European Journal of Plant Pathology07: 219-227, 2001.
© 2001 Kluwer Academic Publishers. Printed in the Netherlands

Induced resistance to cyst and root-knot nematodes in cereals by
DL- g-amino-n-butyric acid

Yuiji Oka! and Yigal Coheh

'Department of Nematology, Gilat Experimental Station, Agricultural Research Organization,

M.P. Negev 2, 85280, Israel (Fax: +97239604180; E-mail: okayuji@netvision.néEdxulty of Life Sciences,
Bar-llan University, Ramat-Gan 52900, Israel

Accepted 28 November 2000

Key words:chemical inducerdileterodera avenagdeterodera latiponsMeloidogynesp.

Abstract

Foliar sprays and soil drenches with [i-aminon-butyric acid (BABA) reduced the numberdeterodera avenae

andH. latiponscysts on wheat and barley. Foliar sprays of wheat with 8000 HBABA reduced the number of

H. avenaeysts by 90%, whereas 2000 n1g BABA was enough to reduce the numbetbflatiponscysts by 79%.

Multiple spray treatments with 2000 mig IBABA at 10-day intervals reduced the numberthfavenaecysts on

wheat and barley. A soil drench of wheat with 125 migBABA reduced the number df. latiponscysts by 93%

andH. avenaecysts by 43%. Second-stage juveniles of these nematodes penetrated and formed syncytia in wheat
roots soil-drenched with BABA. More adult males idf avenaewere produced in BABA £250 mg I)-treated

wheat roots £76%) than in untreated roots (27%). Soil drenches with higher concentrations of BABA inhibited
development of adult males and females. Several chemical elicitors of induced resistance were tested for their ability
to reduce the number ¢i. avenaecysts on wheat. Only BABA was found to be an effective resistance inducer.
The number of egg masses of an unidentifiéggloidogynesp. root-knot nematode, which infects only monocots,

was also reduced by 95% by a soil drench of wheat with 500fBABA. Development of this nematode inside

the BABA-treated roots was also inhibited.

Abbreviations AABA — DL- a-aminon-butyric acid; BABA — DL-8-aminon-butyric acid,;
BTH — benzo(1,2,3)thiadiazole-7-carbothioic asiinethyl ester; GABA - -aminobutyric acid;
INA — 2,6-dichloroisonicotinic acid; J2 — second-stage juveniles; SA — salicylic acid.

Introduction of nematicides, resistant varieties, new cultural prac-
tices and other environmentally friendly measures for
Root-knot and cyst nematodes are the most impor- nematode control need to be developed.
tant nematodes in agriculture worldwide. Control of Induced resistance is a plant defense mechanism
these nematodes has become difficult because effectivewhich can be triggered by incompatible or weak
nematicides, such as DBCP (dibromochloropropane) pathogens (Kuc, 1990), or chemical inducers
and EDB (ethylene dibromide), have been banned (Kessmann et al., 1994). In contrast to genetic resis-
as hazardous to the environment and human health.tance, induced resistance protects plants from a broad
Moreover, methyl bromide, which is the most widely spectrum of pathogens, and works systemically in
used fumigant for the control of soilborne diseases many instances. Systemically induced resistance trig-
including nematodes has already been banned in somegered by local infection with a pathogen is known as
countries, and is due to be phased out in most other systemic acquired resistance (SAR) (Hunt and Ryals,
countries in the near future. In addition to the use 1996; Ryals et al., 1996). Salicylic acid (SA) is an



220

effective SAR-inducer in plants, and the mechanism Meloidogynesp. isolated from a commercial turf nurs-
of its action in SAR is under study (Ryals et al., erywas propagated on wheat (cv. Prince), and J2 were
1996; Sticher et al.,, 1997; Dempsey et al., 1999). hatched from eggs extracted from the roots with sodium
Pathogenesis-related (PR) proteins and plant defensehypochlorite solution (Hussey and Barker, 1973). This
genes are generally involved in SAR (Ryals et al., Meloidogynesp. was found to infect some monocotyle-
1996; Sticher et al., 1997). 2,6-Dichloroisonicotinic donous plants (Y. Oka, unpubl.). Hatched J2 of the
acid (INA) and benzo(1,2,3)thiadiazole-7-carbothioic cyst and root-knot nematodes were collected daily and
acid S'methyl ester (BTH) have also been found to stored at 4 and 18, respectively.
be effective SAR inducers (Vernooij et al., 1995;
Friedrich et al., 1996). These chemicals can induce Plant material
several plant genes involved in plant defense (Vernooij
et al., 1995; Grlach et al., 1996). BTH is a commer-  Wheat (cv. Bet-Shita) and barley¢rdeum vulgare
cial SAR inducer, which is currently used for fungal L. cv. Ingrid) plants susceptible td. avenaepatho-
disease control of cereals. type Ha21 andH. latiponswere used in experiments
Induced resistance to plant-parasitic nematodes haswith these nematodes. Wheat (cv. Prince) plants were
not been as thoroughly studied as that to fungi and ysed in experiments with theeloidogynesp. Seeds
bacteria. SAR to the root-knot nematddeloidogyne  were surface-sterilized with 0.1% HgGlolution (Oka
haplawas obtained in tomato and pyrethrum plants by et al., 1997), and germinated in a petri dish. Germi-
prior inoculation with other host-incompatible species, nating seeds (with about 1 cm roots) were planted in

M. incognitaor M. javanica (Ogallo and McClure,  250-ml plastic pots or 50-ml plastic test tubes.
1995, 1996). In the previous study, several chemicals

that induce PR proteins or plant resistance were testedchemicals
for their ability to induce resistance in tomato plants

againstVl. javanica(Oka et al., 1999). DLS-Amino- DL-a-Amino-n-butyric acid (AABA) and BABA were
n-butyric acid (BABA), which is known as an inducer 1 ;rchased from Sigma Chemical Co. (St. Louis, MO).
of resistance to fungal pathogens (Cohen, 1993, 1994, \A (formulated as 25% wettable powder) and BTH
1996; Cohen and Gisi, 1994; Cohen etal., 1994, 1999 (tormylated as 50% wettable granules) were a gift of
Sunwoo et al., 1996; Hwang et al., 1997), has been \oyartis (Basel, Switzerland).

found to induce resistance ¥. javanicain tomato,
either by foliar spray or soil drench. This resistance
was expressed as inhibition of the nematode’s invasion
of and development in tomato roots, probably due to
smaller and more vacuous giant cells, which supply
nutrients to the nematode (Oka et al., 1999).

In the present study, the ability of BABA to induce
resistance in cereals to the cyst nematddeterodera
avenaeWoll. and H. latipons Franklin, and to an
unidentifiedMeloidogynesp. root-knot nematode was

Direct effect of BABA on nematodes

To test the direct effect of BABA on nematodes, about
60 J2 ofH. avenaeH. latiponsand theMeloidogyne
sp. were incubated in 5G0 of a 500 mgt! BABA
solution or in water as a control in a 24-well plate
(Corning Glass Works, New York) for 72h at 16
(with Heteroderd or 25°C (with Meloidogyng. After
incubation, percentages of immobilized nematodes

tested. were recorded. These experiments were performed
with six-fold replication.

Materials and methods Effect of BABA on infection by cyst nematodes

Nematodes Foliar sprays

Three-day-old barley (cv. Ingrid) and wheat (cv. Bet-
Second-stage juveniles (J2) bf. avenaepathotype Shita) seedlings grown in sandy soil (pH 7.8) in 250 ml
Ha21 (Mor et al., 1992a) artd. latiponswere hatched  plastic pots were inoculated with 50 avenael2, 4, 6
from newly formed, dark brown cysts collected from and 13 days after planting. Starting 2 days before the
a culture maintained on wheafr{ticum aestivum first nematode inoculation, the seedlings were sprayed
L. cv. Bet-Shita) (Oka et al., 1997). An unidentified to run-off one to five times with a 2000 mg IBABA
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solution containing 0.01% (v/v) Tween-20 at 10-day after treatment. Numbers of cysts were counted after
intervals. Soil surfaces of the pots were covered with 100 days. Each treatment had six replicates.

paper filters to prevent dripping of the BABA solu-

tion on the soil. The seedlings were kept atC5and Effect of BABA ord. avenae

11 h days, and fertilized every other week with a 0.1% sex differentiation on wheat

solution of 20-20-20 (N-P-K). Control plants were

sprayed with 0.01% Tween-20 in water. The plants Three-day-old wheat seedlings grown in the test tubes
were uprooted 3 months after planting, and fresh shoot were soil-drenched with 12 ml of BABA solutions at
weights and numbers of cysts were recorded. There concentrations of 0, 125, 250, 500 or 1000 migThe
were six replicates of each treatment combination. seedlings were inoculated with about 280 avenae

In a similar experiment, 6-day-old wheat seedlings 32, 2 days after treatment. Forty-five days after
grown in sandy soil in 50-ml test tubes were inoc- jnoculation, adult males in the soil and inside the
ulated with about 10(H. avenaeor H. Iatipons J2. roots were extracted by Sieving the soil with 285-
The seedlings were sprayed to run-off with BABA and 30um sieves and by root incubation, respec-
solutions at concentrations of 0, 1000, 2000, 4000 tjvely; adult females on the root surface were counted

or 8000mgt*, 6 and 13 days after inoculation. The under a stereomicroscope. Each treatment had five
seedlings were kept at 16 and 11 h days. Fresh shoot  replicates.

weights and numbers of cysts were recorded 3 months
after inoculation. There were eight replicates of each
treatment.

Effect of BABA on root-knot nematode
infection of wheat

Soil drenches Foliar sprays

Three-day-old wheat and barley seedlings grown in
sandy soil in 50 mltubes were soil-drenched with 10 ml
of BABA solution at concentrations of 0, 125, 250, 500

Seven-day-old wheat (cv. Prince) seedlings planted in
50-ml test tubes were sprayed to run-off with BABA
solutions of 0, 1000, 2000, 4000, 6000 or 8000 mg |

or 1000 mgt*. Two days after BABA treatment, wheat containing 0.01% Tween-20. Two days after treat-
and barley seedlings were each inoculated with about ment, the seedlings were inoculated with about 300
100 H. avenael2, and further wheat seedlings were Meloidogynesp. J2. The seedlings were kept at’25
inoculated with about 106. latiponsJ2. The seedlings  and 13 h long days, and fertilized once every other
were kept at 15C and 11h days. Nematode inva- week. Numbers of egg masses on the roots were
sion of and development in roots was observed under counted 45 days after inoculation. Each treatment had
a stereomicroscope after staining with acid fuchsin six replicates.

(Bybd et al., 1983). Numbers of cysts on the roots were

counted 100 days after inoculation. Each treatment had sgj| drenches

five replicates. In another experiment, 5-day-o|d wheat Seven-day-okj wheat (CV. Prince) seed”ngs grown in
plants grown in 50 ml test tubes were inoculated with test tubes were soil-drenched once or twice with 12 ml
about 20(H. avenag)2. The plants were soil-drenched of solutions of BABA at concentrations of 0, 62.5,
with 10ml of 500mgt* BABA, 1, 2, 4, 8 or 16 days 125, 250 and 500 mg}. The seedlings were inocu-
after inoculation. The numbers of adult females on |ated with about 300 J2 of tHdeloidogynesp. 2 days

the roots were counted 53 days after inoculation. Each after the first treatment. The second soil drench with
treatment had five replicates. BABA was performed 14 days after inoculation. Nema-
tode developmentin untreated and BABA-treated roots
was observed after staining. Numbers of egg masses on
the roots were counted 40 days after inoculation. Each
treatment had five replicates.

Five-day-old wheat seedlings grown in 50-ml test tubes

were soil-drenched with 10 ml of solutions of BABA Data analysis

(500mgt?t), AABA (500mgl?), SA (690 mgt?),
INA (50mgl™) or BTH (50mgl?). The seedlings
were inoculated with about 108. avenael2, 2 days

Effect of resistance inducers ¢h avenae
infection of wheat

Data were subjected to analysis of variance (ANOVA).
Where a significant ANOVA was observed, regression
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analysis was performed to find a correlation between Effect of BABA on infection by cyst nematodes

BABA treatment and number of cysts or egg masses.

In exponential regressions} and r? values were Foliar sprays

derived from linear regressions of lgg) on x, where Negative correlations were found between the numbers
y andx represent number of cysts or egg masses, andof sprays with 2000 mg} of BABA and the numbers
BABA treatment, respectively. Means were separated of H. avenaecysts on wheat and barley (< 0.001)

according to the Turkey testP( = 0.05). All cal- (Figure 1a). Shoot fresh weights of wheat and bar-
culations were performed with JMP (SAS Institute, ley were not affected by the numbers of sprays with
Cary, NC). BABA (P > 0.09) (Figure 1b). The number of cysts

of H. avenaeand H. latipons on wheat was nega-
tively correlated with concentrations of BABAP(=
0.007 and 0.016, respectively) (Figure 2a). Fresh shoot
weights of wheat plants were notinfluenced by increas-
Results ing concentrations of BABAR > 0.3) (Figure 2b).
No phytotoxicity symptoms were observed in these

Direct effect of BABA on nematodes experiments.

Immobilization of H. avenae H. latipons and the
Meloidogynesp. J2 in a 500 mgt BABA solution did
not differ from that in water (data not shown).

Soil drenches
Exponential correlations were found between increas-
ing concentrations of BABA and the numbers of
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Figure 1 Effect of spraying with 2000 mgt DL-B-aminon- Figure 2 Effect of spraying wheat plants with DB-amino-
butyric acid (BABA) onHeterodera avenaifection of barley n-butyric acid (BABA) on infection ofHeterodera avenaand

and wheat plants (a) and plant growth (b). Each point represents H. latipons(a) and plant growth (b). Each point represents the
the mean of six replicates. Regressions are based on treatmentmean of eight replicates. Regressions are based on treatment
means. Vertical lines are standard deviations. means. Vertical lines are standard deviations.
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Figure 3 Effect of soil drenches with DIlg-amino-butyric acid
(BABA) on cyst formation oHeterodera avenaandH. latipons

on wheat and barleys}: H. avenaeon wheat, @): H. avenaeon
barley, @): H. latiponson wheat. Each point represents the mean
of five replicates. Regressions are based on treatment means.

H. avenaeysts on wheat and barley (< 0.001), and

H. latiponscysts on wheat® = 0.001) (Figure 3).
Almost no H. latipons cysts were found on wheat
roots soil-drenched with 250 and 500 m§ Isolu-
tions of BABA. A 1000 mgt! BABA solution was
needed to obtain almost total controklbfavenaeysts

on both wheat and barley (data not show).ave-
nae J2 penetrated both BABA-treated and untreated
wheat roots and induced typical galls at the infec-
tion sites. Syncytia were observed inside the galls,
and lateral roots emerged from the gaht. avenae

J2 in control plant roots developed to adult males and
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Cysts/plant

BTH BABA

Cont. AABA INA SA
Figure 4. Effect of chemical resistance inducers (AABA, INA,
SA, BTH, BAAB) on cyst formation oHeterodera avenaen

wheat. Values with a same letter do not differ significantly,

according to the Turkey tesP(= 0.05).

Table 1 Effect of soil drench with DL8-amino-butyric acid
(BABA) on number of females and males differentiation of
Heterodera avenaen wheat

BABA (mgl) Female Male Male (96)
0 25.0+£ 34 11.2+7.0 26

125 21.3+ 79 32.0+£5.3 61

250 8.8+ 7.9 25.8+11.5 76.6
500 1.8+ 4.0 7.8+7.1 88.2
1000 0 0.4:0.9 100

Values are means and standard deviations of five replicates.
aCalculated from replicates in which adult males or females
were recovered.

females, whereas nematode development was inhibitedEﬁect of BABA orH. avenae

in 500 mg I'* BABA-treated plant rootsH. latipons

J2 development in BABA-treated plant roots was sim-
ilarly inhibited. When 500 mgt BABA was applied
after nematode inoculation, Bl+ 7.7 (meant SD)

H. avenaeadult females were counted on untreated
wheat roots, whereas none were found on roots soil-
drenched with BABA, 1, 2, 4 or 8 days after inoculation.
The number of females on roots soil-drenched 16 days
after inoculation was .B + 3.0. Nematode infection
sites were observed on all roots that had undergone
soil-drenching with BABA.

Effect of resistance inducers ¢h avenae
infection of wheat

Only a soil drench with BABA significantly reduced
the number ofH. avenaecysts on wheat (Figure 4).

sex differentiation on wheat

Soil drenches with 125 mg1 BABA increased the
number of adult males found on plants, whereas the
number of adult females did not differ from controls,
thereby resulting in an increase in the percentage of
adult males (Table 1). Soil drenches with a 250 mg |
BABA solution decreased the number of adult females
relative to controls, while the number of adult males
was higher than in controls. Soil drenches with higher
concentrations of BABA decreased the numbers of both
adult males and females.

Effect of BABA on root-knot nematode
infection of wheat

Foliar sprays

Phytotoxic symptoms (small shoots and short roots as A linear correlation was found between the number of
compared to control plants) were observed on plants Meloidogyneegg masses and increasing concentrations
treated with INA and BTH (results not shown). of BABA (P < 0.001) (Figure 5a). A foliar spray
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with 8000 mg ! BABA decreased the number of egg Discussion
masses by 72%.
BABA induces plant resistance to several fun-
gal pathogens, such aBhytophthora infestansP.
Soil drenches capsici Peronospora tabacinand Plasmopara viti-
The number ofMeloidogynesp. egg masses was cola(Cohen, 1993, 1994, 1996; Cohen and Gisi, 1994;
decreased exponentially with increasing concentra- Cohen et al., 1994, 1999; Sunwoo et al., 1996; Hwang
tions of BABA (P < 0.006). A single soil drench with et al., 1997). In the present study, BABA reduced the
BABA at a concentration of 500 mgi reduced the  numbers of cysts and egg masses of cyst and root-knot
number of egg masses by 94% (Figure 5b). No sig- nematodes on wheat and barley. The other chemicals
nificant difference in the number of egg masses was ysed in this study, SA, INA, BTH and AABA, did
found between one or two soil drenches at the same not induce resistance td. avenaein wheat by soil
concentrationsR > 0.13). Nematode development in - drench. Although lower concentrations of INA and
BABA-treated wheat roots was inhibited (Figure 6). BTH compared to BABA were used in the experi-
No phytotoxicity was observed in plants as a result of ment, they caused phytotoxic effects without reducing
these treatments. the numbers of cysts. BABA at a concentration of
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Figure 5. Egg mass production dleloidogynesp. on wheat plants sprayed (a) and soil-drenched (b) with oBEiminon-butyric acid

(BABA). Each point represents the mean of six replicates, and the regression is based on treatment means in (a). In (b), wheat seedlings
were soil-drenched onaj or two (@) times. Each point represents the mean of five replicates, and regressions are based on treatment
means.
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]

Figure 6. Infection sites and developmentid&loidogynesp. (arrowheads) on wheat roots 30 days after inoculation. (a) Untreated wheat.
(b) Wheat soil-drenched with 500 md of DL- 8-aminon-butyric acid. Bars= 1 mm.
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500 mg I did notkill or affect the mobility ofthetested ~ parenchyma cells are chosen for the feeding sites.
nematodesn vitro. Moreover, J2 ofH. avenaeand Cyst nematodes form a so-called syncytium by caus-
H. latiponspenetrated wheat roots soil-drenched with ing the dissolution of the cell walls of neighboring
1000 mg 1! BABA, and induced feeding sites. These cells, thus producing a large multinucleate cell (Jones,
results suggest that BABA is not itself nematicidal to 1981). In contrastMeloidogynespp. form metabol-
the nematodes used in these experiments. In a previ-ically active giant cells via hypertrophy and mitosis
ous study, BABA also did not affect the mobility bf. without cytokinesis, again resulting in large multin-
javanicaJzin vitro (Oka et al., 1999). A far higher con-  ucleate cells (Jones, 1981). The nematodes take up
centration of BABA was required to induce resistance nutrients from these cells for their development, and
in plants by foliar spray as compared to soil drench. maintain the feeding sites via continuous secretion of
Only asmall portion of BABA applied to leavestranslo-  stimuli. In most plants resistant to cyst and root-knot
cates to the root system in tomato, cucumber, wheat, nematodes, feeding-site formation is inhibited mainly
barley and grapevine; nevertheless, BABA accumu- by a hypersensitive reaction in the host cells, or by the
lated in M. javanicagalls on cucumber and tomato early degeneration of the feeding sites. In wheat and
whose leaves had been treated with BABA (Cohen and barley roots treated with BABAH. avenaesyncytia

Gisi, 1994; Cohen et al., 1999; Oka et al., 2000). We
do not know whether a signal molecule is involved in
the systemic induction of resistance by BABA, or if

BABA itself is translocated to the roots, and induces

and Meloidogynesp. giant cells did form. This sug-
gests that the mechanism of BABA-induced resistance
is expressed at a relatively late stage of the nematode’s
establishment in the hosts. In fact, BABA application

the resistance. up to 16 days after nematode infection was also effec-
The mechanism by which SA, INA or BTH trig- tive at reducing the number of adult females. These
ger induced resistance is not fully understood. Plant resultsindicate that feeding sites in BABA-treated roots
defense genes, including chitinases, glucanases andlid not supply enough nutrients to the nematodes, or
PR-proteins, are induced in plants by these chemicalsthat some substance(s) that inhibit(s) nematode devel-
(Vernooij et al., 1995; Friedrich et al., 1996; Dempsey opmentwas (were) produced in or supplied through the
et al., 1999). Chitinases and glucanases have deletefeeding sites.
rious effects on fungi but may not affect nematodes, In wheat and oat cultivars resistant tb avenae
because the substrates of the enzymes, i.e. chitin andseveral resistance reactions have been observed: necro-
glucan, are not present in the latter, except for a chitin sis of cells adjacent to a syncytium, early degrada-
layer in the eggshell. Only a few indications of a resis- tion of the syncytium, and hypersensitive reaction
tance mechanism to fungal pathogens in BABA-treated (Grymaszewska and Golinowski, 1991; Williams and
plants have been reported: accumulation of PR-proteins Fisher, 1993; Bleve-Zacheo et al., 1995). In some resis-
(Cohen et al., 1994; Hwang et al., 1997), elevated per- tant cultivars, juveniles develop mainly to adult males
oxidase activity (Bitton and Cohen, unpubl.), lignin (Y. Oka, unpubl.). Larger numbers bf avenaelevel-
formation at pathogen infection sites (Cohen et al., oped to adult males on wheat plants soil-drenched
1999) and modification of plant cell walls (Cohen and with 125 and 250 mgt BABA relative to the con-
Gisi, 1994). These phenomena are also suggested tdarol, but the number of adult females was fewer in
be part of the plant’s resistance mechanisms to plant- wheat roots treated with 250 nig| At higher concen-
parasitic nematodes (Zacheo and Bleve-Zacheo, 1995) trations, BABA inhibited development of both adult
Higher peroxidase activity, which suggests acceler- males and females. These results suggest that soil-
ated lignin synthesis, has been found in roots of drenching with a lower concentration (125 mg)lof
BABA-treated tomato and cucumber plants relative to BABA increased the number of males without reduc-
untreated plants (Y. Oka, unpubl.). ing the number of adult females. We do not know the
The most specific event in the interaction between reason of this increase in the number of adult males. A
cyst and root-knot nematodes and their hosts is the medium concentration of BABA (250 mgY) reduced
formation of feeding sites inside the roots. J2 of the number of adult females, probably by killing indi-
cyst nematodes (e.gleteroderaand Globoderaspp.) rectly the developing females. Higher concentrations
and root-knot nematode®lgloidogynespp.) penetrate (500 and 1000 mgt) of BABA killed both develop-
host roots and induce sophisticated feeding sites by ing males and females. Increases in the percentages
injecting secretions into root cells. Generally, vascular of Heteroderaor Globoderajuveniles developing into
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males have been explained as resulting from adverseBybd DW, Krikpatrick T and Barker KR (1983) An improved
nutritional conditions, which may be caused by high technique for clearing and staining plant tissue for detection of
nematode densities in roots and physiological status or _nematodes. J Nematology 15: 142-143

genetic factors in plants (Trudgill, 1967; Grundleretal., ©°hen Y (1993) Local and systemic control Bhytophthora

. . infestansin tomato plants by DL-3-amina-butanoic acids.
1991). Generally, the males require fewer nutrients for Phytopathology 84: 55-59

their development than do females. CohenY (1994) 3-Aminobutyric acid induces systemic resistance
H. latipons appeared to be more sensitive to the  againstPeronospora tabacinaPhysiological and Molecular

BABA-induced resistance in wheat by both foliar spray ~ Plant Pathology 44: 273-288

and soil drench thahl. avenae This may be due to Cohen Y (1996) Induced resistance against fungal diseases by

differences in host—parasite relationship, e.g., differ- ~aminobutyric acids. In: Lyr H, Russel PE and Sisler HD (eds)

ences in penetration and syncytium formation sites in ~ °dern Fungicides and Antifungal Compounds (pp. 461-466)

. . . Intercept, Andover
the root.H. latiponsJ2 penetrate fully differentiated  ~ o1 v and Gisi U (1994) Systemic translocatiorH@-DL-

mature roots and usually form syncytia in the cor- 3 aminobutyric acid in tomato plants in relation to induced
tex, whereadd. avenael2 penetrate near the root tip resistance againgthytophthora infestanshysiological and
and form syncytia in the vascular cylinder (Mor et al., Molecular Plant Pathology 45: 441-456
1992h). Cohen Y, Niderman T, Mosinger E and Fluhr R (1998)

Recently, BABA-induced resistance in tomato and g:t”e%b“gg r?scii(: tiggq“a‘i‘:& g(‘)e :fs‘;é‘é?]uéasia?e?“;ﬁ;;h?gﬁtnsegs'
%?£?x§;|$§eg]fg)slt?pei?rg:nt\ll\t/:lcl:t()f:aly_rgfgltlar?gv;:y’ and resiF?stance to late blight ir?fection cause@hytopfmthora

” § infestansPlant Physiology 104: 59-66

aminobutyric acid (GABA) (Ovadia and Cohen, 1999). cohen Y, Reuveni yM an?ijaider A (1999) Local and sys-
The authors suggested that BABA adversely affected temic activity of BABA (DL-3-aminobutyric acid) against
L-proline and GABA transport into the host and/or Plasmopara viticolan grapevines. European Journal of Plant
the pathogen. Interestingly, proline accumulated in _ Pathology 195: 351-361 _ o
nematode-induced galls at abnormally high concentra- Dedr_”psey DA, Sthah J a”‘lj Kt'esgg.tp FI %99.9) Sa"fcg'l'c ?‘gd.a”d
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