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1. Abstract

In this study an experimental investigation has been conducted at the Diyala University / Biology department
laboratories to investigate the allelopathic effect of the Mentha longifolia cold aqueous extract on the germination
and grow of the Cicer arietinum L. plant. The study was performed according to the Completely Randomized Design
(C.R.D) with three replications. The Cicer arietinum L seeds were first sterilized with sodium hypochlorite solution
(1%), before they were planted in Petri dishes, and soaked in different concentration of the Mentha longifolia aqueous
extract (0, 0.5, 1, and 1.5 g/l). Special detection methods were used to detect the secondary metabolic compounds,
such as alkaloids, phenols and tannins, in the Mentha longifolia extract. The results revealed reduction in all of the
Cicer arietinum L. considered properties due to the treatment with the Mentha longifolia aqueous extract. The
reduction is significant at higher Mentha longifolia extract concentration; maximum reduction, in most of the
considered properties, was reported when the concentration was 1.5 g/l. However, the reduction was not significant
in all of the investigated properties except the dry weight of the radicle. This property showed maximum reduction at
1.5 g/l concentration, which represents the lowest average (0.0086 g) compared to the control treatments that
demonstrated average minimum reduction of 0.0159 g.
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2. Introduction

The term “Allelopathy” includes the plants’ or microbes’ positive and negative effects on other living
organisms by means of chemicals (Hickman et al., 2021). These chemicals are secondary metabolites called
allelochemicals, they have a significant role in the ecosystem balancing (Muhammad and Majeed, 2020).
Roots and leaves are the main parts that contain the Allelopathic compound, though, this compound also
exist in other parts of the plants (Rietveld, 1983). Scholars have considered the Allelopathy role, and
reported the Allelopathic effect on the crops growth. The studies also revealed that these secreted
substances may affect the plants their self or other neighboring plants. Moreover, their effect is not always
inhibiting, but sometimes they exhibit growth motivational effect (Thiébaut et al., 2019).

Cicer arietinum L. is an important food crops, it is part of the Fabacea family, and it plays important role in
soil fertilizing due to its contribution to nitrogen fixation with the help of streptococcus bacteria. It is an old
crop that it has been grown in dry and semi-dry regions of more than 50 countries, mainly in Asia, Africa,
Europe, Australia, North and South America (Rani et al., 2020). It has been grown for more than 7000 years,
and it represents the second largest legume crop, after beans, in terms of consumption in Iraq (Singh and
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Saxena, 1999). Its average production in Iraq in 2020 was 250 Kg/acres ( Central Statistical Organization of
Iraq ,2020).

Cicer arietinum L. seeds are of high nutritional value, they are good source of carbohydrates, essential
amino acids, protein, many water-soluble vitamins, and minerals (Dhankhar et al., 2021). Its seeds, also,
contain a variety of bioactive compounds that show anti-oxidant, anti-diabetic, and anti-inflammatory
properties (Ramadhani et al., 2020).

Mentha longifolia is one of the most important aromatic perennial plants; it belongs to the Lamiaceae
family, and it is widely distributed worldwide especially in the tropical and subtropical regions. Many
species of the Mentha genus are described as industrial crops and a good source of essential oils.
Worldwide, India is the number one in mint oil production followed by China and Brazil. The useful parts of
the mint plant are the floral tops and leaves, due to the importance of its oil, among other oils, it is
considered as number one plant from which the oil is extracted (Brahmi et al., 2017). Phytochemical
analyses revealed that the Mentha longifolia contains many secondary metabolic compounds, such as
menthol (50%), menthone, terpenes and terpene derivatives, tannins, nicotinic acid, flavonoids and their
glycosides to which the biological activity of the mint plant is attributed (Hanafy et al., 2020).

Due to the increased population and the lack of the leguminous crops production, including Cicer arietinum
L., compared to market requirements, it has become essential to investigate the effect of some plants that
contains effective substances, such as mint, on the germination and growth of this crop. Therefore, this
study was conducted to determine the allelopathic effect of the Mentha longifolia extract on the
germination and growth of Cicer arietinum L.

3. Materials and Methodology

3.1 Aqueous extract preparation

The experimental work was conducted at the plant laboratory at the biological sciences department at the
College of Education for Pure Sciences during the autumn season of 2021. Mentha longifolia leaves were
obtained from the local market at Diyala Governorate, they were thoroughly washed with tap water and
then distilled water before they were prepared by drying and grinding according to (Harborne, 1984). Four
concentrations of the Mentha longifolia extract (0, 0.5, 1, 1.5 g/l) were prepared with distilled water. Each
concentrate was mixed separately by manual mixing for 30 minutes, then it was left for 1-hour before it
was filtered for several times by three layers of gauze. After that, they became ready for Cicer arietinum L.
soaking process.

3.2 Chemical reagents and diagnostic solutions for secondary compounds in the Mentha longifolia leave
aqueous extract:

Saponins detection: according to Atlas et al. (1995)
Glycosides detection: according to Shihata (1951)
Tannins detection: according to Harborne (1984)
Resins detection: according to Atlas et al. (1995)
Alkaloids detection: according to Harborne (1984)

o vk wnNe

Phenols detection: according to Harborne (1984)
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3.3 Preparation and sterilization of the treated seeds

Cicer arietinum L. seeds were brought from the local markets of Diyala Governorate. First, affected ones
were excluded before they were sterilized with 0.5% sodium hypochlorite and then washed with distilled
water for several times (Joshi and Gupta, 1980). Then, they were soaked in the solutions for 24 hours
before they were dried with air at 25°C laboratory temperature.

3.4 Seeds planting in Petri dishes

The experiment comprised 4 treatments, each treatment had 3 replicates. 10 cm Petri dishes were
prepared by placing pieces of gauze in them before 10 Cicer arietinum L. seeds were put in each dish. After
that, 20 ml of each of the previously prepared extracts was added to each dish according to its treatment,
though for the control treatment only distilled water was added. Later, the dishes were closed and kept in
the laboratory at 25°C. All of dishes were irrigated by adding 5 ml of the extracts. The experiment lasted for
10 days during which the following parameters were calculated:-

3.4.1 Germination percentage

After 10 days of the seeding, the number of germinated seeds was counted and the germination
percentage was calculated according to Ellis and Roberts (1981) as given in Equation (1):

The number ofgerminated seeds

Germination percentage = X 10004 (1)

The total number of seads

3.4.2 Germination speed percentage

Throughout the planting period, the number of germinated seeds, in each dish, was calculated on a daily
base, then the germination speed percentage was calculated according to Batish et al. (2001) as in Equation

(2):

Germination rate factor percentage = ————

10094

(2)
The measurement the of the radicle and plumule average length

After 10 days of germination the length of all the growing plants was measured and the average was
calculated according to (ISTA, 2008).

3.4.3 Measuring the average of fresh and dry weight of the radicle and plumule

After 10 days of the germination, the fresh weight of the plumule and radicle was measured using electric
balance. Then, they were dried at 60-65 °C until the dry weight became stable. The dry weight was then
measured for each of them and for the same plants, and the average was calculated as given in Shettel and
Balke (1983).

4. Statistical analysis

The data were statistically analyzed using the variance analysis method for a factorial experiment in a
completely randomized design (C.R.D) for a factorial experiment with three replications for each treatment.
Duncan test was used to compare the mean values at 5% probability level, and the SPSS software was used
to analyze the data (Mahmoud and Aziz, 1980) and (Duncan, 1955).
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5. Results

Table 1 shows the existence of various active compounds in the cold aqueous extract of the Mentha
longifolia leaves for which the biological activity is attributed. The detection results indicate the presence of
saponins, tannins, alkaloids, phenols and resins, while the glycosides had no significant presence.

Table 1 The allelopathic compounds detected in the aqueous extract of the Mentha longifolia.

The allelopathic compounds Detection result
Saponins ++
Glycosides -
Tannins ++
Resins +
Alkaloids ++
Phenols ++

+ : Indicates the existence of the compound in the Mentha longifolia extract
++ : Indicates the existence of the compound with high concentration in the Mentha longifolia extract

- :Indicates no existence for the compound in the Mentha longifolia extract

Table 2 show no significant differences between the averages of germination percentage and the
germination speed percentage of the Cicer arietinum L. seeds, grown in laboratory conditions, due to the
treatment with different concentrations of Mentha longifolia extract. The data also indicate a reduction in
germination and germination speed percentages due to the treatment with different concentrations
extract (0.5, 1, 1.5 g/l) compared to the control treatment (0 g/I). The treatment with 1.5 g/l extract caused
highest reduction in the averages of these two properties. Averages of 46.666% and 2.276% were recorded
for each of the germination percentage and the germination speed percentage. Whereas, the highest
obtained averages were from the control treatment (0 g/l), which were 53.333% and 2.6000% for the two
properties respectively.

Table 2 also depicts non-significant differences between the different concentrations in regard to the
plumule and radicle length. The treatment with the 1 g/l extract gave the highest decrease in plumule
length with an average of 0.763 cm. Though, the treatment with concentration 0.5 g/l gave the highest
reduction in the radicle length with an average of 1.55 cm. However, control treatment gave the lowest
reduction in both properties, and averages of 1.3267 cm and 2.1833 cm were recorded for the two
properties respectively.

Table 2 The effect of the Mentha longifolia extract on the germination percentage and germination speed
percentage (%) and the length of plumule and radicle (cm)

Used extract L L .
. Germination Germination speed plumule Radicle
concentration
@) percentage (%) percentage (%) length (cm) length (cm)
0 53.333a 2.6000 a 1.3267 a 2.1833 a
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0.5 53.333 a 2.5000 a 0.9467 a 1.5500 a
1 56.666 a 2.9100 a 0.7633 a 1.8000 a
1.5 46.666 a 2.2767 a 0.8400 a 1.7767 a

Table 3 shows that there is no significant difference between the concentrations in terms of the plumule
and radicle fresh weight. The treatment with 1.5 g/l extract gave lowest average fresh weight for the
radicle and plumule which was 0.111 g and 0.030 g respectively. However, the control treatment exhibited
the highest average of 0.381 and 0.066 for the two properties. The table also shows significant differences
between the treatments in terms of the radicle dry weight. The control treatment gave the highest value of
the average dry weight of the radicle which was 0.015 g. This value differs significantly from the 0.5 and 1.5
g/l treatments; however, it did not differ considerably from the 1.0 g/l treatment. The 1.5 g/| treatment
gave the lowest average radicle dry weight of 0.0086 g. The data in Table 3 did not show significant
differences between the treatments in terms of the plumule dry weight. The averages, also, decreased with
the increase in the used concentrations. The lowest value was 0.0027 g which was achieved from treatment
with 1.5 g/l extract compared to the control treatment, which gave the highest value of 0.0072 g.

Table 3 The effect of the Mentha longifolia extract on the fresh and dry weights of the plumule and the
radicle

Used extract lumule
. Radicle fresh P . Radicle dry plumule dry
concentration . fresh weight . .
weight (g) weight (g) weight (g)
(g/1) (8)
Distilled water
0) 0.3813a 0.0667 a 0.0159 a 0.0072 a
0.5 0.1734 a 0.0373 a 0.0105 bc 0.0036 a
1 0.1427 a 0.333a 0.0140 ab 0.0068 a
1.5 0.1110a 0.0307 a 0.0086 ¢ 0.0027 a

6. Discussion

The results that have been obtained in this study confirmed that the Mentha longifolia cold extract has
significant effect in reducing the germination and growth of the Cicer arietinum L. seeds. This results conform
to the findings reported by MoZDZEN et al. (2019), Ahmed et al. (2021), and Pukclai and Kato-Noguchi (2011).
In these studies, significant reduction in seed germination percentage due to treating with different
concentrations of Mentha longifolia extract was specified. This reduction was found to be directly proportional
to the extract concentration. This is attributed to the fact that the Mentha longifolia extract contains high
concentrations of effective compounds, such as phenols, alkaloids and tannins. These compounds have an
ability to inhibit the germination and growth of the plants, as explained in Table 3. The presence of these
allelochemical compounds in low concentrations can stimulate the growth of plants, thugh at high
concentrations it declines in plant growth (Orcutt and Nilsen, 2000) and (Liu et al., 2011). This is due to its role
in reducing the cell division and elongation which are essential for growth (John and Sarada, 2012). Another
reason for growth declination is its impedance to enzymes activity (Siyar et al., 2017), such as food substance
decomposition enzymes that are found in the endosperm of the seeds. The reduction in the enzymes’ activity
leads to shortage in food substances that delivered to the active seed tissues, like the plumule and the radicle.
In addition to that, the extract effective compounds impedes the breathing process (Keating, 1999), plant
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hormones and protein synthesis (John and Sarada, 2012), and ion absorption process (Qasem and Hill, 1989).
Moreover, it has indirect role in cell death by producing reactive oxygen which causes lipid oxidation and
damages the cell membranes (Mutlu et al., 2011). Consequently, this leads to plant growth stunting and death.

7. References

AHMED, R. M., ABDULLA, A. S., RASHEED, A. J. M., AHMED, S. M., MAHMOOD, S. A. & KHAREEB, S. A. 2021.
Allelopathic Effect of Lamiaceae Plant Extracts on Seed Germination and Seedling Related Traits of Two linseed
(Linum usitatissimum L.) Varieties. Zanco Journal of Pure and Applied Sciences, 33, 31-52.

ATLAS, R. M., BROWN, A. E. & PARKS, L. C. 1995. Laboratory manual of experimental microbiology, Mosby.

BATISH, D. R., SINGH, H. & KAUR, S. 2001. Crop allelopathy and its role in ecological agriculture. Journal of Crop
Production, 4, 121-161.

BRAHMI, F., KHODIR, M., MOHAMED, C. & PIERRE, D. 2017. Chemical composition and biological activities of
Mentha species. Aromatic and medicinal plants-Back to nature, 10, 47-79.

Central Statistical Organization. Ministry of Planning, Republic of Iraq (2020).

DHANKHAR, J., VASHISTHA, N. & SHARMA, A. 2021. Development of biscuits by partial substitution of refined
wheat flour with chickpea flour and date powder. Journal of Microbiology, Biotechnology and Food Sciences,
2021, 1093-1097.

DUNCAN, D. B. 1955. Multiple range and multiple F tests. Biometrics, 11, 1-42.

ELLIS, R. & ROBERTS, E. 1981. The quantification of ageing and survival in orthodox seeds. Seed Science and
Technology (Netherlands).

HANAFY, D. M., BURROWS, G. E., PRENZLER, P. D. & HILL, R. A. 2020. Potential role of phenolic extracts of
mentha in managing oxidative stress and Alzheimer’s disease. Antioxidants, 9, 631.

HARBORNE, J. 1984. Methods of plant analysis. Phytochemical methods. Springer.

HICKMAN, D. T., RASMUSSEN, A., RITZ, K., BIRKETT, M. A. & NEVE, P. 2021. Allelochemicals as multi-kingdom
plant defence compounds: towards an integrated approach. Pest Management Science, 77, 1121-1131.

ISTA. International Roles for Seed Testing. 2008. International Seed Testing Association Chapter 5: germination
test.p.1-57.

JOHN, J. & SARADA, S. 2012. Role of phenolics in allelopathic interactions. Allelopathy Journal, 29.

JOSHI, D. & GUPTA, S. 1980. Studies on seed mycoflora and its role in causing diseases of Echinochloa
frumentacea. Indian Phytopathology, 33, 433-435.

KEATING, K. I. 1999. Allelopathy: principles, procedures, processes, and promises for biological control.
Advances in agronomy, 67, 141-231.

2015



Nat. Volatiles & Essent. Qils, 2021; 8(6): 2010-2017

LIU, Y., CHEN, X., DUAN, S., FENG, Y. & AN, M. 2011. Mathematical modeling of plant allelopathic hormesis
based on ecological-limiting-factor models. Dose-Response, 9, dose-response. 09-050. Liu.

MAHMOUD, A.-R. K. & AZIZ, K. A. 1980. Design and analysis of agricultural experiments. Dep. of Field Crops,
Faculty of Agriculture and Forestry, University of Mosul. Iraq.

MOZDZEN, K., BARABASZ-KRASNY, B., STACHURSKA-SWAKON, A., ZANDI, P. & JOANNA, P. 2019. Effect of
aqueous extracts of peppermint (Menthax piperita L.) on the germination and the growth of selected
vegetable and cereal seeds. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 47, 412-417.

MUHAMMAD, Z. & MAIJEED, A. 2020. Allelopathy: Implications in Natural and Managed Ecosystems. New
Frontiers in Stress Management for Durable Agriculture. Springer, Singapore.

MUTLU, S., ATICI, O., ESIM, N. & METE, E. 2011. Essential oils of catmint (Nepeta meyeri Benth.) induce
oxidative stress in early seedlings of various weed species. Acta Physiologiae Plantarum, 33, 943-951.

ORCUTT, D. M. & NILSEN, E. T. 2000. Physiology of plants under stress: Soil and biotic factors, John Wiley &
Sons.

PUKCLAI, P. & KATO-NOGUCHI, H. 2011. Allelopathic Activity of Piper sarmentosum Roxb. Asian Journal of
Plant Sciences.

QASEM, J. & HILL, T. 1989. Possible role of allelopathy in the competition between tomato, Senecio vulgaris L.
and Chenopodium album L. Weed Research, 29, 349-356.

RAMADHANI, U. P., CHANDRA, B. & RIVAI, H. 2020. Overview of phytochemistry and pharmacology of
chickpeas (Phaseolus vulgaris). World Journal of Pharmacy and Pharmaceutical Sciences, 9, 442-61.

RANI, U., SINGH, S., BASANDRAI, A. K., RATHEE, V. K., TRIPATHI, K., SINGH, N., DIXIT, G. P., RANA, J. C., PANDEY,
S. & KUMAR, A. 2020. Identification of novel resistant sources for ascochyta blight (Ascochyta rabiei) in
chickpea. Plos one, 15, e0240589.

RIETVELD, W. 1983. Allelopathic effects of juglone on germination and growth of several herbaceous and
woody species. Journal of Chemical Ecology, 9, 295-308.

SHETTEL, N. L. & BALKE, N. E. 1983. Plant growth response to several allelopathic chemicals. Weed Science, 31,
293-298.

SHIHATA, 1. 1951. A pharmacological study of Anagallis arvensis. MD Thesis, Cairo University, Eygept.

SINGH, K. & SAXENA, M. 1999. Chickpea. The International Center for Agriculture Research in the Dry Area.
International Chickpea and Pigeonpea Newsletter. ICRISAT.

SIYAR, S., CHAUDHRY, Z., HUSSAIN, F., HUSSAIN, Z. & MAIJEED, A. 2017. Allelopathic effects of some common
weeds prevailing in wheat fields on growth characteristics of wheat (Triticum aestivum L.). PSM Biological
Research, 2, 124-127.

2016



Nat. Volatiles & Essent. Qils, 2021; 8(6): 2010-2017

THIEBAUT, G., TARAYRE, M. & RODRIGUEZ-PEREZ, H. 2019. Allelopathic effects of native versus invasive plants
on one major invader. Frontiers in plant science, 10, 854.

2017



