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Abstract-Pepper is considered one of the most important vegetable crops in Egypt. Wilt is a serious disease
attacking pepper plants causing considerable loss of pepper productivity. One hundred and thirty-nine isolates
related to 4 genera and 7 species were recovered from 40 wilted pepper plant samples (from each of the root
and stem) collected from 15 localities in Assiut and Behera Governorates in Egypt. e species were
encountered in the following order of number of isolates: Fusarium solani > F. oxys Alternaria

for all cultivars tested. On the other hand, sweat balady was the most sus
hot hybrid was the most resistant.
Keywords: Pathogenicity, Severity, Pepper cultivars, Fusarium oxysporu

1. INTRODUCTION

The main vegetables cultivated in Egypt organically are p
cucumber, cantaloupe, strawberry, tomato, cherry tomat
Pepper, Capsicum spp. is a member of the solanaceo
and non-pungent, which are also called hoi

Pepper is an important group of vegetable
every country of the world. Egypt is th&lseco f pepper after Nigeria [5].

Pepper has high nutritional value comprisi pounds such as antioxidant phenolic compounds,
volatile oils, fatty oils, capsaicinoids, carotenoi mins (A, C, E), potassium, folic acid, protein, fiber and
mineral elements [6, 7, 8].
In Egypt, the total cultivated area wi
65240 faddans (faddan = 0.4
Department, Field Crops
plastic-houses which wer

o, garlic, onio’oeans, sweet pepper, hot pepper,
pea [1, 2]
monly divided into two groups, pungent

oduction of 387964 tons (Food Legume Statistics
e, ARC., 2014). In 2007 sweet pepper and hot pepper grown under

Fusarium wilt is copside or devastative and destructive disease affecting crop production of
pepper [11,12]. The is extremely adaptable, variable and capable of long persistence in the soil in the
form of chlamy ngus survives for several years in soil. It is responsible for considerable plant
mortality and igh*losses in the yield and quality in many parts of the world [13, 14, 15, 16, 17,
18].

In Sol sporum was reported as the causal agent in tomato [19, 20], potato [21, 22], eggplant [23]
and ¢ and paprika (Capsicum annuum var. grossum) [27], sweet peppers (Capsicum annum)

usarium wilt in chili were done morphologically [30], biologically [31], and

According to the data collected by [34] it was found that wilt is the main disease in chili crops and F.
oxysporum is one of the causal agents of wilting in chili-producing countries of Asia, including India, China,
Indonesia and Thailand and in Central Java [26]. The pathogens viz., Fusarium oxysporum, Rhizoctonia solani,
Phytophthora capsici and Sclerotium rolfsii were isolated from bell pepper plants (Capsicum annuum L.) [35,
36, 37].

Fusarium wilt first appears as slight vein clearing on the outer portion of the younger leaves, followed by
epinasty (downward drooping) of the older leaves [38]. At the seedling stage, plants infected may wilt and die
soon after symptoms appear. In older plants, leaf epinasty are often followed by stunting, yellowing of the lower
leaves, formation of adventitious roots, wilting of leaves and young stems, defoliation, marginal necrosis of
remaining leaves, and finally death of the entire plant. Browning of the vascular tissue is a strong evidence of
Fusarium wilt in sweet pepper [39].

The fungus can invade the plant roots with its sporangial germ tube or mycelium. The roots can be infected
directly through the root tips, wounds in the roots caused by hail, wind,mechanical damage or insect feeding
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[13, 40]. Once inside the plant, the mycelium grows through the root cortex intercellulary. When the mycelium
reaches the xylem, it invades the vessels through the xylem pits [13]. Due to the growth of the fungus within the
plant vascular tissue, the plant water supply is greatly affected. This lack of water induces the leave stomata to
close, the leaves wilt, and the plant eventually dies. It is at this point that the fungus invades the plant's
parenchymatous tissue, until it finally reaches the surface of the dead tissue, where it sporulates abundantly. The
resulting spores which on their turn act as new inoculum for further spread of the fungus [13].
Mechanisms of resistance to Fusarium wilts include strengthening cell walls through callose deposition at sites
of infection, lignification by phenolic infusion in cell walls or suberization of cells, and the blocking of infected
vessels and compartmentalizing of root decay through production of vessel gels and tyloses [41, 42, 43, 44, 45,
46]. Carnation (Dianthus caryophyllus L.) roots resistant to Fusarium wilt also exhibit hyperplasia of
parenchyma cells adjacent to blocked xylem cells to regenerate vascular tissue [42]. Susceptible cultivars either
lack these mechanisms or do not express them quickly enough to prevent the spread of the pathogen [47].
In Egypt, wilt is the main disease in pepper plants and F. oxysporum is one of the causal agents of wilting in
pepper [17, 48, 49, 50]. Information on wilt disease of pepper regarding the causal agents and the degree of
resistance of the different cultivars is still limited.

This Study is Aimed to:

» Isolation and identification of fungal species recovered from roots of infected
localities in Assiut and Behera Governorates in Egypt.

» Evaluation of virulence potential of 60 different isolates of Fusarium s
Alternaria alternata (7), F. verticillioides (5), Macrophomina pha
Acremonium strictum (1) using pathogenicity test under greenhouse

» Evaluation of virulence potential of 3 isolates of Fusarium oxys
phaseolina against 4 cultivars of pepper (sweat balady, hot balady, swea

2. MATERIALS AND METHODS
2.1 Plant Materials

Plant showing the symptoms of wilt (Figurel) were
Assiut Governorate (36 samples) in 2012 and
Each sample is composite of at least 4 site

2.2 lIsolation of Fungi Associated Wit

The stems and roots of wilted plants were
washing with 70% ethanol for one ute, rinseei water and dried with sterilized filter papers, and three
to Dextrose Agar (PDA) plates. The cultures were
were transferred and streaked out into PDA agar plates and
the isolates. The pure fungal isolates were characterized based on the

incubated at 25 °C for 3 days.
incubated for 5 days to get

The following ed for the identification of fungal genera and species based on macroscopic
and microscop 52, 53] for Fusarium species and [54] and [55] for fungi in general.
Identificati Assiut University Mycological Centre (AUMC) specialists. One hundred and
thirty i ungi were identified and collected.

and Disease Assessment

Sixty isolates were randomly selected and screened for their pathogenicity to determine the virulence
potential under greenhouse and these isolates were related to Fusarium solani (34), F. oxysporum (8),
Alternaria alternata (7), F. verticillioides (5), Macrophomina phaseolina (4), F. subglutinans (2) and
Acremonium strictum (1) Table 2. The experiment was carried out during the season of 2013 under greenhouse
conditions at Plant Pathology Department, Faculty of Agriculture, Assiut University, Assiut, Egypt.

Inocula of the tested isolates (15-day-old) were prepared by growing isolates on barley sand mixture (150 g
barley grains + 50 g clean sand + 4 g glucose + 0.2 g yeast extract + 20 ml water) in 500-ml flasks and
incubated at 25°C for 15 days. Pots (25 cm in diameter) were sterilized by immersing in 5% formalin solution
for 15 minutes then left to dry. Pots were filled with sterilized soil and sand mixture at the rate of 1:2 w/w and
thoroughly mixed with the inoculum of the barley-sand mixture bearing the fungus at the rate of 3% w/w and
incubated for 15 days. Soil provided with the amount of soil and sand mixture and free fungal inoculum was
used as control. Two pepper seedlings of sweet pepper of 4 weeks old age were transplanted into the soil of each
pot. Three replicate pots were used for each isolate tested. Disease severity of wilt was determined after 60 days
from planting according to [33].
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(Disease severity scale x number of plants in each scale)
DSI= Y
The highest numerical scale index x total number of plants

Severity of wilt was determined for each plant using the following scale

0= no disease; 1= minor symptoms on a few leaves; 3= significant dwarfing, yellowing, wilt, and defoliation; 4
= some shoots with severity and some shoots dead, and 5= the whole plant dead

Plants which developed the same identical symptoms as those exhibited in the field during field survey were

subjected to re- isolation and identification process to fulfill the Koch’s postulate [56].

2.5 Evaluation of the Susceptibility of 4 Pepper Cultivars to Wilt Fungal Pathogens Under Green House
Conditions

The three highly virulent strains of each of Fusarium oxysporum, Macrophomina phaseolina and F. solani
previously tested were selected to assess their pathogenicity toward the seedlings of the 4 cultivars of Capsicum
plant (sweat balady, hot balady, sweat hybrid and hot hybrid).

RESULTS
A. ldentification of Wilt Causing Fungal Pathogens

Results of 40 wilted plant samples collected from different localities in Assi vernorates and
cultured on PDA medium contributed 139 fungal isolates Fig.1.1 . ngi isolated were
identified based on their colony characteristics and counted in the fallowing @ ading order: Fusarium
em and 2 from root),
Alternaria alternata (7 from stem), Macrophomina phaseolina (5 from roo um verticillioides (5 from

stem), F. subglutinans (2 from stem) and Acremonium strictum (1 isolate fro

= v T AN
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B. Pathogenicity Test

The results of Table 1.2 (Fig. a) showed that some tested isolates of F. oxysporum (5 isolates from stem), F.
solani (2 isolates from root and stem) and Macrophomina phaseolina (2 from root) have high pathogenic
ability toward pepper plants and caused symptoms typical of wilting. The highly pathogenic isolates showed
percentages ranging in case of Fusarium oxysporum from 57-73% severity, of M. phaseolina from 51.2-
62.2 and of F. solani (51.1-60.1%) compared to the control (2.2%). The moderately pathogenic isolates
were related to F. solani (5 isolates, 31.1-48.9% severity), F. oxysporum (3 isolates, 33.3-35.5% severity)
and M. phaseolina (2 isolates, 40-44.4% severity). The low pathogenic isolates were related to F. solani
(17 isolates, 4.4- 26.7% severity), F. verticillioides (3 isolates, 3.7-11.1% severity), Alternaria alternata (1
isolate, 8.1%), F. subglutinans (1 isolate, 5.9%) and Acremonium strictum (1 isolate, 17.8%). The
remaining isolates of F. solani (9 isolates), Alternaria alternata (6) and F. verticillioides (2) showed no
infection.
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Table-1.1 Incidence of Fungi Recovered from Wilted Plants of Pepper in Different Localities in Assiut
(Season of 2012) and Behera Governorates Season of 2013), Presented as the Number of
Segments from Which the Fungal Isolates were Recovered from Nine Segments in each Sample

of Root and Stem

/Assiut  |Localitie|No. off Acremoni| F. F. F. F. Macrophom|Alternar| No. | Mean
S sampl| um solani joxysporusubglutina| verticillioi ina ia of per
es (*)| strictum m ns des phaseolina [alternatalisolates{sample
root [stem fro |ste [rootistemiroot [stem [root |stem [root |stem |roo [stem
ot m it
Dirout |1 2 2 4 0.1
El- 3 5 3 8 0.2
Koussia
Manfalo 6 12 15 1 8 0.45
ut, El-
Hawatka
Manfalo (8 15 |7 1 3 0.5
ut,
Bani-
sand
Mangab |7 12 18 1 1 1 23 0.5
ad
Alghanaill 5 3 1 9 0.2
m
El-Fath [1 6 0.1
/Abnoub 5 8 0.2
shdb 1 4 0.1
Abo- 2 6 0.1
teeg
Reefa |1 2 0.05
Behera [Kom 2 1 3 14 0.35
Hamada
Badr 2 4 14 | 0.35
Total 0 7 139 34

and Low Pathogenic Potential of Fungal Isolates on Sweet Pepper
Isolate No. | % of infection

Highly pathogenic
F. AUMC 11423 66.7+3.8
F. AUMC 11424 736.1
F. oxysporum AUMC 11425 60+3.8
F. oxysporum 4 57+£15.7
F. oxysporum 5 67+7.8
F. solani 6 51.1+16.6
F. solani AUMC 11513 60.1+7.6
Macrophomina phaseolina AUMC 11512 51.2+1.2
M. phaseolina 9 62.2+2.5

Moderately pathogenic
Fusarium oxysporum 12 35.5+2.5
F. oxysporum 13 35+1.3
F. oxysporum 14 33.3x2.2
Fusarium solani 15 39.9+10.1
F. solani 16 44.4+6.7
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F. solani 17 33.3+8
F. solani 18 48.9+3.4
F. solani 19 31.1+1.2
F. solani 20 46.7+3.8
Macrophomina phaseolina 10 40+5.8
M. phaseolina 11 44.4+12.8

Low pathogenic

Acremonium strictum 21 17.8+£3.8
A. alternata 22 8.1+10.5
F. solani 23 44425
F. solani 24 4.4+1.2
F. solani 25 8.9+5.1
F. solani 26 8.9+3.4
F. solani 27 1
F. solani 28
F. solani 29
F. solani 30
F. solani 31
F. solani 32
F. solani 33
F. solani 34 z
F. solani 35 11.1+3.4
F. solani 36 13.3+3.8
F. solani 37 26.6+11.4
F. solani 23.7+2.5
F. solani 25.2+2.5
F. subglutinans 5.9+1.3
F. verticillioides 4.4+3.8
F. verticillioides 3.7+6.4
F. verticillioides ® 11.1+7.7
control 2.2
Non - pathogenic (17 isolates): 6 Alternaria 0s 44, 45, 46, 47, 48, 49), 9 F. solani (Nos 50, 51, 52,

53, 54, 55, 56, 57, 58) and 2 F. vert@ioides

Pathogenicity test

100
80 -+
>
_‘g 60
=
E 40 A
D
w
20 +
o
Fungi tested
Fig. b. Pathogenic Potential of Fungal Isolates Against Sweet Pepper
pg. 309
WWW.ijtrs.com
WWW.ijtrs.org
Paper Id: 1JTRS-V1-110-006 Volume 1 Issue 10, January 2017

@2016, IJTRS All Right Reserved



ISSN No.: 2454- 2024 (online)

International Journal of Technical Research & Science

C. Evaluation of the Susceptibility of Pepper Cultivars to Fungal Wilt Pathogens Under Green House
Conditions

Three isolates Fusarium oxysporum (AUMC11424), Macrophomina phaseolina (AUMC11512) and F. solani

(AUMC11513) which showed high pathogenic ability towards sweet pepper plants were selected and tested

against 4 pepper cultivars, namely sweat balady, hot balady, sweat and hot hybrid. The isolates were pathogenic

to the four cultivars but at different rates Table 1.3.

» Sweat balady was almost the most susceptible cultivar to all fungi while the hot hybrid was almost the most
resistant.

» Sweat and hot balady showed higher susceptibility to Macrophomina phaseolina than the other two
cultivars.

» Sweat balady (68.90%) was the most susceptible cultivar to F. oxysporum followed by hot balady (46.63),
sweet hybrid (37.33%) and hot hybrid (31.13%).

» Sweat balady (44.47) was more susceptible cultivar to F. solani than the other three cultivars.

» F. oxysporum strain (AUMC11424) showed the highest severity among the four cultivars

Fungi AUMC Sweat
Balady
Fusarium oxysporum 11424 68.90
Macrophomina phaseolina 11512 42.20
Fusarium solani 11513 44.47 .
control 0. 0.00 © 0.00 0.00
Mean . 2869 2555 18.33
L.S.D: 0.05, Fungi: 16.6, Cultivars: 16.0
DISCUSSION 'S
Results of the current survey of 40 wilt rom the root and stem) collected from different
localities in Assiut and Behera Governorat the isolation of 139 fungal isolates on PDA medium.
These isolates showed the following desce r: Fusarium solani (34 isolates), F. oxysporum (8),

Alternaria alternata (7), F. vertic
Acremonium strictum (1). In €hi
Rhizontonia solani, Sclerati
in Egypt. [57] Recov

homina phaseolina (4), F. subglutinans (2) and
, d Alternaria spp., F. oxysporum, Pythium spp.,
d Trichoderma spp. from the roots of wilted sweet pepper plants
Iternata, Fusarium oxysporum, F. equiseti, F. solani and

, Verticillium dahliae, Pythium capsici, R. solani, and species of
ergillus. [59] Identified from root (P. capsici) and stem (P. capsici and F.

oxysporum) o diseases of pepper plant in Northern Nigeria.
Fungal is m diseased pepper plants varied widely in their virulence of induction of wilt
disease un ouse conditions and can be classified into four groups:(1) highly pathogenic isolates

nging in case of F. oxysporum from 57-73% severity, M. phaseolina from 51.2-62.2
and F. solani .1-60.1%) compared to control (2.2%), (2) Moderately pathogenic isolates were also
related to F. ni (5 isolates, 31.1-48.9% severity), F. oxysporum (3 isolates, 33.3-35.5%) and M.
phaseolina (2 isolates, 40-44.4%), (3) Low pathogenic isolates were related to F. solani (17 isolates, 4.4-
26.7%), F. verticillioides (3 isolates, 3.7-11.1% severity), Alternaria alternata (1 isolate, 8.1%), F.
subglutinans (1 isolate, 5.9%) and Acremonium strictum (1 isolate, 17.8%), and (4) non-pathogenic isolates
of F. solani (9 isolates), Alternaria alternata (6) and F. verticillioides (2). [60] Reported that all isolates of
Fusarium obtained from diseased pepper plants are not necessarily capable of eliciting pepper disease.
This is not surprising because isolates morphologically classified as F. oxysporum likely comprise several
biological species based on their genetic differences [60, 61, 62, 63]. Also, [64] showed that not all isolates
of Fusarium species cause wilt disease in tomato plants indicating that some isolates were probably not
aggressive pathogens, they may be facultative pathogens that require high levels of plant stress to cause
disease; this would indicate that both pathogenic and nonpathogenic strains of this species commonly
colonize pepper plants.

Many fungi i.e Fusarium, Macrophomina, Rhizoctonia, Pythium, Verticillium and Sclerotinia causing
damping-of, root rot and wilt diseases in pepper plants are commonly encountered in the greenhouse,
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nurseries and fields [17, 65, 66, 67, 68]. The symptoms of Fusarium wilt observed in pepper plants in the
current work were similar to those earlier described by [69]. Pathogens specific for certain plant hosts are
known as ‘formae speciales’ [28, 66, 70, 71, 72, 73, 74]. The more detailed tests confirmed that F.
oxysporum f.sp. capsici is specific for pepper plant. Recently, [75, 76, 77] showed that F. oxysporum f.
sp. capsici was a reported pathogen to sweet pepper [78] . but the symptoms found are closer to those
manifested by the formae speciales that cause root and crown rot of other plants while F. oxysporum f. sp.
radicis-capsici f. sp. nov. was host-specific to pepper root and lower stem rot and did not cause damage to
tomato, eggplant, cucumber, watermelon and chinese cabbage.

F. oxysporum was also reported as the causal agent of wilt in sweet peppers (Capsicum annum) [24, 25, 26, 28,
29, 32].

In the current work Fusarium solani induced high pathogenic ability (2 strains), moderate (6) or low (17 out of
34). Fusarium solani is extremely common in soils and is a saprohytic fungus, which means it can colonize dead
or dying plant tissues. It can produce certain overwintering spores called chlamydospores that may remain
viable for years. The fungus can invade pepper stems at the nodes or at the soil line, taking advantage of wounds
created by pruning or salt damage [79]. Fusarium solani was reported to cause wilt dis
crops [18, 80], in tomato and brinjal crops [81, 82, 83].

The present results are also in agreement with those recorded by [60] that the is

. phaseolina
induces diseases on arange of crops, ranging from seedling blight, ilt, and pre- to
post-emergence damping off, which result in decreased stem height, girth d headWeight, or death, of
affected plants [84]. [85] Isolated M. phaseolina from root rot of pepper,
The present results revealed that Fusarium oxysporum strain (AUMC11
cultivars tested comparable to the other two strains tested (M. phaseo C11512 and F. solani
AUMC11513). On the other hand, sweat balady was the most susceptible culti o the three pathogens while
the resistant one was the hot hybrid. [86] Revealed that all inbred and Iﬁrid cultivars have high level of

resistance to Fusarium wilt in pigeonpea. [49] Reported that er figld conditions, balady cultivar of
white lupine was highly susceptible towards da g- oot rot diseases caused by F. solani
(

e most serious to the four

and M. phaseolina.
CONCLUSION
The present evaluation thus gave clear indi
Macrophomina phaseolina (AUMC11512)
highly virulent pathogens, against t

hybrid). Sweat balady was the m
resistant.

REFERENCES

[1] A. F. Abou Hadid. status of organic horticulture production and marketing in Egypt.
International Sy i n Organic Agriculture, Agadir, Morocco, pp.73-86.2001.

[2] Anonymous! j
Agricultur ation.2001.

[3] W.H . breeding. In breeding vegetable crops, Bassett, M.J. (Ed.). AVI Publ. Co.,
Conne . pp: 67-134.1986.

[4] M .K Hassanein, N.H. Esa, M.M.F. Abdallah. Productivity of pepper crop (Capsicum

annuu affected by organic fertilizer, soil solarization, and endomycorrhizae. Annals of Agricultural

: 131-137, 2013.

[5] N. Boughalleb, M. ElI Mahjoub. Effet de la solarisation sur Phytophtora nicotianae Breda de Haan var.
parasitica (Dastur) G.M. Waterhouse responsable d’un syndrome associant nécroses racinaires et
flétrissement sur piment (Capsicum annuum L.) en Tunisie. Tropicultura, 23 (3): 169-176, 2006.

[6] L.R. Howard, S.T. Talcott, C.H. Brenes ,Villalon B. Changes in phytochemical and antioxidant activity of
selected pepper cultivars (Capsicum sp.) as influenced by maturity. Journal of Agriculture and Food
Chemistry, 48:1713-1720, 2000.

[71 M.M. Wall, C.A. Waddell, Bosland P.W. Variation in beta-carotene and total carotenoid content in fruits of
Capsicum. Hort Science, 36: 746-749, 2001.

[8] A. Katoch, P. Kapoor. Fungal Diseases of Capsicum and Their Management. Popular Kheti, 2(2):100-103,
2014.

[9]1 Anonymous. The Year Book of Agricultural Statistics. Ministry of the Agriculture and Land Reclamation -
Egypt, pp120pp, 2006.

lates of Fusarium oxysporum (AUMC11424) and
MC11513) isolated from diseased pepper plants are
epper (sweat balady, hot balady, sweat hybrid and hot
susceptib to the pathogens while hot hybrid was the most

pg. 311
WWW.ijtrs.com
WWW.ijtrs.org
Paper Id: 1JTRS-V1-110-006 Volume 1 Issue 10, January 2017
@2016, IJTRS All Right Reserved



ISSN No.: 2454- 2024 (online)

International Journal of Technical Research & Science

[10] D.M. Khalaf. Emergy analysis of organic and conventional hot pepper under the green houses. African
Crop Science Conference Proceedings, 8: 1957-1967, 2007.

[11]L. Black, S. Green, G. Hartman, J. Poulos. Pepper Diseases: A Field Guide. Publication No. 91-347.
Asian Vegetable Research and Development Center, pp 98, 1991.

[12]M.F. Attia, K.A. Abada. Control of wilt and root-rot of pepper. 7th Cong. of Phytopathol., April, Cairo,
Egypt, pp 397-409,1994.

[13] G. N. Agrios. Plant Pathology, 3rd. ed. Academic Press, Inc.: New York, pp803,1998.

[14]C. Kucuk, M. Kivanc. Isolation of Trichoderma Spp. and determination of their antifungal, biochemical
and physiological features. Turkish Journal Biology, 27: 247-253, 2003.

[15] M.M. Abdel-Kader. Biological and chemical control of wilt disease of hot pepper (Capsicum annuum L.)
Egypt. J. Phtopathol, 27(1): 1-8, 1999.

[16]Z.A. Siddiqui, M.S. Akhtar. Biocontrol of a chickpea root-rot disease complex with phosphate solubilizing
microorganisms. J. Plant Pathol, 89: 66-77, 2007.

[L71M.F. Abdel-Monaim, M.E. Ismail. The use of antioxidants to control root rot and wilt diseases of
pepper. Not. Sci. Biol, 2(2): 46-55, 2010.

[18]D.G., Manu B.V. Tembhurne, B. Kisan, D.S. Aswathnarayana, J.R. Diwan. Inherj rium wilt

and qualitative and quantitative characters in chilli (Capsicum annuum L) J re and
Environmental Sciences, 3(2): 433-444, 2014.

[19] K. Hibar, M. Daami-Remadi, M. ElI Mahjoub. Induction of resistance in t@mat inst Fusarium
oxysporum f.sp. radicis-lycopersici by Trichoderma spp. Tunisian Jour a tion, 2: 47-58,

2007.

[20] A. Jacobs, R. Govender, S.W. Heerden. Fusarium oxysporum f. sp.
in South Africa. Australasian Plant Dis, 8:145-147, 2013

[21]L.G. Bayona, A. Grajales , M.E. Cardenas, R. Sierra, M.C.C. Garcia , A
First Report of Fusarium oxysporum causing potato dry rot in Solanum
Disease Reports, 24: 14, 2011.

[22] M. Du, X. Ren, Q. Sun, Y. Wang, R. Zhang. Char atiop of Rusarium spp. causing potato dry rot in
China and susceptibility evaluation of Chinese sm to the Pathogen. Potato Research,
55:175-184., 2012.

[23] H.H. Altinok, C. Can, H.F. Boyaci, V@i op . variability among breeding lines and cultivars of
eggplant against Fusarium OXysporum ae from Turkey. Phytoparasitica, 42: 75 — 84,
2014,

[24]L. H. Leonian. Fusarium wilt of chile

[25] M. Joshi, R.Srivastava, A.K. Sharma, A.
oxysporum for biocontrol of FuSari

P. Jimenez, S. Restrepo S.
erosum in Colombia. New

. Exp. Sta. Tech. Bull, pp121, 1919.

reening of resistant varieties and antagonistic Fusarium

Plant Pathol Microb, 3:134, 2012.

[26]R.S. Ferniah, B.S. Daryon .S. . atmojo. Characterization and pathogenicity of as the
causal agent of Fusarium wi hili, (Capstcum annuum L.). Microbiology, 8(3): 121-126, 2014.

[27]1S-d.Cha, Y-J. Jeon, G-R. Ahn , JIl. Han, K-H. Han, S.H. Kim. Characterization of Fusarium
oxysporum isolated from Paprika in Korea. Mycobiology, 35(2): 91-96, 2007.

[28] M. Mushtaq, M.mFum'ssociated with wilt disease of Capsicum in Sindh, Pakistan. Pakistan J
Bot, 29: 217,222,

[29]1.Y. Sahi and A.N. Khalid. In vitro biological control of Fusarium oxysporum-causing wilt in Capsicum
annuum. Mycopath, 5(2): 85-88, 2007.

[30]H. Zahara, L.H. Harahap. Identifikasi jenis cendawan pada tanaman cabai (Capsicum annuum ) pada
topografi yang berbeda. Seminar Temu Teknis Pejabat Fungsional Non Peneliti. Bogor, 21-22, 2007.

[31]E.S. ni Karakterisasi biologi isolat-isolat Fusarium sp. Pada tanaman cabai merah (Capsicum
annum L) Boyolali. Skripsi. Surakarta: Universitas Sebelas Maret, 2010.

[32]P. Chaiyawat, C. Boonchitsirikul, K.S. Lomthaisong. An investigation of a defensive chitinase against
Fusarium oxysporum in pepper leaf tissue. Mj. Int. J. Sci., 2(01):150-158, 2008.

[33] A. Wongpia, K. Lomthaisong K. Changes in the 2DE protein profiles of chilli pepper (Capsicum annuum)
leaves in response to Fusarium oxysporum infection. Science Asia, 36: 259-270, 2010.

[34]M. Ali M. Chili (Capsicum spp.) Food Chain Analysis: Setting Research Priorities in Asia. Shanhua,
Taiwan: AVRDC - The World Vegetable Center, Technical Bulletin No. 38, Avrdc Publication, 06-678.
157 — 206, 2016.

[35]S. Shali. Studies on chilli wilt in Jammu M.Sc Thesis submitted to Sher-e- Kashmir University of
Agriculture Science and Technology Jammu, pp. 45, 2000.

[36] A.G. Najar. Cause and management of chilli wilt in Kashmir. Ph.D thesis submitted to Sher-e-Kashmir
University of Agricultural Science and Technology (Kashmir) Shalimar Campus, Srinagar Jammu and
Kashmir India, pp143,2001.

pg. 312
WWW.ijtrs.com
WWW.ijtrs.org
Paper Id: 1JTRS-V1-110-006 Volume 1 Issue 10, January 2017
@2016, IJTRS All Right Reserved


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3763136/

ISSN No.: 2454- 2024 (online)

International Journal of Technical Research & Science

[37]T.R. Rather, V.K. Razdan, A.K. Tewari, E. fath Shanaz, Z.A. Bhat, M.G. Hassan, S-K. Wani. Integrated
management of wilt complex disease in Bell Pepper (Capsicum annuum L.). Journal of Agricultural
Science, 4 (7), 2012.

[38]A.M. Sally, C.R. Randal, M.R. Richard. Fusarium Verticillium wilts of Tomato, Potato, Pepper and Egg
plant. The Ohio State University Extension. Plant Pathology, 2006.

[39] G.N. Agrios. Plant Pathology. 5"edition. Elsevier Academic Press. London,2005.

[40] D.K. Choudhary and A. Varma. Microbial-mediated induced systemic resistance in plants. Mycobiology,
pp. 226, 2016.

[41]R. P. Baayen, G.B. Ouellette, D. Rioux. Compartmentalization of decay in carnations resistant to Fusarium
oxysporum f. sp. dianthi. Phytopathology, 86: 1018-1031, 1996

[42] R. P. Baayen. Responses related to lignification and intravascular periderm formation in carnations resistant
to Fusarium wilt. Canadian Journal of Botany, 66(4): 784—792, 1988.

[43] C.H. Beckman, W.C. Mueller, B.J. Tessier, N.A. Harrison. Recognition and callose deposition in response
to vascular infection in Fusarium wilt-resistant or susceptible tomato plants. Physiologial Plant Pathology,
20(1): 1-10,1982.

[44]P.M. Charest, G.B. Ouellette, F.J. Pauze. Cytological observations of early infection process by Fusarium
oxysporum f. sp. radicis-lycopersici in tomato plants. Canadian Journal of Botany, 62(6): 1232-1244, 1984.

[45]R. Harling, G.S. Taylor G.S. A light microscope study of resistant and susceptible carnations infected with
Fusarium oxysporum f. sp. dianthi. Canadian Journal of Botany, 63(3): 638-646, 1985.

[46] M.1. Trillas, Cotxarrera L., Casanova E., N. Cortadellas. Ultrastructural changes and localization of chitin
and callose in compatible and incompatible interactions between carnation callus and Fusarium oxysporum.
Physiological and Molecular Plant Pathology, 56(3): 107-116, 2000.

[47]1B.D. Collins. Management of Fusarium wilt in bunching spinach production in Ontario, Canada. Master
Thesis, University of Guelph, 2006.

[48]M.M.M. Ragab, A.M.A. Ashour, M.M. Abdel-Kader, R. El-Mohamady, A. Abdel-Aziz. In Vitro
evaluation of some fungicides alternatives against Fusarium oxysporum the causal of wilt disease of
pepper ( Capsicum annum L.). Int. J. Agric. Forestry, 2 (2): 70-77, 2012,

[49]M.F. Abdel-Monaim, M.R. Gabr, S.M. EI-Gﬂ, R™8haat, A.M. El-Bana. Pathological and
physiological studies on root rot disease inquhite, | e (Lupin rmis Forsik), 2014.

[50]K.A. Abada, M.A. Ahmed. Management Fusarium wilt of sweet pepper by Bacillus strains. American
Journal of Life Sciences, 2 (6-2):19-25, 2014.

[51]C. Booth. Fusarium: Laboratory guide identification of the major species. Kew. Common wealth
Mycological Institute, 1977.

[52]J.F. Leslie, B.A. Summerell. The Fusarium Laboratory Manual. Blackwell Publishing Ltd, lowa, 2006.

[53]M.A. Ismail, S.I.I. Abdel-Hafez, N.A. Hussein, N.A. Abdel-Hameed. Contributions to the genus Fusarium
in Egypt. TMKARPINSKI, 88B: 62-002, 2015.

[54] A.H. Moubasher. Soil fungi in Qatar and other Arab countries. The Scientific and Applied Research
Centre,University of Qatar, pp. 566, 1993.

[55] K.H. Domsch, W. Gams, T. Anderson. Compendium of soil fungi. 2" ed. IHW-Verlag, Eching, Germany,
2007.

[56] Koch L. Die Arachniden Australiens. Nurnberg, (1): 741-888, 1876.

[57]A. Jamiotko . m isolated from underground part of hot pepper (Capsicum annuum) plants
cultivated intbe fi opathologia, (51): 3744, 20009.
a

[58]S. San . rpenter. Incidence of Phytophthora blight and Verticillium wilt within chile pepper fields
ind\lew Plant Disease, 90: 291-296, 2006.

[59]M. Alegbejo, A. Lawal, P. Chindo, O. Banwo O. Outbreak of basal stem rotand wilt
disease of pepper in northern Nigeria. Plant protection, pp. 46: 1, 2006.

[60]N.S. Dudley, R.L. James, R.A. Sniezko, A. Yeh. Pathogenicity of four Fusarium species on Acacia
koa seedlings. USDA Forest Service, Northern Region, Forest Health Protection, pp. 07-04.10, 2007.

[61]T.R. Gordon, R.D. Martyn. The evolutionary biology of Fusarium oxysporum. Annual Review of
Phytopathology, 35:111-128, 1997.

[62]H.C. Kistler. Genetic diversity in the plant pathogenic fungus Fusarium oxysporum. Phytopathology,
87:474-479, 1997.

[63] A. Di Pietro, M.P. Madrid, Z. Carcuel, J. DelgadoJarana, M.I.G. Roncero. Fusarium oxysporum: exploring
the molecular arsenal of a vascular wilt fungus. Molecular Plant Pathology, 4:315-325, 2003.

[64]J.R. Bao, D.R. Fravel, N.R. O’Neill, G. Lazarovits, and P. V. Berkum. Genetic analysis of pathogenic and
nonpathogenic Fusarium oxysporum from tomato plants. Canadian Journal of Botany, 80:271-279, 2002.

[65]J.Y. Lu, C.F. Yu, L.H. Ju. Studies on differentiation of the virulence of Verticillium dahliae on pepper.
Acta Phytopathologia Scientia, 14(4):213-218, 1984.

pg. 313
WWW.ijtrs.com
WWW.ijtrs.org
Paper Id: 1JTRS-V1-110-006 Volume 1 Issue 10, January 2017
@2016, IJTRS All Right Reserved


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3763136/

ISSN No.: 2454- 2024 (online)

International Journal of Technical Research & Science

[66]J.T. Fletcher J.T. Fusarium stem and fruit rot of sweat peppers in the glasshouse. Plant Pathology, 43:225-
227, 1994.

[67]Soner Soylu, M. Soylu, K. Sener, O.K. Ekici O.K. Antagonistic potentials of rhizosphere associated
bacterial isolates against soil-borne diseases of tomato and pepper caused by Sclerotinia sclerotiorum
and Rhizoctonia solani. Pakistan J. of Biol. Sci., 8(1):43-48, 2005.

[68]N. Goicoechea N. Verticillium-induced wilt in pepper: Physiological disorders and perspectives for
controlling the disease. Plant Pathology J., 5(2):258-265, 2006.

[69]F. Garcia. Reduction of chile wilt by cultural methods. NM. Agr. Exp. Sta. Bull, pp. 216: 1-5, 1933.

[70]W.F.O. Marasas, P.E. Nelson, T.A. Toussoun. Toxigenic Fusarium Species: Identity and Mycotoxicology.
The Pennsylvania State University Press, University Park, Pennsylvania, pp. 8-9, 1984,

[71] G. Cartia, T. Cipriano, M. Napoli. Osservazioni sulla eziologia di una necrosi basale del peperone. Colture
Protette, (1):71-75, 1988.

[72]1V.C. Rivelli. A wilt of pepper incited by Fusarium oxysporum f. sp. capsici, f.sp.nov. M. Sc., Thesis,
Louisiana State University, Baton Roug, 1989.

[73]E. Jovicich, D.J. Cantliffe, G.J. Hochmuth G.J. Elephant’s Foot a plant disorder in hydroponic greenhouse
sweet pepper. Proceedings of the Florida State Horticultural Society, 112:310-312, 1999.

[74]1L.L. Black. Fusarium wilt. compendium of pepper diseases. Perezny, K.,Roberts,P.D.,Murphy,J.F.,
Goldberg, N. P., eds. American Phytopathological Society Press, pp 14-15, 2003.

[75]A. Pérez-Hernandez, Y. Serrano-Alonso, M. |. Aguilar-Pérez, R. Gémez-Uroz, J. Gomez-Vazquez.
Damping-off and root rot of pepper caused by Fusarium oxysporum in Almeria province, Spain. Plant
Disease, 98(8): 11-59, 2014.

[76] T. Lomas-Cano, D. Palmero-L1lamas, M. de Cara, C. Garcia- Rodriguez, A. Boix-Ruiz, F. Camacho-Ferre,
J.C. Tello-Marquina. First report of Fusarium oxysporum of sweet pepper seedlings in Almeria, Spain.
Plant Disease, 98(10): 1435-1436, 2014.

[77]1T. Lomas-Cano, A. Boix-Ruiz, M. de Cara-Garcia, J.I. Marin-Guirao, D. Palmero-Llamas, F. Camacho-
Ferre, J.C. Tello-Marqui. Etiological and epidemiological concerns about Pepper root and lower stem rot
caused by Fusarium oxysporum f. sp. radicis-capsici f. sp. nova, 2006.

[78] V.C. Rivelli V.C. A wilt of pepper incited by Fusarium oxysporum f. sp. capsici, f.sp.nov.M.S. Thesis,
Louisiana State University, Baton Roug, 1989.

[79]R. Cerkauskas. Fusarium stem and fruit rot of greenhouse pepper. Factsheet ISSN 1198-712X, Ministry of
Agriculture, Food and Rural Affairs. Ontario. Canada, 2001.

[80] A. Singh, A. K. Singh. A. Singh. Stregnin epmplasms against Fusarium wilt. Crop Research, 15:
132-133, 1998.

[81]W.C. Snyde, H.N. Hansen. The species ¢ usarium. American J. of Botany. 27: 64-67, 1940.

[82] M. Bondad-Reantaso, R.P. Subasi K. Ogawa, S. Chinabut, R. Adlard, Z. Tan, M.
Shariff. Disease and health culture. Vet. Parasitology, 132: 249-272, 2005.

[83]S.K. Dwivedi, Enespa. Inv ome fungal antagonists against Fusarium solani and Fusarium
oxysporum f. sp. | i brinjal and tomato wilt. International Journal of Biological &

Survey,of f affecting some vegetable cropsand their rhizospheric soilborne microorganisms
grown Itivation system in Egypt. Research Journal of Agriculture and Biological
S 3-211, 2011.

[86]K.B V. Kumar, R.K. Saxena, M. Sharma, R.K. Srivastava, R. Sultana, R.K. Varshney, M.I.

e S. Identification of dominant and recessive genes for resistance to Fusarium wilt in
pigeonpea and their implication in breeding hybrids. Euphytica, 188:221-227, 2012.

pg. 314
WWW.ijtrs.com
WWW.ijtrs.org
Paper Id: 1JTRS-V1-110-006 Volume 1 Issue 10, January 2017
@2016, IJTRS All Right Reserved



