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ABSTRACT

This study as a part of Ph.D. Thesis accomplished at the National
Academy, Kazakh Scientific Research Institute for Plant Protection and
Quarantine — Kazakhstan. Tomato Fusarium wilt caused by Fusarium
oxysporum £. sp. lycopersici (FOL) was reported herein for the first time
on tomatoes grown under glasshouse conditions in Kazakhstan.
Treatment of tomato (cv. Carolina Gold) at the seedling stage with 4%
garlic extract (Immerging roots or spraying shoots) or 4% black pepper
extract (spraying shoots) prevented the wilt disease symptoms expression
on plants even after two months from inoculation by FOL. Most tested
treatments induced a marked increase in activities of polyphenoloxidase
(PPO) and peroxidase (POD) enzymes in the leaves of treated plants
comparing to the untreated control plants. Anatomy of the fifth leaf
petioles of tomato plants treated with garlic or black pepper extract (4%
conc.) at seedling stage showed induced positive changes in the water
conductive elements particularly xylem vessels and width of the vascular
bundles in compared with untreated plants (check). These positive
changes due to tested treatments, miglit be involve also in the induced
systemic resistance which lead to resist or delay development of the
Fusarium wilt disease in tomato plants:

INTRODUCTION

Tomato Fusartum wilt (Fusarium ox;&porum f.sp. lycopersici)
become one of a limiting factor ‘in the production of tomato and
accounts for yield losses annually. It has become one of the most
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prevalent and damaging diseases wherever tomatoes are grown
intensively because the pathogen persists indefinitely in infested soils.
Controlling of plant diseases mainly depend on fungicides treatments
(El-Mougy, et al. 2004). However, fungicidal applications cause hazards
to human health and increase environmental pollution. Therefore,
alternatives, eco-friendly approach treatments for control of plant
diseases are needed (Abd—El—“Kare‘em, 2007, Mandal, et al 2009).
Induction of resistance to pathogen is a promising approach for
controlling plant diseases. Exogenous or endogenous factors could
substantially affect host physiology, leading to rapid and coordinated
defense-gene activation in plants normally expressing susceptibility to
pathogen infection (Mandal, et al 2009). Resistance of plant to
pathogens can be enhanced by application of various biotic and abiotic
agents, called induce systemic resistance in plants (Sarwar, et al 2005.
Abd-El-Kareem, 2007). Some plant extracts could be used to control the
soil bomne diseases including tomato Fusarium wilt (Aba AlKhail, 2005,
Deepak, et al. 2005, Abogharsal, et al. 2006, Mandal, et al. 2009).

In plants, the positive correlation between levels of
polyphenoloxidase (PPO) and peroxidase (POD) and the resistance to
pathogens is frequently observed. There are some evidences indicating
that the activation of POD and PPO plays a crucial role in the biological
control and resistance of plants to pathogenic attack (Thipyapong, et al.
2004, Chérif, et al. 2007, She-ze, et al. 2008). It was reported that POD
may be some of the elements of the defense systems that are stimulated
in plants in response to pathogen infection especially Fusarium
oxysporum (Morkunas and Gemerek, 2007).

Anatomical changes in the vascular elements (protoxylem and
metaxylem tissues) were detected in tomato plants infected with
Fusarium oxysporum f. sp. lycopersici or root microflora (Mueller and
Beckman, 1988). The disease-resistance response correlates  with
changes in cell biochemistry and physiology that are accompanied by
structural modifications. These changes have the potential to si gnificantly
improve our knowledge of how plants defend themselves and how plant
disease resistance is expressed at the cell level (Benhamou and Nicole,
1999).

This work aimed to evaluate the effect of garlic (G) and black
pepper (BP) extracts at 4% concentration as resistance inducers against
tomato Fusarium wilt disease under glasshouse condition in Kazakhstan.
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Also, studying the effects of tested treatments on % wilted plants, wilt
disease severity, activity of oxidative enzymes and changes in the
anatomy of the conductive elements in leaf petioles.

MATERIALS AND METHODS

Isolation and pathogenicity of FOLs:

Fusarium oxysporium fsp. lycopersici (FOL) isolates were
isolated from wilted tomato plants collected from different tomato
glasshouses in Almaty province of Kazakhstan during May 2008 season.
FOLs 1dentification was carried out according to Nelson, et al. (1983),
Leslie and Sumerell, (2006). Seedlings (4-weeks old) of tomato (cv.
Carolina Gold) grown in pots (30 cm in diameter) were inoculated with
the prepared spore suspension of tested Fusarium oxysporium f.sp.
lycopersici isolates according to Beshir, (1991) and Amini, (2009)
where the spore suspensions of tested FOL were prepared and used
immediately for inoculating 4-weeks old tomato seedlings by pouring 20
ml of spore suspension (10° spores/ml) over stem base of each seedling
one week after transplanting. In control (non-inoculated), plain water was
used instead of spore suspension. The inoculated tomato plants were kept
under glasshouse condition and observed for appearance of wilt
symptoms. Two months after inoculation, the wilt disease severity was
carried out using a visual 0-4 scale according to Vakalounakis and
Fragkiadakis, (1999) then the disease incidence was determined
according to Song, et al (2004). The obtained data were statistically
analyzed using the analysis of variance and the least significant
difference at 0.05 was calculated (Snedecor and Cochran, 1982).

Effect of garlic (G) and black pepper (BP) extracts:

Garlic extract (4llium sativum) and black pepper (Piper nigrum)
extracts each at 4% concentration were used as natural resistance inducer
treatments for treating 4 weeks-old tomato seedlings (cv., Carolina Gold)
immediately at transplanting into “plastic pots (30cm. in diameter) and
one week before FOL inoculation (Isolate A). Each treatment was
performed by three methods i.e., immersing roots (IR) for 10 min.,
spraying shoots (SS) until dropping or combination between IR and SS
methods (IR+SS). The plain water was used instead of inducer treatments
for treating tomato seedlings in the control treatment. Spore suspension
of tested FOL isolate was prepared and used as mentioned above
according to Beshir, (1991) and Amini, (2009) All pots were kept under
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glasshouse conditions. The disease incidence and disease severity was

determined two months after FOL challenge as described above.

Induction the polyphenoloxidase and peroxidase enzymes activity in
tomato plants previously treated with plant extracts:

The fifth leaves of tomato plants either treated or untreated (at
seedling stage) with garlic or black pepper extracts (as previously
described) were cut at the leaf base level after two months from FOL
inoculation. A weighed samples (1.0 g) of tomato leaves were
homogenized with 3.0 ml. of Na phosphate buffer pH 6.8 (0.1 M) and
centrifuged at 2°C for 15 min at 17.000g in a refrigerator centrifuge. The
clear supernatants were collected and used for assaying activities of the
oxidative enzymes i.e., Peroxidase (POD) and polyphenoloxidase (PPO)
using a spectrophotometer (SPECTRONIC 20-D) at 27+2°C according
to Chance and Maehly (1955), Taneja and Sachar (1974),
respectively. )

Induction changes in the anatomical structures of the leaf petiole in
tomato plants previously treated with plant extracts:

Two months after treatments, samples represented petioles of fifth
leaves were taken from the main stem basically of each treatment.
Specimens were killed and fixed for 48 hr. in FAA solution composed of
formalin, glacial acetic acid and ethyl alcohol 70 % at rate of 10:5:85 (by
volume), respectively. The selected materials were removed from the
FAA solution, washed in 50 % ethyl alcohol, dehydrated in a normal
ethyl alcohol series, embedded in paraffin wax (melting point 56°C.),
sectioned to a thickness of 15-25 microns, double stained with safranine-
fast green, cleared in xylene and mounted in canada balsam (Willey,
1971). Sections were examined microscopically and read to detect
anatomical manifestations of noticeable responses resulted from
investigated treatments. Light photomicrographs were taken with a digital
camera (Panasonic, DMC-FX100, Osaka, Japan) fitted to the microscope.
The following anatomical characters were determined for each particular
treatment:

{1}- Epidermal layer thickness (um), {2}- Number of parenchyma
layers, {3}- Thickness of parenchyma layers (um), {4}- Thickness of
cortex (um), {5}- Thickness of outer phloem in the bi-collateral vascular
bundle [VB] (um), {6}- Thickness of cambium in VB (um), {7}-
Thickness of xylem in VB (um), {8}- Number of xylem vessels in VB,
{9}- Thickness of largest vessels in VB (um), {10}~ Thickness of inner
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phloem in VB (um), {11}- Length of Vascular Bundle (um), and {12}-
Widest of VB (um).

RESULTS & DISCUSSION

Pathogenicity test and wilt disease symptoms:

Yellowing symptoms were observed on leaves of tomato plants (cv.
Carolina Gold) inoculated with isolates of Fusarium oxysporum after 2
months from inoculation. The vascular bundles of infected tomato plant
showed dark lines in both sides compared with stems of the healthy
plants (Fig.1). This browning of the vascular tissue is characteristic of the
disease and can be used for its tentative identification. F. oxysporum f.
sp. lycopersici (FOL) causes severe wilt disease. The browning of the
vascular system is characteristic of the disease and generally can be used
for identification of the fungal isolates as Fusarium oxysporum f. sp.
lycopersici (Armstrong and Armstrong, 1968, Jones, 1991, Reis, et al.
2005).

Diseased

Fig. (1): Wilted tomato plant with yellowing leaf symptoms and dead
leaves (left) and vascular disegloration on stem of diseased tomato
plants (cv. Carolina Gold) infested with Fusarium oxysporum f. sp.
lycopercici isolate A (right).
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Data in Table (1) reveal that,the FOLs isolates A and G caused the
highest percentage of diseased tomato plants (77.8%) and disease
incidence (52.8%). However, isolates H and I seemed to be non-
significant when compared with the non-inoculated control which
remained disease free. In this respect, Bost, (2005) described cv.
Carolina Gold as resistant to Fusarium wilt races 1 & 2. The tested
Fusarium isolates especially isolates 'A and G might considered as new
isolates of race 1 or 2 or might be race 3. Such findings agree with Jones,
et al. (1982) who observed mature plants with Fusarium wilt symptoms
in tomato cultivars possessed resistance to races 1 and 2. Also, Volin and
Jones, (1982) isolated a new race of Fusarium oxysporum f. sp.
lycopersici from commercially produced plants in western Florida. The
principal varieties currently produced commercially are reported to
have the 12 gene for race 2 resistance. Cai, et al (2003) stated that the
collective evidence suggests that race 3 in California originated from the
local race 2 population.

Table (1): Percentage diseased tomato plants (cv. Carolina Gold) and
disease incidence after two months from inoculation with

different isolates of Fusarium oxysporum
Tested Fusarium isolates | Diseased plants % | Disease incidence %

A 77.8 52.8
B 55.6 33.3
C 33.3 22.2
D 44 .4 25.0
E 333 22.2
F 66.7 41.7
G 77.8 52.8
H 11.1 11.1
1 11.1 8.3
Control 0.0 0.0

L.S.D. at 0.05 21.063 9.173

Effect of garlic and black pepper extracts on the incidence of tomato

Fusarium wilt disease:

The data in Table (2) reveal that, the garlic extracts reduced the
wilt disease by 52.9-100.0% while, the black pepper extracts reduced it
by 88.2-100.0% depending upon the application method comparing with
the untreated check. In fact, efficiency of the garlic and black pepper
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extracts in controlling tomato wilt and other plant diseases was reported
by several authors (Attitalla, er al. 1998, Aba AlKhail, 2005, Abo-
Elnaga and Ahmed, 2006, Lylian, et al. 2006, Montes-Belmont and
Prados-Ligero, 2006, Deepak, et al. 2007). It was reported that spraying
with the aqueous garlic extracts have antibiotic and antifungal properties
and suppresses a number of plant diseases, including powdery mildew on
cucumbers and, to some extent, black spot on roses (Quarles, 2000).
Table (2): Effect of treating seedling with garlic (G) and black
pepper (BP) extracts using different application methods
on the severity of the tomato Fusarium wilt, 2 months

gost inoculation with FOL isolate A.

Application methods * Disc?ase seyerity % Reductior! % comparing to control ¥*
G . BP : Control G BP i Control
IR 00 14 23.6 100.0 94.1 0.0
SS 0.0 0.0 23.6 100.0 100.0 0.0
IR+SS 11.1 2.8 23.6 52.9 88.2 0.0
L.S.D. at 5% 3.93 -

*  I=Immersing roots, S = Spraying shoots
** Reduction %= (Control - Treatment)/Control x 100

Activity may be due to sulfur-containing compounds such as ajoene
or allicin. Garlic releases fungicidal chemicals into the soil. Rotation of
garlic with tomatoes, for instance, can reduce the likelihood of soil borne
tomato diseases. It was reported that the activity of 7 watery extracts
including Allium sativum and Piper nigrum were commensurable to that
of marketed botanical fungicides (Deepak, et al. 2007).

Activity of the oxidative enzymes:

The recorded data in Table (3) indicate that, most tested treatments
of garlic and black pepper extracts induced appreciable increase in
activities of the polyphenoloxidase (PPO) and peroxidasé (POD)
enzymes. The increase in activity of the POD enzyme (53.3-640.7%) was
more pronounced than the PPO enzyme (4.4-29.8%) comparing to the
untreated control. Among tested treatments, immersing roots (IR) in
garlic extract and spraying shoots (SS) with black pepper extract induced
the highest increase in activity of the PPO enzyme whereas SS with
garlic extract and IR+SS with black pepper extract induced the highest
increase in activity of the POD enzymes. There are some evidences
indicating that the activation of PODrand PPO plays a crucial role in the
biological control and resistance of plant to pathogenic attack
(Thipyapong, et al. 2004, Chérif, et al. 2007, She-ze, et al. 2008). In
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fact, the oxidative enzymes PPO and POD are important in the defense
mechanism against pathogens, Jchrough their role in the oxidation of
phenolic compounds to quinines, causing increasing in antimicrobial
activity. Therefore, they may be,directly involved in stopping pathogen
development (Qulroga, et al. 2000 Shimzu, et al. 2006, Melo, et al.
20006).
Table (3): Activity of PPO and POD enzymes in treated tomato
leaves (cv. Carolina Gold) with 4% garlic and black
pepper extracts, two months post inoculation with FOL

isolate A.
) Activity (O.D./min/g fresh weight)
Application-methods™* PPO POD
G . BP i Control G i BP | Control

IR 47.0 40.8 36.2 21.7 20.7 13.5

SS 40.7 447 36.2 100.0 57.9 13.5

IR+SS 26.3 37.8 36.2 40.0 93.9 13.5
Efficiency %**

m

IR 29.8 12.7 0.0 60.7 533 0.0

SS 12.4 235 0.0 640.7 3289 0.0

IR+SS -27.3 44 0.0 196.3 595.6 0.0

* IR = immersing roots, SS = spraying shoots
** Efficiency %= (Treatment — Control)/Control x 100
Anatomical structure of leaf petiole: -

The data in Table (4) prove that most investigated anatomical
characters of tomato leaf petioles were improved positively in the treated
than the untreated tomato plants. Among all investigated characters, the
wide of the vascular bundle only was improved positively by all tested
treatments (968.4-1656.0 u) comparing to the untreated control (893.7
u). Thus, applying the garlic or black pepper extracts for treating tomato
seedlings before transplanting induced positive changes in their water
conductive elements, reasonably they resist the wilt disease development
by facilitating absorbing more water as the plants are need. In fact, the
functional water-conducting system, the treachery elements of the xylem,
1s required to sustain plant growth and development (Ismail 2004). The
enlarged number of xylem vessels and width of the vascular bundles
caused by the garlic and black pepper extracts might be considered as a
probable induced defense mechanism against the tomato Fusarium wilt.
It 1s interest to state that neither conidia nor mycelia of the tomato
Fusarium wilt pathogen were detected in leaf petioles of treated and
untreated tomato plants.



133

J. of Appl. Sci., 26 (5) 2011

Egypt.

[o5u0 3y} 03 Sulredwos 19}0BIBYD PABUBYD SAINSO] 4
a[pung Je[noseA = "g'A (1)

L'€68 00791« | €¥PTix 09591+ 7'896x 68811« | L'96¥T« (wrrl) g’ A JO 1S9PIM
6'¥r9 $179 1685 1'769+ TS 9 LLLx v'089x (i) sypung Je[noseA jo yIsua
8'%9 L 6Lx 0'98% 0 CLx Tes 0°LIT L1014 (urdd) g A ur Yory) weoyyd Jouuy
0'89 9 €64 €'8Ly 6'vS LS9 999 V'Sl () g A Ul YOIy} S[9SSIA
0T 0'6€+ 0°9¢€4 0'0b« 0'9b« 0'$9% 008+ "€’ A UL S]OSS3A WIS[AX JO 13qUINN
2047 £'6Th 9°66¢ v 78Yx 8'L0€ €105 9GEr (wr) g A uT Sjorp wejAy
06 £'09x X%% L9S 9°6€ 65 0L () g A uf oI wniqure)
LyL TS L19 018 9111« 6 66 'L (wrd) (g A Ut sjorg waopyd eng
L 0TS L EESx SHhSs 6LLY s S €09« 1'8%Sx (i) ~sjory) xono)
TH0€ TIEEx 9'9€Ey 98T T1EEx v'T6Ex TL9Ex (wnt) yory s1eke] ewAyouared
oY $'Sx oY S Gx (187 0°Sx 0'9x sroke] ewidyousied Jo JoquinN
8'8¢ 69+ 8'LEx LTt 6'9€x 'S¢k ['SEx (wr) yoryy Joke] eunsopidy

, SI3)orIRYD [EdIUIojeUY

dd 2 dd 0 mm & s}oeIjxa ﬁﬁmorﬁ
[onuo) SS+YI (SS) s100ys Surierdg (1) s1o01 urssuwy
spoyjew yopesyddy

uagoyyed JIM WINLIESH] 0JBUI0) 3} YHIM UONB[NIOU] PUE JUIW}BIL)

syyuom oA} J9)J8 djonad Jea] JO AINJONIIS [BIIWOJEUE YY) WO SSUIPIIS 0JewWO) JO S+] pue
s300ys () Sutkeads ‘syooa () Sursaaunuul 10j pasn spenxd addad yorlq pue d111e3 jo 1Y (p) dqe ],



134 Egypt. J. of Appl. Sci., 26 (5) 2011

Garlic extract, immersing roots (IR)

Black pepper extract, immersing

roots (IR)

Garlic extract, spraying shoots (SS) Black pepper extract prayn‘g shoots (SS)

Garlic extract, IR+SS ‘ Black pepper qxtrat, IR+SS

Untreated control
Fig., (1): Anatomical structure of tomato leaf petiole after two months from immersing
(IR) roots, spraying (SS) shoots, and IR+SS of tomato transplants with extracts
of garlic (left) and black pepper (right) and inoculation with FOL. Control
(untreated).
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Such findings agree with Pennypacker and Nelson (1972) who
stated that, no conidia were observed in advance of the mycelium in
xylem vessel elements of carnation infected with Fusarium oxysporum
f.sp. dianthi. They added that, the absence of conidia in advance of
mycelium in the xylem vessel elements is probably the primary reason
for the success of culture indexing as a control measure for Fusarium wilt
of carnation. In fact, xylem plays an important role in strengthening plant
bodies as well as in transporting water and minerals. It is a complex
tissue composed of vessels, tracheids, fibers and parenchyma. In
arabidopsis, secondary xylem does not develop in immature fluorescence
stems shorter than 10 cm, although primary xylem does exist in them
(Ko, et al. 200).
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