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Abstract | This study evaluated the efficacy of dried Nerium oleander powder in controlling bacterial wilt 
(BW) in tomatoes. The experiment applied the powder to pathogen-contaminated soil using mulching and 
mixing techniques, testing two particle sizes (fine and coarse) at four doses (0 g, 14 g, 28 g, and 42 g). 
Laboratory results showed that all powder concentrations significantly inhibited pathogen growth compared 
to the control, with the 15% powder extract achieving the highest inhibition zone (16.25 mm), followed by 
the 10% extract (12.47 mm). The implementation of this approach resulted in significant enhancements in 
the length of tomato plant roots (98.54%), shoot length (23.11%), and fresh biomass (18.97%) as compared 
to the control group that did not get any treatment. In addition, the smaller particle size at the higher dosage 
(42 g/kg soil) functioned better than the larger particle size, leading to increases of 50%, 33.04%, and 31.26% 
in root length, shoot length, and fresh biomass, respectively. The finely ground powder’s effective integration 
with soil facilitated the rapid breakdown of organic matter, thereby enhancing the release of volatile and non-
volatile compounds with bactericidal properties. Consequently, this process effectively suppressed pathogen 
populations in the soil, contributing to the control of bacterial wilt. Based on these findings, adding 42 g of 
dried N. oleander powder per kilogram of soil has the potential to effectively suppress bacterial wilt in tomatoes 
and potentially other vegetables. These findings suggest that dried Nerium oleander powder, particularly at a 
dosage of 42 g/kg soil, holds promise as an effective organic solution for controlling bacterial wilt in tomatoes. 
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Introduction
 

Tomato (Solanum lycopersicum) is a globally 
significant vegetable (Aldubai et al., 2022). It 

ranks sixth in the world’s vegetable consumption, 
with about one-fourth of the 159 million tonnes of 
fresh tomatoes produced annually being used for 
processing (Huang, 2004).The remaining tomatoes 
are consumed either raw or as important in numerous 
recipes (Gentilcore, 2010). Tomatoes are renowned 
for their nutritional value, containing important 
minerals such as iron, phosphorus, and magnesium, 
as well as antioxidants like lycopene, provitamin A 
(-carotene), and vitamins E and C (Kumar et al., 
2012). Brazil, China, Egypt, USA, Turkey, Iran, Italy, 
and India are the leading tomato-producing nations, 
collectively accounting for more than 74% of global 
tomato production (Robertson and Labte, 2006). 

In Pakistan, tomatoes are grown twice a year in all 
four provinces, during the spring and autumn seasons 
(Ali et al., 2020). However, Pakistan’s tomato yield 
remains insufficient compared to other countries 
worldwide (Noonari et al., 2015). Pakistan cultivated 
60.5 thousand hectares of tomatoes, yielding 561,900 
tonnes of tomatoes overall (Burfisher, 1984). During 
periods of tomato shortage, the country imports 
tomatoes from Afghanistan, Iran, and India to meet 
the high demand (Mesgaran and Azadi, 2018). 
Pakistan currently produces 10 tonnes of tomatoes 
per acre, in contrast to other major tomato-producing 
nations. The low production of the crop can be 
attributed to various infections that occur during 
the growing season, including nematodal, bacterial, 
fungal, and viral diseases (Hussain and Abid, 2011). 

This study focuses on a pathogen, a type of bacteria 
capable of long-term survival in soil (Nesme and 
Simonet, 2015). It causes significant wilting and poses 
a serious threat to several important crops, including 
bell peppers, chili peppers, peanuts, potatoes, tomatoes, 
and eggplants (Kurabachew and Ayana, 2017). This 
pathogen is known by various names, including 
Southern bacterial blight, Ralstonia solanacearum wilt, 
and Southern bacterial wilt. Infected tomato plants 
exhibit symptoms such as vascular browning, necrosis, 
and wilting (Champoiseau et al., 2009). The foliage of 
infected plants initially shows signs of bacterial wilt 
(Sarkar and Chaudhri, 2016). The youngest leaves 
near the tips of branches are most commonly affected 
by wilting symptoms, especially during the hottest 

parts of the day (Billing, 2011). This leakage suggests 
the possible presence of bacterial cells in the damaged 
vascular bundles, particularly in the xylem (Reusche 
et al., 2012). 

Biological control measures can be integrated 
with other strategies or utilized to facilitate the 
development of alternative methods for managing 
diseases at the field level (Heydari and Pesarakli, 
2010). Incorporating biological management is 
essential to minimize environmental contamination 
from pesticides, as it not only aids in disease control 
but also enhances crop yields (Popp et al., 2013). 
Moreover, attempts to combat the ailment through 
host-plant resistance using cultivars resistant to 
bacterial wilt have been made, albeit with varying 
levels of success (Sahu et al., 2017). 

Plant extracts, owing to their lower environmental 
impact compared to synthetic pesticides, represent 
a superior approach to disease management, 
particularly for bacterial infections (Thakur et al., 
2021). The utilization of plant extracts as a sustainable 
alternative to synthetic pesticides in plant disease 
control, especially for bacterial infections, is gaining 
popularity (Khursheed et al., 2022). The inherent 
antibacterial properties of plant extracts provide a 
practical avenue for combating bacterial infections 
while reducing chemical residues in crops (Srivastava 
et al., 2022; Rahman et al., 2022).

Continued research aimed at identifying and 
optimizing effective compounds derived from plants 
will continue to shape the future of environmentally 
conscious disease management in agriculture (Ahmed 
et al., 2023).
 
Nerium oleander, a member of the Apocyanaceae 
family, is valued not only for its ornamental qualities 
but also for its potent antibacterial properties, making 
it a viable candidate in integrated disease management 
(IDM) strategies. Known for its perennial nature and 
resilience, N. oleander produces biologically active 
compounds that effectively target bacterial wilt 
pathogens, especially Ralstonia solanacearum. The 
plant’s phytochemicals, particularly concentrated 
in powdered formulations, exhibit prolonged 
antibacterial action, positioning it as a promising, 
long-lasting tool in agricultural disease control 
(Ayouaz et al., 2023; Chandramohan et al., 2019). By 
leveraging these medicinal properties, N. oleander 
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stands out as a sustainable choice for mitigating soil-
borne diseases in crops. 

The objective of the study was to check different 
amounts of Nerium oleander powder formulations 
with both fine and coarse particle sizes which were 
applied to potted soil that was infected with Ralstonia 
solanacearum in order to control tomato bacterial wilt.
 
Materials and Methods 

Collection of medicinal plant 
 In District Peshawar (KP) green tops, also known as 
succulent shoots, of the Nerium oleander plant were 
collected. These shoots consisted of leaves, flower 
buds, soft wooded branches, etc. After collection, the 
plant was authenticated by a professional botanist.

 Plant extract formation 
The selected plant parts were air-dried until they 
became brittle, washed with tap water, and then finely 
chopped. Subsequently, the chopped fragments were 
ground into a coarse powder using an electric grinder 
with a mesh size of approximately 1000 µm. Pot tests 
were conducted using this coarse powder (both in vivo 
and in vitro). To obtain a finer powder with a mesh size 
of 1000 µm, the coarse powder underwent a second 
grinding process. The fine powder obtained was used 
to prepare water extracts. Quantities of 5, 10, and 15 
grams of fine powder were mixed with 95, 90, and 
85 milliliters of sterilized distilled water, respectively, 
to get concentrations of 5% (weight/volume), 10% 
(weight/volume), and 15% (weight/volume). The 
suspensions were placed at room temperature and 
stirred continuously with a magnetic stirrer for a 
duration of 48 hours. Filtration was performed to 
remove solid particles from the suspensions. 

Isolation of bacterial culture and production of mass-
inoculum 
The UAP’s Department of Plant Pathology provided 
a pure culture of Ralstonia solanacearum bacteria 
acquired from preserved plant pathogenic bacterial 
cultures. In order to verify the pathogenicity of 
the culture after storage, it was cultivated on a 
medium called tetrazolium chloride nutritional 
agar (TZCNA). A pathogenic colony with a liquid 
appearance and a pink center on TZCNA was 
chosen and grown in large quantities on nutritional 
agar media (NA) by incubating it for 48 hours at a 
temperature of 27°C. Abundant bacterial proliferation 

was seen on the nutrient agar plates. To eliminate 
bacterial growth, a small amount of sterile distilled 
water (SDW) was poured onto each plate and then 
meticulously removed along with the bacteria using 
sterile cotton balls. A 0.85% brine solution was added 
to the bacterial and water mixture, and the mixture 
was gently stirred using a magnetic stirrer to create a 
consistent suspension. The bacterial concentration per 
milliliter was measured using a spectrophotometer set 
to an optical density of 600 (OD 600). Following the 
adjustment of the concentration to OD600 = 0.3, 
which is equivalent to 10^8 colony forming units per 
milliliter (cfu/ml), this standardized concentration was 
utilized for all future in vitro and in vivo experiments 
(Chandramohan et al., 2019). 

In-vitro antibacterial activity
The antibacterial potential of the aqueous extract 
of Nerium oleander was evaluated by generating 
concentrations of 5%, 10%, and 15% fine powder and 
examining their antibacterial activity in a controlled 
laboratory setting. A culture medium called nutrient 
agar (NA) was produced and then placed into Petri 
dishes. After solidification, each plate was injected 
with 50 μl of the prepared bacterial suspension, 
ensuring uniform distribution across the surface. 
Using a sterile cork borer, five wells were meticulously 
created on the surface of each inoculation plate. Each 
well had a diameter of 9 mm. Afterwards, 100 μl of 
the aqueous extract concentrations (5%, 10%, and 
15%) were applied to the first three wells. To serve as 
a positive control, 100 μl of streptomycin sulfate (100 
ppm) was introduced into the fourth well. Conversely, 
100 μl of sterile distilled water (SDW) was added 
to the fifth well as a negative control. The diameter 
(in millimeters) of the zones of bacterial growth 
inhibition was measured after a 24-hour incubation 
period at 27°C. These zone diameters were used to 
assess the effectiveness of the extract concentrations as 
antibacterial agents. The data collected were arranged 
using five replications of a completely randomized 
design (CRD) before statistical analysis (Khan et al., 
2015; Lin et al., 2014). 

Greenhouse experiment 
Role of powder doses and particle size in 
controlling bacterial wilt (BW) of tomato: The 
reduction of bacterial wilt (BW) in tomatoes was 
the subject of an investigation that was carried out 
in order to determine the effect that various doses of 
Nerium oleander powder formulation per kilogram of 
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potted soil (0, 14, 28, and 42g) had on the growth 
of tomatoes. In addition, we examined two different 
particle sizes, specifically 250 µm and 1000 µm, to 
assess how they affect BW control. The soil was 
treated with powder 20 days before transplantation 
to promote sufficient breakdown of organic matter. A 
total of eight treatments were created, which involved 
the combination of two different particle sizes and 
four different powder dosages. This was done using 
a completely randomized design (CRD) with 10 
replications for each treatment. 

The experiment employed plastic pots of fifteen 
centimeters in diameter, each containing one 
kilogram of field dirt. One group of pots received the 
fine powder doses, while the other group received 
the coarse powder doses. This was done to ensure 
that the powder was thoroughly mixed with the 
soil. Prior to being inoculated with a 30 cc bacterial 
suspension, the soil in each pot was moistened. The 
bacterial suspension was uniformly distributed in 
the center of each pot, and then one-month-old 
tomato seedlings of consistent size and vitality were 
transplanted into their separate containers. The plants 
were thereafter fertilized and irrigated in accordance 
with horticultural guidelines. 

Following measurements encompassed the evaluation 
of plant fresh biomass, root and shoot lengths, and 
disease progression, which was observed at intervals 
of fifteen days. Moreover, fluctuations in the number 
of colony-forming units (cfu) per gram of soil were 
noted during the duration of the experiment.
 
Role of powder doses and application methods in con-
trolling BW of tomato 
Two application methods were employed to 
investigate possible impacts on bacterial wilt 
management: thorough mixing and surface mulching. 
The powder preparation was meticulously mixed 
with the dirt in the pot. Afterwards, the powder was 
given in four distinct quantities (0, 14, 28 g, and 42 
g per kilogram of potted soil). The trial consisted 
of eight treatment groups, achieved by utilizing a 
mix of these two application modalities and varied 
doses. The experiment consisted of ten replicates 
for each treatment, using a completely randomized 
design (CRD). Out of the total of eighty pots used 
in the experiment, forty pots were subjected to top-
mulching with the powder, while the other forty pots 
had the dried powder evenly incorporated into the 

soil. The experiment ensured consistent parameters, 
such as the uniform size of plastic pots, standardized 
soil filling techniques, controlled artificial inoculation, 
transplantation of tomato seedlings, regular 
watering, fertilizer, and systematic collecting of plant 
characteristic data. 

Effect of treatments on changes in CFU/g soil 
The experiment involved measuring bacterial counts 
per gram of soil on two occasions: Once after 
the initial inoculation and again at the end of the 
experiment. The difference between the final and 
initial counts was calculated, and the values were then 
transformed into a logarithmic (log10) scale. The 
objective of the study was to investigate the potential 
of different treatments, which varied in the quantity 
of powder preparation applied and the application 
methods used, to decrease the population of bacterial 
pathogens in the soil. 

Final colonies-initial colonies than converted to (log10) 
Soil population of R. solanacearum: Soil samples 
were collected using a 10 mm diameter cork borer, 
which was inserted to a depth of 10 cm. The objective 
was to ascertain the initial and final numbers of 
bacteria per gramme of soil. Each plant container 
yielded three soil cores. The soil cores were later 
merged and thoroughly blended to create a composite 
sample, following the procedure outlined by (Chin et 
al., 2001). Subsequently, three subsets were derived 
from every composite sample. The subsets underwent 
a ten-fold series dilution, and 100 µl of the 10^-10 
dilution was applied to the TZCNA (tetrazolium 
chloride nutritional agar) selective medium, 
following the procedure described by (Grüter et al., 
2006). Following a 24-hour incubation period at a 
temperature of 27°C, colonies exhibiting an off-white 
hue with pink centres were identified as the causative 
agents of bacterial wilt. The colony counts obtained 
from these colonies were used to calculate the number 
of colony-forming units (cfu) per gram of soil.

Data analysis 
The trials were conducted for a duration of 60 
days following the transplanting before reaching 
a conclusion. The measurements consisted of the 
disease severity for each treatment, the lengths of 
shoots and roots (in centimeters) per plant, and the 
fresh weight (in grams) per plant. The statistical 
analysis was conducted using IBM Corp.’s Statistical 
Package for the Social Sciences (SPSS) version 8.1, 
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located in Armonk, NY. The Fisher’s Least Significant 
Difference (LSD) test was employed to ascertain the 
disparities among treatment means. 

Results and Discussion 

In vitro effect of N. oleander extract on inhibition of BW 
This study aimed to assess the inhibitory potential 
of aqueous extracts obtained from shed dried leaves 
and twigs on the growth of a bacterial pathogen in 
a controlled laboratory environment. The extracts 
were evaluated at three separate concentrations (5%, 
10%, and 15%), demonstrating statistically significant 
differences across the concentrations (P≤0.05). The 
water extract, comprising 15% of the solution, had 
notable inhibitory effects, demonstrating potent 
antibacterial properties against the bacterial pathogen. 
Furthermore, the 10% water extract shown significant 
effectiveness in suppressing bacterial proliferation. 
Furthermore, significant effects were seen when 
comparing the 5% aqueous extract to both the control 
and sterilised distilled water (SDW) samples, as 
depicted in Table 1.

Table 1: Effect of different doses on roots length (cm) 
of different particle sizes (fine and coarse) of (Nerium 
oleander) on Ralstonia solanacearum inoculated tomato 
plants (Experiment 1).
P. size Doses (g) 

0 14 28 42 Mean 
Fine 5.97 8.97 11.76 14.83 10.383A 

(98.54)%□ 
Coarse 5.60 8.57 11.40 14.36 9.982 B 
Mean 5.785 D 8.77 C 11.580 B 14.595 A  

LSD of doses = 0.45; LSD of particle size =0.32; 
□[8.97+11.76+14.83/3-5.97/5.97x100]. The values in each table 
represent the average of four replicates. Values with the same letter 
are not statistically different (P≤0.05). Percentage Increase over 
Unamended Control Shown in Parenthesis.

Optimum particle sizes of powder preparation and its 
safe doses 
In the study, it was discovered that there were 
significant differences (P≤0.05) in the impacts of 
two distinct plant powder sizes (250 µm and 1000 
µm) on stem length, fresh biomass, and root length. 
These were the variables that were being investigated. 
By increasing the quantity of the powder preparation 
and extending the duration of time during which 
the powder was allowed to degrade prior to 
transplantation, a positive influence was achieved on 
all of the parameters that are connected with plant 

production. In the first experiment, plants that were 
treated with a dosage of 42 grams per kilogram of soil 
twenty days before to being transplanted exhibited 
significant gains in root length (98.54% cm), stem 
length (23.11% cm), and fresh biomass (18.97%) in 
comparison to the group that served as the control. 
The findings of Experiment II revealed that the 
majority of plant growth indicators continued to show 
an upward trend that was consistent. Additionally, the 
root length grows.

Optimum application methods and safe doses 
The study conducts a comparative analysis on the 
effects of two application procedures, mulching and 
mixing, together with varying amounts of powder 
preparation (0, 14, 28, and 42g/kg potted soil) 
administered 20 days prior to transplantation. The 
statistical analysis results indicated that there were 
significant differences (P ≤ 0.05) seen among the 
treatments. According to the results, the powdered 
combination proved to be more efficient than surface 
mulching in reducing bacterial wilt and enhancing 
plant growth indices. The initial experiment yielded 
substantial improvements in the mean length of the 
roots (98.54 percent), the stems (23.11 percent), 
and the fresh biomass (18.97 percent). Experiment 
II demonstrated significant increases in root length 
(50% cm), stem length (33.04% cm), and new biomass 
(31.26% g). If you require additional information, 
please consult Tables 2–7. 

Table 2: Effect of different doses on Roots length (cm) of 
different application methods (Mixing and mulching) of 
(Nerium oleander) on Ralstonia solanacearum inoculated 
tomato plants (Experiment 2).
Application 
method 

Doses (g) 
0 14 28 42 Mean 

Fine mixing 6.80 8.40 10.30 11.90 9.35 A 
(50)%□ 

Fine mulching 6.40 7.90 9.80 11.60 8.925 B 
Mean 6.600D 8.150C 10.050B 11.75A  

LSD of Doses =0.56; LSD of Application method = 0.39 
□[8.40+10.30+11.90/3-6.80/6.80x100]. The values in each table 
represent the average of four replicates. Values with the same letter 
are not statistically different (P≤0.05). Percentage Increase over 
Unamended Control Shown in Parenthesis. 

CFU/g soil as affected by powder size (Fine and coarse) 
and different doses
It was proved by the findings that increasing the 
period of powder decomposition and adjusting the 
Table 3: Effect of different doses on stem length (cm) 
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of different particle sizes (fine and coarse) of (Nerium 
oleander) on Ralstonia solanacearum inoculated tomato 
plants (Experiment 1).
P. Size Doses (g) 

0 14 28 42 Mean 
Fine 15.00 16.7 18.5 20.2 17.6 A 

(23.11)%□ 
Coarse 14.6 16.7 18.0 19.7 17.1 B 
Mean 14.8 D 16.7 C 18.25 B 19.95 A  

LSD of doses =0.58; LSD of application methods = 0.41; 
□[16.7+18.5+20.2/3-15.00/15.00x100]. The values in each table 
represent the average of four replicates. Values with the same letter 
are not statistically different (P≤0.05). Percentage Increase over 
Unamended Control Shown in Parenthesis. 

Table 4: Effect 0f different doses on Stem length (cm) of 
different application methods (Mixing and mulching) of 
(Nerium oleander) on Ralstonia solanacearum inoculated 
tomato plants (Experiment 2).
Application 
method 

Doses (g) 
0 14 28 42 Mean 

Fine mixing 11.40 13.40 15.20 16.90 14.225 A 
(33.04)%□ 

Fine mulching 10.80 12.80 14.50 16.10 13.55 B 
Mean 11.10D 13.10C 14.85B 16.50A  

LSD of Doses =0.45; LSD of application times =0.32; 
□[13.40+15.20+16.90/3-11.40/11.40x100]. The values in each 
table represent the average of four replicates. Values with the same 
letter are not statistically different (P≤0.05). Percentage Increase 
over Unamend Control Shown in Parenthesis. 

Table 5: Effect of different doses on Fresh biomass (g) 
of different particle sizes (fine and coarse) of (Nerium 
oleander) on Ralstonia solanacearum inoculated tomato 
plants (Experiment 1).
P. Size Doses (g) 

0 14 28 42 Mean 
Fine 12.4 13.66 14.8 15.8 14.165 A 

(18.97)%□ 
Coarse 11.8 13.1 14.3 15.3 13.625 B 
Mean 12.1 D 13.38 C 14.55 B 15.55 A  

LSD of doses =0.52; LSD of application method =0.38; 
□[13.66+14.8+15.8/3-12.4/12.4x100]. The values in each table 
represent the average of four replicates. Values with the same letter 
are not statistically different (P≤0.05). Percentage Increase over 
Unamended Control Shown in Parenthesis. 

dosage were both effective techniques for reducing 
the number of bacterial counts per gram of soil. 
This was demonstrated by the fact that the findings 
demonstrated a significant influence on the reduction 
of bacterial counts. In the first trial, it was proven that 

the treatment with a dosage of 42 grams resulted in 
the most substantial reduction in population when 
compared to the other treatments. A decrease of 1.99 
units occurred as a consequence of the logarithm 
of base 10 being dropped from 11.99 to 10, which 
resulted in the value being reduced. The application 
of 28 grams of treatment resulted in a reduction in 
the number of bacteria that were present in each gram 
of soil, which is comparable to the example that was 
presented before. It may be deduced from the fact that 
the initial log10 value was lower than the end log10 
value that the quantity of units has decreased. The 
second experiment demonstrated that the treatment 
with a mass of 42 grams was the most efficient in 
reducing the number of bacteria in the population. 
This was demonstrated by the fact that the effect 
was observed. Viewing Table 7 makes it abundantly 
evident that the log10 value decreased from its initial 
value to its final value over the course of the study.

Table 6: Effect of different doses on Fresh biomass (g) of 
different application methods (Mixing and mulching) of 
(Nerium oleander) on Ralstonia solanacearum inoculated 
tomato plants (Experiment 2).
Application 
method 

Doses (g) 
0 14 28 42 Mean 

Fine mixing 11.30 12.90 14.90 16.70 13.95 A 
(31.26)%□ 

Fine mulching 10.60 12.50 14.30 16.20 13.40 B 
Mean 10.95D 12.70C 14.60B 16.45A of BW

LSD of Doses =0.50; LSD of application method=0.35; 
□[12.90+14.90+16.70/3-11.30/11.30x100]. The values in each 
table represent the average of four replicates. Values with the same 
letter are not statistically different (P≤0.05). Percentage Increase 
over Unamended Control Shown in Parenthesis. 

Table 7: Effect of powder application and different particle 
sizes (Fine and Coarse) of (Nerium oleander) on decrease 
in soil population density  pathogen (Experiment 1).
Application 
method 

Doses 
0 14 28 42 Mean 

Fine mixing 1.64d 1.77 c 1.84b 1.99a 
(21.34)%□ 

1.81 

Coarse 0.70h 1.03g 1.23f 1.42 e 0.93 
Mean 0.85 1.40 1.53 1.70  

LSD of doses= 0.02; LSD of particle Size= 0.01; LSD of interaction= 
0.030; □[1.99-1.64/1.64x100]. The values in each table represent 
the average of four replicates. Values with the same letter are not 
statistically different (P≤0.05). Percentage increase over unamended 
control shown in parenthesis.
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CFU/g of soil as affected by application methods and doses 
The data that are provided depict the results that were 
obtained from two different application processes, 
namely mixing and top mulching, with varying 
amounts of powder preparation. These procedures 
were used during the application process. It displays 
a higher level of efficacy in reducing the number of 
bacterial counts per gram of soil when the powder 
preparation is fully blended with the soil in the pot, 
particularly at larger dosages per kilogram. This is in 
comparison to top mulching and lesser doses, which are 
less effective in this regard. The statistics demonstrate 
that the mixing method is more effective than other 
approaches when it comes to the management of 
bacterial populations in the soil, particularly when it 
is applied in larger dosages. 

Table 8: Effect of powder and different particle sizes 
(Fine and Coarse) of (Nerium oleander) on the decrease 
in soil population density of BW pathogen (Experiment 
2).

Application Doses (g)
Fine mixing 0.88 h 2.04 c 2.26 b 2.67 a 

(203.40)%□ 
1.9650 

Fine mulching 1.50 g 1.77 f 1.85 e 1.98 d 1.7767 
Mean 1.1933 1.9083 2.0550 2.3267  

LSD of doses= 0.02; LSD of application methods= 0.01; LSD of 
interaction= 0.037; □[2.67-0.88/0.88x100]. The values in each 
table represent the average of four replicates. Values with the same 
letter are not statistically different (P≤0.05).

It was discovered in the first experiment that the 
number of bacterial counts fell from the beginning 
log10 value to the end log10 value. This was the case 
with the first experiment. This was shown by the fact 
that the number of bacteria that were present was 
reduced. The number of bacterial counts decreased 
from the initial log10 value to the end log10 value as 
a result of the application of top mulching treatment 
at a rate of 42 grams per kilogram of soil. This resulted 
in a reduction in the number of bacterial counts. This 
situation is related to the one that was discussed earlier 
in the presentation. Experiment II demonstrated 
that top mulching with the same quantity of powder 
preparation gave better results than fully mixing 42 
grams of powder preparation per kilogram of soil. 
This was discovered through the process of fully 
mixing the powder preparation. When comparing the 
two approaches, this was the situation that arose. The 

application of 14 grams of powdered preparation as a 
top mulch on one kilogram of soil for potted plants 
resulted in the least amount of bacterial population 
reduction that was conceivable.

Disease severity values in % as affected by powder 
application methods and doses
The following tables depict the relationship between 
varying lengths of deterioration and different doses of 
N. Oleander powder formulation, and how they impact 
the severity of the sickness. The statistical analysis 
revealed significant variations among the treatments 
(P ≤ 0.05). In Experiment I, the therapy known as 
DBT was given 20 days before transplantation. It was 
supplied at a greater dosage of 42 grams per kilogram 
of soil and had a small particle size. This treatment 
resulted in the lowest level of disease severity. There 
was a reduction of 34.25 percent compared to the 
control treatment of 20 grams per kilogram of soil. 
Experiment II revealed that the use of this therapy 
resulted in a reduction of 25.25 percent. The therapy 
with the highest sickness severity percentage, 
including 44.25% of cases, will be used as the standard 
for future comparisons. Refer to Figures 1 and 2 for 
further data.

Figure 1: Effect on disease severity of different Particle sizes (Fine 
and coarse) of (Nerium oleander) on Ralstonia solanacearum 
inoculated tomato plants (Experiment 1).

Figure 2: Effect on disease severity of different application methods 
(Mix and  Mulch) of (Nerium oleander) on Ralstonia solanacearum 
inoculated tomato plants (Experiment 2).

Bacterial wilt, caused by a bacterium present in the 
soil, poses a substantial risk to tomato cultivation 
and other crops worldwide. Ralstonia solanacearum 
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is the main causative agent of this disease, and it 
is most commonly found in tropical, subtropical, 
and warm temperature zones (Goszczynska et al., 
2000; Hayward, 1991). Bacterial wilt, caused by 
Ralstonia solanacearum, poses a significant threat to 
vegetable crops in Pakistan, particularly tomatoes. 
After a plant becomes infected, the bacteria has the 
ability to propagate to nearby plants via the vascular 
system. Controlling this disease is difficult because 
of its complex biology, extensive distribution, and 
its capacity to impact a diverse array of host plants 
(Pradhanang et al., 2005). 

Various methods, including as sanitation practices, 
chemical treatments, the utilization of resistant 
cultivars, and soil management techniques, are 
included in the contemporary management measures 
that are being implemented. Although it is possible 
to use chemical methods to manage Ralstonia 
solanacearum, their effectiveness is still restricted. 
Interventions in this context refer to actions taken to 
address a problem. Some examples of interventions 
are soil fumigation, which is the process of applying 
chemicals to the soil to control pests or diseases, 
and the use of antibiotics such as streptomycin, 
ampicillin, tetracycline, and penicillin, which are 
used to combat bacterial infections (Murakoshi et al., 
1984). Introducing crop rotation using crops that are 
not easily affected by diseases or pests is a possible 
method of control (Smith et al., 2011). Nevertheless, 
it is crucial to acknowledge that no single treatment 
can ensure the entire elimination of the disease or 
provide absolute protection for host plants. Studies 
conducted both in laboratory settings (in vitro) and 
in living organisms (in vivo) have investigated the 
antibacterial characteristics of several plant species, 
demonstrating their potential effectiveness (Vashist 
and Jindal, 2012). Furthermore, the utilization of 
natural plant-based products has been helpful in the 
creation of novel agrochemicals designed to tackle a 
wide range of plant diseases (Loiseleur, 2017).

It is becoming more recognized that the technique 
of incorporating organic matter that possesses 
antibacterial properties into the soil is an efficient 
method for controlling illnesses that are transmitted 
through the soil. study has demonstrated that 
this strategy is effective in managing Ralstonia 
solanacearum in both controlled laboratory (in vitro) 
and living creature (in vivo) environments. This has 
been established through study. The usage of dried 

powder or green manure made from medicinal 
herbs or weeds such as Withania somnifera, Withania 
coagulans, and Xanthium strumarium, for example, has 
been reported to lower the incidence of bacterial wilt 
disease in tomato plants. This is one example of what 
has been observed (Loiseleur, 2017). Numerous plants 
possess secondary metabolites that have antimicrobial 
effects, especially those with therapeutic attributes. 
These metabolites show potential for being used in 
the creation of natural pesticides (Ahmad et al., 2022). 
Several plant species have shown effectiveness against 
a range of diseases, such as bacteria, fungus, nematodes, 
protozoa, and viruses (Mann and Kaufman, 2012; 
Kareem et al., 2008; Al-Shaibani et al., 2008). It is 
possible to introduce dried powders or green manures 
into the soil as organic amendments by making use of 
the environmentally friendly and productive qualities 
of these plants (Pires et al., 2022). Thus, effective 
disease management hinges on the implementation 
of integrated strategies that encompass several 
components (Rashid et al., 2020). The aforementioned 
attributes render amendments made from cannabis 
highly appealing for the purpose of integrated disease 
management, especially for farmers in developing 
nations such as Pakistan who have little resources. 

For our in vitro investigations, we utilized fresh 
leaf extracts obtained from dried powder of Nerium 
oleander. Peshawar boasts a substantial population 
of easily accessible Nerium oleanders. We used the 
powdered formulations of this plant in our in vivo 
experiments, as opposed to the liquid formulations. 
The in vitro investigation revealed that the efficacy 
of N. oleander extracts was linked to the dosage, 
with higher doses leading to a more pronounced 
suppression of bacterial growth. The aqueous extract 
with a concentration of 15% exhibited the greatest 
amount of zone of inhibition (ZI), followed by the 
aqueous extract with a concentration of 10%. This 
discovery is noteworthy because it significantly reduces 
the population of Ralstonia solanacearum, leading 
to improved development of disease-free transplant 
seedlings. Previous studies have documented similar 
results (Kumar et al., 2023; Malik et al., 2015; Jamal et 
al., 2012). The results illuminate the substantial impact 
that the timing and amount of dried plant powder 
application have on different plant growth factors and 
the prevention of R. solanacearum infection.

When employed as an organic amendment, the 
efficiency of a plant-based product in managing plant 
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diseases is contingent upon a number of factors, 
including the dosage and the mode of delivery. For 
example, when dried powder from Nerium oleander 
was used in studies, it was found that incorporating 
the powder into the soil at various rates led to a 
considerable reduction in bacterial wilt (BW), a drop 
in the number of pathogens, and an improvement 
in plant growth. It was observed that administering 
higher dosages of the dehydrated powder (42 g/
kg soil) produced better outcomes in comparison to 
lesser doses provided in proximity to transplanting. 
Similarly, research on Adhatoda vasica and Calotropis 
procera has documented similar advantages, as well as 
the use of mulching strategies including flowering-
stage Brassica species. 

Scientists are investigating chemical substitutes 
in response to the increasing environmental 
contamination caused by agricultural chemicals 
and the growing prevalence of pathogen resistance. 
Multiple investigations ( Jasim and Sultan, 2023; Lo 
Cantore et al., 2004) have discovered a wide range 
of plant species that possess strong antibacterial 
capabilities. In addition, Iacobellis et al. (2005) 
proposes that natural plant products pose lower threats 
to the environment and public health in comparison 
to industrial agricultural chemicals. The use of these 
plants in different ways, such as green manure, finely 
powdered supplements for soil, or extracts for foliar 
sprays, holds potential in reducing bacterial plant 
diseases such as bacterial wilt (BW).
 
The study emphasizes the increased efficacy of larger 
doses of powdered formulations, which have important 
practical consequences. Nerium oleander, due to its 
ready availability and perennial nature, offers a feasible 
choice for efficiently mitigating bacterial wilt (BW) in 
tomato crops when administered in higher quantities. 
Our research highlights the effectiveness of powdered 
preparations as important elements in integrated 
disease management (IDM) methods against bacterial 
wilt disease. When tomato plants were subjected 
to doses of up to 42 grammes, they did not exhibit 
any negative effects. In spite of this, it is essential to 
exercise caution when assessing the potential levels of 
plant toxicity prior to making considerable use of it in 
any crop. As a result of our experiments, we discovered 
that the powder formulations retained a powerful 
antibacterial action for more than two years when 
they were stored at room temperature. This makes 
it a long-lasting instrument for the management of 

bacterial wilt. Powder may be easily applied to each 
tomato plant, allowing Pakistani labour to be utilized 
in a manner that is both efficient and cost-effective. 
In addition, the incorporation of the dehydrated 
powder into plastic mulch on hot and sunny days has 
shown promise in effectively preventing soil-borne 
pathogens such as R. solanacearum. This is particularly 
true when the soil temperatures climb to 45 degrees 
Celsius for extended periods of time.

Conclusions and Recommendations

The results of our study emphasize the increased efficacy 
of larger doses of powdered formulations, which have 
important practical consequences. Nerium oleander, 
due to its ready availability and perennial nature, offers 
a feasible choice for efficiently mitigating bacterial 
wilt (BW) in tomato crops when administered in 
higher quantities. This highlights the effectiveness 
of powdered preparations as important elements in 
integrated disease management (IDM) methods 
against bacterial wilt disease. When tomato plants were 
subjected to doses of up to 42 g, they did not exhibit 
any negative effects. In spite of this, it is essential to 
exercise caution when assessing the potential levels of 
plant toxicity prior to making considerable use of it in 
any crop. As a result of our experiments, we discovered 
that the powder formulations retained a powerful 
antibacterial action for more than two years when 
they were stored at room temperature. This makes 
it a long-lasting instrument for the management of 
bacterial wilt. Powder may be easily applied to each 
tomato plant, allowing Pakistani labor to be utilized 
in a manner that is both efficient and cost-effective. 
In addition, the incorporation of the dehydrated 
powder into plastic mulch on hot and sunny days has 
shown promise in effectively preventing soil-borne 
pathogens such as R. solanacearum. This is particularly 
true when the soil temperatures climb to 45 degrees 
Celsius for extended periods of time. Future research 
should investigate the long-term impacts of Nerium 
oleander powder on soil health and crop yield while 
assessing optimal application methods to maximize its 
antibacterial efficacy and minimize potential toxicity 
in various environmental conditions. 

Acknowledgements

Authors would like to thank The University of 
Agriculture, Peshawar for their cooperation to 
provide opportunity and facilities to conduct this 



March 2025 | Volume 41 | Issue 1 | Page 75

Sarhad Journal of Agriculture
mini research project successfully. Authors would also 
like to thank the major supervisors for their role in 
the completion of this manuscript. 

Novelty Statement

The novelty lies in the exploration of Nerium olean-
der, a plant typically overlooked in agricultural con-
texts, as a sustainable organic soil amendment. This 
study investigates its unique biochemical properties 
and effects on soil health, nutrient availability, and 
plant growth, providing insights into an innovative 
use of a commonly available resource.

Author’s Contribution

Aamir Sohail, Sidra Ahmad and Mehran Gul: 
Conceived and wrote the manuscript. 
Irshad Ali Khan, Ahmed Shamkhi Jabbar, Nayab 
Ahmad, Farzana, Abdur Rehman, Arooba Bashir, 
Syed Muhammad Owais Shah and Ayesha Alam: 
Revised the manuscript. 
All authors have read and agreed to the published 
version of the manuscript.

Conflict of interest
The authors have declared no conflict of interest.

References

Abo-Elyousr, K. and M. Asran. 2009. Antibacterial 
activity of certain plant extracts against 
bacterial wilt of tomato. Arch. Phytopathol. 
Plant Prot., 42: 573-578. https://doi.
org/10.1080/03235400701284740

Ahmad, S., M.A. Ahmad, F. Umar, I. Munir, N. 
Iqbal, N. Ahmad, G. Ahmad, M. Ijaz, Z. ur 
Chandramohan, K. and S. Khan. 19 Nerium 
oleander (Oleander or Nerium). Introduction to 
Practical Phytobacteriology, Bacterial Diseases 
Unit, ARC-Plant Protection Research Institute, 
Pretoria, South Africa, pp. 60-73. 

Ahmad, U., S. Alam, M. Ahmad, R. Khan and 
S. Anwar. 2022. Management of Alternaria 
solani in tomato using Withania coagulans an 
alternative to chemical control. J. Agric. Sci. 
Technol., 24: 465-476. 

Ahmed, J., S. Nasir, I. Ullah and F. Younas. 2023. 
Gram-negative bacteria and their antibiotic 
resistance: A bibliometric analysis. Adv. Life 

Sci., 10(4): 651-656. 
Aldubai, A.A., A.A. Alsadon, H.H. Migdadi, S.S. 

Alghamdi, S.A. Al-Faifi and M. Afzal. 2022. 
Response of tomato (Solanum lycopersicum L.) 
genotypes to heat stress using morphological 
and expression study. Plants, 11: 615. https://
doi.org/10.3390/plants11050615

Ali, S., J. Khan, A. Jadoon, M. Riaz and A. Khan. 
2020. Evaluation of farmer’s socioeconomic 
characteristics influencing tomato output 
in district Peshawar, Khyber Pakhtunkhwa, 
Pakistan. J. Agric., 36: 894-899. https://doi.
org/10.17582/journal.sja/2020/36.3.894.899

Aloyce, A., P.A. Ndakidemi and E.R. Mbega. 2017. 
Identification and management challenges 
associated with Ralstonia solanacearum 
(Smith), causal agent of bacterial wilt disease 
of tomato in Sub-Saharan Africa. Pak. J. Biol. 
Sci., 20: 530-542. https://doi.org/10.3923/
pjbs.2017.530.542

Al-Shaibani, I., M. Phulan, A. Arijo and T. 
Qureshi. 2008. Ovicidal and larvicidal 
properties of Adhatoda vasica (L.) extracts 
against gastrointestinal nematodes of sheep in 
vitro. Pak. Vet. J., 28: 79-83. 

Ayouaz, S., R. Arab, K. Mouhoubi and K. Madani. 
2023. Nerium oleander Lin: A review of 
chemical, pharmacological and traditional uses. 
J. ISSN, 2766: 2276. https://doi.org/10.37871/
jbres1720

Billing, E., 2011. Fire blight: Why do views on host 
invasion by Erwinia amylovora differ? Plant 
Pathol., 60: 178-189. https://doi.org/10.1111/
j.1365-3059.2010.02382.x

Burfisher, M.E., 1984. Cameroon: An export 
market profile. 

Champoiseau, P.G., J.B. Jones and C. Allen. 2009. 
Ralstonia solanacearum race 3 biovar 2 causes 
tropical losses and temperate anxieties. Plant 
Health Prog., 10: 35. https://doi.org/10.1094/
PHP-2009-0313-01-RV

Chandramohan, D., A. Dicko, I. Zongo, I. Sagara,  
M. Cairns, I. Kuepfer, M. Diarra and B. Green-
wood. 2019. Effect of adding azithromycin to 
seasonal malaria chemoprevention. New Engl. 
J. Med., 380(23): 2197-2206.

Chin, H.S., J.S. Shim, J.M. Kim, R. Yang and S.S. 
Yoon. 2001. Detection and antibacterial activity 
of a bacteriocin produced by Lactobacillus 
plantarum. Food Sci. Biotechnol., 10: 461-467. 

Chohan, S., R. Perveen, M. Anees, M. Azeem 

https://doi.org/10.1080/03235400701284740
https://doi.org/10.1080/03235400701284740
https://doi.org/10.3390/plants11050615
https://doi.org/10.3390/plants11050615
https://doi.org/10.17582/journal.sja/2020/36.3.894.899
https://doi.org/10.17582/journal.sja/2020/36.3.894.899
https://doi.org/10.3923/pjbs.2017.530.542
https://doi.org/10.3923/pjbs.2017.530.542
https://doi.org/10.37871/jbres1720
https://doi.org/10.37871/jbres1720
https://doi.org/10.1111/j.1365-3059.2010.02382.x
https://doi.org/10.1111/j.1365-3059.2010.02382.x
https://doi.org/10.1094/PHP-2009-0313-01-RV
https://doi.org/10.1094/PHP-2009-0313-01-RV


March 2025 | Volume 41 | Issue 1 | Page 76

Sarhad Journal of Agriculture
and M. Abid. 2019. Estimation of secondary 
metabolites of indigenous medicinal plant 
extracts and there in vitro and in vivo efficacy 
against tomato early blight disease in Pakistan. 
J. Plant Dis. Prot., 126: 553-563. https://doi.
org/10.1007/s41348-019-00252-6

Gentilcore, D., 2010. Pomodoro! A history of the 
tomato in Italy. Columbia University Press. 
https://doi.org/10.7312/gent15206

Goszczynska, T., J. Serfontein and S. Serfontein. 
2000. Media and diagnostic tests. 

Grüter, D., B. Schmid and H. Brandl. 2006. Influence 
of plant diversity and elevated atmospheric 
carbon dioxide levels on belowground bacterial 
diversity. BMC Microbiol., 6: 18. https://doi.
org/10.1186/1471-2180-6-68

Hayward, A., 1991. Biology and epidemiology 
of bacterial wilt caused by Pseudomonas 
solanacearum. Annu. Rev. Phytopathol., 29: 
65-87. https://doi.org/10.1146/annurev.
py.29.090191.000433

Heydari, A. and M. Pessarakli. 2010. A review on 
biological control of fungal plant pathogens 
using microbial antagonists. J. Biol. Sci., 10: 273-
290. https://doi.org/10.3923/jbs.2010.273.290

Huang, S., 2004. Global trade patterns in fruits 
and vegetables. USDA-ERS Agriculture and 
Trade Report No. WRS-04-06. https://doi.
org/10.2139/ssrn.753525

Hussain, F. and M. Abid. 2011. Pest and diseases 
of Chilli crop in Pakistan: A review. Int. J. Biol. 
Biotech., 8: 325-332. 

Iacobellis, N.S., P. Lo Cantore, F. Capasso and 
F. Senatore. 2005. Antibacterial activity of 
Cuminum cyminum L. and Carum carvi L. 
essential oils. J. Agric. Food Chem., 53: 57-61. 
https://doi.org/10.1021/jf0487351

Jamal, M.A.H.M., S. Rahman, A. Islam, R. Karim, 
S. Alam and Z. Rahman. 2012. Minimum 
inhibitory concentration analysis of Nerium 
oleander against bacterial pathogens. Asian Pac. 
J. Trop. Biomed., 2: S1664-S1666. https://doi.
org/10.1016/S2221-1691(12)60473-0

Jasim, M.H. and R.H. Sultan. 2023. Isolation 
of polysaccharide producer and heavy metal 
tolerant local rhizobial isolates. Adv. Life Sci., 
10(4): 657-662. 

Kareem, S., I. Akpan and O. Ojo. 2008. 
Antimicrobial activities of Calotropis procera 
on selected pathogenic microorganisms. Afr. J. 
Biomed. Res., 11. https://doi.org/10.4314/ajbr.

v11i1.50674
Khan, I.A., G.A. Ning, X.H. Liu, X.X. Feng, F.C. 

Lin J.P. Lu. 2015. Mitochondrial fission protein 
MoFis1 mediates conidiation and is required 
for full virulence of the rice blast fungus 
Magnaporthe oryzae. Microbiol. Res., 178: 51-
58.

Khursheed, A., M.A. Rather, V. Jain, S. Rasool, R. 
Nazir, N.A. Malik and S.A. Majid. 2022. Plant-
based natural products as potential ecofriendly 
and safer biopesticides: A comprehensive 
overview of their advantages over conventional 
pesticides, limitations, and regulatory aspects. 
Microb. Pathog., 105854. https://doi.
org/10.1016/j.micpath.2022.105854

Kumar, K.S., S. Paswan and S. Srivastava. 2012. 
Tomato-a natural medicine and its health 
benefits. J. Pharmacogn. Phytochem., 1: 33-43. 

Kumar, S., S.K. Biswas, A. Kumar, V.D. Rajput, R. 
Kumar, S. Thanuja and R. Kumar. 2023. Effect 
of Integrated Disease Management (IDM) 
practices on disease severity and incidence 
of common scab of potato. Potato Res., 1-22. 
https://doi.org/10.1007/s11540-023-09629-5

Kurabachew, H. and G. Ayana. 2017. Bacterial wilt 
caused by Ralstonia solanacearum in Ethiopia: 
Status and management approaches: A review. 
Int. J. Phytopathol., 5: 107-119. https://doi.
org/10.33687/phytopath.005.03.1829

Lin, C.H., K.C. Tsai, P. Prior and J.F. Wang. 2014. 
Phylogenetic relationships and population 
structure of Ralstonia solanacearum isolated 
from diverse origins in Taiwan. Plant Pathol., 
63: 1395-1403. https://doi.org/10.1111/
ppa.12209

Lo Cantore, P., N.S. Iacobellis, A. De Marco, F. 
Capasso and F. Senatore. 2004. Antibacterial 
activity of Coriandrum sativum L. and 
Foeniculum vulgare Miller var. vulgare (Miller) 
essential oils. J. Agric. Food Chem., 52: 7862-
7866. https://doi.org/10.1021/jf0493122

Loiseleur, O., 2017. Natural products in the 
discovery of agrochemicals. Chimia, 71: 810-
810. https://doi.org/10.2533/chimia.2017.810

Malik, R., T.Z. Bokhari, M.F. Siddiqui, U. 
Younis, M.I. Hussain and I.A. Khan. 2015. 
Antimicrobial activity of Nerium oleander L. 
and Nicotiana tabacum L.: A comparative study. 
Pak. J. Bot., 47: 1587-1592. 

Mann, S.R. and P.E. Kaufman. 2012. Natural 
product pesticides: Their development, 

https://doi.org/10.1007/s41348-019-00252-6
https://doi.org/10.1007/s41348-019-00252-6
https://doi.org/10.7312/gent15206
https://doi.org/10.1186/1471-2180-6-68
https://doi.org/10.1186/1471-2180-6-68
https://doi.org/10.1146/annurev.py.29.090191.000433
https://doi.org/10.1146/annurev.py.29.090191.000433
https://doi.org/10.3923/jbs.2010.273.290
https://doi.org/10.2139/ssrn.753525
https://doi.org/10.2139/ssrn.753525
https://doi.org/10.1021/jf0487351
https://doi.org/10.1016/S2221-1691(12)60473-0
https://doi.org/10.1016/S2221-1691(12)60473-0
https://doi.org/10.4314/ajbr.v11i1.50674
https://doi.org/10.4314/ajbr.v11i1.50674
https://doi.org/10.1016/j.micpath.2022.105854
https://doi.org/10.1016/j.micpath.2022.105854
https://doi.org/10.1007/s11540-023-09629-5
https://doi.org/10.33687/phytopath.005.03.1829
https://doi.org/10.33687/phytopath.005.03.1829
https://doi.org/10.1111/ppa.12209
https://doi.org/10.1111/ppa.12209
https://doi.org/10.1021/jf0493122
https://doi.org/10.2533/chimia.2017.810


March 2025 | Volume 41 | Issue 1 | Page 77

Sarhad Journal of Agriculture
delivery and use against insect vectors. Mini-
Rev. Org. Chem., 9: 185-202. https://doi.
org/10.2174/157019312800604733

Mesgaran, M.B. and P. Azadi. 2018. A national 
adaptation plan for water scarcity in Iran. 
Stanford Iran 2040 Project, Working paper 6. 

Murakoshi, S. and M. Takahashi. 1984. Trials of 
some control of tomato bacterial wilt caused 
by Pseudomonas solanacearum. Bull. Kanagawa 
Hortic. Exp. Stn., pp. 50-56. 

Nesme, J. and P. Simonet. 2015. The soil resistome: 
A critical review on antibiotic resistance origins, 
ecology, and dissemination potential in telluric 
bacteria. Environ. Microbiol., 17: 913-930. 
https://doi.org/10.1111/1462-2920.12631

Noonari, S., M.I.N. Memon, S.U. Solangi, M.A. 
Laghari, S.A. Wagan, A.A. Sethar, G.Y. Kalwar, 
A.S. Korejo, A.S. Jamro and G.M. Panhwar. 
2015. Economic implications of tomato 
production in Naushahro Feroze District of 
Sindh Pakistan. Res. Humanit. Soc. Sci., 5: 
158170. 

Pires, D., C.S. Vicente, E. Menéndez, J.M. 
Faria, L. Rusinque, M.J. Camacho and M.L. 
Inácio. 2022. The fight against plant-parasitic 
nematodes: Current status of bacterial and 
fungal biocontrol agents. Pathogens, 11: 1178. 
https://doi.org/10.3390/pathogens11101178

Popp, J., K. Pető and J. Nagy. 2013. Pesticide 
productivity and food security: A review. 
Agron. Sustain. Dev., 33: 243-255. https://doi.
org/10.1007/s13593-012-0105-x

Pradhanang, P., P. Ji, M. Momol, S. Olson, J. 
Mayfield and J. Jones. 2005. Application of 
acibenzolar-S-methyl enhances host resistance 
in tomato against Ralstonia solanacearum. Plant 
Dis., 89: 989-993. https://doi.org/10.1094/
PD-89-0989

Rahman and S.J. Shah. 2024. Green Nano-
synthesis: Salix alba Bark-Derived Zinc Oxide 
Nanoparticle and their nematicidal efficacy 
against root-knot nematode Meloidogyne 
incognita. Adv. Life Sci., 10(4): 675-681. 
https://doi.org/10.62940/als.v10i4.1581

Rahman, A., A. Rauf, B. Ali, M. Ullah, M. Ali, S. 
Ahmad, F. Ullah, H. Iqbal, M. Iqbal and M.A. 
Ahmad. 2022. Phytochemical analysis and 
antibacterial activity of Berberis vulgaris extract. 
Adv. Life Sci., 9: 289-294. 

Rashid, A., T. Naz, M.M. Iqbal, J. Akhtar, M. 
Saqib, H.M. Anwar-ul-Haq, R. Ullah, S. Kabir 

and Q.D. Ikram. 2020. Influence of organic 
amendments on growth and lead uptake of 
spinach (Spinacia oleracea L.) grown in lead-
contaminated soil. Environ. Earth Sci. Res. J., 
7. https://doi.org/10.18280/eesrj.070201 

Reusche, M., K. Thole, D. Janz, J. Truskina, S. 
Rindfleisch, C. Drübert, A. Polle, V. Lipka and T. 
Teichmann. 2012. Verticillium infection triggers 
vascular-related NAC domain 7-dependent de 
novo xylem formation and enhances drought 
tolerance in Arabidopsis. Plant Cell, 24: 3823-
3837. https://doi.org/10.1105/tpc.112.103374

Robertson, L.D. and J.A. Labate. 2006. Genetic 
resources of tomato (Lycopersicon esculentum 
Mill.) and wild relatives. Genet. Improv. 
Solanaceous Crops, 2: 25-75. https://doi.
org/10.1201/b10744-3

Sahu, P.K., A. Gupta, Kedarnath, P. Kumari, G. 
Lavanya and A.K. Yadav. 2017. Attempts for 
biological control of Ralstonia solanacearum 
by using beneficial microorganisms. Agric. 
Important Microbes Sustain. Agric., 2: 315-
342. https://doi.org/10.1007/978-981-10-
5343-6_11

Sarkar, S. and S. Chaudhuri. 2016. Bacterial wilt 
and its management. Curr. Sci., pp. 1439-1445. 

Smith, M., J. Smith and G. Stirling. 2011. 
Integration of minimum tillage, crop rotation, 
and organic amendments into a ginger farming 
system: Impacts on yield and soilborne diseases. 
Soil Tillage Res., 114: 108-116. https://doi.
org/10.1016/j.still.2011.04.006

Sparks, T.C., D.R. Hahn and N.V. Garizi. 2017. 
Natural products, their derivatives, mimics and 
synthetic equivalents: Role in agrochemical 
discovery. Pest Manage. Sci., 73: 700-715. 
https://doi.org/10.1002/ps.4458

Srivastava, S., A. Bhargava and A. Srivastava. 
2022. Green synthesis of nanoparticles. Green 
Nanopart.: Future Nanobiotechnol., pp. 53-75. 
https://doi.org/10.1007/978-981-16-7106-
7_4 

Thakur, H., A. Sharma, P. Sharma and R. Rana. 
2021. An insight into the problem of bacterial 
wilt in Capsicum spp. with special reference to 
India. Crop Prot., 140: 105420. https://doi.
org/10.1016/j.cropro.2020.105420

Vashist, H. and A. Jindal. 2012. Antimicrobial 
activities of medicinal plants. A review. Int. J. 
Res. Pharm. Biomed. Sci., 3: 222-230. 

https://doi.org/10.2174/157019312800604733
https://doi.org/10.2174/157019312800604733
https://doi.org/10.1111/1462-2920.12631
https://doi.org/10.3390/pathogens11101178
https://doi.org/10.1007/s13593-012-0105-x
https://doi.org/10.1007/s13593-012-0105-x
https://doi.org/10.1094/PD-89-0989
https://doi.org/10.1094/PD-89-0989
https://doi.org/10.62940/als.v10i4.1581
https://doi.org/10.18280/eesrj.070201
https://doi.org/10.1105/tpc.112.103374
https://doi.org/10.1201/b10744-3
https://doi.org/10.1201/b10744-3
https://doi.org/10.1007/978-981-10-5343-6_11
https://doi.org/10.1007/978-981-10-5343-6_11
https://doi.org/10.1016/j.still.2011.04.006
https://doi.org/10.1016/j.still.2011.04.006
https://doi.org/10.1002/ps.4458
https://doi.org/10.1007/978-981-16-7106-7_4
https://doi.org/10.1007/978-981-16-7106-7_4
https://doi.org/10.1016/j.cropro.2020.105420
https://doi.org/10.1016/j.cropro.2020.105420

