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Abstract 
     Essential oils of eucalyptus leaves and clove buds were isolated and tested for 

their bioherbicidal potential on different annual weed species. Gas Chromatography-

Mass Spectrophotometry analysis (GC-MS) identified thirteen compounds 

representing around 87.11% of the total isolated eucalyptus oil. The main 

constituent was 1,8-cineole, which accounted for 68.15% of the total identified 

compounds. As for clove oil, eleven compounds were identified, representing 

90.03% of the total compounds. Eugenol was the dominant compound and 

accounted for 73.89%. The bioherbicidal efficacy of the two oils and their 

combinations by three concentrations (2.5, 5, and 10%) were tested on four weedy 

species, namely Chenopodium album, Raphanus raphanistrum, Melilotus indicus, 

and Sisymbrium irio. The isolated oils significantly affected the dry weight and 

inhibited the seedling growth of the four weedy species. Using the two essential oils, 

individually or within their combinations, showed the highest bioherbicidal efficacy 

against the targeted weeds in comparison with the synthetic herbicide. In addition, 

utilization of the two essential oils as natural bioherbicides caused an electrolyte 

leakage as a result of membrane disruption and loss of integrity of weed seedling 

tissues.  The results showed the possibility of using eucalyptus and clove essential 

oils individually or in combination as a desirable alternative to synthetic herbicides 

for sustainable weed management. 
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القدرة التثبيطية للزيوت الطيارة المدتخلصة من نباتي اليوكالبتوز والقرنفل وتاثيرها في اربعة انواع من 
 الحولية الادغال

 احمد عبد الواحد المرعي
الانبار, الانبار, العراق جامعةالزراعة,  كميةالسحاصيل الحقمية ,  قدم  

 
 الخلاصة

نسه اربعة البتهز والقرنفل من اجل اختبار امقدرة التثبيطية في استخمرت الزيهت الطيارة من نباتي اليهك     
 Gas ات الادغال السشتذرة في الحقهل والبداتين . اظهر تحميل الزيهت بهاسطةانهاع من نبات

Chromatography - Mass Spectrophotometry GC) – (MS  ان زيت اليهكالبتهز يتكهن من ثلاثة
اذ مكهنا وان السركب الديشهل كان الاكثر  ت% من مجسهع مكهنات الزي88..1عذر مركبا كهنت حهالي 

% من اجسالي 30.09% بيشسا تكهن زيت القرنفل من احد عذر مركبا شكمت حهالي 61.88بمغت ندبته 
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% من 9.13.مكهنات الزيت وكان مركب الاوجيشهل هه السركب الرئيدي في هذا الزيت وبشدبة بمغت  
% لمزيهت 80و  8,2.8مجسهع السركبات التي تم الكذف عشها. اختبرت السقدرة التثبيطية لمزيهت وبتراكيز 

نسه اربعة انهاع من الادغال هي  الرغيمة والفجيمة والشفل والحهيرة. اظهرت الشتائج  فيمشفردة وبذكل تهليفات 
مسكافحة السئهية ل شدبةالتثبيطا معشهيا لمزيهت وتهليفاتها في نسه الادغال من خلال التاثير في الهزن الجاف و 

. بيشت الشتائج امكانية استخدام زيتي اليهكالبتهز السدتهدفة وكذلك في ندبة تدرب السذاب لاندجة الادغال
والقرنفل وتهليفاتهسا كسبيدات طبيعية صديقة لمبيئة لسكافحة الادغال الحهلية كبدائل طبيعية لمسبيدات التركيبية 

الشاتج من استخدام السهاد الكيسياوية  وتذجيع استخدامها في الزراعة السدتدامة من اجل تقميل التمهث البيئي
 بزسشها مبيدات الادغالو 

 

Introduction 

    The term of ―weed‖ or ―weeds‖ refers to unwanted plants that grow in undesirable places and cause 

negative impacts on agricultural production due to their competition with the economic crops on the 

basic growing requirements such as water and available nutrients. In fact, weed plants have the 

greatest negative impact when compared to the other pests in agricultural systems, such as diseases 

caused by insects [1]. Controlling the weeds through the use of the synthetic herbicides is considered 

as the most successful and efficient means that is widely used to control weeds. Moreover, the 

synthetic herbicides played a dominant role in the fight against the weeds and increase crop production 

qualitatively and quantitatively, as compared to other, including conventional, methods [2]. According 

to this dominance, the synthetic herbicides have become an integral part of the global agricultural 

production complex, as inputs required in a modern production system and accepted by farmers 

around the world as an integral part of the crop production [3]. Negative effects of these compounds 

on the environment and human health have raised awareness and created serious concerns [4]. 

The negative impacts of the synthetic herbicides continue even if they are applied at recommended 

rates. For example, the accumulation of glyphosate (s systemic nonselective synthetic herbicide) was 

found in groundwater and sources of fresh drinking water as a result of leaching by irrigation water 

and rainfall. Therefore, it could be one of many reasons, which are responsible to decrease 

microorganisms and biomass activities, including those of plants, fish, and birds. In addition, the 

continuous use of synthetic herbicides leads to another problem known as weed resistance [5, 6]. 

Weed resistance means non-relevancy of synthetic herbicide on the same weed type as a result of 

using the same active ingredient continuously, which causes an increasing weed population by 

producing new generations. Weed resistance leads to the usage of herbicides that are more lethal and 

thereby increasing the damage to the environment and organisms around the spraying area [7, 8]. 

Therefore, finding other solutions to control weed and avoid the negative impacts posed by synthetic 

herbicides has become very necessary. Allelopathy comes at the forefront of possible solutions to 

provide natural solutions that are less harmful to the environment than the synthetic herbicides. They 

are used as defence mechanisms in some plants when exposed to external potential threat from the 

surrounding environment, including nearby plants. This defence mechanism is known as allelopathy 

[9]. Plant secondary metabolites which are responsible for showing allelopathy actions are known as 

allelochemicals. Allelochemical compounds are manufactured through the shikimate or isoprenoid 

pathway and used by plants as well as various organisms such as bacteria and fungi to synthesize 

allelochemicals. Essential oils are considered as one of the examples of the secondary plant products 

that typically contain different compounds of allelochemicals, consisting mainly of terpenoids and 

phenolics. 

     Essential oils have become today as an attractive alternative to synthetic pesticides in programs of 

integrated pest management, including antibacterial, fungal, and antimicrobial programs. Moreover, 

there are no adverse threats from the use of these natural products, such as the volatile oils that rely on 

allelochemical materials, on the environment and human health [7, 10, 11, 12]. Previous studies 

indicated that the essential oils have shown good efficacy as natural bioherbicides against weed, by 

preventing germination and inhibiting growth [13]. Therefore, the current research aims to examine 

the bioherbicidal ability of eucalyptus and clove oil, and their combinations, on the growth 

development of four weed species and their possible use as natural weed killers. 
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Materials and Methods 

Isolation and analysis of essential oils 

 Fresh and healthy eucalyptus leaves (Eucalyptus globulus) were collected from the eucalyptus trees 

growing in the College of Agriculture, University Of Anbar, Anbar province, Iraq, and dried under 

laboratory conditions. In addition, buds of clove plant (Syzygium aromaticum) were purchased from 

the local market. Leaves and buds were chopped and isolated by hydro distillation method using a 

Clevenger apparatus. An amount of 250 grams (leaves or buds) was used for each distillation process. 

After the completion of the process of distillation, the final yield of the isolated oils was stored in 

Umber glass tubes and kept in the refrigerator until use. The percentage of the final product of each 

isolated oil was calculated as an average of five samples. 

Eucalyptus and clove essential oil samples were analyzed in the laboratory of bioprocess engineering- 

School of biosystems engineering – UniMAP – Malaysia, using a Shimadzu Gas Chromatography 

apparatus with Elite-5MS non-polar fused silica capillary column (30 m × 0.25 mm ID, film thickness 

of 0.25 mm). The oven temperature was increased from 40 ºC to 250 ºC at a rate of 10 ºC/min; Injector 

temperature, 250 ºC; injection volume, 0.5 μL; transfer temperature, 250 ºC. The carrier gas used was 

helium; at a flow rate of 1.0 ml /min. Mass spectra were taken over an m/z of 40–600 and interface 

line temperature of 250 °C. The constituents of essential oils were identified based on their Kovats 

Index, calculated in relation to the retention time of a series of alkanes (C4- C28) as reference products 

compared with the chemical compounds gathered by Adams table [14]. The mass spectra of chemical 

compounds were gathered from the NIST-MS and Wily Library. 

Weed seed collection  

Mature seeds of four annual weed types belonging to three plant families widespread in crop fields, 

namely Goosefoot Chenopodium album, Wild Radish Raphanus raphanistrum, Sweet clover Melilotus 

indicus, and London rocket Sisymbrium irio, were collected from mature weed plants found in the 

College of Agriculture fields during the 2019 season. Seeds were diagnosed and conserved until the 

date of the experiment. 

Formulation of bioherbicides 

Bioherbicides were formulated (eucalyptus, clove oils, and their combinations) as active ingredients 

with different concentrations (2.5, 5 and 10 %) of the spray solution using distilled water. Soy lecithin 

and Sodium Dodycal Sulphate (S.D.L) were added in 0.5% as surfactant agents. The final spray 

solutions were placed in a magnetic stirrer for 30 minutes for homogeneity [15]. The synthetic 

herbicide was Epostar SL, which is a common contact herbicide containing glyphosate 48% as an 

active ingredient and used at the recommended dose (10L/ha
-1

). 

Bioherbicidal potential of essential oils 

 Seeds of the four weed species were cultivated in 30cm diameter plastic pots filled with fine sand. 

Weed seeds were bedded in 1-2cm depth and watered until reaching 4-6 true leaf stage. Then, 

seedlings of the four weed types were sprayed with different constrictions of bioherbicides of 

eucalyptus and clove oils and their combinations. Control pots were served by distilled water. At two 

weeks after treatment, dry weight (g) was measured by taking the average of the five seedlings from 

each treatment. The weed control percentage was measured using the expression described by [1], 

with the formula: Weed control (%) = ((A-B) / A) × 100, wherein A is weed density of treated 

treatment, and B is weed density of untreated treatment (controls). Relative electrolyte leakage (%) of 

the weed seedling tissues was calculated as previously described [15], by taking five leaf discs from 

each treatment (0.5 cm diameter) and floating them in 5 ml distilled water for 30 minutes. The 

conductivity of the medium was measured (C1). Then, a test tube containing the leaf tissue was boiled 

for 15 minutes and conductivity was measured (C2). The relative electrolyte leakage (% REL) was 

calculated as: REL% = (C1/C2) ×100. 

Results and Discussion 

Chemical composition of the essential oils  

The total yield, chemical composition, and the percentage content of the individual components of the 

hydrodistillated eucalyptus and clove essential oils are summarized in table (1). The eucalyptus 

essential oil yielded 0.95%, while clove oil yielded 14.65%, as a final isolated yield. The number of 

total identified compounds of the eucalyptus essential oil recorded  in the current study was more than 

https://en.wikipedia.org/wiki/Eucalyptus_obliqua
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13 compounds, comprising around 87.11% ± 1.19  of the total identified compounds. 1,8-cineole was 

the dominant compound in the eucalyptus oil, accounting 68.15% ± 0.96 followed by α-Terpineol 

7.37% ± 0.39, limonene 3.07% ± 0.21, and pinocarveol 2.70% ± 0.23. The other identified compounds 

did not reach the limit of 2.5%. The current results are in agreement with  those previously published 

[16], which reported that 1,8-cineole was the major compound in eucalyptus oil, comprising 49.07 to 

83.59% in all the seven species of eucalyptus tree isolated.  The findings of the present study are also 

in agreement with the findings of an earlier work [17] which demonstrated that 1,8-cineole was the 

major compound in the essential oil isolated from E. globulus (55.29%). 

As for the clove oil, the number of the identified compounds was 11 individual compounds, 

comprising 90.93% of the total identified compounds. Eugenol was the major compound that 

represented 73.89% of the total compounds, followed by β –caryophyllene, which comprised 4.01%. 

The findings of the present study are supported by the findings of previous studies which highlighted 

that the eugenol compound was the main compound in clove essential oil isolated from clove buds, 

with a percentage that ranged from 67 to 95% [18,19]. 

Table 1- Chemical composition of eucalyptus and clove essential oils 

Eucalyptus Clove 

Compound Area % Compound Area % 

1 1,8-cineole 68.15 ± 0.96 1 Eugenol 73.89± 1.28 

2 α-Terpineol 7.37 ± 0.39 2 β -Caryophyllene 4.01± 0.28 

3 Limonene 3.07 ± 0.21 3 Thymol 1.92± 0.49 

4 Pinocarveol 2.70 ± 0.23 4 α- humulene 0.78± 0.19 

5 Terpinene-4-ol 2.24 ± 0.19 5 Guaiol 0.64± 0.31 

6 β-Eudesmol 1.39 ± 0.11 6 P-Cymene 0.48± 0.17 

7 P-Cymene 1.35 ± 0.14 7 Linalool 0.43± 0.11 

8 α- pinene 1.26 ± 0.28 8 Eugenol acetate 0.41± 0.39 

9 Guaiene 1.13 ± 0.12 9 Eucalptol 0.32± 0.09 

10 α- caryophyllene 0.57 ± 0.09 10 Myrcene 0.27± 0.10 

11 Linalool 0.63 ± 0.08 11 Other components 15.65± 2.02 

12 Carvacrol 0.60 ± 0.10 

Total identified components 90.39 % ± 1.19 
31 Other components 9.38 ± 0.29 

Total identified components 11.33% ± 1.19 

 

Bioherbicidal bioassay  

Weed seedling dry weight (g) 

     The bioherbicidal potential of eucalyptus and clove oil, and their combinations, on the four weed 

seedling’s dry matter weight, after being applied at the three concentrations (2.5, 5, and 10%) under 

the greenhouse condition, are summarized in Table 2. Most of the essential oil treatments showed a 



Almarie                                                  Iraqi Journal of Science, 2021, Vol. 62, No. 5, pp: 1494-1502  
                

 

1498 

decrease in the dry matter weight when treated with the three different concentrations; they differed 

significantly from the controls. The application of the essential oils at the lowest and the medium 

concentrations (2.5 and 5%), and even their combinations, failed to reach the same significant level of 

influence of the synthetic herbicide. In the case of the highest concentration (10%), considerable 

inhibition in the dry matter weight of the four targeted weed species was observed. The inhibition 

approached the same significant level of inhibition reached by the synthetic herbicide. The current 

results are supported by those of previous studies [20, 21], which found significant phytotoxic effects 

of essential oils used at different doses on seedling’s dry matter weight in various weed species. Using 

1,8-cineole as a post-emergence herbicide showed good efficacy against annual ryegrass and radish, 

which depended on 1,8-cineole content in eucalyptus oil [22]. Regarding eugenol, the major 

component of clove oil, it was found to cause retardation of seed germination and suppression of 

seedling growth of various weed species, by causing a reduction in chlorophyll content and respiratory 

activity [23]. 

 

Table 2- Bioherbicidal effects of eucalyptus and clove essential oil on dry matter (g) of the four 

weed species.  

Concentration  % Essential oil 

Weed species 

Ch. album       
R. 

raphanistrum 

M. 

indicus 
S. irio   

10% 

Eucalyptus 71.26 ab 52.50ab 64.22 b 32.61ab 

Clove 58.11  a 62.00bc 79.77 b 40.42bc 

Clove + Eucalyptus 39.67  a 65.04bc 56.45ab 34.14ab 

5% 

Eucalyptus 91.00 bc 75.67cd 80.89 b 57.97 d 

Clove 81.53 bc 68.6bcd 71.81 b 42.28bc 

Clove + Eucalyptus 94.89 bc 78.38cd 47.30 a 50.93cd 

2.5 

Eucalyptus 86.29 bc 82.10cd 71.50 b 57.61 d 

Clove 95.56  c 82.30cd 73.37 b 53.92cd 

Clove + Eucalyptus 61.66  a 89.18  d 83.21 b 49.18cd 

Weedy check 142.30  d 82.97cd 83.41 b 57.47 d 

Epostar SL 44.43 a 35.55a 45.44a 24.89a 

 

Weed control percentage (percentage) 

     As for weed control percentage, the data presented in Table (3) show the variation in the weed 

control of the four weed species at the three concentrations of eucalyptus and clove oil and their 

combinations (2.5, 5, and 10%), with the level of significance being established at p≤ 0.05. All the 

formulation of the two essential oils and their combinations achieved a significant bioherbicidal 

efficacy in terms of controlling the four weed species, in comparison with the controls. Weed control 

was increased gradually by increasing the concentration of essential oils in the spray solution. The data 

presented in Table 3 show that the two essential oils at the medium and highest concentrations 
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succeeded to reach the same significant level of the inhibition of the synthetic herbicide. The findings 

of the present study are incoherent with the findings of previous studies [8, 24], which found that the 

highest dose was the most effective as compared with the other doses against a wide range of weeds. 

However, the optimum dose of essential oils depends on several factors, mainly the type of isolated oil 

and its allelochemical contents, the type and growth stage of the targeted weed, and the growing 

conditions [25]. 

 

Table 3-  Bioherbicidal effects of eucalyptus and clove essential oil on weed control (%) of the  

four weed species 

Concentration% Essential oil 

Weed species 

Ch. album 
R. 

raphanistrum 

M. 

indicus 
S. irio 

10% 

Eucalyptus 62.74a 62.58 ab 63.35 a 58.96 ab 

Clove 49.36ab 57.69 ab 56.86ab 51.22abc 

Clove + 

Eucalyptus 
51.40ab 59.43 ab 54.12ab 50.80abc 

5% 

Eucalyptus 49.01ab 46.40 bcd 54.10ab 47.48abc 

Clove 46.33ab 47.67bcd 47.00 b 44.07  c 

Clove + 

Eucalyptus 
47.38ab 50.38abc 48.89 b 45.83b c 

2.5 

Eucalyptus 30.84 c 34.50 cd 32.67 c 30.63 d 

Clove 26.98 c 36.98 cd 31.98 c 29.98 d 

Clove + 

Eucalyptus 
20.83 c 30.83 cd 25.83 c 24.28 d 

Weedy check 0d 0e 0d 0e 

Epostar SL 63.05a 66.5a 65.00a 60.94a 

 

 

Relative electrolyte leakage  

     Figure (1) shows the changes in the relative electrolyte leakage values of the four-targeted weed 

seedlin tissues affected by the application of the oils isolated from eucalyptus and clove oils, and their 

combinations, with three different concentrations.  In general, the activity of the two essential oils was 

more pronounced and caused acute electrolyte leakage in all the four targeted weeds when the 

concentration of the essential oil was increased from 2.5% (the lowest) to 10% (the highest). The 

results of the current study are in agreement with the latest studies conducted in this field [15, 26] 

which reported that the application of the essential oils inhibited plant growth through membrane 

disruption.  
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Figure1-  Relative electrolyte leakage of four recipient test weeds affected by eucalyptus and clove 

oils and their combinations in various concentrations (A: 2.5%, B: 5%, and C:10%) compared with 

controls. 

 

      Membrane disruption can be considered as one of the underlying mechanisms of plants’ 

phytotoxic effects, which results in cell death and growth inhibition. An earlier study [27] reported 

that secondary metabolites in essential oils, such as phenolics and terpenoids, are less specific and 

attack a multitude of proteins of the cell membrane by building hydrogen, hydrophobic, and ionic 

bonds. As a result, they destroy the bioactivities of these proteins. 
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Figure 2- Bioherbicidal potential of eucalyptus and clove oils with a combination ratio of 10% on Ch. 

Album weed seedling; Mode of Action simulation. 

 

Conclusions 

     In the present study, eucalyptus and clove oil showed a strong bioherbicidal potential against 

different species of annual weeds growing in the Iraqi environments. These results indicate that these 

oils could be useful for developing natural weed killers. Furthermore, studies are required to evaluate 

the bioherbicidal potential of these essential oils as post-emergence bioherbicides under field 

conditions and determine their effects on non-target weed species. 
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