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EFFECT OF SALICYLIC AND JASMONIC ACIDS ON THE
RESPONSE OF TOMATO PLANTS TO ROOT KNOT NEMA-
TODE MELOIDOGYNE INCOGNITA, INFECTION
[72]

Mahgoob', A.E.A. and Sanaa, A.M. Zaghlool®
ABSTRACT

In a green-house experiment, 45 day old tomato seedling (Lycopersicon escu-
lentum Mill. Cv. Super strain-B) received nematode, Aeloidogyne incognita, in-
ociulum (500 juveniles/pot) and plant growth regulators (PGRg); salicylic acid (SA)
at 20 & 40 ppm and jasmonic acid (JA) at 5 & 10 ppm. PGRg were applied as foliar
spray and soil drench in separate treatments and in different times; two days before,
two days after and two days before + after nematode inoculum. Double applications
of SA at 40 ppm as soil drench and JA at 5 ppm as foliar spray as well as JA at 10
ppm (after inoculum soil drench) induced resistance to nematode as indicated by the
reduction in the number of females with and without egg masses and number of
galls. Most of JA at 10 ppm treatments reduced number of females without egg
masses and number of galls. These effects were associated with high production of
phenols particularly in roots. Foliar spray applications of SA at 20 ppm after inocu-
lum and SA at 40 ppm before + afler inoculum increased females without egg
masses and galls number. In the same time, both applications stimulated plant
growth as shown by the increase in plant fresh and dry weight, leaves number and
soluble proteins concentration which were obtained by SA at20 ppm as well as the
increase in shoot fresh & dry weight, fruit weight and chlorophyll concentrations
which were obtained by SA at 40 ppm. These treatments were suggested to exhibit
tolerant effect in tomato plants.

Key Words: Tomato, Lvcopersicon esculentum Nematode, Meloidogyne incagnita,
Plant Growth Regulators, Salicylic acid, Jasmonic acid, Plant resis-
tance, Tolerance

INTRODUCTION against pathogens and pests is well estab-

lished in the past decade. Malamy et al

The role of salicylic acid (SA) and  (1990) observed that SA increased almost
Jasmonic acid (JA) in plant defense 50 fold in tobacco mosaic virus (TMV)
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inoculated leaves, .and at least 10 fold in
uninfected feaves of tobacco, TMV-
resistant (xnthi-nc) but not susceptible
(xanthi) tobacco. An increase, about 400
fold of SA over basal levels was observed
in and around hypersensitive lesions
(Enyedi et af 1992). Resistance to patho-
genas and the production of most if not all,
pathogenesis-related (PR)-proteins can be
induced by SA acetylsalicylic acid
(Raskin, 1995). SA reduced the root
galling, mumber of females and egg
masses in cucnmber plants infected with
Meloidogyne javanica (Hassan, 1999).
Number of genes or gene products influ-
enced by jasmonic continue to grow.
Many of these genes are implicated in
plant defense of one sort or another
(Parthier, 1991), Induction by jusmonate
of protease inhibitors, appear to be tar-
has been noted in several species. Also,
localized jasmonate synthesis in response
to wounding is acting as signal stirnulate
other defense pathways . (Stasiwick,
1995). In addition to jasmonate putative
roles in development and signaling plant
defense responses. Stasiwick (1995)
mentioned that jasmonate may be more
directly involved as an antifimgal agent.
Thaler (1999) sprayed JA on agricultur-
ally grown tomato plants to manage pests.
Induction with jasmonic was associated
with high level of several putative de-
fense proteins and was associated with
induced resistance to wide variety of to-
mato pests. Zinov ef al (1998) mentioned
that jasmonate are able to mediate bio-
~ chemical reactions associated with plant
resistance to nematodes. Recently, sev-
eral evidences demonstrated the effect of
SA and/or JA on the expression of de-
fense-related genes and systematic ac-
quired resistance (SAR) response (Dong-

Mahgoub and Zaghlool

HAnsong et al 1999; Wees-SCM-Van et
al 1999 and Belles et al 1999). The pres-
ent study was conducted to investigate
the role of SA and JA in the management
of nematode (Meloidogyne incognita)
infection in tomato (Lycopersicon escu-
lentum Mill) and the possibility . of in-
ducing resistance as indicated by plant
growth, developing fruits and some
chemical constituents.

MATERIAL and METHODS

Source of Nematode Inoculum and
Host Plant

Galled tomato roots infected with
root-knot nematode, Meloidogyne incog-
nita (Kofoid and White) Chitwood, were
cut into pieces and placed in mlst cham-
ber (Reddy, 1983) to extract the 2™ stage
juvenites {infective stage). One month old
tomato seedlings (Lycopersicon esculen-
tum Miil. Cv. Super strain-B) were trans-
planted singly in 12-cm diameter pots
filled with sterilized sandy loam soil,
watered daily and fertilized weekly with
20-20-20 NPK, and maintained in the
green-honse,

Plant Growth Regulators (PGRs)

Salicylic acid (SA) and Jasmonic acid
(JA) were used in two concentrations,
each, viz SA 20 and 40; JA Sand 10
ppm {20 mV/pet). The PGRs were applied
as foliar spray (Fs) and soil drench (Sd)
in separate treatments.

Treatments

Pots were divided into three equal
groups receiving nematode inoculum
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(500 juveniles / pot), and PGRg in differ-

ent imings as follows:

1- PGRgs were applied two days before-
nematode inocutum

2- PGR; were applied two days after-
nematode inoculum

3- PGRg were applied twice, two days
before and after-nematode inoculum

Nematode-infected and nematode-free
pots, both of which were PGRg-free,
were used as two control treatments.

All treatments were replicated four
times. One month after the timing of
nematode addition, all plants were up-
rooted, root systems were severed and
rinsed in water to remove soil particles.
Plant growth parameters including plant
height, fresh weight of roots and shoots
and dry weight of shoots, number of
leaves, and number and weight of fruits
were recorded for cach plant.

Samples of roots and leaves were
taken for chemical analyses including the
determination of total carbohydrates,
soluble and reduced sugars, soluble pro-
teins, phenols and chlorophyil.

Staining Roots for Nematode Counting

Roots were stained with acid fuchsin
lactophenol and stored in it for more than
24 hr. The stained roots were rinsed with
tap water and cut into pieces to facilitate
counting of galls and nematode, using
dissecting microscope. Soil nematode
extraction using modified Baermnn tech-
nique revealed no 2™ juveniles.

Chemical Analysis of Roots and Leaves
Determination of Total Carbohydrates

One g sample of leaves was randomly
taken and added to 30 mi HCL 2N. The
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tubes were placed in a boiling water bath
for 6 h. After cooling, the sample was
transferred  into a calibrated flask
(100-m!). Total carbohydrates were esti-
mated by the alkaline potassium ferricya-
nide method (Shales and Schales, 1945).

Determination of Total Soluble Sugars

One g sample of leaves was ground
in a mortar with ethanol 80% for 3 times.
The extracts were combined and evapo-
rated tilf dryness. The dried film wa
dissolved in 30 ml of 10 % aquecus iso-
propanol. Total soluble sugars determi-
nation was carried out according to the
method of Shales and Schales (1945).

Determination of soluble protein

One g.sample was dried and mixed
with 5 ml of extraction buffer (0.125 M
tris borate, ph 8.9) then shaked for one
hour and filtered . The supernatant con-
tained the soluble protein. A colorimetric
determination of soluble protein was car-
riedt out by using the method of Bradford
(1976 ).

Determination of chiorophyll

Fresh weight (0.1 g) of leaves was
homogenized with 80% acetone and the
extract was obtained by filtration of the
soivent in Buchner funnel. Total chloro-
phylls were determined spectroph -
tometrically at 663 and 645 nm (Shima-
dzu UV-1601PC) using the method of
Arnon (1949) and data were expressed as

mg/g fresh weight.

Determination of Phenols
a~ Extraction

One g. of fresh weight was taken and
extracted with 80% coid methano! (v/v)

Annals Agric. Sci., 47(3), 2002



1110

for three times at 0 C. The combined
extract was filtered (Wt. No. 1) and its
volume was made up to 25 ml with cold
methanol.

b- Analysis

Phenols determination was carried out
according to DPanile and George (1972).
One ml extract was added to 0.5 mi Folin
& Ciocalteu’s Phenol Reagent, shaken
and allowed to stand for 3 min. Then one
ml saturated sodium carbonate (25%,
w/v) was added to each tube, followed by
10 ml distilled water, shaken and allowed
to stand for 60 min. the optical density
was determined at 730 nm using spectro-
photometer (Shimadzu  UV-160A).
Amount of total phenolic compound was
calculated according to standard curve of
pyrogaliol (99.5%) and expressed as
equivalent microgram of pyrogallol per
gram of fresh weight.

Statistical Analysis

The collected data were subjected to
the proper statistical analysis of complete
randomized design according to proce-
dure outlined by Smedecor Cochran
(1980). L. S. D. at 5% levet of probabil-
ity was used to compare between nwans
according to Waller and Duncam
(1969).

RESULTS

Root Growth and Nematode Infection

Data in Table (1) demonstrate the ef-
fect of different applications of PGRs on
root growth and nematode infection of
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tomato plants, Nematode infection re-
duced root fresh weight Most PGRg
treatrnents  significantly enhanced root
fresh weight The most effective treat-
ments were before inoculum soil drench
with JA at 10 ppm, after inoculum foliar
spray with JA at 5ppm, afier inoculum
soil drenech with SA at 40 ppm, before +
after inocnlum soil drench with JA at 5
ppm and after inoculum foliar spry with
JA at 10 ppm. Significant increase in fe-
males with egg masses number were ob-
tained by SA at 20 ppm as beorfe + after
imoculum soil drench and beorfe inocu-
lnm foliar spray, JA at 5 ppm as after
inocuinm foliar spray and before mocu-
lam soil drench as well as before inocu-
lum soil drench and after inoculum foliar
spray of SA at 40 ppm. On the other side,
reduction in females with egg masses
were attained by before + afier inoculum
foliar spray of JA at 5 ppm, after inocu-
lom soit drench with JA at 10 ppm,
beorfe + afier inoculum soil drench with
SA at 40 ppmand JA at 5 ppm. An in-
crease 1 females without egg masses
were occurred by the following foliar
spray (reatments; after inoculum with JA
at 5 ppm, before + after inoculum with
SA at 40 ppm, before inoculum with SA
af 20 ppm and afier inoculum with SA at
20 ppm. Whereas, a significant reduction
were obtained by beorfe + after inoculum
soil drench with SA at 40 ppm, and be-
fore + after inocutum foliar spray with JA
at 5 ppm Also, reduction in females
without egg masses were recorded by
different applications of JA at 10 ppm
except  before inoculum soil drench
treatment. A similar trend to females
without egg masses were noticed in
number of galls. It is worth to mention
that, no juveniles were found in the soil
or the stained roots.
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Table 1. Effect of different applications of SA 20 & 40 ppm and JA 5 & 10 ppm on root
fresh weight and the activity of nematode (AL incognita) in infecting tomato

plants.
Treatments No. of Females / plant
No. of
. | Rootfresh W/Oegg  Wiegg
PGR | Method | ppm | Timing W (2) asses g;ﬂl::nl
20 B 5.0 433 16.0 593
A 4.7 54.7 20 76.7
- B+A 57 6713 38.7 106
@ 40 B 3.7 58.7 26.6 583
A 83 68.7 200 38.7
SA B+ A 6.3 26.0 10.7 36.7
20 B 5.7 80.7 346 115.3
A 7.0 74.0 233 97.3
= B+A 6.7 66.7 26.0 92.7
40 B 4.7 62.7 20.6 833
A 7.3 59.3 24.7 84.0
B+A 6.0 85.3 273 112.6
5 B 7.3 74.0 30.7 104.7
A 7.7 553 4.7 80.0
] B+ A 8.3 520 12.0 64.0
10 B 120 72.7 18.6 913
A 6.7 29.3 10.7 40.0
JA B+ A 7.3 48.0 27.0 75.0
5 B 7.0 513 193 70.6
A 2.7 86.7 333 120.0
= B+A 7.3 28.0 8.7 . 36.7
10 B 7.3 540 27 76.7
A 3.0 413 14.7 56.0
B+A 7.3 38.7 14.0 52.7
Control (infected) 4.7 553 16.7 720
Control (non-infected) 63 - 0 0 0
LSD (0.05) — 240 18.16 6.82 23.25
SD = Soil drench B = Before B + A = Before + After
Fs = Foliar spray A = Afier
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Vegetative and Reproductive Charac-
ters

Data presented in Table (2) reveated
that infected control treatments showed
the same trend of non- infected control on
plant height. Before inoculum foliar

spray with JA at5 ppm significantly in-

creased plant height. Before inoculum -

and before + after inoculum foliar spray
of SA at 20 and 40 ppm respectively en-
hanced plant height Afier inoculumn soil
drench with SA at 20 ppm & JA at5

ppm, before inoculum soil drench with -

SA at 40 ppm and before + after inocu-
lum foliar spray with JA at 10 ppm sig-

nificantly decreased plant height. It could -

be noticed (Table 2) that nematode infec-
tion markedly reduced shoot fresh and
. dry weight in infected control. JA treat-
mengs positively influenced these char-
. acters as shown by before + afier inocu-
lum foliar spray and soil drench with JA
at 10 ppm as well as beorfe inoculum
_foliar spray and before + after inoculum
" soil drench with JA at 5 ppm. Also, some
SA tcatments showed significant in-
crease in fresh and dry weight such as SA
at 20 ppm as after inoculum and before +
after inoculum foliar spray. As well as,
SA at 40 ppm as afier inoculum soil
drench, before + after inoculum foliar
spray and soil drench. Reduction in
leaves number were recorded by infected
control. Application of JA at 10 ppm as
before inoculum and before + after in-
oculum soil drench, JA at 5 ppm as be-
fore inoculum soil drench and SA at 20
ppm as after inoculum foliar spray in-
creased leaves number. Nematode infec-
tion had no effect on fruit numbers. PGRg
stightly affected fruit number. However,
some treatments reduced fruit numbers
named, before inoculum soil drench with
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SA at 20 ppm & JA at 10 ppm and beorfe
inoculum foliar spray with SA at 40 ppm
& JA at 10 ppm, in addition to, after in-
oculum foliar spray with SA at 20 ppm
(Table 2). Nematode infection signifi-
cantly reduced fruits weight (Table 2).
Significant increase in fruits weight were
obtained by before + after inoculum
treatments; JA at 5 ppm as soil drefich
and JA at 10 ppm & SA at 40 ppm as
foliar spray. Also, by after inoculum soil
drench with JA at 5 & 10 ppm and be-
forc inoculum soil drench with SA at 40
ppm. Decrease in fruits weight were at-
tained by after inoculum foliar spray &
sail drench with SA at 20 ppm and after
inocutum foliar spray With SAat 40 ppm.

Bi_ochemical Constituents

Data in Table (3) show the effect of
nematode  infection and applied PGRs on
some chemical constituents such as phe-
nols, soluble proteins and total carbohy-
drates in both leaves and roots as well as
chlorophyll, total soluble sugarsand re-

ducing sugars in leaves.
Phenols

Nematode infection (infected-Control)
stimulated phenols concentration in
lcaves and roots. Most of JA treatments
with both concentrations gave significant
increase in phenols in roots except before
inoculum soil drench with JA at 10 ppm,
before + after inoculum soil drench with
JA at 5 ppm and after inoculum foliar
spray with JA at 35ppm. Anincrease in
phenols in roots were obtained by some
SA treatments such as before inoculum
foliar spray with SA at 20 ppm and soil
drench with SA at 40 ppm as well as after
inoculum soil drench with SA at 20 ppm
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Table 2. Effect of nematode infection (M. incognita) and different applications of SA 20
& 40 ppm and JA 5 & 10 ppm on vegetative and reproductive characters of
infected tomato plants.

Treatment Shoot Fruits
Plant
- height Fresh Dry  Leaves Wt
PGR | Method | ppm | Timing (cm) Wt. wt. No. No. ( ')
(gm)  (gm) &
20 B 23.7 113 2.3 4.0 1.0 13.0.
A 21.7 12.3 1.8 4.3 1.3 3.3
= B+A | 263 10.7 1.8 3.7 2.0 14.7
“ 40 B 23.0 11.0 1.8 47 1.7 10.7
A 26.0 14.0 2.6 43 2 14.3
B+A | 247 13.0 24 40 1.7 12.0
SA 20 B 300 123 28 43 1s 147
A 273 13.7 24 5.3 1.0 7.3
- B+A { 250 13.7 29 4.3 2.0 15.0
= 40 B 247 123 20 40 10 160
A 23.7 10.3 2.0 4.7 2.0 8.7
B+A | 307 143 3.2 4.0 1.7 15.7
5 B 29.0 137 25 5.3 1.7 140 |
A 20.0 12.7 2.3 43 1.3 17.3
o B+A | 260 15.7 3.1 5.0 1.7 17.3
“ 10 B 24.3 18.3 3.9 6.0 1.0 13.3
A 24.0 13.7 3.3 5.0 20 16.0
B+A | 277 17.0 3.7 6.7 1.3 11.3
JA 5 B 31.3 17.0 33 5.0 1.3 13.7
A 26.3 17.3 34 5.0 1.3 15.3
- B+A | 280 14.3 2.6 5.0 2.0 15.0
& 10 B 267 147 29 5.0 10 153
A 28.3 14.3 42 5.0 1.7 10.0
B+A | 223 19.0 3.8 5.0 1.3 17.0
Control (infected) 277 103 2.1 37 2.0 12.0
Control (non-infected} 26.3 14.7 28 5.3 2.0 143
LSD (0.05) 260 250 020 144 074 291
SD = Soil drench B = Before B + A = Before + After
Fs = Foliar spray A= After
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and before + after inoculum soit drench
with SA at 40 ppm. The highest values of
phenols in leaves were rtecorded by SA
treatments as shown by before + after
inoculum foliar spray & soil drench with
SA at 40 ppm, after inoculum foliar spray
with SA at 20 & 40 ppm and before in-
oculum soil drench with SA at 20 ppm.
The lowest values were obtained by be-
fore + after inoculum foiiar spray and soil
drench with JA at 10 ppm.

Soluble Proteins

Nematode infection showed no influ-
ence on soluble proteins concentration in
roots but reduced them in leaves. No
positive effect were obtained by applica-
tion of PGR; on soluble proteins in roots.
Meanwhile, reduction were obtained in
roots by JA at 10 ppm as after inoculum
and before + after inocutum foliar spray
as well as SA at 40 ppm as after inoculum
and before + after inoculum soil drench.
An increase in soluble proteins in leaves
were recorded mainly by before + after
inoculum and after inoculum foliar spray
with SA at 20 ppm, after inoculum soil
drench with SA at 40 ppm, before inocu-
lum foliar spray and before + afier in-
occulum soil drench with JA at 10 ppm. A
decrease in soluble proteins concentration
in leaves were obtained after inocculum
foliar spray with JA at 5 ppm & SA at 40
ppm and before inoculum soil drench
with JA at 5 ppm,

Chlorophyll

Nematode infection significantly re-
duced chlorophyll concentration in
leaves. Application of JA at 5 ppm as
before + after inoculum foliar spray
markedly increased chlorophyll concen-
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tration. Similarly, before + after inoculum
foliar spray & soil drench of SAat40
ppm, after inoculum soil drench of SA at
40 ppm and before inoculum foliar spray
of JA at 10 ppm markedly increased
chlorophyll concentration. On the con-
trary, after inoculum foliar spray of JA at
10 ppm decreased chlorophy!ll concen-
tration.

Total Carbohydrates and Sugars

No significant differences were no-
ticed between infected and non — infected
controls in total carbohydrates concentra-
tion in roots but reduction were occurred
in leaves of infected control. An increase
in total carbohydrates in roots were ob-
tained by before inoculum foliar spray
with SA at 20 & 40 ppm, before inocu-
lum and before + after inoculum soil
drench with SA at 20 ppm. Whereas re- -
duction in total carbohydrates in roots
were occuired by before + after inoculum
fohar spray with SA at 20 ppm, after
inoculum foliar spray with SA at 40 ppm
and JA at 10 ppm. In leaves significant
increase in total carbohydrates were
induced by JA at 10 ppm as before + after
inoculum soil drench and foliar spray as
well as after inoculum soil drench. Before
+ after inoculum soil drench with SA at
20 & 40 ppm and before inoculum soil
drench with JA at 10 ppm reduced total
carbohydrates concentration in leaves.

As shown in Table (3) nematode in-
fection did not influence total soluble
sugars concentration but decreased re-
ducing sugars in feaves. Before inoculum
foliar spray of SA at 40 ppm, before +
after inoculum and after inoculum soil
drench of JA at 10 ppm significantly
increased total soluble sugars and re-
ducing sugars. Reversed effects were

Annals Agric. Sci. 47(3), 2002
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Table 3. Effect of nematode infection (AL incognita) and different applications of SA 20 & 40 ppm and JA 5 & 10 ppm on

biochemical constituents in roots and leaves of infected tomato plants.

| reatiment Rool Leaves
Total Total
. Soluble Total et Soluble . Total  Reduced
PGR | Method | ppm | Timing Phenols proteins  carbohydrates Phenols proteins °‘"b°h_y soluble SUAErS chioro-
(ug/) {mg/g) (mp/g) {ug/e) {mg/g) drates SUgars {mg/g) phyll
: & (mg/g) (ng/g)
20 B 260.5 184 264 721.9 18.8 273 13.3 122 35
A 2727 18.8 233 666.9 17.0 218 10.8 9.7 24
- B+A 251.5 18.1 27.6 3423 19.3 164 8.5 4.1 36
“ 40 B 2628 17.9 15.6 506.2 17.8 308 15.7. 12.6 24
A 201.3 17.2 16.7 613.1 23.5 252 18.7 10.2 43
SA B+A 2725 17.6 251 674.6 16.7 19.9 9.2 74 4.0
20 B 2617 187 272 6183 203 26.7 183 68 26
A 2413 19.8 16.1 873.2 228 3l6 15.8 14.7 2.6
@ B+A 190.3 18.9 12.3 6622 23.7 333 17.9 117 KA
- 40 B 2335 17.9 301 5203 166 339 19.7 11.7 31
A 2205 19.9 149 8329 16.6 26.3 11.8 10.5 i2
B+A 670.6 19.7 23.1 8453 15.6 329 16.6 11.6 4.1
5 B 373.7 19.6 189 3873 16.5 209 11.6 10.8 3.2
A 3145 183 19.7 5333 20.7 318 18.2 11.2 34
o B+ A 2174 18.6 24.6 365.7 16.8 237 10.9 98 38
“ 10 B 186.9 19.1 16.9 532.1 19.6 16.5 11.1 44 29
‘ A 440.3 19.8 239 4554 21.7 391 18.4 16.1 2.7
JA B+ A 281.7 19.8 239 334.6 21.7 35.9. 18.7 117 38
h] B 278.5 18.4 254 462.1 21L5 359 10.8 9.4 27
A 191.1 19.9 157 571.1 164 274 15.3 11.8 35
- B+ A 509.4 18.6 27.5 4921 17.3 31.9 10.6 938 44
- 10 B 3533 17.6 19.3 629,7 23.1 337 16.1 13.3 4.2
A 481.1 19.2 13.1 641.9 15.7 20.1 1.2 8.9 1.9
B+A 3244 16.7 25.1 3139 19.4 36.8 18.5 12.6 2.7
Control {infected) 2525 19.6 213 5977 17.9 236 11.2 9.8 27
Contro] (nou-infected) 235.1 19.0 213 475.1 19.6 25.7 11.3 10.8 3.7
LSD (0.05) 6.55 0.77 0.90 740 0.36 1.05 033 0.26 0.13
SD = Soil drench Fs = Foliar spray B = Before A= After

B + A = Before + After

apojeway 100J 0] asuodsar jueid ojpwo]
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obtained by before + after inoculum soil
drench with SA at 20 & 40 ppm. Also,
before + after inoculum foliar spray with
JA at 5 ppm reduced total soluble sugars.
Before inoculum foliar spray with SA at
20 ppm and soil drench with JA at 10
ppm decreased reducing sugars concen-
tration in leaves.

DISCUSSION

The present study clearly demon-
strated that nematode infection negatively
influenced tomato plants as evidenced by
the reduction in shoot fresh & dry weight,
root fresh weight, leaves number and
fruits weight. In addition to, reduction in
chlorophyll, total carbohydrate, and re-
ducing sugar concentrations in leaves. A
good deal of evidence has accumulated
demonstrating the role of SA and JA in
the plant defense mechanism against
pests and pathogens (Raskin, 1995 and
Stasiwick, 19935), In the present study,
the effect of these PGR; were variable
depending on the concentration and
method of application. Double applica-
tion of SA at 40 ppm (before + after in-
oculum soil drench) and JA at 5 ppm (be-
fore + after inoculum foliar spray) as well
as the single treatment with JA at 10 ppm
(after inoculum soil drench) exhibited a
resistance effect to nematode infection, as
shown by the reduction of the females
with and without egg masses and number
of galls. All the aforementioned treat-
ments were characterized by high pro-
duction of phenols in roots and leaves
(SA at 40 ppm). Moreover, reduction in
females without egg masses and galls
induced by most of JA at 10 ppm treat-
ments. This effect was associated with an
increase in phenols concentration in
roots. The role of phenels in plant de-
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fense has been reported (Taize and
Zieger, 1998). This role was emphasized
by the increase of phenols in infected
control. Furthermore, tomato plants were
susceptible to nematode with single foliar
spray treatments of SA at 20 ppm (before
mnoculum) and JA at 5 ppm (after inocu-
lum). This effect was accompanied by
high levels of phenols in leaves, but slight
increase (SA at 20 ppm) or marked re-
duction (JA at 3 ppm) in roots. This
means, that the effect of phenols is local-
ized. . It could be concluded that, JA
treatments, the higher concentrations of
PGRs, the double application and for
some extent the soil drench applications
were more effective in inducing resis-
tance in tomato plants to nematode infec-
tion. An additional clue could be added to
the previcus conclusion by examining the
effect of after inoculum foliar spray with
SA at 20 ppm and before + after inocu-
lum foliar spray with SA at 40 ppm. Both
applications increased the number of fe-
males without egg masses and number of
galls, on the other hand, SA at 20 ppm
(after inoculumn foliar spray) stimulated
shoot fresh & dry weight, leaves number
and soluble protein concentration. SA at
40 ppm (before + after inoculum foliar
spray), stimulated plant height, shoot
fresh & dry weight, fruit weight and chlo-
rophyll concentration.

The role of SA in stimulating plant
vegetative and reproductive growth in
plants free from nematode has been re-
ported by many workers (Fo & Jo, 1987;
Jaiswal & Bhambie, 1989 and Awasthi
et al 1997). This positive effects inthe
presence of positive nematode infection
means, that plants became tolerant by
these SA applications. Some JA at 10
ppm treatments such as before + after
inoculum foliar spray and after inoculum
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soil drench stimulated shoot fresh and-dry
weight, fruits weight and total carbohy-
drates concentration. This influences
were  associated by reduction in the
nematode infection. Thus, JA treatments
developed resistance reaction, whereas
the previcusly mentioned SA treatments

developed tolerant reaction -against
nematode infection.
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