soil a 16 hr photoperiod in a growth chamber at 25 + 2°. Four-day-old seedlings
were kept without irrigation for 48 hr, Five groups of plants were then irrigated daily with different amounts of water
for six days. Leaf water potentials were measured in ten-day-old seedlings using a pressure chamber. Replicate
groups were infested with adult apterous aphids. Insect population growth rate was determined six days after (Fig.
1a). Each value is the mean of three samples of ten plants each. Vertical bars are 1 s.e. Population growth rate
= In(Nf/Ni)/At. Proline (@) and betaine (O) (Fig. 1b) were quantified as described in the experimental section.
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Fig. 2. Effect of proline, choline and glycine-betaine incorpo-
rated by detached shoots of barley on the susceptibility to aphids.
Detached shoots of eight-day-old barley seedlings cv F. Union,
were put in solutions containing proline, choline and glycine-
betaine. After two days each group was infested with two adult
apterous aphids. Population growth rate was determined six days
after, as in Fig. 1. Each value is the mean of three samples of five
plants each. Vertical bars are 1 s.e. Solutions contained 10~ ¢ M
kinetin to delay senesoence of leaves. At this concentration kinetin
did not have detectable effects on the greenbug. Glycine-betaine
(O); proline (®); choline (O).

EXPERIMENTAL

Analyses of compounds. Proline was quantified by the method
of Bates et al. [11]). Plant material (0.5 g) was homogenized in
10 ml of 3% aqueous sulphosalicyclic acid and then filtered
through Whatman No. 1 filter paper. Two ml of this filtrate were
incubated with 2 ml acid-ninhydrin and 2 ml HOAc at 100° for
30 min and the reaction terminated in an ice bath. The reaction
mixture was extracted with 4 ml toluene and the absorbance was
measured at 520 nm using toluene for a blank (es20 = 11511).

Sor

index

40F

30

Reproductive

20

1 J n

0 3 6 9 1?2
Betaine (mM)

Fig. 3. Effect of glycine-betaine on reproduction of S. graminum
reared on artificial diets. Adult aphids were fed with artificial diets
with glycine-betaine added. The reproductive index was
measured after 72 hr. Each value is the mean of three samples of
ten aphids. Vertical bars are 1 s.e. The reproductive index was the
amount of nymphs born divided by the average number of adults.
All values were significantly different at P < 0.05 by ¢ test.

Glycine-betaine was quantified by a method previously de-
scribed [12]. Dried plant material (0.5 g), was shaken with 20 ml
of deionized H,O for 24 hr at 25°. The extracts were diluted 1:1
with 2 N H,S0,. Aliquots of 0.5 ml were cooled in ice water for
1 hr and then 0.2 m] of cold K1-1, reagent was added. The tubes
were stored at 0—4° for 16 hr and then centrifuged at 5,000 g for
30 min at 0°. The supernant was discarded. The periodide crystals
were dissolved in Sml 1,2-dichloroethane. After 2.5hr the
absorbance was measured at 365 nm (g345 = 2244).

Water stress treatment. Five groups of four-day-old seedlings
were watered daily with different amounts of water for six days.
Water potential of leaves was measured at this stage {13]. Then,
each group of plants was infested with adult apterous aphids of S.
graminum. The number of aphids on the leaves was measured six
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Table 1. Effects of proline, choline and glycine-betaine on Schizaphis
graminum feeding on artificial diets

Amount of diet Reproductive
Survival ingested index
Compound (%) (mg/10 aphids) (nymphs/adult)
None 93+3 09 25403
Proline 96 + 6 0.9 23+0.1
Choline chloride T2+ 5 0.7* 22402
Glycine-betaine 98+ 3 0.9 3.3+0.2¢

Biological assays were performed with holidic diets placed between
two layers of parafilm M. The diet was as described in the Experimental
with 6 mM of each compound added. Survival of aphids was measured
after 48 hr of feeding. The amounts of diet ingested were measured by
weighing the parafilm sachets after 7 hr. The reproductive index was
measured after 72 hr. All assays were performed with adult apterous
aphids. Values shown are the mean of three samples of ten aphids each
+ | s.e. Reproductive index is the amount of nymphs born divided by the
average number of adults. (*) = significant differences from control
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values at P < 0.05 by ¢ test.

days after and population growth rate was cakculated (population
growth rate = In(Nf/Ni)/At).

Feeding assays. Assays were performed with diets placed
between two layers of Parafilm M[14]. The diet was a solution
containing 35 %, sucrose, amino acids and mineral salts adjusted
to pH 6.0. Three samples of ten aphids each were used for each
treatment.
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