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he cfficacy of the aqueous extracts of garlic (dllium sativum L)
bulbs and seeds of black pepper (Piper nigrum) at 0.5, 1.0, 2.0,
3.0 and 4.0% concentrutions and salicylic acid and riboflavin at 0.1,
0.5, 1.5, 5.0 and 10mM concentrations were investigated in order to
determine their inhibitory effects on the in vitro growth and
sporulation of Fusarium oxysporum 1.sp. lycopersici (FOL), the causal
agent of tomato wilt disease in Kazakhstan. The garlic extracts
mhibited completely the in vitro growth and sporulation at conc. 3%,
while, riboflavin and salicylic acid did that at 3 and 10 mM conc.,
respectively. The black pepper extract was the least effective one in
this respect where the fungus could grow and produced appreciable
number of sporcs even at its highest conc. (4%).
Keywords: Black pepper. garlic extract, Fuseriwm oxysporum,
resistance inducers, riboflavin, salicylic acid and
tomato.,

Tomato (Lycopersicon esculentum Mill) is one of the most cultivated,
popular and important vegetable crops in the world. Tomato wilt caused by
Fusarium oxysporum f.sp. lycopersici became one of the limiting factors in the
production of tomato and accounts for vyield losses annually. As for the
pathogen persists indefinitely in infested soils, it became one of the most prevalent
and damaging diseases wherever tomatoes are grown (Holguin-Pena, 2005). No
fungicides are labelled for control the tomato Fusarium wilt (Edmunds and Pottorft,
2009). The tomato Fusarium wilt can be controlled by using the resistant cultivars
(Reis et al., 2005; Takken and Rep, 2010), biological control (Larkin and Fravel,
2002 and Aba Alkhail, 2005). Some resistance inducefs salts can be used also for
controlling the root rot and wilt pathogens (Attitalla ef al., 1998; Ozgdnen ef al,
* 2001; Griffiths ef al,, 2002; Benkeblia, 2004; Aba Alkhail, 2005; Abo-Elnaga and
Ahmed, 2006 and Saikia et al., 2006).

This study aimed to determine the influence of some resistance inducers, ie.
garlic, black peppe:, salicylic acid and riboflavin, at different concentrations, on the
in vitro growth and sporulation of Fusarium oxysporum {.sp. lycopersici, the cavsal
of tomato wilt disease in Kazakhstan.
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Material and Methods

Source of the Fusarium wilt pathogen:

An aggressive isolate of Fusarium oxysporum f.sp. lycopersici (FOL) isolated
from wilted tomato plants grown under glasshouse conditions in Almaty province of
Kazakhstan was used in this study. The used FOL isolate proved pathogenic ability
on several tomato cultivars (Under publication).

Preparation of tested plant resistance inducers:

Extracts of garlic (Allium sativum L.) and black pepper (Piper nigrum)
(Benkeblia, 2004 and Lylian er al, 2006) as well as, salicylic acid (SA)
[2-Hydroxybenzoic acid}, Molecular formula [C7HzOs], Molar mass (138.12 g mol-1] and
tiboflavin [73-dimethyl- 10-((2R3R4S) 23,4,5- tetrahydroxypentyl) benzo [g]
preridine- 2,4 (3H,10H)- dione], Molecular formula {C17H20N406), Molar mass [376.36
g/mol] (Attitalla er al., 1998; Dong and Beer, 2000; Saikia, 2006 and Zhang et al.,
2009) were selected as resistance inducers based on references of their antifungal -
activities and the previous results with soil bome pathogens (Quarles, 2000)
particularly F. axysporum f.sp. lrcopersici (Attitalla et al., 1998 and Ozgonen et al,
2001). Bulbs of garlic and seeds of black pepper were obtained from the local
market of Almaty province, Kazakhstan. Garlic bulbs were peeled while black
pepper seeds were grounded to ‘fine powder. The peeled bulbs and powdered seeds
were extracted by blending 400 g of each in 1000 ml of sterile distilled water for 10
min., filtered firstly through two layers of muslin cloth and filtered again through
Whattman No. 1 filters paper. These crude extracts were set as original
concentrations {40%). The extracts were stored at -40°C until used.

The effect of the prepared plant extracts (garlic and black pepper) as well as,
salicylic acid and riboflavin on the in vitro growth and sporulation of the tested
isolate of FOL were investigated. All tested materials were sterilized by 45 Millipore
filter immediately before adding their desired concentrations, ie. 0.5, 1, 2, 3 and 4%
{v/v) from each plant extract and 0.1, 0.5, 1.5, 5.0 and 10mM from each of salicylic
acid and riboflavin, to the autoclaved PDA warmed-medium immediately before
solidification and pouring in the sterilized Petri-dishes, 9 cm diameter (15 ml/dish).

. . Antifungal activity assay:

Agar culture circle disks (5 mm diameter) of F. oxyspomm f sp. lycopersici were
placed in the centre of each Petri dish and incubated at 28°C. Petri dishes containing
untreated PDA medium served as control. Each treatment was replicated three times,
The experiment was terminated when fungal growth reached the edges of any Petri-
dish in any treatment. The fungal growth was measured by averaging the two
diameters taken a: right angles for each colony. Also, the spore account per millilitre
for each treatment was calculated by microscopic enumeration with a celi-counting
haemocytometer slide. Percentage of inhibition or stimulation in the fungal growth
or its sporulation compared to the untreated control was calculated according to the
following formula:

Inhibition or stimulation (%)= [T~ C]/C * 100
Whereas: T = treatment and C = Control.
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Statistical analysis:
Most of data were analyzed statistically according to Gomez and Gomez (1984).

Results

The inhibitory effect of the tested inducers on the linear growth:

The lincar growth of the tomato wilt fungus, Fusarium axysporum f. sp. lycopersici
(FOL), was significantly affected by different tested inducer’s freatments [garlic (G), black
pepper (BP) extracts, salicylic acid (SA) and riboflavin (R)], their concentrations as well as
by the interaction between them (Tables 1 & 2). Regardless concentrations, the garlic
extracts recorded the highest inhibitory effect on the FOL growth (55.43%), followed by
black pepper extracts (35.03%), riboflavin (33.03%), and salicylic acid (26.41%),
respectively. Conceming concentrations, the FOL growth was reduced by 14.23, 753,
34.44, 77.02 and 91.63% at the 1st, 2nd , 3rd, 4th, and 5th concentrations, respectively
(Table, 2). Comparing to the untreated control, the linear growth was completely inhibited
(100% inhibition) by using garlic extracts at 2.0%, salicylic acid at 10.0mM, and riboflavin
at 5.0mM. The black pepper extracts at 4.0% conc. decreased the linear growth by 66.51%.
' However, garlic extracts at 0.5 and 1.0%, black pepper at 3.0%, salicylic acid and
riboflavin at 0.1 and 0.5mM significantly increased the linear growth comparing to the
untreated control.

Table 1. In vitro effect of different concentrations of resistance inducers on
growth of tested FOL isolate
] Linear growth (mm) at different concentrations*
Treament e, T2 Conc. | 3 Cono, [ 4% Cone. |5® Canc] Con 0! | Mean
Garlic (G) 59.0 51.0 0.0 0.0 0.0 65.7 |29.28
Black pepper BP) [ 51.7 | 57.7 | 363 | 227 | 220 | 65.7 |42.67
Salicylic acid (SA) 55.7 65.3 65.7 377 0.0 65.7 |48.33
Riboflavin (R) 59.0 69.0 70.3 0.0 0.0 65.7 144.00
Mean 56.33 60.75 43.08 15.08 5.50 | 65.67
L.S.D. at 5% for: Treatments (T)= 0.23, Concentrations (Cy= 0.15, Interaction (TxCy= 1.36 |
1" . 2 . Eod . 4% ang 5% concentrations were 0.5, 1.0, 2.0, 3.0 and 4.0%, for garlic (G) and
black pepper (BP) extracts and 0.1, 0.5, 1.5, 5.0, and 10.0mM for salicylic acid (SA) and
riboflavin (R), respectively, - -

Table 2. In vitro growth inhibition or stimulation (%) of tested FOL isolate as
affected by different concentrations of tested induces
Inhibition or stimulation (%) of linear growth at

Tested inducer tested five concentrations® - Control | Mean
T Conc. | 2® Cone. ]| 3° Conc. ] 4® Cone. | 55 Cong.
Garlic (G) -10.20 | -22.37 | -100.00 | -100.00 | -100.00 ] 0.00 |-55.43

Black pepper (BP) -21.31 | -12.18 | -44.75 | -6545 | -66.51 { 0.00 |-35.03
Salicylic acid (SA){ -15.22 | -0.61 0.00 [ -42.62 ' -10000{ 0.00 }-26.41
Riboflavin (R} -10.20 | 5.02 7.00 |-100.00 | -100.00 | 0.00 |-33.03

Mean -14.23 | -7.53 | 3444 | -7T702 | 9163 [ 0.00
* As described in footnote of Table (I).
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The FOL linear growth at known concentrations, ie. 1.0% black pepper extracts, 0.5
and 1.5mM salicylic acid and riboflavin was significantly higher than lower concentration
of these inducers.

The inhibitory effect of the tested inducers on the sporulation:

As described before, the spore count (10%ml) produced by the tomato wilt
fangus, F. oxysporum fsp. lycopersici (FOL), was responded similarly against
different tested inducer’s treatments [garlic {G), black pepper (BP) extracts, salicylic
acid (SA) and riboflavin (R)] (Tables 3 & 4). Regardless concentrations, the
riboflavin treatment recorded the highest inhibitory effect against the FOL
sporulation- (39.11%), followed by the garlic extracts (38.34%), salicylic acid
(37.73%) and black pepper (6.55%), respectively. Conceming concentrations,
average of sporulation was decreased by 8.98% at the 1®. concentration, increased
by 9.45% at the 2™ concentration then decreased progressively by 38.23, 60.39 and
84.45% at the 3™, 4 and 5™ concentrations, respectively (Table 4).

Table 3. In vitro effect of some inducers at different concentrations on sporulation of
F. axysporum L.sp. lycopersici (10°/ml)

e Tested concentration* :
Tested inducer 1% Conc. | 2™ Conc.]3% Cang,] 4" Conc. |5® Conc. Control | Mean
Garlic (G) 1.111 | 0.933 | 0.000 0.000 0.000 | 0.757 |0.467

Black pepper (BP) 0.467 | 0.791 | 0.827 | 0933 | 0471 | 0.757 [0.708
- | Salicylic acid (SA)] 0.708 | 0.782 § 0316 { 0.267 | 0.000_]- 0.757 0472
Riboflavin (R) 0472 | 0.809 | 0.729 | 0.000 | 0000 | 0.757 {0461

Mean 0.689 9_._829 0.468 0.300 0.118 | 0.757
LSD.at5%for: Treatments(I) = 0.615
. Concentrations {(C)= 0.010
Interaction (T x Cy= 0.088

# As described in footnote of Table (1).

Table 4. In vitro effect of different inducers [garlic (G), black pepper (BP) extracts,
salicytic acid (SA) and riboflavin (R)] at different concentrations on

sporulsation of F. oxysporum

. Tested concentration*
Tested inducer 1* ConcP™ ConcB™ Conc] 4" Conc. | 5® Conc. Control | Mean
Garlic (G) 46.70 | 23.24 }|-100.00] -100.00 | -100.00 | 0.00 [-38.34

Black pepper (BP)| -38.34 | 446 | 9.15 | 2324 -37.79 | 0.00 [-6.55
Salicylic acid (SA)}} 6.55 | 329 [-58.34| -64.79 | -100.00 | 0.00 |-37.73
Riboflavin (R) 3773} 681 [ -3.76 | -100.00 | -100.00 | 0.00 }-39.11
Mean -8.98 | 945 |-38.23 ] -60.39 -84.45 | 0.00
* Asdescribed in footnote of Table (1). .
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Comparing to the untreated control, the spore production by the FOL was
completely inhibited by using garlic extracts at 2.0%, salicylic acid at 10.0mM, and
riboflavin at 5.0mM. However, the highest concentration of the black pepper
extracts (4.0%) decreased the FOL sporulation only by 37.79%. The FOL
sporulation was significantly higher at 0.5 and 1.0% garlic extracts, 3.0% black
pepper, 0.1 and 0.5mM salicylic acid than sporulation in the untreated control.
Whereas, using the riboflavin at the first three concentrations, 0.1, 6.5 and 1.5mM
had no significant effect on the FOL sporulation compared to the untreated control.

Discussion

In this study, aqueous extracts of bulbs of garlic {4lium sativum L) , dried seeds
of black pepper (Piper nigrum) , salicylic acid and riboflavin were investigated for
their inhibitory effects on the in vitro growth and sporulation of Fusarium
oxysporum £.sp. lycopersici (FOL) the causal of tomato wilt disease in Kazakhstan.
The garlic extract, riboflavin and salicylic acid completely inhibited the in vitro
growth and sporulation at concentrations of 2%, 5mM and 10 mM, respectively.
However, the black pepper extract was the least effective in this respect as the
fungus could grow and produced appreciable number of spores even at its highest
concentration, 4%. Generally, the in vitro growth and sporulation of FOL was
significantly lower at concentration of 0.5% for the black pepper extract and 0.1mM
for riboflavin and salicylic acid more than at the concentrations of 2 & 3% for plant
extracts and 0.5 & 1.5mM for riboflavin and salicylic acid. Thus, the in vitro growth
and sporulation of FOL were relatively enhanced at the latter concentrations. This
might be due to the synergistic effects between fungus metabolites and a known
substance at the mentioned concentrations, These findings agree with those obtained
by Ozgonen et al, (2001) who stated that salicylic acid (SA) completely inhibited
the mycelial development of FOL in vitro at concentrations from 0.6 mM to 1.0
mM. Aba Alkhail (2005) reported that the garlic (Allium sativum) extract was the
most effective against FOL. Also, Abo-Einaga and Ahmed (2006) found that the
antifungal properties of cloves extract was more effective than black pepper in
inhibiting mycelial growth and disease incidence of onion neck rot disease caused
by Botrytis allii. Saikia et al (2006) found that riboflavin caused induction of
systemic resistance in chickpea against Fusarium wilt and charcoal rot diseases. The
. dose effect of 0.01 to 20 mM riboflavin showed that 1.0 mM concentration was
sufficient for maximum induction of resistance; higher concentration did not
increase the effect. At this concentration, riboflavin neither caused cell death of the
host plant nor directly affected the pathogen’s growth. Abbasi et al. (2010) recorded
that Piper nigrum, commonly known as “‘Black-pepper’”, has gained a global
consideration because of its volume in the spice industry, This plant has shown great
potential for the discovery of novel biologically active compounds and need for
techniques to enhance the production of high guality consistent plant material for
feasible accumulation of metabolites. Based on the present results, further studies
are needed for controlling the tomato Fusarium wilt (Fusarium oxysporum f.sp.
Iycopersici) under gashouse conditions, at Kazakhstan, using some of the tested
inducer treatments.

Egypt. J. Phytopathol., Vol. 38, No. 1-2 (2010)



104 A 0. SAGITOV eral

References

Aba Alkhail, A.A. 2005. Antifungal activity of some extracts against some plant
pathogenic fungi. Pakistan J. Biol. Sci., 8 (3): 413-417.

Abbasi, B.H.; Ahmad, N.; Fazal, H. and Mahmood, T. 2010. Conventional and
modern propagation techniques in Piper nigrum. J. Med. Plant Res., 4 (1): 7-12.

Abo-Elnaga, H1.G. and Ahmed, N.G. 2006. Effect of some essential oil and plants
extract on controlling Botrytis allii the causal pathogen of onion neck rot disease,
9" Arab Cong. Plant Protect., Damascus, Syria.

Attitalla, L.H.; Quintanilla, P. and Brishammar, 8. 1998. Induced resistance in
tomato plants against Fusarium wilt invoked by Fusarium spp. Acta Phytopathol.
Hungarica, 33: 89-95.

Benkeblia, N. 2004. Antimicrobial activity of essential oil extracts of various onions
(Allium cepa) and garlic (Allium sativum). Lebensm Wiss. Technol., 37: 263-268.

Dong, H. and Beer, S.V. 2000. Riboflavin induces disease resistance in plants by
activating a novel signal transduction pathway. Phytopathology, 90 (8): 801-811.

Edmunds, B. and Pottorff, L. 2009. Recognizing tomato problems. Fact Sheet No.
2.949. http://www.ext.colostate.edu/pubs/garden/02949.btml] .

Gomez, K.A. and Gomez, A.A. 1984. Statistical Procedures for Agricuitural
Research. 2™ Ed. John Wiley and Sons Ltd., New York, 680 pp.

Griffiths G.; Trueman L.; Crowther T.; Thomas B. and Smith B. 2002, Onions- A
global benefit to health. Phytother. Res., 16: 603-615.

Holguin-Pena, R.J. 2005. Fusarium wilt of tomato caused by Fusarium oxysporum
f.sp. lycopersici race-3 in Baja California Sur, Mexico. Plant Dis., 89: 1360.

Larkin, R.P. and Fravel, D.R. 2002. Effects of varying environmental conditions on
biological control of Fusarium wilt of tomato by nonpathogenic Fusarium spp.
Phytopathology, 92 (11): 1160-1166

Lylian, P.D.; Luiz, AM.; Onkar, D.D.; Vicente, W.D.; Ricardo, H.S.; Eduardo, S.G.
2006. Quantification of the efficacy of alternative products for tomato late blight

control. http://wwiv.scielo.br/scielo.php?seript=sci_arttext&pid= S0100-
4 0002 8

Ozgdnen, H.; Bigici, M. and Erkilic A. 2001. The cffect of salicylic acid and
endomycorrhizal fungus Glomus efunicatum on plant development of tomatoes
and Fusarium wilt cansed by Fusarium oxysporum fsp. kcopersici. Turk. J.
Agric. For., 25: 25-29.

Quarles, W. 2000. Least-toxic controls of plant diseases. hitp://www.bbg.org/
gardening/article/leasttoxic, controls of plant diseases/.

Egypt. J. Phytopathol., Vol. 38, No. 1-2 (2010)



IMPACT OF SOME RESISTANCE INDUCERS ON THE ...... 105

Reis, A.; Costa, H.; Boiteux, L.S. and Lopes C.A. 2005. First report of Fusarium
oxysporum £.5p. lycopersici race 3 on tomato in Brazil. Fitopatologia Brasileira,
30: 426-428.

Saikia, R.; Yadav, M.; Varghese, S.; Singh, B.P.; Gogoi, D.K.; Kumar, R. and
Arora, D. K. 2006. Role of riboflavin in induced resistance against Fusarium wilt
and charcoat rot diseases of chickpea. Plant Pathol. J., 22 (4). 339-347.

Takken, F. and Rep, M. 2010. The arms race between tomato and Fusarium
axysporum. Mole. Plant Pathol,, 11 (2): 309-314.

Zhang, S.; Yang, X.; Sun, M.; Sun, F.; Deng, 8. and Dong, H. 2009. Riboflavin-
induced priming for pathogen defence in Arabidopsis thaliana. J. Integrative
Plant Biol., 51(2): 167-174.

(Received 20/03/2010;
in revised form 18/05/2010)

Egypt. J. Phytopathol., Vol. 38, No. 1-2 (2010)



106 ' A.O. SAGITOV efal.

Py sai o Aagliall cillae pany il
SIS paspugS s pgy g Sadll
Al IS A plolalall Jped (2] pinal
Sl U ISR N TS PY R I PP
£ Al paladl 4o Al

k) JS — o Ay Sign sgne ¥

e g Amaln 30 40—l i 48

2908 a8 g Al Clialitindd Adai UG o5 ¢ Aul ol 03a i
| rasn ‘_hla.n‘, %i,'_’ Yor Yyr 6Y,v ge,0 t;ﬂ_»ﬂjq .\,.HI dilill
o dgaglle Yoy 0,0 01,0 0,0 60 u‘_ﬁ)ﬂuﬁﬁ_,”‘_,&nlu"
et ) plelaall (B psa )l 3gaill Jpsd i gal Capaall il B gy pad
t—!‘-ala.mule.‘.d'u_”.‘a‘x]_’ Uhna.ljsqi(usiu_»_,&]f_mm&_,l
YT 355 die Lilas lailh o ja3,y gal Japlli o Zym Aleli Y1 S o 30
o Bl piaany Jyalle T 3£ 5 dic Ol N o8l ol 4y
Llad AV gl Jilid) Galiiiaa S L (Mol o cdpaplle Ve 38 5
O Baaguean baliod (3Sy gall o aill (K5 du ageeddl 1 b
(%1) & 585 el aie a5

Egypt. J. Phytopathol., Vol. 38, Ho. 1-2 (2010)





