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Abstract

Several species of insects have been documented to cause significant post-harvest losses, spoilage, and
lowered demand for beans in the market, causing huge economic losses for farmers in Botswana. Their
management has, for years, relied on the use of synthetic grain protectants. However, the use of
synthetic grain protectants has raised serious environmental and human health concerns, and have
promoted interest in the use of plant derived grain protectants as safer alternatives. This study was
undertaken to evaluate the effect of garlic, peppermint, marigold and fever tea ground plant powders on
germination of different bean seed genotypes. The experiment was arranged in a split plot design, laid
out in a Complete Randomized Design with 3 replicates. The study revealed that seeds treated with
garlic, fever tea and marigold recorded the highest average germination percentages which were 100,
99.17 and 97.5 percent respectively, while peppermint recorded an average germination percentage of
85.83 percent. The untreated control recorded the lowest average emergence of 77.5 percent. This
implies that plant powders have a positive effect on the germination of seeds of the different bean
genotypes assessed. Since this study was undertaken in the laboratory, further research and field testing
is necessary to confirm these laboratory findings.

Keywords: Mentha piperita, Allium sativum, Lippia javanica, Tagetes minuta, germination, Phaseolus
vulgaris

Introduction

Phaseolus vulgaris L. (Fabaceae), Common bean, is among the highly valued legume crops
worldwide (ref). It is among the most popular pulse crops consumed in Botswana (Mangole
et al., 2023) 71 It provides for the nutritional needs of local communities due to its high
protein and energy content (Astaraki et al., 2025; Mashiga et al., 2019) > %°1, Beans are an
excellent source of important minerals, vitamins and dietary fibre for low income households
in most developing countries (Kuto$ et al., 2003) !, However, its production has not been
satisfactory in most developing countries owing abiotic and biotic factors (Katungi et al.,
2017) . The damage by storage pests during storage is among the most important
constraints, which inflict significant losses (Mutari et al., 2021; Estelle et al., 2018) [2% 5,
Quantitative losses are inflicted through consumption of the grain, while qualitative losses
through contamination from feces and casts (Kaliramesh et al., 2013) [, While other
methods exist, including integrated pest management (Makate, 2016) [*¢l the control of
storage pests is heavily dependent on the application of synthetic grain protectants which for
a long time were viewed to be effective, quick and secure. However, synthetic grain
protectants have been discovered to possess several disadvantages which include;
undesirable effect on produce and the environment, toxicity to humans and animals, presence
of residues on the commodity, and resistance development in target pests (Rajkumar et al.,
2020; Singh, 2017) 5 281, These negative outcomes have necessitated the search for more
eco-friendly control methods for storage pest management such as the use of plant extracts as
grain protectants. Plant extracts have been recognized as potential alternatives to synthetic
grain protectants owing to their biodegradability, ease of use, low harm to humans and
wildlife, less risk of pesticide resistance development, and no harm to non-target and
beneficial entomofauna. Besides protecting plants from different pest and diseases, several
studies have reported botanical plant extracts to influence germination of different crops. In a
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study by Fritz (2007) €1, germination and growth of lettuce
was significantly inhibited by goatweed (Hypericum
polyanthemum) plant extract. A study by Ismail and Chong
in 2002 [ investigated the effects of Mikania extracts on
various plant species, including tomato (Lycopersicon
esculentum Mill.). It was reported that the aqueous extracts
of Mikania significantly impacted the germination and early
growth of tomato. Besides the inhibitory effects, several
reports indicate the biostimulant effects of plant extracts on
germination (Jyoti and Kumar, 2025) 0%, Research by
Abdel-Monaim (2011) ™ found that plant extracts from
Eugenia jambolana, Nerium oleander, and Citrullus
colocynthis improved the growth and yield of lupine plants.
A study by Rady et al. (2013) 4 suggested that soaking of
bean seeds in Moringa oleifera leaf extracts resulted in
increased growth and yield.

Although ground plant powders have been used as grain
protectants by traditional African communities for decades
(Kiri et al., 2024; Yadav et al., 2022) [*3.30 no studies have
been undertaken in Botswana to determine their effect on
germination of local bean genotypes. As much as it is
essential to identify effective ground plant powders, it is
also important to determine their effect on germination
parameters of bean seeds following treatment. This study
investigated the effects of selected ground plant powders on
local bean seed germination.

Materials and Methods

This experiment was carried out in the Entomology
laboratory, Department of Crop and Soil Sciences at
Botswana University of Agriculture and Natural Resources
(BUAN) (24°34' 25"S, 25°95'0"E; altitude: 998 m).

Preparation of plant powders

Garlic and peppermint were bought from the local markets,
marigold was collected from a local garden and fever tea
was collected from a local farms. Plant powders were
obtained by thoroughly rinsing the plant vegetative part
(clove, flowers or leaves) in distilled water thrice to remove
dirt, and then dried at room temperature in the Entomology
laboratory for 7 days. The plant materials were then oven
dried at 60+1 °C for 48 h and each were preserved in their
own clear airtight bottle which was then placed in a
refrigerator at 4+2 °C.

Experimental set up

Germination test was carried out on beans which had been
treated with the 4 plants (pepper mint, fever tea, marigold
and garlic) powder and left in storage for a month. The
Germination test was carried out as per the standard
germination test for seed viability. The germination of P.
vulgaris that has been mixed with the plant extract was
assessed. Upon termination of experiment 2 (4.4) the seeds
were then taken for germination test. Ten seeds of each bean
variety were randomly collected then they were soaked in
water for 24 h, and then placed in Petri dishes over a moist
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germination paper in a split plot design arranged in a
Complete Randomized Design with three replicates. The
petri dishes were then kept in a dark place in the
Entomology laboratory under ambient conditions, and
number of emerged beans was taken at the end of seven
days. The germination percentages were calculated
following Ogendo et al. (2004) [221,

Data Analysis

The Data collected on various parameters from the
experiments were entered into Microsoft excel and
statistical analysis was performed using the SAS 9.4
software package. Data was subjected to analysis of
variance (ANOVA) and the means were separated using the
Least Significant Difference (LSD) at P<0.05. The arcsine
square root transformation, expressed as arcsine \(percent
x/100), was used to stabilize the variance of percentage data
in studies involving adult emergence, adult mortality, seed
weight loss, DSI, and germination [arcsine \(percent x/100]
(Bromiley & Thacker, 2002) ™ before analysis. Pearson
correlation was performed on the relationship between
biochemical components and pest susceptibility index.

Results

Germination Test Experiment

Table 1 illustrates the germination percentage of different
genotypes treated with different plant extracts. The
experimental findings revealed that there was significant
difference among the seed germination in terms of
germination percentage (F (3 40 =95.99, P<0.0001).
Blackeye and X genotype had significantly highest
germination percentage compared to other genotypes, and
they were not significantly different from each other.
However, X-genotypes was significantly different in terms
of percentage germination, from both CAL96 and DAB520.
Germination percentage of CAL96 and Blackeye were not
significantly different from each other, but they were
significantly different from that of DAB520. More so,

DAB520 and X-genotype significantly differed in
germination percentage. The individual means of
germination for genotypes ranged from 81.33+£0.29
(DAB520) to 98.00+0.17 (X-genotype). Mean of

germination for genotype CAL96 was the second lowest
with 92.00+0.23 followed by that of blackeye cowpeas with
96.67+0.06. The study also showed that there was
significant difference in germination percentage among the
treatments (F @, 409 =37.32, P<0.0001). There was no
significant difference was observed among treatments garlic
(100.00£0.00), fever tea (99.17+0.06) and marigold
(97.50+0.19). In terms of germination percentage these
treatments had the highest germination percentage. The
three treatments showed high germination compared to mint
(77.50+0.32) and control (85.82+0.29). However, mint and
control had significantly different germination percentages
(Table 1).
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Table 1: Germination percentage of bean genotypes treated with different plant extracts

Germination (%)
CAL96 92.00°+0.23
Black eye 96.67%°+0.06
DAB520 81.33%*0.29
Genotypes X-genotype 98.00%0.17
F 95.99
P <0.0001
LSD 0.415
Garlic 100.00°+0.00
Mint 77.50°40.32
Fever tea 99.172+0.06
Treatments Marigold 97.502+0.19
Control 85.83+0.29
F 37.32
P <0.0001
LSD 0.464

Means within the same column followed by the same small letter do not differ significantly, (P<0.05)

Discussion

Germination response of bean genotypes to different
plant extracts

A germination test was performed on seeds treated with
plant powder to investigate the effects of the treatments on
their germination. The findings of this study revealed a
significant effect of the plant powders tested on germination
of all the seeds (CAL96, DAB520, X-genotype and
blackeye). After 7 days the average germination percentage
in different treatments and untreated seeds ranged from 77.5
to 100 percent. Garlic, fever tea and marigold treatments
were observed to be statistically at par with each other and
these were seen to have recorded the highest average
germination percentages at 100, 99.17 and 97.5 percent,
respectively. Peppermint recorded the second lowest
average germination percentage at 85.83 percent, whilst the
untreated control recorded the lowest average emergency
percentage of 77.5. Observations from the present study
have indicated that garlic can provide satisfactory protection
and maintain quality needed for germination to host seeds
against C. maculatus as shown by the 100 percent seed
percent emergence in all the experimental units (CAL96,
DAB520, X-genotype and blackeye cowpeas). The results
of the experiment might be due to allelopathic properties of
garlic which cause the seeds to emerge faster than when
they are not treated with anything. Garlic treated seeds were
observed to have started germination on the 4th day after
germination test commenced. This observation is consistent
with several studies.

Perelld et al. (2013) 23 found that garlic extract, contains
the bioactive compound allicin, which can promote wheat
seed germination and seedling growth. Hayat et al. (2018) (€
reported on the growth promoting activity to wheat seed
germination due to the presence of bioactive compounds
found in garlic which include allicin, vitamins, flavonoids,
phenolic compounds, carbohydrates, and enzymes. Hafez et
al. (2013) [ while investigating the impact of garlic extract
on wheat seed germination, found that it can enhance
germination and seedling health, particularly in pathogen-
infested seeds. The present study has also shown that fever
tea provided the second highest emergence with an average
of 99.1 percent. The germination percentage obtained in
fever tea for each seed were 100 percent in both CAL96 and
Blackeye, and then 96.7% in both DAB520 and X-genotype.
Germination was observed to have started within the first
five days of the germination experiment. These results
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indicate that fever tea improves the germination of seeds
(CAL96, DAB520, X- genotype and black eye) when
compared to untreated control, which might be due to
chemical components found in fever tea. In his 2017
publication, Alfred Maroyi 8 reviewed the plant growth-
promoting properties of fever tea (Lippia javanica) owing to
the presence of various phytochemicals, including alkaloids,
flavonoids, amino acids, triterpenes, iridoids, and minerals.
While Maroyi's [*8] review focuses on the broader aspects of
the plant, other studies have explored specific growth-
promoting properties. For example, Mashela et al. (2010) 129
also reported growth promoting properties of fever tea on
tomato. Specifically, they found that fever tea, when applied
as a soil amendment, significantly increased the shoot and
root dry weight, chlorophyll content, and stem diameter of
tomato plants compared to untreated plants. This suggests
that fever tea can be used as a sustainable alternative to
synthetic grain protectants and as a plant growth promoter,
potentially enhancing crop production and environmental
sustainability. Furthermore, their research also indicated that
fever tea had nematicidal properties, reducing nematode
populations in tomato roots. Marigold had the third highest
average germination percentage of seeds (97.5%). From the
present study, the average germination percentage recorded
from the seeds was 100% for both blackeye and X-
genotype, 96.7% for CAL96 and 93.3% for DAB520.
Germination from seeds treated with marigold were
observed to have started within five days of the experiment.
The result from this experiment indicates that marigold
promotes seed germination when compared to untreated
control. In their 2014 study, Balic¢evi¢ et al. Bl investigated
the effects of marigold on weed germination and
growth. Their research, involving both fresh and dry
marigold biomass, found that extracts from fresh marigold
biomass stimulated germination and growth of hoary cress
seedlings, while extracts from dry biomass had an inhibitory
effect. This effect was due to the presence of Alpha
terthienyl, which is a major light sensitive compound found
in marigold known for its pesticidal effects, and shown to
enhance the growth and development of several plants,
including tomatoes and tobacco (Kumar et al., 2000) 14,
Peppermint recorded the lowest average percentage
germination of all the plant powders with an average of
77.50%. The average germination percentage of seeds
treated with peppermint were 96.7 for X-genotype, 86.7 for
CAL96, 83.3 for blackeye cowpeas and 43.3 for DAB520.
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The seeds treated with peppermint were observed to have
started germinating within five days of the experiment.
Peppermint was observed to reduce the percentage
germination in seeds as it recorded the lowest average
emergence percent compared to the untreated control, which
had an average percent of 85.83%. Some studies suggest
that chemical compounds found in peppermint,
particularly volatile compounds and aqueous extracts, can
inhibit or reduce seed germination. This phenomenon,
known as allelopathy, occurs when plants release chemicals
that affect the growth of other plants. Dried peppermint
leaves release volatile compounds that can inhibit seed
germination in other plants, as observed in studies with
radish seeds (Szafraniec et al., 2019) 9. Sarheed et al.
(2020) 81 and Skrzypek et al. (2015) 2%, suggested that the
allelopathins of mint are responsible for the reduction in
germination percentage of tomatoes.

Conclusion

The plant extracts had a significant effect on the
germination of seed genotypes used in the current study.
Marigold, garlic and fever tea have all the qualities to be
considered as potential use in management of C. maculatus
on the new genotype seeds as they have previously been
shown to possess good insecticidal activity, and also have a
positive effect on germination of the seeds. Peppermint
though it has good insecticidal properties against C.
maculatus, it significantly reduces germination percentage
of seeds as such it would not be recommended to use in
management of C. maculatus on seeds. Since this study was
conducted in the laboratory, further research is needed under
storage conditions to validate the results obtained in the
present study.
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