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Abstract-The content of the simple mdole alkaloid gramme m barley leaves decreased with age Conversely, 
susceptlblhty to aphids increased m older plants Population growth rate of the greenbug Schzzuph~s grammum 
correlated with gramme content of leaves of several barley cultlvars Gramme decreased rate of feedmg, survival and 
reproductive index of aphids feeding on artificial diets at concentrations similar to those found m plant leaves Thus, It 1s 
suggested that gramme plays a role m the resistance of barley seedlings to S grammum Benzyl alcohol, a previously 
reported insect resistance factor from barley, was absent from all barley cultlvars analysed 

INTRODUCTION 

Plant chemicals may affect resistance of several 
Grammeae to aphids Resistance of Sorghum to the aphid 
Scluzuphls gramrnum has been associated to the degree of 
methylation of the mtercellular pectin [l] Hydroxarmc 
acid content m leaves of corn, rye and wheat correlates 
with plant resistance to aphds [2-4] It has been pro- 
posed that resistance of some barley vanetles may be 
attnbutable to the presence of several phenohcs or 
ilavonoids [S] Benzyl alcohol also has been suggested as a 
possible resistance factor of small grams to the greenbug 
[6], but these results have not been confirmed 

Gramme (l), a sunple mdole alkaloid, is present m 
several barley cultwars reaching concentrations of up to 
8 mg/g dry wt [7-91 Indole alkaloids are responsible for 
toxlclty of Phalar~s pastures to sheep and cattle [N-12] 
These compounds cause various effects on ruminants 
[13], decrease food palatability to lambs [14], and cause 
kidney lesions, glycosuna and weight losses m meadow 
voles fed on gramme [ 15) Indole alkaloids also decrease 
su~val of aphlds feeding on art&la1 diets and are 
feeding deterrents [ 163 In this paper, the possible roles of 
benzyl alcohol and gramme m the resistance of barley to 
S grammum are discussed 

RESULTS 

Benzyl alcohol and gramme rn barley 

Benzyl alcohol a previously reported plant resistance 
factor to S grammum [6] was not detected m any of the 
barley cultlvars analysed (cv Rogers, Omug, F Union, 
Cruzat and Austrahana) Plants analysed were lo-day-old, 
grown m the dark, or 20-30day-old, grown under hght at 
25” The hnut of detection of the method was 
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0 01 mmol/kg fr wt Smce a much higher concentration of 
benzyl alcohol 1s reqmred to cause deletenous effects on S 
grammum feedmg on artificial diets (LD,,O 3 mM) it may 
be suggested that this compound 1s not a resistance factor 
of barley to aptids 

Seeds of 34 barley cultivars were germmated m the 
dark, at 25” for 6 days, and the gramme content of the 
shoots (mesocotyi and coleoptile) was determmed by 
using Ehmann’s reagent for mdoles (see Experunental) 
Each extract was also analysed by TLC, gramme being the 
only mdole alkaloid present Cultivars differ m thev 
gramme content, rangmg from 0 to 4 8 mmol/kgfr.wt 
Gramme was not detected m seeds Cultlvars Rogers 
and Omug had a gramme content of 025 and 
0 7 mmol/kg fr wt, respectively 

Gramme content and reststance to aphids 

Vatletles that lack benzyl alcohol and differ m gramme 
content were selected for aptid infestation expenments 
Ten-day-old plants were infested Hnth aphids and the 
insect population and gramme content of leaves were 
determmed at 10 and 20 days (Fig 1) Gramme content 
decreased with plant age The most susceptible variety was 
F Union, a gramme-lackmg plant, while varieties with a 
higher gramme content than average were more resistant 
to the aphids Older plants were more susceptible to 
aphlds (not shown) To explore further this apparent 
effect of gramme on aphid population growth rate, several 
barley varieties were infested with S grammum and the 
population growth rate was determined over a 6-day 
interval A correlation (r = - 0 98) was observed between 
gramme content and aphid population growth rate 
(Fig 2) 
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Ftg 1 Gramme content and susceptlblhty of barley leaves to 
Schtzaphls grammum F&d and open symbols mdlcate aplnd 
population and gramme content, respectively (A A, barley cv 
Cruzat, 0 0, cv Austrahana, m 0 cv F Umon) Two nonalate 
adults were placed on each lo-day-old plant Values are the 
average of three samples of five plants each Vertical bars are 1 s e 

03 1 
0 1 2 3 

Gramlne immol/kg frwt) 

Fig 2 Gramme content and population growth rate of 
Schrzaphls gramrnum on barley cultlvars Nmeday-old plants 
were Infested with two nonalate adults Aphids were counted and 
leaves analysed for gramme content after 6 days Values represent 
the average of three samples of five plants each Vertical bars are 

1 se Aphid population growth rate = ln(Nf/Nt)/At 

Effects of gramme on aphtds 

Gramme decreased survival of apluds reared on artI- 
ficlal diets wrth an LD,, of 0 8 mM (Ftg 3) after 24 hr of 
feeding In addition, gramme also decreased diet intake by 
aphids with an ED,, of 2 1 mM after 5 hr of feeding 
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Fig 3 Effect of gramme on duet mgestion and survival of 
nymphs of Schrzaphts grammum Diet mgestlon was the dlf- 
ference m wt of the diet between the begmnmg of the experiment 
and at 5 (0) and 7 (0) hr Survlvai was measured after 24 hr of 
feedmg Each point IS the mean of three samples conslstmg of 10 

aphids each Vertical bars are 1 se 
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Rg 4 Effect of gramme on reproduction of Schtzaphts graml- 
num reared with art&al diet The reproductive index (number of 
nymphs/average number of adults) was measured after feedmg 
aphld adults for 72 hr Each point IS the average of three samples 

conslstmg of five aphids each Vertical bars are 1 s e 

Lower gramme concentrations decreased reproduction 
(Fig 4) Thus, gramme had deleterious effects on apiuds at 
concentrations similar to those found m barley leaves 

DISCUSSION 

Smce mdole alkaloids cause acute toxxxty and decrease 
palat&uhty of several grasses to mammals, It has been 
proposed that alkaloid content of various Grammeae be 
reduced by plant breedmg [9,17] Also, It has been 
suggested that gramme accumulation m barley plants 
grown m hot environments may have potentially deleten- 
ous consequences, both for the productlvlty of livestock 
and for the heat tolerance of the crop itself [9] 

This and previous work [16] have shown that gramme 
causes toxlaty, feedmg deterrence and decrease m repro- 
duction rate of aphids reared m art&ml diets Also, 
grarmne content correlated wth resistance to the green- 
bug S grammum Moreover, gramme concentration m 
barley IS sufficiently high to cause toxlaty or feedmg 
deterrence to aphids Thus, It IS hkely that gramme plays a 
role m protectmg barley from aphld attack 

Ehmmatmg or decreasing gramme content of plants by 
plant breedmg may be convenient for feeding hvestock, 
but It may also increase suscept&nhty of the crop to insects 
and other herhvores It would be advtsable to study 
alternative resistance mechanisms of tlus plant to insects 
before recommendmg the selection of cultivars with a low 
gramme content 

EXPERIMENTAL 

Aphtds Indlvlduals of the greenbug Sciuzaphts gramrnum 
(Rondam) were reared on Hordeum drstlchum cv F Union 
Plants and aphids were kept at 28” under permanent hght 

The &et was a pH 6 soln of 35% sucrose, ammo acids and 
mmeral salts [16], placed between two layers of Parafilm M [18] 
All feedmg expenments were performed at 28” under permanent 
fluorescent light 

In@atlon experrments Seed were planted m pots filled with 
sol1 and grown under contmuous hght m a greenhouse (23-28”) 
Plants were Infested with nonalate adults and covered wth a 
nylon net 

Preparatron ofplant extractsfor benzyl alcohol analysts Barley 
leaves (30-50 g) of various ages grown m the dark or under hght 
were macerated with a mortar and pestle The extract was filtered 
through cheesecloth, pH adjusted to 3 with 1 M HCl and 
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centrifuged to 5C00 g for 5 nun The aq extract was divided mto 
4-ml ahquots to which benzyl alcohol was added to reach various 
concns (0, 0 2, 04, 0 6, 0 8 and 10 mM) These solns were 
extracted mto EtOAc Benzyl alcohol recovery was 88 % These 
samples were used for analyses m a Perkn-Elmer 900 gas 
chromatograph equipped with FID and a 3 % Carbowax 20 M 
glass column (2 m x 3 mm) Nitrogen (40 ml/mm) was used as a 
carrier Chromatograms were performed under isothermal con- 
ditions (135”) Benzyl alcohol and mt standard (3-phenyl-l- 
propanol) had retention times of 3 3 and 6 5 mm, respectively 

Preparatron of extracts for gramme analyxs Plant leaves 
(2-3 g) were frozen and then macerated using a mortar and pestle 
with 20ml MeOH-NH,OH (100 1) The extract was filtered 
through glass-wool The filtrate was evapd and the residue was 
dissolved in 5 ml 0 1 M HCI This soln was filtered m Whatman 
No 1 paper, adJusted to pH 9 with cone NH,OH and extracted 
mto CHCI, ( x 2) Gramme recovery under these conditions was 
97% The orgamc phase was evapd to dryness These extracts 
were used for grarnme analyses Indoles form colored complexes 
with Ehmann’s reagent [19] Gramme forms a pmk complex 
(LX550 nm, E 4207) Each extract was also analysed by TLC 
(sdica gel GF 254 plate, MeOH-NH,OH (7 l), gramme R,O 55) 
Gramme was the only mdole alkaloid m barley detected by this 
procedure 
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