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A B S T R A C T 
 

The pathogen Phytophthora capsici, which causes black pepper foot rot, is the most 
detrimental disease that affects black pepper productivity and lowers qualitative and 
quantitative spike yields in southwest Ethiopia. The effectiveness of several fungicides and 
cultural methods against Phytophthora capsici in black pepper was tested in a field 
experiment. Five commercial fungicides and cultural practices were examined, and a natural 
Phytophthora capsici infection was noted. Disease incidence was determined by visually 
observing leaf blight, spike infection, leaf shedding, and vine yellowing. The most effective 
fungicide, with a disease incidence of 14.3%, was Koka blue 50 WG (Copper oxychloride) 
spraying when combined with cultural approaches. More 720 WP (Mancozeb + Cymoxanil), 
a combination of cultural practices and 19.1% disease incidence, came next. Agro-laxyl 63.5 
WP (Metalaxyl + Mancozeb) and Progress 250 EC (Propiconazole 25%) combined with 
cultural practices were also effective against Phytophthora infection and found better than 
only cultural practices applied plot and control.  
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Introduction 
 

Southwest Ethiopia has long been a center for 
cultivating black pepper (Piper nigrum L.), the 
king of spices. Black pepper is planted as a sole 
crop supported by live Erythrina indica, 
Grevillea robusta, etc. trees. In southwestern 
Ethiopia, one of the main diseases that affect 
black pepper production is foot rot disease, which 
is brought on by Phytophthora capsici (Jibat and 
Alo, 2021). According to Kifelew and Adugna 
(2018), this disease can cause a loss of vines of up 
to 21.4%, and in some gardens, that loss may 
even reach 95% (Anandaraj et al., 1989). Plant 
pathogen Phytophtora capsici is a polycyclic 
oomycete, and it is difficult to find host 
resistance. Black pepper's leaf, stem, spike, collar, 
and root are all infected by the disease. On leaves, 
the infection starts as water-soaked lesions that 
enlarge into dark brown spots with fimbriate 
margins and occasionally a greyish color. 
Depending on the disease's intensity, foliar 
infection causes variable degrees of defoliation. 
Spikes become infected, which causes them to 
shed. On delicate and woody stems, infection 
appears as dark, moist areas that progressively 
decay and cause die-back symptoms. According 
to Manohara et al. (2004), the most significant 
vine infections are collar and root infections, 
which cause quick wilting, defoliation, and vine 
mortality. 
 

Debris from infected plants, the main source of 
inoculum, can support the pathogen's year-round 
survival in the soil. According to Ravindran 
(2000), the disease is spread by termites, slugs, 

rain splash, soil, water, contact with roots, 
infected items, and water.  An integrated strategy 
integrating cultural and chemical control is 
required for the effective management of this 
disease because Phytophthora capsici is a 
polycyclic oomycete plant pathogen, and host 
resistance against the pathogen is not readily 
available (Anandaraj, 2000). However, chemical 
control is mainly used management method for 
black pepper foot rot. For the prevention of foot 
rot, it is advised to use fungicides like metalaxyl, 
phosphonates, and copper-based fungicides 
(KAU, 2011; Anandaraj, 2000). However, 
continuous use of a single fungicide molecule led 
to the formation of resistant pathogen isolates 
(Gisi and Cohen, 1996), which is why 
combination products are now utilized 
(Ramachandran et al., 1991). Contact fungicides 
do not effectively control the disease during 
periods of heavy rain, especially following the 
development of the disease in the field (KFRI, 
1996). Therefore, there is a clear need for more 
fungicides to be included in the integrated 
disease management plan to reduce the number 
of pathogens in the soil and manage infections. It 
has been discovered that a number of new 
fungicides have action against this oomycete 
disease (Thind, 2011). Taking into account the 
ones mentioned above, the present study was 
conducted with the following objective: 
 

 To evaluate the effect of cultural practices 
and fungicides on the black pepper foot rot 
disease epidemics development.  
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Materials and Methods  
 

During the main cropping seasons of 2021 and 
2022, the field experiment was carried out at 
Tepi Agricultural Research Centre. Since the sites 
are hot spots for the disease and the field is 
severely affected by it, the experiment solely 
depended on natural foot rot epidemics. The trial 
was set up using a randomized block design, with 
five different fungicides combined with cultural 
practices and check as treatments and three 
replications. Six plants per treatment, or two 
plants per plot in each replication, were used. The 
treatments include Progress 250 EC 
(Propiconazole 25%) + Cultural practices, Koka 
blue 50 WG (Copper oxychloride) + Cultural 
practices, Agro-laxyl 63.5 WP (Metalaxyl + 
Mancozeb) + Cultural practices, Cultural 
practices alone control, and Ethiozeb 80% WP 
(Mancozeb) + More 720 WP (Mancozeb + 
Cymoxanil) + Cultural practices. Beginning with 
the appearance of foot rot signs on the leaf, stem, 
root, and spike of black pepper plants, fungicide 
treatments were applied at intervals of fifteen 
days. The cultural practices used contribute to 
the development of diseases and, if properly 

applied, are crucial to managing the disease. All 
of the treatments, except control, adopted 
recommended cultivation practices such as 
managing shade and canopy, support tree 
pruning and weed control, frequent and complete 
black pepper spike harvesting, sanitizing wilted 
branches and spikes, mulching, plant and field 
hygiene, and other practices. 
 

Disease assessment 
 

During two years of treatment applications, 
natural infections caused by Phytophthora 
infections were noted every 15 days. Disease 
incidence was recorded by visually observing leaf 
blight, spike infection, leaf shedding, and vine 
yellowing. The experimental plants were 
evaluated and scored using a scale of 0 to 5 based 
on the infected area. Infection rates are expressed 
as follows: 0 = No infection, 1 = 1–10% infection, 
2 = 1–25% infection, 3 = 26–50% infection, 4 = 
51–75% infection, and 5 = greater than 75% 
infection. For analysis, the severity scores 
were then converted to the percentage of disease 
incidence (PDI) (Wheeler, 1969).  

 

PDI(%) =
Sum of all numerical ratings 

Total number of leaves observed X Maximum disease score  
X100 

 

Where; PDI = Percent disease incidence 
 

Data analysis 
 

Analysis of variance was carried out to determine 
how treatments affected disease incidence. For 
mean separation, the least significant difference 
(LSD at 5% probability level) was used. The 
Statistical Analysis System (SAS) Version 9.3 
(SAS Institute, 2014) was used for all data 
analysis.   
 

Results and Discussion  
 

The findings revealed that most fungicides 
significantly outperformed the control in 
Phytophthora infection control in black pepper 
field (Table 1). Except for Ethiozeb 80% WP 
(Mancozeb) combination with cultural practices 

and cultural practices alone treated plants, all 
evaluated fungicides significantly decreased 
disease incidence compared to control plants. 
When Koka blue 50 WG (Copper oxychloride) 
was applied with cultural activities, the lowest 
disease incidence rate (14.3%) among the 
fungicides and cultural practices was noted. More 
720 WP (Mancozeb + Cymoxanil) paired with 
cultural practices (19.1%) and Progress 250 EC 
(Propiconazole 25%) mixed with cultural 
practices (21.3%) were the subsequent effective 
treatments. Both cultural practices alone and 
cultural practices combined with Ethiozeb 80% 
WP (Mancozeb) were less successful in treating 
the foot rot disease of black pepper. 
 

 

Table 1. Effect of fungicides and cultural treatments on Phytophthora foot rot infection incidence in 
black pepper fields during the main cropping season of 2021/2022. 

 

Treatments Disease 
incidence (%)  

% reduction over 
control 

T1: Koka blue 50 WG (Copper oxychloride) + Cultural practices  14.3c 56.8 
T2: Agro-laxyl 63.5 WP (Metalaxyl + Mancozeb) + Cultural practices 21.7b 36.3 
T3: Progress 250 EC (Propiconazole 25%) + Cultural practices 21.3b 35.6 
T4: Ethiozeb 80% WP (Mancozeb) + Cultural practices 28.3a 14.5 
T5: More 720 WP (Mancozeb  + Cymoxanil) + Cultural practices 19.1b 42.2 
T6: Cultural practice only 31.3a 5.4 
T7: Control 33.1a - 
LSD (5%) 4.8  
CV (%) 10.66  

 

 

Means followed by the same letter(s) within a column and between adjacent columns are not significantly different at 5% 
level of significance.  
 

A combined analysis of the two years of data 
showed that all the tested fungicides significantly 
decreased the disease, as demonstrated by the 
lower percent disease incidence. The most 
effective treatment was Koka blue 50 WG 
(Copper oxychloride) combined with cultural 
practices, which decreased the disease 
incidence by 56.8% in comparison to the control. 
The second-best treatment found was More 720 

WP (Mancozeb + Cymoxanil) combined with 
cultural practices, which caused 42.2% less 
disease than the control. Similar to this outcome, 
research by Ramachandran et al. (1991); 
Anandaraj and Sarma (1995); KAU (2011) 
showed that application of Bordeaux mixture and 
copper oxy chloride reduced Phytophthora foot 
rot infection than control. According to Anjaneya 
Reddy et al. (2015) and Padmaja et al. (2015), 
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several novel fungicide compounds with various 
modes of action have been tested and reported 
against several Phytophthora species. When soil 
was treated with Reason (Fenamidone) + 
Previcur Flex (Propamocarb) and 
Dimethomorph, Michael and Martin (2008) 
found higher pepper plant survival in soil 
infested with Phytophthora capsici. Anith and 
Manomohandas (2001) and Manoranjitham et al. 
(2001) published reports on the use of biocontrol 
agents in combination for improved disease 
control. For better disease suppression, the 
fungal-bacterial combination may use one or 
more of their antagonistic mechanisms working 
separately or simultaneously in a synergistic 
manner. 
 

Conclusion  
 

The characteristics of the pathogen and the 
potential for fungicide residues to persist in 
pepper make management of pepper foot rot 
disease challenging. Using fungicides alone to 
completely control the disease is quite 
challenging. Along with chemical control 
techniques, an integrated approach combining 
phytosanitation, proper cultural practices, and 
the use of bio-pesticides is required. Black 
pepper's Phytophthora infection was significantly 
reduced in the current study as a result of foliar 
application of Koka blue 50 WG (Copper 
oxychloride) in combination with cultural 
practices, which was repeated three times during 
the season. For stronger defense against the 
devastating plant pathogen Phytophthora capsici 
in black pepper, much more study may be done 
by combining chemical fungicides with 
microorganisms that encourage plant growth. 
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