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The research was conducted to find out the most significant concentration of organic matter and soil types for diminishing
disease incidence on chilli. In contemporary studies, two experiments were conducted to evaluate the impact of organic
manures (OM) and soil types on the development of Fusarium wilt in greenhouse in pots which are filled with infested soil,
under completely randomized design (CRD). In first experiment, different levels (0.5, 1, 1.5 and 2%) of cattle and poultry
manures were evaluated. Cow manure expressed 33.23, 25.20, 22.26 and 17.23% and poultry manure exhibited 38.23, 27.26,
23.30 and 19.30% disease incidence at 0.5, 1, 1.5 and 2% OM, respectively. In second experiment, two varieties of chilli
pepper viz. Desi and Maxi were grown in different soil types i.e. sandy, clay and sandy loam soils. These varieties (Maxi and
Desi) expressed 63.27 and 49.27 percent disease incidence respectively in sandy loam soil whereas similar varieties exhibited
36.27 and 29.57 percent disease incidence in clay soil. Similarly, these varieties showed 25.23 and 23.43 percent disease
incidence in sandy loam soil. It was statistically concluded that minimum disease was expressed by cow manure at 2% OM

and sandy loam soil among other soil types.
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INTRODUCTION

Chilli (Capsicum annum L.) is an important summer
vegetable crop of Pakistan. It belongs to family Solanaceae
(Bosland and Votava, 2000; Ziino et al., 2009). It was
originated from South and Central America. In 1500 AD, it
was introduced in South Asia and dominates the world’s spice
trade. Its world production was assessed to be 3.47 million
tones (Hussain and Abid, 2011). In Pakistan, it is cultivated
on an area of 62.7 thousand hectares and total production of
150,300 tons (Bashir et al., 2016). It has high nutritional value
as it contains carotene (175 pg), thiamine (0.190 mg),
riboflavin (0.190 mg), niacin (0.900 mg) and vitamin C (111
mg) per 100 grams (Joshi et al., 2012).

Successful production of chilli is facing numerous problems
of fungal, bacterial and viral diseases owing to non-
availability of disease free seeds. Among these constrains,
Fusarium wilt caused by Fusarium oxysporum (Schlect.)
Emend. Synd. and Hans. f. sp. capsici Riv. is the most
important one, which is a destructive soil born fungal
pathogen (Matthew et al., 2006). In the world, this disease
reduced $65300.00 million revenue with 48 percent disease
incidence and yield losses of 100kg bags/ha (Matthew et al.,
2006) while in Pakistan, the overall disease incidence is 21.9
percent in vegetables followed by 16.6 percent in hot pepper

and decrease the production of 115.5 to 90.5 thousand tons
during 1999-2005 (Hussain and Abid, 2011).

Appearance of yellow leaves, decaying and stunting are the
characteristic symptoms of Fusarium wilt of green chilli. The
whole plant appears to be brown and sunken with
discoloration and girdling of cankers at the base (Matthew et
al., 2006). Plants wilt due to pathogen attack expressed
distinct morphological appearance as compared to abiotic
stress. Pathogen enters through fibrous roots from soil, its
existence in xylem and phloem tissues, blocks the entire
vascular system of plants (El-Kazzaz et al., 2008).

Microbial communities are greatly influenced by soil types.
Microconidia of Fusarium oxysporum f. sp. capsici (Foc) has
different modes of damage in cultivated as well as
uncultivated soils owing to the change in the density of spore
and soil types. Sandy loam soils have less water holding
capacity which is unsuitable for fungal growth because water
is the foremost component which is deficient in sandy soils as
compared to clay loam soil (Latiffah et al., 2009).
Temperature has an adequate effect on the growth of soil
borne  pathogens. High temperature reduces the
manufacturing of antimicrobial compounds such as
capsaicinoids, capsicine and phenolics which provide a place
for pathogen attack in the absence of these antimicrobial
compounds (Estrella et al., 2003).
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Amendments in soil organic matter (OM) not only improve
physical and chemical properties of soil but also suppress the
population of Fusarium oxysporum (Martin, 2003; Bonanomi
et al., 2010; Nikoli and Matsi, 2011). It was observed that
application of OM in the soil reduced Fusarium wilt disease
up to 80% (Rochette et al., 2006; Reijs et al., 2007; Darby et
al., 2006). Randall et al. (2000) used OM for the management
of Fusarium wilt and found promising results but he also
described that reduction in disease depends upon source and
time of application of OM. That is why in present study
different levels and sources of OM were evaluated against
Fusarium wilt of chilli.

MATERIALS AND METHODS

Impact of soil types on Fusarium: Impact of soil factors
including soil types was determined under greenhouse
conditions in pots. Three types of soils i.e. sandy soil (T1),
clay soil (T2) and sandy loam soil (T3) were prepared. For the
preparation of sandy soil 90% sand, 7% silt and 3% clay was
mixed while in case of sandy loam 49% sand, 44% silt and
7% clay and for clay soil, 90% clay, 7% sand and 3% silt was
mixed (Rauf et al., 2007). Sandy loam soil served as control
treatment. These soils were surface sterilized with formalin
(1:320) (Khan et al., 2016) and inoculated with % petri plat of
fully grown 7 days old culture of Foc with concentration of
1x10° spores /ml (adjusted with haemocytometer) to check
the influence of various soil types on disease incidence (%).
Each treatment with three replications and a control was
evaluated under completely randomized design (CRD).

Impact of different levels of organic matter (OM) on
incidence (%) of Fusarium wilt: Impact of OM on the
development of chilli wilt was evaluated under greenhouse
conditions. Two different organic manures viz. cattle manure
(T1) and poultry manure (T2) were analyzed on dry weight
bases from Institute of Animal Husbandry, University of
Agriculture, Faisalabad (UAF) to examine the original
amount of organic matter present in the manures. In poultry
manure 25.7, 6.7 and 10.1 while in cow manure 4.9, 4.5 and
1.6 g/Kg amount of NPK was determined by using Total
Kjeldhal Nitrogen (TKN) Scarf apparatus (made in Quic Fit,
England) and atomic absorption spectrophotometer (Z-8200,
Hitachi, Japan) respectively for NPK. Different levels of
manures (0.5, 1, 1.5 and 2%) after analysis and tedious
mathematical calculations were adjusted and mixed in soil
homogeneously (Wong et al., 1983). This soil was analyzed
in the Department of Soil Chemistry (UAF) for the
confirmation of adjusted levels of OM. Then, soil was
inoculated with actively growing culture of Foc @ 1x10°
spores/ml of distill H,O. 1.2 kg of this soil was added in each
plastic pot (17x13 cm) size. Pots that contain inoculated soil
and no organic matter were considered as control treatment.
These pots were kept on greenhouse bench at 0.82 % RH and
28°C temperature of greenhouse under completely

randomized design (CRD) and data of disease incidence was
recorded on weekly basis.
DI No. of infected plants

~ Total no. of observed plants

Table 1. Different levels of organic matter adjusted for
greenhouse experiment.

Different levels of Cow Manure Poultry Manure

organic manure o/lkg 09/1.3kg g/l1kg 9/1.3kg

(%) soil soil soil soil
0.5 5 6.5 2 2.6
1 10 13 4 5.2
15 15 19.5 6 7.8
2 20 26 8 10.4

The quantity of organic matter was calculated for pot size of 17x13
cm containing 1300g (1.3kg) soil.

Data analysis: All the statistical tests were performed using
SAS/STAT statistical software (SAS Institute, 1990). Means
were separated by using Fisher’s protected least significant
difference (LSD) procedure by taking P = 0.05% probability
level (Steel et al., 1997). Analysis of variance (ANOVA),
interaction of different treatments and their combinations
were developed by using SAS/STAT software package

RESULTS

Evaluation of different levels of soil organic matter (OM)
against Fusarium wilt of chilli under greenhouse
conditions: Two varieties of chilli pepper (Maxi and Desi)
were grown in different manures namely cow manure, poultry
manure with four different concentrations viz. 0.5%, 1%,
1.5% and 2%. It was observed that both varieties showed
disease incidence of 33.23, 25.20, 22.26 and 17.23 percent in
cow manure having different concentrations (0.5, 1, 1.5 and
2%, respectively). Similarly, both varieties were grown in
poultry manure with similar concentrations and expressed
38.23, 27.26, 23.30 and 19.30 percent disease incidence under
green house conditions as compared to control. It was
statistically observed that chilli pepper varieties expressed
minimum disease incidence in cow manure (33.23, 25.20,
22.26 and 17.23%) as compared to poultry manure (38.23,
27.26, 23.30 and 19.30 percent) (Table 2, Fig. 1).

Table 2. Impact of organic matter on the development of
Fusarium wilt of chilli under greenhouse

conditions.

Treatments Disease incidence (%)

Concentrations of OM

0.5% 1% 1.5% 2%

Cow manure 33.23f  25.20h 22.26] 17.23I
Poultry manure 38.23f 27.26g  23.30i 19.30k
Control 68.70d  71.40c  75.50b 78.40a
LSD 0.2864

Mean values in a column sharing similar letters do not differ
significantly as determined by LSD test (P < 0.05).
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Figure 1. Impact of different organic manures on the

development of Fusarium wilt of chilli .

Evaluation of soil types against Fusarium wilt of chilli
under greenhouse conditions: In current experiment,
different soil types i.e. sandy soil, clay soil and sandy loam
soils were used as treatments. Two chilli pepper varieties viz.
Desi and Maxi were grown under greenhouse conditions and
the impact of treatments (sandy soil, clay soil and sandy loam
soils) were statistically observed. Both varieties expressed
maximum disease incidence of 63.27 and 49.27 percent sandy
whereas in clay soil the disease incidence of 36.27 and 29.57
percent was seen on similar varieties of chilli pepper.
Likewise, both varieties showed minimum disease incidence
of 25.23 and 23.43 percent in sandy loam soil. Therefore, it
was observed that sandy loam soil is statistically significant
to diminish the disease incidence as compared to other
treatments viz. clay soil and sandy soil (Table 3, Fig. 2).

Table 3. Impact of soil types on the development of
Fusarium wilt of chilli under greenhouse

conditions.
Treatments Disease incidence (%0)
Varieties
Maxi Desi
Sandy soil 63.27a 49.27b
Clay soil 36.27¢c 29.57d
Sandy loam (Control) 25.23e 23.43f
LSD 0.3753

Mean values in a column sharing similar letters do not differ
significantly as determined by LSD test (P < 0.05).
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Figure 2. Impact of soil types on the development of
Fusarium wilt of chilli.

DISCUSSION

Fusarium wilt caused by Fusarium oxysporum f. sp. capsici is
a potential threat in chilli growing areas of Pakistan, causing
70-100% vyield losses under conducive environmental
conditions (Ashfaq et al., 2014). Cholorosis, vascular
discoloration and wilting are the characteristic symptoms of
this disease (Matthew et al., 2006).

Soil plays a crucial role for growth, survival, multiplication
and dissemination of soil borne microorganisms because it
provides a habitat for their growth and development
(Chuankun et al., 2004). Among these microorganisms,
Fusarium oxysporum f. sp. capsici is thermophilic, ubiquitous
soil borne plant pathogen which is abruptly affected by
different types of soils (Ozer et al., 2009) like sandy, clay and
sandy loam soils. These soils possess different electric
conductivity (EC), pH (alkaline and acid character), organic
manure, soil texture (ratio of sand, silt and clay particles) and
inhibitory volatile fungistatic compounds which consequently
alters the activity of soil borne plant pathogens (Ma et al.,
2001).

In the current studies, sandy loam soil exhibited significant
results with minimum disease incidence due to the presence
of adequate proportion of soil particles (sand, silt and clay)
which have specific acid and alkaline nature as compared to
sandy and clay soils reduced the growth of chlamydospores,
microconidia and macroconidia of Fusarium oxysporum f. sp.
capsici (Attitalla et al., 2011) by disturbing genetic properties
like aggressiveness and virulence of Fusarium oxysporum f.
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sp. capsici (Cramer, 2000). The other reasons for less disease
incidence is moderate water holding capacity of sandy loam
soil which is inappropriate for fungal growth (Latiffah et al.,
2009). Similar results were reported by Chellemi (2002),
Noble and Coventry (2005) and Darby et al. (2006).
Research revealed that application of organic matter in soil
helps in improving physical (water holding capacity, aeration
and nutrient uptake) and chemical properties of soil which not
only enhanced crop growth but also suppress soil borne
pathogens like Fusarium oxysporum (Bilgrami and Dube,
1976; Zhang et al., 2006; Bonanomi et al., 2010; Gotora et
al., 2014). In the contemporary studies, cow and poultry
manures were used as a source of OM for management of
Fusarium wilt of chilli pepper. Both sources expressed
significant results but cow manure showed pronounced results
in suppressing Fusarium oxysporum f, sp. capsici. Because
OM not only boosts up growth rate but also increases rigidity
of cell wall and resistance in plants against soil borne
pathogens (Basak et al., 2002). Outcomes of the present study
are supported by the work of Randall et al. (2000) who used
OM against Fusarium wilt disease and found promising
results but, rate of disease inhibition depends on the source of
organic matter, application method, rate, timing and weather
conditions (Mattila and Joki, 2003; Rochette et al., 2006;
Reijs et al., 2007). It has been observed that incidence of
Fusarium was reduced from 50-80% through application of
OM which suppressed Fusarium wilt disease by changing soil
pH (Basak et al., 2002; Darby et al., 2006; Ha and Huang,
2007; Bustamante et al., 2008).

Conclusion: Cow manure at 2% concentration is statistically
significant to reduce disease incidence (17.23%) as compared
to poultry manure at 0.5, 1, 1.5 and 5% concentrations.
Likewise, comparatively minimum disease incidence
(23.43%) was observed on sandy loam soil than sandy and
clay soil.
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