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Evaluation of propolis extract in preventing weed seed germination
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Abstract

As you know, weeds can annihilate a large part of agricultural crops. Therefore, many expenses for controlling
and destroying weeds are spent on the purchase of herbicide. They cause environmental pollution and have
side-effects to human. Propolis is one of the most valuable bee products that have many applications including
medicine, agriculture and animal husbandry. In this study, a new application has been introduced that can be so
effective in agriculture field. For this reason, propolis extract was used in 4 concentrations. The combinations
of propolis extracts were tested on germination of wild barley, oat and cattle cotton. For primary treatment, the
seeds were grown in Peat Moss and each day 2 ml of the specified concentrations of the extract were injected.
Three replicates for each treatment and three replicates without treatment were considered as controls. All
treatments and control were irrigated daily. After determining the best concentration in preventing germination
of seeds, the duration of starting germination after application of this extract in the ground was investigated.
For this purpose, germination of wheat was studied after using of the 1:2 extract in culture tray at times 1, 8,
16 and 24 hours after treatment. The results of primary treatment showed a significant effect of propolis extract
compared to the control. Also, the results of the secondary treatment showed this extract does not prevent
germination of main plant’s seed after soil treatment. In conclusion, this extract can be recommended as an
herbicide before cultivation on farms.
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1 Introduction

Propolis is a mixture of wax and resin collected by bees from plants. This honey bee production is used as a
natural cement to cover the holes within the colony, to disinfect their rooms and for pasting different parts of
the hive to each other. The most important role of propolis in the hives is to prevent microbial growth and
activity of microorganisms. Another application of propolis is related to medicine, antibacterial and antifungal
drugs (Grunberger et al., 1995; Gafar and Sacalus, 1987). Moreover, reports on the effectiveness of propolis in
controlling plant and animal diseases are available (Fahmy and Omar, 1989; Zawadzki et al., 2011). Several
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compounds are noted that propolis contains polyphenols, amino acids, steroids and non-organic compounds. .
The quality of propolis is relevant to the geographical location of hive, plants which bees have used for years
to collect propolis (Omar, 1989; Barbern et al., 1993). Propolis productions are the important part of
apicultural experiment because this component has many beneficial applicants. One of the common methods
used for collecting propolis is the trap on the hive which was designed based on honey bee’s behavior to
isolate her colony against light and coldness (Hogendoorns et al., 2013).

Along with plant pests and diseases, weeds are also the most important factors causing great damage to
crops. Every year a lot of crops are destroyed due to weed growth. A great amount of herbicides are used in
order to destroy weeds, which most of them are commercially-based chemical synthesis. These herbicides are
sometimes harmful to human, pollinators and other non-target organisms (Zhang, 2018). Many studies about
the inhibitory effect of propolis on the germination of pathogenic fungi and proliferation bacteria were carried
out (Moawad et al., 2001). Behiti (2013) examined the effect of propolis on prevention of potato spoilage. In
his study, fungi and bacteria that caused decay in the potato were investigated. Abeer Hashem et al. (2012)
observed inhibitory effect of propolis on Aspergillus parasiticus. According to the study, germination and
production of the fungus’ conidia decreased by increasing the concentration of propolis.

Sorkun et al. (1997) in Turkey reported that propolis extracts prevented plant cells division. In another
study, propolis extracts cause prevention or delay of seed germination (Sorkun et al., 1997; Sorkun and
Bozcuk, 1994). This study showed that propolis could be used to prevent the growth of weeds. The best time
for preventing the growth of weeds is preventing germination of seeds before they are dispersed in the
environment. Consequently, based on the natural substance derive from bees, can be produced pre-emergence
herbicides that we evaluated this effectiveness in this study. On the other hand, in this study, effect of non
chemical product of honey bee on seed germination was evaluated.

2 Material and Methods

2.1 Seeds cultivation

In this experiment, two groups of plants, such as broadleaf and narrow-leaf weeds, were used. The seeds of
wild barley (Poaceae: Hordeum spontaneum) and oats (Poaceae: Avena sativa) as narrow leaves and seeds of
milk thistle (Asteraceae: Silybum marianum) and cattle cotton (Malvaceae: Abutilon striatum) as broadleaf
were utilized. The seeds in trays cultivation in the context of peat moss to ensure food security at a temperature
of 25 °C and photoperiod of 16: 8 were planted. There were three replicates for each solution and three
replicates without treatment as control were applied.

2.2 The primary solution

To make a stock solution, the ethanolic extract of propolis was used. 10 g of laminate propolis was placed in a
freezer for 5 days; Then crushed with a mortar and a ratio of one to ten (1:10) with 96% alcohol was stirred for
7 days. This combination was rattled in a shaker every day for a short time. After 7 days, insoluble material
was separated by filtration and the remaining extract was used for experiments.

2.3 The secondary solution

The primary solution of distilled water at four concentrations (1:1, 1:2, 1:3 and 1:4) was diluted. The most
concentrated ratio had one unit of water and one unit of ethanolic propolis extract and the most diluted ratio
had 4 units of water and one unit of propolis extract. Secondary solution produced milky emulsion which with
reducing the concentration its color was faded. These serial dilutions were used for seed treatment.

2.4 The primary treatment

To determine which secondary solution concentration had the highest efficiency in the prevention or
postponement of weed seed germination, narrow-leaf and broadleaf were treated with each concentration in
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triplicate. For each seed and concentration, three controls without treatment were considered. Since the seeds
planted in the bed were treated with 2 ml of different ratios of secondary solution every day. After the
treatment, all the tested and control samples were irrigated with 5 ml of distilled water to provide humidity for
seed germination. Germination was evaluated every day. Index of measuring buds was exiting 2 cm of buds
from the peat moss surface.

2.5 The secondary treatment

After the most effective treatments were found in different concentrations, the reconstruction test of use of
herbicides in wheat fields was performed based on the times to show how seed can be germinated after
treatment. For this purpose, the ratio of 1:2 (water: extract) was used. The advantage of the concentration (1:2)
is the low cost; In addition, it is the first concentration after the concentration of 1:1 which had the greatest
impact. Culture bed (Peat Moss in cell culture trays) with 2 ml of 1:2 solutions was treated and every eight
hours (clocks 1, 8, 16, 24) seeds in the bed were cultivated. After 24, hours all the seeds were irrigated with 5
ml of distilled water to provide moisture for germination. Since the Milk thistle seeds were not totally
germinated in the primary treatment, they were removed from the study. In this test were three replications for
each treatment and three replicates of control in which no treatment was used. To determine the effect of the
solution 1:2 on main seed germination after planting (in this experiment, wheat was used as main seed); an
experiment was conducted to evaluate speed and quality of wheat and weed growth after soil treatment with
the solution. Before doing this test, bed planting with a secondary solution to a ratio of 1:2 was treated and
then wheat and wild barley were planted in three replications. Three replicates were used as control in this test

(Fig. 1).
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Fig. 1 Growing tray and comparison of wheat germination in different treatments and control. The first and second rows are
control and wheat, respectively. The next two rows are Wild barley seeds that grow three days later than wheat.

3 Results and Discussion
The data was recorded daily and analyzed by the SPSS V. 20 software. In this study, cross-tab analysis and
Pearson's Chi-square test were used.

As you can see in Table 1, based on the results of cross-tab analysis, none of the seeds were germinated at
1:1 and 1:2 concentrations. At the 1:3 concentrations, none of cattle cotton was germinated; however, in oat
and wild barley, 67% lack of germination was observed. By reducing the concentration, the germination rate
increased in comparison with 1: 3 in oat, but no change was observed in wild barley.
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Table 1 Comparison of seeds germination percentage in the control and different concentrations of the treatment.

Seed Results Total
0 1 %

Wild barley Concentration 0 0 100 100
1 100 0 100

2 100 0 100

3 67 33 100

4 67 33 100

Total 334 166 500

Cattle cotton Concentration 0 33 67 100
1 100 0 100

2 100 0 100

3 100 0 100

4 67 33 100

Total 400 100 500

Oat Concentration 0 0 100 100
1 100 0 100

2 100 0 100

3 67 33 100

4 33 67 100

Total 300 200 500

The untreated control seeds germinated earlier than the treated plots. After 3 days, the first buds of samples
treated with a concentration 1:4 were observed; and after 4 days, seeds treated with a concentration of 1:3
initiated germination. Only one of the three replications treated with 1:2 was germinated in wild barley and
oats, so some of the others did not germinate. In General, Chi-square test showed that the germination rate of
the three types of seeds with the control had a significant difference (df = 4, p<0.0005).

As you can see in Fig. 2, the highest germination was in the control group and the germination of the seeds
decreased with increasing concentration. At 1:1 concentration, there was no germination, and germination was
reduced by decreasing the concentration of extract (1:4).
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Fig. 2 Chart between the efficacies of different concentrations of extract in preventing germination as compared to control.

Result of secondary treatment show that wheat and wild barley seeds germinated more quickly. First the
control seeds germinated in 3 days, and then seeds planted at clock 16 and 24 germinated after treatment.

In the soil that was treated with propolis solution, wheat germinated without loss of its quality after 4 days;
however, seeds of wild barley germinated 3 days later with wheat at germinating on 7th day.

Based on the results, the concentrations produced by a ratio of 1:3 and 1:4 had little effect. On the other
hand, concentration of 1:1 completely inhibits the germination of seeds of both broadleaf and narrow leaves.
But due to the high cost of the concentration production, the first effective concentration after that, the 1:2 as
recommended treatments to control weed seeds, have been proposed. If we want to classify this solution as an
herbicide, we can say the propolis extract can be classified as before-planting herbicide. Based on residue tests
of these compounds after a time, propolis extract can be used in the soil before planting and a week after the
main planting like wheat is cultivated. Therefore, use of this compound, two days before planting, can prevent
weed seeds from germination in soil. A pause after taking this compound in soil and plant cultivation can help
prevent the residual extract in the soil (Behrooz, 2019).

4 Conclusions

Another benefit of propolis extract as a pre-planting herbicide is its bacterial and fungicidal properties. The use
of this compound in soil, in addition to preventing weed seed germination, the growth of bacteria and fungi are
prevented (Moawad et al., 2001). The properties of propolis extract can reduce the risk of soil-borne fungal
and bacterial disease. Furthermore, synthetic chemical compounds are not used in the construction of these
extracts; therefore, it has no harmful residues in nature or pollution to the environment and animals. Another
advantage of the propolis extract is the low cost when compared to chemical herbicides.
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Sorkun and Bozcuk (1994) reported that alcoholic extract of propolis cause prevention or delay of seed
germination and in this study, it was found, depending on the concentration of propolis extract, to prevent or
delay the germination of weed seeds. Moreover, results show that propolis extract can prevent broad leaf seeds
germination more than narrow leaves. By changing the concentration, it can also increase the effectiveness on
the narrow leaves.
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