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ARTICLE INFO ABSTRACT
Keywords: The current farming systems strongly depend on chemical fertilizers (CF), which are widely
Antioxidant activity applied to increase crop yield worldwide. However, although CF enhance crop yield in the short
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term, their excessive and long-term application can have adverse effects on environmental and
human health. One of the most important goals of sustainable agriculture is substituting CF with
organic manures. Organic manures can be used as a low-cost and safe alternative for CF. They
contain essential nutrients for crop growth, improve soil conditions and nutrient availability,
increase plant growth, and ultimately enhance yield. The application of organic manures to
medicinal plants (MP) is more critical than to other plants, because organic manures not only
enhance the growth and productivity of MP but also modify quality of their products. In this
review, the effect of different types of organic manures on the biomass, content and chemical
compositions of essential oil and antioxidant activity of various MP has been investigated. The
included information was gathered from scientific databases such as Science Direct, Google
Scholar, PubMed, and Scopus. Many of the collected studies showed that organic manures in-
crease biomass and improve the quality of these plants. The findings of this review indicate that
broiler litter (BL) and compost (C) are highly recommended as organic manures to promote
biomass. Moreover, C, sheep manure, and vermicompost (VC) are suggested as the optimal
organic manures for enhancing the essential oil content. Organic manures significantly changed
the aroma profile of the essential oils and in many cases, they enhanced major chemical com-
positions. The usage of VC raised the content of the linalool of studied MP. Most of the organic
manures, especially BL, VC, farmyard manure, and poultry manure increased the antioxidant
activity of these plants. Hence, the utilization of organic manures can be recommended for
productivity enhancement and quality improvement of MP.

1. Introduction

Nowadays, fulfilling the global demand for healthy and safe food for the ever-enhancing population now and into the future is a
crucial challenge [1]. Modern farming systems produce high yields via the massive use of chemical fertilizers (CF) [2]. Extensive
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Abbreviations:

BL broiler litter

C carbon

C compost

CAM cattle manure

CF chemical fertilizers
CM chicken manure
COM cow manure

Cu copper

DDPH  2,2-diphenyl-1-picrylhydrazil
EC electrical conductivity
Fe iron

FM farmyard manure
K potassium

Mn manganese

MP medicinal plants

N nitrogen

oC organic carbon

P phosphorus

PM poultry manure
SM sheep manure

VC vermicompost

Zn zinc.

utilization of CF enhance crop yield but increase the decomposition of soil organic matter, decrease soil microbial biomass, can cause
soil acidification and deterioration, loss of nutrients via leaching, greenhouse gases emission, and pollution of water, air, and soil and
ultimately threatening human, animal and plant health [1,3-7]. Therefore, excessive use of CF for crop production is not sustainable
and more environment-friendly methods of food production are essential to meet the increasing food requirements.

In recent decades, organic farming has been advocated as an alternative form of agriculture for sustainable food production by
removing the impact of CF on the environment [1]. Organic farming is supportive of the environment, health, and sustainability [8]
and produces food without the use of any chemical inputs such as CF. This agriculture system makes use of eco-friendly fertilizers such
as organic manures instead of CF. Organic farming preserves biodiversity, decreases the environmental pollution of soil, water, and air
[9] and increases soil organic carbon, essential nutrients content, microbial population, and enzymatic activity of soil [10]. Thus, this
farming system has become a great choice for organic production [10] and is a method for making available safe and healthy food and
a clean environment [11]. On the other hand, consumers are paying more attention to the quality of products for human consumption
and their pro-health qualities [12], and food consumption patterns are also altering as a result of health and environmental issues;
hence, interest in organically produced food is enhancing around the world [13,14]. A variety of factors can potentially affect organic
food consumption. Concerns for health and the chemical residues in conventional food products, nutritional concerns, environmental
protection, as well as improved taste and flavor in organic products are some of the factors identified [15,16].

As mentioned above, in organic farming, CF substitutes with organic manures. Organic fertilizers have the potential to harbor
pathogens [17] and soluble salts [18]. Additionally, they may contain relatively low levels of nutrients, necessitating higher quantities
to adequately supply the necessary nutrients for optimal plant growth and development [17]. Due to the slow release rate of nutrients,
there is a possibility of nutrient deficiency occurring as the crop’s requirements may not be met within a short time [19]. The
decomposition of organic matter is greatly influenced by soil moisture and temperature, resulting in the release of nutrients even when
the plant does not require those [17]. However, despite these drawbacks, the advantages of utilizing organic manures outweigh their
disadvantages [20]. Agriculture systems under the use of organic manure can produce more sustainable, healthier, and cleaner plant
products [21]. Organic manures can be used as a safe and environmentally friendly alternative for CF [22], and have apparent ad-
vantages over CF in many aspects. First, they are primarily cost-effective, and more readily available in small-scale local productions
than CF [23]. Second, organic manures have a higher content of organic matter and essential nutrients (macro and micro) [24-26].
Furthermore, it has been observed that organic manures exhibit a lower nutrient loss, particularly nitrogen (N), through leaching
compared to CF [27,28]. This can be attributed to the organic matter’s ability to bind with soil particles, thereby making it accessible to
plant roots [29]. They improve soil’s physical, chemical, and biological properties [30,31], and increase anion and cation exchange
capability and water holding capacity [32]. Finally, organic manures create a suitable environment for better growth and higher
productivity of crops [33].

The medicinal plants (MP) refer to a variety of that have medicinal value and properties [34]. Thyme, peppermint, rosemary,
lavender, dill and basil are the most important of MP. In the body of MP, bioactive compounds like alkaloids, flavonoids, terpenoids,
phenolics, and essential oils are produced and stored [34,35]. These bioactive compounds have pharmacological characteristics, such
as antibacterial, antiviral, antifungal, antioxidant, anti-inflammatory, anticancer [35]. The composition and concentration of bioactive
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compounds in MP are indicators of quality [36,37]. In these plants, the quality of the end product is a crucial issue; indeed, their actual
value originates from their quality, while yield quantity comes in the second step of importance [10]. The potential uses of MP depend
on their quality and MP containing higher quality are more valuable [38]. Ensuring the quality of MP recently became a key issue, both
in developing and industrialized countries [34]. Quality of MP may be highly affected by agronomic management practices such as
nutrient management [39,40]. Proper nutrients management in cultivation of MP is essential to obtain a high quality of products [41].
During recent decades, the demand for organic MP has also been raised [42,43] and cultivation of MP with the utilization of organic
manures is therefore enhancing [10,44]. The positive interaction between organic manures and the quality of MP has caused many
researchers to investigate the effects of organic manures on the quality of these plants [45]. Many scholars believe that MP cultivated in
organic farming systems mostly have higher quality than those cultivated in conventional agricultural systems [22,40,43,46-49].
Essential oils are one of the most important bioactive compounds and indicator of quality of MP. They are widely used in various fields
and industries like aromatherapy, cosmetics, perfume and fragrance, incense, food preservative, biopesticides, and insecticides in-
dustries [50]. Among various pharmaceutical and biological activities that are assigned to MP, antioxidant activity is one of the most
important to them. MP produce a wide variety of bioactive compounds having strong antioxidant effects. Antioxidants have the ability
to protect cells from free radicals damage and act as chemopreventive agents by inhibiting the generation of free radicals and play a
key role in neutralizing oxidative damage caused by these free radicals and to be very important in the prevention of many diseases
[51]. Much research has been addressed worldwide to investigate the impact of the usage of organic manures on the productivity,
content and chemical constituents of essential oil, antioxidant activity of MP, and there is a need for a comprehensive review of these
results. Therefore, this review presents a comprehensive survey of the literature about the influence of various types of organic ma-
nures on yield, essential oil (content and chemical compounds) and antioxidant capacity of different MP. The primary objective was to
examine the potential impact, whether positive, negative, or both, of organic manures on the biomass, content and chemical com-
positions of essential oil, as well as the antioxidant activity of these plants. This review was conducted to confirm whether organic
manures can be used as a safe and effective method for enhancing the yield and quality of MP and to provide information to help in
future research and development in the organic cultivation of MP.

2. Methods

This review paper was carried out through a literature search performed in November 2022 and included articles published over 20
years (2002-2022). The databases of Science Direct, Google Scholar, PubMed and, Scopus were used as a basis for the literature search.
Medicinal plant(s), aromatic plant(s), essential 0il(s), chemical composition(s), oil composition(s), antioxidant activity, organic
manure(s), organic fertilizer(s), organic fertilization, organic farming, animal manure, broiler litter (BL), poultry manure (PM),
chicken manure (CM), sheep manure (SM), cattle manure (CAM), cow manure (COM), farmyard manure (FM), vermicompost (VC),
and compost (C) were used as keywords. The manuscript selection was based on papers published in English and dealing with the
above keywords in the title, abstract or, full text (some articles were indexed in two or more databases or contained two or more
keywords). After that, the documents obtained through the initial search (420 papers) were checked and the papers in non-English
language, review papers, papers without available abstracts or full texts, papers published in conferences, book and chapters of
books, were discarded and finally were selected 80 papers. The resulting selected documents are presented in Table S1. The effect of
organic manures on the biomass and quality of various medicinal plants in ten families, namely Apiaceae (Umbelliferae), Asteraceae
(Compositae), Fabaceae (Leguminosae), Geraniaceae, Lamiaceae (Labiatae), Myrsinaceae, Passifloraceae, Plantaginaceae, Polygo-
naceae and Ranunculaceae was investigated. Most studies were devoted to the family Lamiaceae, followed by Apiaceae and Aster-
aceae. Among MP, the effect of organic manures on fennel, coriander and dill (Apiaceae), chamomile and marigold (Asteraceae), basil,
dragonhead, lavender, rosemary, peppermint, savory, and thyme (Lamiaceae), endowed with a high medicinal value and a strong
industrial interest, was in-depth evaluated. The Apiaceae represent one of the largest herbal families, whose members are well-known
as vegetables, culinary, and MP [52]. The Asteraceae form the biggest family of flowering plants; many members of this family have
potential medicine and pharmaceutical applications and are used in the cosmetic and food industries [53]. Lastly, the Lamiaceae
include a wide variety of MP [54] that are the basic source of phytochemical formulations which, besides having a beneficial effect on
health or playing an active role in the treatment of diseases, are widely used to improve the flavor and aroma of foods, hence the
quality of food products [55].

60% of the studies related to the impact of organic manures on the quantity and quality of MP were conducted in Iran, followed by
Egypt, India, Turkey, Brazil, and Malaysia (Table S1). Eleven authors, among which two authors of this review, have published 2 or 3
articles related to the effect of organic manures on the quantity and quality of MP (Table S2). The journal “Industrial crops and
products” was the dominant source title, followed by the “Journal of Medicinal Plants and By-products” and the “Journal of Essential
Oil Bearing Plants” and a variety of journals that published two or three papers (Table S3). After selecting the articles, we examined the
effects of organic manures reported on biomass, the content and chemical compositions of the essential oils, as well as the antioxidant
capacity of the studied MP.

3. The effect of organic manures on the biomass of medicinal plants

Challenges with the use of organic manures include erratic nutrient content, a low speed of their release, and therefore the need to
synchronize nutrient mineralization and crop nutrient demand [56,57]. The nutrients composition of organic manures varies widely
with the species, age, and sex of the animal and its diet, management system, water intake, the amount of any added bedding material
included in the manure, as well as the losses that occur during storage [58,59]. CF can directly supply nutrients to plants after mixing
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with soil, whereas organic manures release nutrients slowly and gradually [19]. Nutrients released by organic manures are stored for a
longer period in the soil without significant loss and are efficiently used during the later growth stages of plants, but sometimes this
slow and gradual release of nutrients is not able to fulfill the nutritional requirements of crops [19]. Additionally, to utilize organic
manure to efficiently meet the nutrient requirements of plants, knowledge of the amount of nutrients mineralized after distribution is
required [60], and to effectively apply the nutrients in organic manures, their mineralization potential should be considered when
determining utilization rates [60]. Nutrients mineralization from organic manures depends on chemical and physical properties of the
soil, such as pH, temperature, moisture, microbial activity, and total N and organic carbon (OC) content, as well as on organic manures
characteristics like N content, C/N ratio, water-soluble compounds and recalcitrant components [59]. Since most of these factors
cannot be accurately predicted, only an approximated estimate of organic manure nutrient mineralization after usage is possible [60].
Recommendations on organic manures are usually based on the plant’s N requirement [61]. Typically, the assumption is that N release
is the same for all organic manures, even though large variability in organic manure properties was demonstrated even among the
same animal species [62,63]. N mineralization differs for various types of organic manures due to differences in their properties.
Among the factors affecting N mineralization, usually the amount of N and C, and their ratio (C/N) in soil and organic manure are
determined, and the mineralization potential is evaluated based on them. However, organic manures with the same the C/N ratios may
mineralize various contents of N because of differences in composition that are not reflected by the C/N ratio itself. Thus, C/N ratio
alone cannot explain all differences in N mineralization [64]. Some studies have identified groups such as proteins, polyphenols,
soluble carbohydrates, cellulose-like, hemicellulose-like compounds, and lignin-like and have related them to organic residue
decomposition [64-66]. Overall, the N mineralization rate of non-composted manures is higher than composted ones. Lower N
mineralization from compost over non-composted organic manures reflects the loss of readily convertible N and C compounds during
composting and the presence of stable N compounds [60,61]. Various studies indicated that PM has higher N mineralization (because
of higher N and lower C/N ratio) compared to other studied organic manures in the same experiment [59,67-69].

On the other hand, there must be a balance between the supply of nutrients (especially N) and the demand for nutrients by the
plants (synchrony). Given that synchrony is defined as a close balance between nutrient supply and demand, there are two types of
asynchrony. The first type (excess asynchrony) takes place when nutrient availability exceeds crop requirements, often because the
release occurs at a time when crop demand is restricted or non-existent. The second type (insufficient asynchrony) takes place when the
nutrient supply is insufficient to fulfill crop needs at certain times [70]. Excess-nutrient asynchrony is likely to happen in organic
farming systems due to the continuous release of nutrients from organic manures and soil organic matter, and nutrients deficiencies
may take place during periods of nutrients immobilization [70,71]. In general, biomass and yield of MP under the application of
organic manure are highly affected by the availability of nutrients, nutrients-release rate, balance between nutrients supply and plants’
demand, amount of organic manure supply, and soluble salts content in applied organic manures.

Considerable research has focused on the influence of organic manures on the biomass and yield of MP. Organic manures contain
significant nutrients (macro and micro) [32]. Compared to CF, macro- and micronutrients from organic manure are released more
slowly and gradually, and stored for a longer time in the soil [19,72]. When organic manure is applied to soil, it improves its chemical,
physical, and biological properties [73], and increases organic matter and carbon content, microorganism activity in the soil, anion
and cation exchange capability, water holding capacity, and ultimately crop yield [24,32]. Organic manures play an important role in
the growth and biomass accumulation of MP, eventually leading to cleaner and healthier production [48]. In the majority of surveyed
cases (Table 1), MP amended with organic manures produced higher biomass than unsupplied plants. In some cases, this response was
evident only after the second cultivation year, or when organic manures were supplied at a high dose. For example, in two separate
studies by Emami Bistgani et al. [74] on Denaian thyme (Thymus daenensis Celak) and Hosseini et al. [75] on Sahandi savory (Satureja
sahendica Bornm.), the biomass of Denaian thyme treated with VC and Sahandi savory nourished with CAM were similar after organic
manure distribution and in the controls in the first cultivation year, whereas biomass of both species after the usage of organic manure,
compared to control plants, raised in the second cultivation year. Dashti et al. [76] and Moghaddam et al. [77] stated that Salvia
leriifolia (Benth.) amended with 10 t h™! of C, and agastache (Agastache foeniculum) supplied with 20 t h~! of COM, did not exhibit any
significant difference in biomass over the control plants; in both species, however, the biomass raised with a higher administration of C
(20 th™!) and COM (25 t ha™!) compared to the controls. In another study, the fresh weight yield of Satureja mutica under grown the
application of CAM and control treatment was alike in the first year, while it was enhanced by the addition of CAM in the second year.
The dry weight of this plant was boosted after CAM in both years over control plants [78]. Gholami et al. [46] reported that the usage of
various levels of VC (5, 7.5, and 10 t h™1) caused the fresh weight of chicory (Cichorium intybus L.) to increase than control conditions;
in this case, only plants treated with a high level of VC (10 t h™!) had higher dry weight compared to untreated plants.

As indicated in Table 1, different results were obtained when organic manures application was compared to CF. Among the various
types of organic manures, BL and C were found to increase the biomass or grain yield of most of the studied MP compared with CF [22,
43,47,48,79,122,125,127]. Salehi et al. [79] reported that the usage of BL enhanced above-ground dry matter of fenugreek (Trigonella
foenum-graecum) in the first year and its seed yield in the second year more than CF. In the same work, the addition of BL did not bring
any significant difference over CF in above ground dry matter in the second year (except in one cropping pattern) and seed yield in the
first year. These authors also claimed that the common buckwheat (Fagopyrum esculentum Moench) treated with BL produced the
highest above-ground dry matter in first and second year and the application of BL boosted seed yield of this plant in both years
compared to CF. Forouzandeh et al. [121] stated that basil (Ocimum basilicum L.) fertilized with CF produced a higher biomass
compared with plants grown with the usage of C. The result by Gharib et al. [124] indicated a low level of C increased the fresh and dry
weight of Sweet marjoram (Majorana hortensis) in the first, second, and third cutting, while the high level of C only boosted the fresh
and dry weight of this plant in third cutting. BL has a higher content of essential nutrients (especially N) and a lower C/N ratio, and
experiences faster decomposition than other organic manures, therefore providing a larger amount of essential nutrients for plant
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Table 1
Summary of results from the literature about the effects of the administration of different types of organic manures on biomass or seed yield or both in
several medicinal plants.

Medicinal plant (s) Organic Control CF Results (organic manure vs. control or CF or both) Reference
manure (s)
Dracocephalum kotschyi‘ BL + + Control and CF: increased [48]
Dragonhead BL - + CF: increased [22]
Dill BL - + CF: increased [47]
Black cumin BL - + CF: increased [43]
Fenugreek’ BL - + CF: increased above ground dry matter in the first year and seed yield in the ~ [79]
second year”
Common buckwheat® CF: produced the highest above ground dry matter and increased seed
yielda
Japanese mint PM + - Control: increased [44]
Basil and marigold PM + + Control: increased; CF: decreased [32,80]
Pelargonium graveolens PM + + Control: increased; CF: decreased [81]
L’Hér.
Sweet fennel® PM + - Control: increased [82]
Chamomile® cm® -+ - Control: increased [83]
Dill CM - + CF: increased fresh and dry weighta [84]
D. kotschyi® SM + + Control: increased [48]
Rosemary SM + +P Control and CF: increased [85]
Thyme®,’ SM + - Control: increased [86]
Bakhtiari savmryd CAM + - Control: increased [871
Sahandi savoryd CAM + - Control: increased in the second year [75]
Ducrosia anethifolia CAM + + Control: increaseda [88]
Lemon balm CAM + - Control: increased [89]
Satureja mutica® CAM + - Control: increased fresh weight in the second year and increased dry weight ~ [78]
Khella® cAM® + - Control: increased [90]
Sweet basil,’ CAM" + - Control: increased [91]
Dragonhead CAM" + - Control: increased [92]
Basil (cv. green and cAm® + - Control: increased [93]
purple)
Marigold CAM" - + CF: increased [94]
Medicinal plant (s) Organic Control CF  Results (organic manure vs. control or CF or both) Reference (s)
manure
Carawayd CAM" + - Control: increased [95]
S. macrantha C.A.Mey.‘J COM + + Control: increased; CF: increased in the second year [96]
Lavender coM” + - Control: increased [97]1
Coriander COM + + Control: increased shoot and root dry weight; CF: decreased shoot dry weight ~ [98]
D. kotschyi' COM + + Control: increased; CF: decreased in the first cutting [48]
Fennel coM” + - Control: increased [99]
Thymus daenensis® COM + - Control: increased [100]
Denaian thyme" COM + + CF: decreased in the second year [74]
Lavender coMm” + - Control: increased leaf yield [101]
Agastache coMm” + + Control: increased at high level; CF: increased [77]
Digitalis purpurea L.° FM + - Control: increased [102]
Coriander FM" + - Control: increased [33]
Chamomile! FM" + - Control: increased [83]
Japanese mint FM + - Control: increased [44]
Basil and marigold FM + —+ Control: increased; CF: decreased [32,80]
P. graveolens L’Hér FM —+ —+ Control: increased; CF: decreased [81]
Indian basil® FM + + Control and CF: increased [103]
French basil FM + + Control: increased; CF: decreased [104]
Lavender el + - Control: increased [45]
Peppermint VvC + - Control: increased [49]
D. purpurea L. vC + - Control: increased [102]
Fenugreek vC - —+ CF: decreased seed yielda [105]
Lavender vc® + - Control: increased [97]1
Dragonhead VvC + + Control: increased; CF: produced the lowest [106]
Black cumin® vC + + Control and CF: increased [107]
Medicinal plant (s) Organic manure Control CF Results (organic manure vs. control or CF or both) Reference (s)
Coriander (vr. Arslan) VvC + + Control: increased; CF: decreaseda [108]
Coriander (vr. Erbaa) Control: increased seed yield; CF: decreaseda
D. anethifolia VvC + + Control: increased; CF: increased seed yielda [881)
Sweet basil® vC + - Control: increased [109]
Marigold VC + - Control: increased [110]
Moldavian balm VvC - + CF: decreased [111]
Denaian thyme" vC + + Control: increased in the second year; CF: decreased in the first year [74]

(continued on next page)
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Table 1 (continued)

Medicinal plant (s) Organic manure Control CF Results (organic manure vs. control or CF or both) Reference (s)
Chicory veP + - Control: increased fresh weight and dry weight at high level [46]
Chamomile? veP + - Control: increased [112]
Salvia Leriifolia Benth. vC + - Control: increased [113]
Lavender vcb + - Control: increased stem and shoot yield [101]
Japanese mint VvC + - Control: increased [44]
Basil and marigold VC + + Control: increased; CF: decreased [32,80]
P. graveolens L’Hér vC + + Control: increased; CF: decreased [81]
Agastache VvC + + Control and CF: increased [77]
Rosemary vC + +° Control and CF: increased [85]
Fennel vch + + Control and CF: increased [114]
Peppermint VvC + + Control and CF: increased [115]
Indian basil vC + + Control: increased [103]
Rosemary VC + + Control: increased; CF: decreased [116]
Chamomile vcP + - Control: increased [117]
French basil VvC + + Control: increased [104]
S. leriifolia Benth." lod + - Control: increased at high level [76]
Coriander c’ + - Control: increased [118]
Fennel c? + - Control: increased [119]
S. Leriifolia Benth. C + - Control: increased [113]
Khella’ c® + - Control: increased [90]
Medicinal plant (s) Organic manure Control CF Results (organic manure vs. control or CF or both) Reference (s)
Cumin C + - Control: increased [120]
Basil C + + Control: increased; CF: decreased [121]
Chamomile ch + +P Control and CF: increased [122]
Thyme*,’ C + - Control: increased [86]
Thyme*® c’ + - Control: increased [123]
Sweet marjoram® c” - + CF: increased at low level [124]
Bitter fennel and sage® c” - + CF: increased [125]
Dragonhead c” —+ - Control: increased [126]
Basil® c’ - + CF: increased [127]

CF: chemical fertilizer, BL: broiler litter, PM: poultry manure, CM: chicken manure, SM: sheep manure, CAM: cattle manure, COM: cow manure, FM:
farmyard manure, VC: vermicompost and C: compost.

2 Both biomass and seed yield measured.

b Organic manure or CF used at more than one level.

¢ Biomass or seed or yield or both measured in two or more cuttings.

4 Biomass or seed yield or both measured in two years or two seasons. When not otherwise specified, changes of biomass or seed yield have occurred
in all cutting or seasons or years or levels of organic manure or CF or both.

growth [48,79]. On the other hand, BL contains smaller particles compared with other organic manures. Smaller particle size would
have a larger surface-to-volume ratio and may release nutrients faster [57]. C is characterized by high macro-micronutrients and
organic matter content. Besides playing a role in plant yield increase, C improves the physical and chemical properties of soil, such as
structure, aggregation, porosity, air exchange, hydraulic conductivity, water holding capacity, microbial activity, and pH of soil [128,
129].

In a few cases, such as Pelargonium graveolens L’Hér., marigold (Tagetes minuta L.) and basil, plant biomass obtained by applying PM
was lower than using CF [32,81,80]. It seems that the reduction in biomass of plants treated with PM may be due to slow release or high
soluble salts in this manure.

Khalid and Shafei, [84] stated that the supply of CM raised the fresh and dry weight of dill (Anethum graveolens L.) during two
continuous seasons compared with CF. Hosseini Valiki et al. [85] noted that the addition of SM boosted the biomass of rosemary
(Rosmarinus officinalis L.) by 15%-95% than various rates of CF. SM and CM are rich in macro-micronutrients. They also maintain the
content of organic matter in soil and improve soil physicochemical properties including structure, aeration, water holding capacity,
also reducing bulk density [84,130-132].

The usage of COM and FM often reduced the biomass of MP compared to CF. Serri et al. [98] found that the biomass of coriander
(Coriandrum sativum L.) reduced after the administration of COM over CF. The result of Fallah et al. [48] indicated that usage of COM
led to a biomass decrease in Dracocephalum kotschyi in the first cutting than CF. At the second cutting, harvested biomass was alike in
COM and CF treatments. Emami Bistgani et al. [74] demonstrated that in the first cultivation year, the biomass of Denaian thyme was
similar in plants grown using COM and CF; however, in the second cultivation year, the utilization of COM reduced the biomass over
CF. In contrast, Moghaddam et al. [77] noted that the application of 20 and 25 t ha™! of COM enhanced more than CF the biomass of
agastache. Baniyaghoub Abkenar et al. [96] claimed that the biomass of Satureja macrantha (C.A.Mey.) was alike in CF and COM
treatments in the first year, otherwise in the second year, biomass boosted after the distribution of COM compared to CF. Anwar et al.
[104]; Pandey and Patra, [81]; Pandey et al. [32,80] stated that French basil, P. graveolens L’Hér., basil and marigold amended with FM
had lower biomass over CF. Oppositely, Singh et al. [103] demonstrated that the addition of FM boosted Indian basil more than CF. The
lower biomass obtained from the FM and COM treatments may be due to the slow decomposition of these manures [48,103]. COM and
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FM have a high C/N ratio and release low nutrients in the plant’s rhizosphere [48,59].

VC is one of the most common organic manures. In this review, most studies were devoted to VC (Table 1). Vermiculture is a process
by which various types of waste such as wastes from kitchens, markets, livestock, and farms, as well as bio-wastes from agro-based
industries, are converted while passing through the worm-gut to nutrient-rich VC [133]. Many scholars all over the world have re-
ported that the nutrients in VC are generally higher than in C. This manure can raise soil fertility physically, chemically, and bio-
logically. Physically, VC-amended soil has better porosity, aeration, water retention, and bulk density. Chemical properties such as
organic matter content, electrical conductivity (EC), and pH are also improved, eventually increasing crop yields [134]. Ayyobi et al.
[115]; Moghaddam et al. [77]; Hosseini Valiki et al. [85,114]; Sadat Darakeh et al. [107]; Yousefi Rad and Radbakht, [88] claimed that
the consumption of VC led to increased biomass of peppermint (Mentha piperita L.), agastache, rosemary, fennel (Foeniculum vulgare),
black cumin (Nigella sativa L.) and Ducrosia anethifolia compared with CF. In contrast, Singh and Guleria, [116]; Pandey and Patra,
[81]; Pandey et al. [32,80]; Vafadar-Yengeje et al. [111]; Garshasbi et al. [105]; ézyazici, [108], found that the utilization of VC
decreased the biomass of rosemary, P. graveolens L'Hér., basil, marigold, moldavian balm (Dracocephalum moldavica L.), fenugreek and
two varieties of coriander (Coriander (Coriandrum sativum L.) over CF. Emami Bistgani et al. [74] demonstrated that Denaian thyme
fertilized with CF had higher biomass compared to VC in the first year. Otherwise, in the second year, biomass was similar in CF and VC
treatments. Rezaei-Chiyaneh et al. [106] reported that although biomass of dragonhead supplied with CF and VC was alike in most
cropping patterns, the lowest biomass was obtained in VC treatment. The major problem of extensive usage of VC is plant toxicity via
high soluble salts content [134,115,135]. High salt concentration can be reduced with leaching [115], or VC should be utilized at a
moderate dose to achieve maximum plant yield [134]. Moreover, the slow release of nutrients in VC can reduce the biomass of MP
[103].

As presented in Table 1, the biomass of common buckwheat, Ducrosia anethifolia, chamomile (Matricaria chamomilla L.), sweet
marjoram, sage, bitter fennel, peppermint, and fennel was enhanced by the application of one organic manure compared to CF. The
usage of two organic manures boosted the biomass of agastache, black cumin, and dill in comparison with CF. The supply of more than
one organic manure marigold, P. graveolens L’Hér, coriander, and Denaian thyme gave lower biomass over CF. Biomass of dragonhead,
rosemary, D. kotschyi, fenugreek, and basil genotypes had contrasting responses (both positive and negative) to the usage of organic
manures. This information could be helpful in future research into the influence of organic manures on the biomass of these MP.

4. The effect of organic manure on the quality of medicinal plants
4.1. Essential oil content

Essential oils are complex mixtures of volatile compounds, with various functional group classes, that are produced as secondary
metabolites by many MP [136]. They are usually stored in specialized plant cells, such as oil cells or ducts, resin ducts, glands or
trichomes (glandular hairs) [137], located in leaves, buds, flowers, seeds, fruits, roots, wood and bark, from which they can be
extracted [138]. Different pharmaceutical and biological activities, such as antibacterial, antiviral, antifungal, antimutagenic, anti-
protozoal, anticancer, antiinflammatory, and antidiabetic properties, are assigned to them [39]. Essential oils are widely used in the
food, agricultural, sanitary, cosmetic, and pharmaceutical industries [139] and are added to foods as spices or herbs.

The production of plant secondary metabolites, including essential oils, is very much related to fertilization management [48,140,
141], and fertilizers, including organic manures, can affect the essential oil content of MP. As reported by the literature (Table 2),
plants grown under the application of organic manure often have higher essential oil content over control plants. The results of some
studies indicated that the increase in the essential oil of MP grown under organic fertilization was not observed at all levels or in two
consecutive years. For instance, Daneshian et al. [93] stated that a high level of CAM led to an increase in the essential oil of basil (cv.
green) compared with untreated plants. The essential oil content of this plant was similar at a low level of CAM and control. Similar
results were observed on chamomile amended with FM [83]. In a study by Mirjalili et al. [87] on Bakhtiari savory (Satureja bachtiarica
Bunge.), the addition of CAM boosted the synthesis of essential oil than control conditions in the first year, whereas in the second year,
the essential oil content was alike in plants nourished with CAM and control plants. In two various studies, Baniyaghoub Abkenar et al.
[96] and Keshavarz Mirzamohammadi et al. [142] stated that S. macrantha (C.A.Mey.) amended with COM and peppermint supplied
with VC, did not exhibit any significant difference in essential oil compared to the control plants in first cultivation year; while the
addition of organic manures raised essential oil in both species more than in the control plants in the second cultivation year. Emami
Bistgani et al. [74] in Denaian thyme revealed that the essential oil content of this plant in the first year was lower in plants supplied
with VC compared to the controls, whereas in the second year, the plants amended with VC had a higher essential oil content than
unfertilized plants.

Several studies have also been addressed to compare the effect of organic manures with CF. As shown in Table 2, the usage of
several organic manures (SM, C, and VC) increased the essential oil content of most of the studied MP compared with CF [122,125,127,
124,84,85,104,115,88]. In some cases, this response was not always linear, and some researchers have reported enhancement of
essential oil content in MP supplied with organic manures at only one level, or in one harvest, or in one year or in some cropping
patterns. For example, the result of Moghaddam et al. [77] on agastache indicated no significant difference in the essential oil content
between plants amended with COM (20 t ha!) and CF; however, essential oil content of the same species increased by 27% over CF
after a slightly higher administration of COM (25 t ha™1). In the study by Hosseini Valiki et al. [114], the utilization of 15 t h™! of VC
enhanced the essential oil content of fennel by 58% in comparison with CF, while the application of 5, 10, and 20 t h™! of VC did not
cause any significant difference. Baniyaghoub Abkenar et al. [96] reported that the essential oil of S. macrantha (C.A.Mey.) was similar
in COM and CF treatments in the first cultivation year, whereas in the second year, plants supplied with COM had higher essential oil
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Summary of results from the literature about the effects of the administration of different types of organic manures on essential oil content in several

medicinal plants.

Medicinal plant (s) Organic Control CF Results (organic manure vs. control or CF or both) Reference
manure (s)
D. kotschyi” BL + + Control: increased; CF: increased in the second cutting [48]
Artemisia annua L. PM + + Control: increased; CF: decreased [143]
Coriander PM” + - Control: increased [144]
Turkish sage PM + - Control: increased [145]
Chamomile® CcM?* + - Control: increased [83]
Dill¢ CM - + CF: increased in the first season and decreased in the second seasonf [84]
D. kotschyi” SM + + Control: increased; CF: increased in the second cutting [48]
Rosemary SM + +"  Control and CF: increased [85]
Thyme SM + - Control: increased [86]
Turkish sage SM + - Control: increased [145]
Dill® SM - + CF: increasedt [84]
Bakhtiari savory® CAM + - Control: increased in the first year [87]
D. anethifolia CAM + + Control: decreased; CF: increased [88]
Sweet basil”,* CAM*® + - Control: increased [91]
Basil (cv. green) CAM"® + - Control: increased at high level [93]
Basil (cv. Control: increased
purple)
Thyme CAM + - Control: increased [86]
Turkish sage CAM + - Control: increased [145]
S. macrantha C.A. COM + + Control and CF: increased in the second year [96]
Mey.
D. kotschyi” CoOM + + Control: increased in the second cutting; CF: decreased in the first cutting and [48]
increased in the second cutting
Lavender coM* + - Control: increased [97]
Medicinal plant (s) Organic Control CF  Results (organic manure vs. control or CF or both) Reference
manure (s)
Denaian thyme" COM —+ + Control: increased; CF: increased in the first year and decreased in the second [74]
year
Agastache com* + + Control: decreased at low level; CF: increased at high level [771
A. annua L. FM —+ + Control: increased; CF: decreased [143]
Chamomile® FM*® + - Control: increased at high level [83]
Dragonhead FM + - Control: increased [146]
Lavender vC! + - Control: increased [45]
Peppermint® vC + + Control: increased in the second year [142]
Dragonhead vC + + Control: increased; CF: produced the highest [106]
Coriander (var. vC + + Control: increased [108]
Arslan)
Coriander (var. Ebraa) Control: increased; CF: decreased
D. anethifolia vC + —+ Control: decreased; CF: increased [88]
Sweet basil” vC + - Control: increased [109]
A. annua L. vC + + Control: increased; CF: decreased [143]
Moldavian balm VvC - + CF: decreased [111]
Denaian thyme* vC + + Control and CF: decreased in the first year and increased in the second year [74]
Chamomile® vC + - Control: increased [112]
S. Leriifolia Benth. VvC + - Control: increased [113]
Agastache vC + + Control: decreased [77]
Rosemary vC + +"  Control and CF: increased [85]
Fennel \Ye + + Control: increased; CF: produced the highest [114]
Peppermint vC + + Control and CF: increased [115]
Cumin vC + - Control: increased [120]
Coriander vc? + - Control: increased [144]
Dill vC! + - Control: increased [147]
Chamomile A + - Control: increased [117]
French basil vC + + Control and CF: increased [104]
Medicinal plant (s) Organic manure Control CF Results (organic manure vs. control or CF or both) Reference (s)
Fennel® c’ + - Control: increased [148]
S. Leriifolia Benth. C + - Control: increased [113]
Cumin C + - Control: increased [120]
Basil C + + Control: increased; CF: decreased [121]
Chamomile c* + +2 Control and CF: increased [122]
Thyme®,° C + - Control: increased [86]
Sweet marjoram” c? - + CF: increased [124]
Bitter fennel and sage” c! - + CF: increased [125]
Dragonhead c + - Control: increased [126]
Basil® c’ - + CF: increased [127]
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CF: chemical fertilizer, BL: broiler litter, PM: poultry manure, CM: chicken manure, SM: sheep manure, CAM: cattle manure, COM: cow manure, FM:
farmyard manure, VC: vermicompost and C: compost. {: Essential oil content of herbal and fruit measured.

@ Organic manure or CF used at more than one level.

b Essential oil content measured in two or more cuttings.

¢ Essential oil content measured in two years or two seasons. When not otherwise specified, changes of essential oil content have occurred in all
cutting or seasons or years or levels of organic manure or CF.

compared with CF. Fallah et al. [48] found that the essential oil content of D. kotschyi in the first harvest was lower in plants supplied
with COM than CF, whereas it was similar in SM, BL, and CF. At the second harvest, the essential oil content was enhanced by applying
COM over CF, and even the use of BL and SM increased essential oil content compared to CF by 65% and 89%, respectively. In a study
by Emami Bistgani et al. [74] on Denaian thyme, contrasting results were reported between the essential oil content achieved in the
first and second years after the administration of different fertilizers. The usage of COM improved the essential oil content by 14% over
CF in the first year, whereas a lower essential oil content in COM compared with CF was obtained in the second year. In the same
experiment, plants fertilized with CF had higher essential oil content than VC in the first year, however in the second year, VC boosted
the essential oil content of this species by 18% compared with CF. Khalid and Shafei, [84] claimed that the administration of CM
boosted essential oil content of the herb and fruit of dill compared with CF during the first growing season, whereas a decrease in the
essential oil content was observed in the second season over CF. Rezaei-Chiyaneh et al. [106] stated that the application of VC raised
the essential oil of dragonhead in some cropping pattern over CF, so the highest essential oil was obtained in VC treatment.

In contrast with the above results, some authors found a substantial lower essential oil in several plants with the administration of
organic manures, compared with CF or even with the untreated control (Table 2). For instance, in two different studies, Vafadar-
Yengeje et al. [111] on moldavian balm and Ozyazici, [108] on coriander (var. Ebraa) demonstrated that the application of CF
increased the essential oil of both species more than VC. In another study, the essential oil of Artemisia annua was enhanced by the
addition of CF over FM, VC, and PM [143]. Similarly, Forouzandeh et al. [121] found that basil amended with C had lower essential oil
content compared with CF treatment. Moghaddam et al. [77] and Yousefi Rad and Radbakht, [88] found that D. anethifolia amended
with VC and CAM and agastache VC and COM (20 t ha!) had lower essential oil compared with untreated plants. The decrease in
essential oil content in plants grown under organic fertilization in these experiments may be due to the slow mineralization of organic
manures or high soluble salts [103].

Among the studied MP, S. khuzestanica Jamzad, D. anethifolia, and rosemary demonstrated to react more significantly to the organic
manures, and the distribution of two organic manures increased the essential oil content of these three species more than CF. The
utilization of one organic manure raised essential oil content of sage, bitter fennel, sweet marjoram, French basil, chamomile,
peppermint, fennel and agastache as compared to CF. The essential oil content of A. annua was reduced over CF by the application of
three organic manures, namely PM, FM, and VC. Plants of D. kotschyi., dill, Denaian thyme, basil, and dragonhead had contrasting
responses (either negative or positive) to organic manures (Table 2). This information paves the way for further research about the
effect of organic manures on the essential oil content of these MP.

It is possible to conclude that, in general, MP treated with organic manures mostly had higher essential oil content than CF, or
control (unfertilized) plants, or both. The main reason for this response could rely on the peculiar composition and physico-chemical
characteristics of organic manures, which not only supply essential nutrients for plant growth [48], but also affect soil structure and
characteristics positively. Among the involved nutrients, N is used by plants to build many organic compounds, including nucleic acids,
amino acids, proteins, and enzymes, which play a vital role in the biosynthesis of numerous constituents, among which the essential oil
compounds [149,150]. This nutrient also has a significant effect on the development and division of the cells containing essential oil,
including essential oil channels, secretory ducts, and glandular trichomes [47].

Besides N, other nutrients play a significant role in MP biochemistry [151]. Phosphorus (P) is a structural constituent of essential
biomolecules involved in energy metabolism, like PPi and ATP, and in the formation of crucial macromolecules like phospholipids and
nucleic acids [152]. Potassium (K) is involved in many plants’ physiological reactions, including enzyme activation, protein synthesis,
osmoregulation, and photosynthate translocation [153]. This nutrient also controls the opening and closing of stomata which affect
CO; uptake for photosynthesis [86]. Zinc (Zn) and iron (Fe) act as metal components of different enzymes and are associated with
protein synthesis, saccharide metabolism, and photosynthesis. According to Nasiri and Najafi, [154], Zn is a vital nutrient for the
maintenance of membrane structure and function, cell division, and as well as synthesis of IAA. Fe has key functions in plant me-
tabolisms, like activating catalase enzymes associated with superoxide dismutase, as well as in photorespiration, the glycolate
pathway, and chlorophyll content.

Copper (Cu) is an essential element for normal plant growth and metabolism and plays a crucial role in different metabolic pro-
cesses, such as cell wall metabolism; it also acts as a structural nutrient in photosynthetic electron transport, mitochondrial respiration,
regulatory proteins, and biosynthesis of plant hormones, and as a cofactor for many enzymes [155,156]. Manganese (Mn) plays a key
role in many physiological processes, as almost every cell compartment carries at least one enzyme whose activity is dependent on Mn.
This nutrient acts as a cofactor for deoxyribonucleic acid (DNA), ribonucleic acid (RNA) polymerases, oxidases, kinases, decarbox-
ylases, dehydrogenases, and sugar transferases [157,158].

4.2. Chemical compositions of essential oil

Essential oils are composed of 20-100 compounds belonging to a variety of chemical classes [159], being terpenoids and phe-
nylpropanoids the most important [39]. Depending on their number of five-carbon isoprene units, the terpenoids are classified as
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hemiterpenes (one unit), monoterpenes (two units), sesquiterpenes (three units), diterpenes (four units), and so on. Although both
monoterpenes and sesquiterpenes can be found in essential oils, the most abundant terpenoids are monoterpenes (about 90%) [160].
Terpenoids are synthesized by two pathways: 1) plastidic methyl erythritol phosphate (MEP) pathway. 2) cytosolic classical meval-
onate (MVA) pathway. Both ultimately produce the intermediate universal precursors for terpene biosynthesis isopentyl pyrophos-
phate (IPP) and its allylic isomer dimethylallyl diphosphate (DMAPP) [161-163] (see complete details in the paper of Abdallah and
Quax, [164]).

Phenylpropanoids can be divided into five groups, including phenolic acids, flavonoids, coumarins, monolignols, and stilbenes
[165-167]. The phenylpropanoids are formed from shikimic acid (see complete details in the paper of Deng and Lu, [167]).

Plants producing essential oils belong to different genera distributed to around 60 families. Plant families like Lamiaceae, Apiaceae,
Asteraceae, Rutaceae, Poaceae, Alliaceae, and Myrtaceae are well known for their ability to produce essential oils of medicinal and
industrial value [168-170]. All essential oil-producing plant families are rich in terpenoids. Otherwise, plant families such as Lam-
iaceae, Apiaceae, Myrtaceae, Rutaceae, and Piperaceae, more frequently contain phenylpropanoids [171].

Increasing of selected chemical components of essential oil is one of the major challenges in the production of MP. Nurzynska-
Wierdak [172] noted that fertilizers could significantly modify the chemical compounds of essential oils of MP. After the utilization
of fertilizer (either synthetic or organic), a change in the chemical constituents of essential oil in MP could occur that is linked to the
nutritional status of the plants [43]. As indicated in Table 3, organic manures can either increase or decrease the presence of certain
chemical components of essential oil compared with control or CF, or both. The main results from the surveyed literature are as
follows:

Thymol: In S. macrantha (C.A.Mey.), Baniyaghoub Abkenar et al. [96] demonstrated that in the first cultivation year, the supply of
COM reduced thymol content in essential oil compared with CF, while the same species treated with COM achieved a higher thymol in
the second year over CF. Oppositely, in Denaian thyme, the administration of COM led to an increase in thymol in comparison to CF in
the first year, and reduced the thymol content in the second year. In the same experiment, plants treated with VC had lower thymol
than CF in the first year, whereas in the second year, the addition of VC enhanced thymol over CF [74]. Edris et al. [123] claimed that
compared to CF, the thymol content in thyme decreased after the application of C at an amount of 10 m® acre !, whereas the content of
the same metabolite raised by 61% after the administration of 20 m° acre”! of C. Emami Bistgani et al. [74] and Hosseini et al. [75]
stated that Denaian thyme amended with COM and VC and Sahandi savory treated with CAM had a higher thymol content than control
plants in the first and second year. Hendawy et al. [86] reported that the distribution of some organic manures including SM, CAM, and
C enhanced the thymol content in thyme essential oil compared with unfertilized plants. In a study by Saki et al. [78] on S. mutica,
although thymol amount decreased over control plants in plants grown under CAM at some plant densities, the highest amount of
thymol (38.2%) was achieved in plants amended with CAM. Baniyaghoub Abkenar et al. [96] in S. macrantha (C.A.Mey.) and Askary
et al. [100] in Thymus vulgaris and Thymus daenensis found contrasting results in the thymol content of plants treated with COM and
controls in the first and second year.

Linalool: Several studies found that the utilization of some organic fertilizers increased the linalool content of essential oil
compared to CF; this result was obtained in two varieties of coriander amended with VC [108], and in basil after administration of C or
VC [32,127] and FM and VC [104]. In contrast, decreased linalool content was found in different basil genotypes after the admin-
istration of FM [103], and PM and FM [32]. The comparison between organic manures and control (unfertilized) plants gave variable
responses as well. In an experiment on sweet basil plants [91], the addition of CAM allowed the greatest content of linalool (14.89%).
In different basil genotypes, the linalool content was higher than in control plants after the addition of VC [32,109] and FM and VC
[104,103]. Similar results were achieved in two varieties of coriander supplied with VC [108], and in dragonhead plants after dis-
tribution of 13.2 t ha~! of C [126]. Contrastingly, a decrease in linalool content of basil in comparison to control plants was observed
after the administration of PM and FM [32], and under some levels of CAM [91]. In dragonhead, in contrast to what was observed at
the lowest rate, higher doses of C (26.4 and 39.6 t ha!) reduced the linalool content [126].

Methyl chavicol: Panday et al. [32] found that the distribution of PM and FM raised the methyl chavicol of basil over CF. Likewise,
studies by Moghaddam et al. [77] on agastache, Khalid et al. [127], Singh et al. [103], and Anwar et al. [104] on basil, indicated an
increase in methyl chavicol compared to CF after the addition of COM (25 t ha_l), C, VG, and (VC and FM), respectively. Also in this
case, strong differences were found as different treatments were involved: according to Singh et al. [103], the distribution of FM on
basil plants reduced methyl chavicol content compared to CF, and Moghaddam et al. [77] and Panday et al. [32] reported that basil
and agastache supplied with VC had lower methyl chavicol compared with CF. As concerns the comparison with untreated plants,
Anwar et al. [104] and Singh et al. [103] reported a higher methyl chavicol content in two basil genotypes after the usage of FM and
VC. Similar results were observed on basil treated with PM and FM [32]. In contrast, basil supplied with VC decreased methyl chavicol
compared with control conditions [32,109]. The application of 20 and 25 t ha™! of COM and 30 t ha™! of VC reduced methyl chavicol
of agastache over unfertilized plants [77]. In a study by El-Naggar et al. [91] on sweet basil, although methyl chavicol decreased over
control plants in plants grown under CAM at some levels, the greatest amount of methyl chavicol (75.11%) was obtained in plants
amended with CAM.

p-Cymene: According to Edris et al. [123], the utilization of C reduced the p-cymene content of thyme over CF. Baniyaghob
Abkenar et al. [96] noted that p-cymene of S. macrantha (C.A.Mey.) boosted with the application of COM compared with CF in the first
year. In the second year, p-cymene content decreased after the usage of COM than CF treatment. The administration of BL raised the
content of p-cymene in dill in most cropping patterns over CF, so the highest p-cymene content (33.69%) was obtained in BL treatment
[47]. In another study about black cumin, Rostaei et al. [43] reported that although in some cropping patterns, the usage of CF induced
a lower p-cymene content compared with BL, the greatest content of p-cymene (62.77%) was achieved in CF. Askary et al. [100]
claimed that T. vulgaris treated with COM had lower p-cymene in the first year over the controls, whereas it increased after the
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Summary of results from the literature about the effects of the administration of different types of organic manures on chemical compositions of
essential oil in several medicinal plants.

Medicinal plant  Organic Control CF  Results (organic manure vs. control or CF or both) Reference
(s) manure (s)
D. kotschyi” BL + + Control: increased geranial and neral; CF: decreased neral and geranial in the first [48]
cutting, increased geranial and neral in the second cutting
Dragonhead BL - + Geranial: BL (31.74%-36.83%); CF (29.08%-41.52%) geranyl acetate: BL (28.46%— [22]
32.74%); CF (24.68%-34.8%)
Dill BL - + p-Cymene: BL (27.31%-33.69%); CF (21.66%-31.88%) [47]
carvone: BL (22.06%-49.66%); CF (41.21%-45.07%)
Black cumin BL - + p-Cymene: BL (22.12%-46 %); CF (20.51%-62.77%) [43]
carvacrol: BL (8.56%-13%); CF (2.4%-25.99%)
A. annua L. PM + + Control: increased 1,8-cineole and decreased camphor; CF: decreased 1,8-cineole and [143]
increased camphor
Basil PM + + Control and CF: decreased linalool and increased methyl chavicol [32]
Marigold PM + + Control: decreased E-ocimenone and (Z)-tagetone [80]
CF: increased E-ocimenone and decreased (Z)-tagetone
P. graveolens PM + + Control: increased citronellol and decreased geraniol [81]
L’Hér. CF: decreased citronellol and geraniol
Sage PM + - Control: increased 1,8-cineole and decreased camphor [145]
Chamomile CMa + - Control: increased a-bisabolol oxide A and chamazulene [83]
Dill CM - + CF: increased limonene and carvone [84]
D. kotschyi® SM + + Control: increased neral and geranial; CF: increased neral and decreased geranial in the ~ [48]
first cutting and increased geranial in the second cutting
Rosemary SM + +° Control and CF: increased alpha-pinene and decreased 1,8-cineole [85]
Medicinal plant Organic Control CF  Results (organic manure vs. control or CF or both) Reference
(s) manure (s)
Thyme SM + - Control: increased thymol and decreased p-cymene [86]
Dill SM - + CF: increased limonene and carvone [84]
Sage SM + - Control: decreased 1,8-cineole and increased camphor [145]
Sahandi savory® CAM + - Control: increased thymol and decreased p-cymene [75]
Bakhtiari savory® CAM + - Control: decreased P-cymene and carvacrol [87]
Lemon balm CAM + - Neral: CAM (29.54%-31.05%); control (30.16%-31.25%) [89]
Control: decreased geranial
S. mutica® CAM + - Thymol: CAM (30.07%-38.2 %); control (30.77%-34.61%) carvacrol: CAM (21.86%— [78]
29.99%); control (22.55%-25.7%)
Sweet basil CAM + - Linalool: control (12.36%); CAM (1.58%-14.89%) methyl chavicol: control (4.76%); [91]
CAM (55.97%-75.11%)
Thyme CAM + - Control: increased thymol and decreased p-cymene [86]
Sage CAM + - Control: increased 1,8-cineole and decreased camphor [145]
Marigold CAM* - + Control: increased delta-cadinene and alpha-cadinol [94]
S. macrantha C.A. COM + + Control and CF: decreased thymol and increased p-cymene in the first year and [96]
Mey.© increased thymol and decreased p-cymene in the second year
Fennel CcoM* + - Control: increased trans-anethole and dill apiole at low and medium level and [99]
decreased dill apiole at high level
D. kotschyi” COM + + Control: increased neral and geranial; CF: decreased geranial and neral in the first [48]
cutting and increased neral and geranial in second cutting
Lavender com*” + - Control: increased 1,8-cineole and borneol [971
Medicinal plant  Organic Control CF  Results (organic manure vs. control or CF or both) Reference
(s) manure (s)
T. vulgaris COM + - Control: increased thymol and decreased P-cymene in the first year and decreased [100]
thymol and increased P-cymene in the second year and
T. daenensis" Control: increased thymol in the first year and decreased thymol in the second year
P-cymene: control (8.35%-10.82%); COM (0.15%-13.06%)
Denaian thyme* COM + + Control: increased thymol; CF: increased thymol in the first year and decreased in the  [74]
second year
Agastache com* + + Control: decreased methyl chavicol; CF: increased methyl chavicol at high level [771
Sweet fennel COM + + Control and CF: increased anethole [173]
A. annua L. FM + + Control and CF: increased 1,8-cineole and decreased camphor [143]
Dragonhead FM + - Control: increased geranyl acetate and decreased geraniol [146]
Basil FM + + Control and CF: decreased linalool and increased methyl chavicol [32]
Marigold FM + + Control and CF: increased E-ocimenone and decreased (Z)-tagetone [80]
P. graveolens FM + + Control: increased citronellol and decreased geraniol; CF: decreased citronellol and [81]
L’Hér geraniol
Indian basil FM + + Control: increased methyl chavicol and linalool; CF: decreased methyl chavicol and [103]
linalool
French basil FM + + Control and CF: increased linalool and methyl chavicol [104]
Peppermint vC + - Control: increased menthone and menthol [49]

(continued on next page)
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Table 3 (continued)

Medicinal plant  Organic Control CF  Results (organic manure vs. control or CF or both) Reference
(s) manure (s)
Lavender vc? + - Control: decreased linalyl acetate and geranyl acetate [45]
Lavender \Y e + - Control: increased 1,8-cineole at medium and high level and decreased 1,8-cineole at [971
low level and increased borneol
Dragonhead vC + + Control and CF: increased geranial and geranyl acetate [106]
Medicinal plant Organic Control CF  Results (organic manure vs. control or CF or both) Reference
(s) manure (s)
Coriander (two vC + + Control and CF: increased linalool [108]
varieties)
A. annua L. VvC + + Control and CF: decreased 1,8-cineole and camphor [143]
Basil vC + - Control: increased linalool and decreased methyl chavicol [109]
Moldavian balm vC - + CF: decreased geranial geraniol: VC (24.75%-42.13%); CF (20.89%-36.73%) [111]
Denaian thyme* vC + + Control: increased thymol; CF: decreased thymol in the first year and increased in the ~ [74]
second year
German vC - + CF: increased a-bisabolol and a-bisabolol oxide A [112]
chamomile
Basil VvC + + Control and CF: increased linalool and decreased methyl chavicol [32]
Marigold VvC + + Control: decreased E-ocimenone; CF: increased E-ocimenone and decreased (Z)- [80]
tagetone
P. graveolens 'Hér  VC + + Control and CF: decreased geraniol and increased citronellol [81]
Agastache vC + + Control and CF: decreased methyl chavicol [77]
Rosemary vC + +"  Control and CF: increased 1,8-cineole [85]
a-pinene: control (20.22%); VC (22%); CF (16.09%-22.53%)
Rosemary vC + - Control: increased 1,8-cineole and camphor [174]
Indian basil vC + + Control: increased linalool and methyl chavicol; CF: increased methyl chavicol [103]
Dill vc? + - Control: increased carvone and decreased limonene [147]
Sweet fennel vC + - Control: increased anethole and decreased limonene [175]
French basil vC + + Control and CF: increased linalool and methyl chavicol [104]
Sweet fennel C + - Control: increased anethole and decreased limonene [175]
Chamomile c* + +8 Control: increased chamazulene and decreased bisabolol oxide A; CF: decreased [122]

chamazulene and bisabolol oxide A at low level and increased bisabolol oxide A at
medium and high level

Thyme C + - Control: increased thymol and p-cymene [86]

Medicinal plant Organic Control CF  Results (organic manure vs. control or CF or both) Reference

(s) manure (s)

Thyme c - +*  CF: decreased thymol at low level and increased thymol at high level and decreased P-  [123]
cymene

Sweet marjoram c - + CF: decreased cis-sabinene hydrate and increased terpinen-4-ol at low level and [124]
decreased terpinen-4-ol at high level

Bitter fennel c - + CF: decreased anethole and increased limonene at low level and decreased limonene  [125]
at medium and high level

Sage c* - + CF: increased o -thujone and 1,8-cineole [125]

Dragonhead c + - Control: increased linalool at low level and decreased linalool at medium and high [126]
level and decreased geranial

Basil c* - + CF: increased linalool and methyl chavicol [127]

CF: chemical fertilizer, BL: broiler litter, PM: poultry manure, CM: chicken manure, SM: sheep manure, CAM: cattle manure, COM: cow manure, FM:
farmyard manure, VC: vermicompost and C: compost.

@ Organic manure or CF used at more than one level.

b Chemical composition measured in two or more cuttings.

¢ Chemical composition measured in two years or two seasons. When not otherwise specified, changes of chemical compositions have occurred in
all cutting or seasons or years or level of organic manure or CF; when the changes of chemical composition of the essential oil of one plant in all
treatments did not have the same trend, the amount of chemical compounds is presented as a range.

administration of COM in the second year. In the same work, although the p-cymene of T. daenensis decreased in most water stress
levels as compared to control conditions, the highest content of p-cymene was obtained in plants grown under the usage of COM.
Baniyaghoub Abkenar et al. [96] concluded that the utilization of COM led to an increase in p-cymene of S. macrantha in the first
cultivation year than controls, whereas in the second cultivation year, the usage of COM decreased p-cymene compared with control
plants. In two different studies, Hosseini et al. [75] and Mirjalili et al. [87] stated that the consumption of CAM reduced p-cymene of
Sahandi savory and Bakhtiari savory over control conditions in two consecutive years. In another study, thyme supplied with SM and
CAM had lower p-cymene than untreated plants. While C enhanced the p-cymene content over control plants [86].

1,8-Cineole: Studies by Mona et al. [125] on sage, Hosseini Valiki et al. [85] on rosemary, and Sajwan et al. [143] on A. annua L.,
demonstrated an increase in 1,8-cineole compared to CF after the addition of C, VC and FM, respectively. Oppositely, according to
Sajwan et al. [143], the usage of PM and VC on A. annua L. decreased 1,8-cineole content over CF. Hosseini Valiki et al. [85] reported
that rosemary amended with SM had lower 1,8-cineole compared with CF. Hosseini Valiki et al. [85] and Ganjali and Kaykhaii, [174]
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found that the utilization of VC enhanced the 1,8-cineole content of essential oil of rosemary and lavender compared to controls.
Similar results were obtained in lavender treated with COM [97], in A. annua L. plants after the distribution of PM and FM [143] and in
sage plants treated with CAM and PM [145]. A decrease in content of 1,8-Cineole of lavender over control plants was achieved at a low
level of VC (5 th_l), while medium and high levels of VC (10 and 15 th_l) led to an increase in 1,8-cineole than controls [97]. Sajwan
et al. [143] stated that the utilization of VC decreased the 1,8-cineole content of essential oil of A. annua L. over controls. In two
different studies, Hosseini Valiki et al. [85] and Kocabas et al. [145] noted that rosemary and sage supplied with SM had lower 1,
8-cineole compared with control conditions.

Carvacrol: Rostaei et al. [43] reported that although the administration of CF reduced the carvacrol of black cumin in most
cropping patterns over BL, the highest amount of carvacrol (25.99%) was obtained in CF treatment. Saki et al. [78] observed that
although the usage of CAM reduced the amount of carvacrol in S. mutica at some plant densities than control plants, the greatest
content of carvacrol (29.99%) was obtained in plants grown under the utilization of CAM. Mirjalili et al. [87] found that the appli-
cation of CAM decreased carvacrol of Bakhtiari savory compared with controls in two consecutive years.

Geranial: Rezaei-Chiyaneh et al. [106] reported that the addition of VC raised the geranial content oil of dragonhead over CF. In
contrast, Vafadar-Yengeje et al. [111] noted that using VC decreased geranial of this plant by (2%-27%) compared to CF. In another
study, D. kotschyi supplied with CF had higher geranial than COM, BL and SM in the first cutting. In the second cutting, the admin-
istration of organic manures increased the geranial of this plant compared with CF [48]. Fallah et al. [22] revealed that utilization of CF
raised the geranial of dragonhead in most cropping patterns than CF, so the highest geranial (41.52%) was achieved in CF treatment.
The increase of geranial after the application of some organic manures compared to controls was observed by Fallah et al. [48] in
D. kotschyi after the administration of BL, SM, and COM and Rezaei-Chiyaneh et al. [106] in dragonhead after the addition of VC.
Contrastingly, Hussein et al. [126] and De Assis et al. [89] stated that dragonhead treated with C and lemon balm (Melissa officinalis L.)
nourished with CAM had lower geranial compared with untreated plants.

Neral: According to Fallah et al. [48], the neral of D. kotschyi was raised by adding SM, over CF and control plants in the first and
second cuts. These authors also claimed that the application of CF led to an increase in neral than BL and COM in the first cutting. At the
second cutting, plants supplied with BL and COM had a higher neral compared with CF. The usage of BL and COM increased the neral
content of D. kotschyi over untreated plants in both cuttings. De Assis et al. [89] reported that lemon balms without CAM had higher
neral content in conditions of nonincubation with arbuscular mycorrhizal fungi, whereas neral content was enhanced with the use of
CAM and incubation of arbuscular mycorrhizal fungi.

a-Bisabolol oxide A (Bisabolol oxide A): Salehi et al. [112] stated that the utilization of VC increased a-bisabolol oxide A of
chamomile by 28% compared with CF. In another study, the low level of C reduced bisaobolol oxide A of chamomile compared with
CF. Oppositely, the usage of medium and high levels of C raised bisaobolol oxide A of than CF [122]. Hassan and Fahmy, [83] claimed
that the administration of CM raised a-bisaobolol oxide A of chamomile by 37 % more than untreated plants. In contrast, Hendawy and
Khalid, [122] revealed that chamomile supplied with C had lower bisaobolol oxide A over controls.

Geranyl acetate: In a study by Rezaei-Chiyaneh et al. [106] on dragonhead, plants supplied with VC had higher geranyl acetate
over CF. Fallah et al. [22] reported that CF boosted geranyl acetate of dragonhead in most cropping patterns compared with BL, so that
the highest geranyl acetate (34.8%) was obtained in CF treatment. In two separate studies, the utilization of FM or VC raised geranyl
acetate of dragonhead more than control [106,146]. In contrast, Habibi Sharafabad et al. [45] claimed that the lavender amended with
VC had lower geranyl acetate over control conditions.

Camphor: Sajwan et al. [143] observed that the application of PM enhanced the camphor of A. annua L. more than CF, whereas the
same compound was reduced after the administration of FM and VC. Studies by Kocabas et al. [145] on sage and Ganjali and Kaykhaii,
[174] on rosemary, showed an increase in camphor than the controls after the addition of SM and VC, respectively. Negative effects of
the usage of organic manures on camphor were reported in A. annua L. supplied with FM, VC, and PM [143] and in sage plants treated
with CAM and PM [145] over control conditions.

Geraniol: The result of Vafadar-Yengeje et al. [111] indicated that the consumption of VC raised geraniol of moldavian balm in
most cropping patterns more than CF, so that the greatest geraniol (42.13%) detected in VC treatment. Oppositely, the administration
of PM, FM and VC reduced the geraniol of P. graveolens L’Hér compared with CF [81]. The decrease of geraniol after the application of
organic manures compared to controls was reported by Pandey and Patra, [81] in P. graveolens L’Hér amended with FM, PM, and VC
and Nasiri et al. [146] in dragonhead after the administration of FM.

Limonene: Khalid and Shafei, [84] found that the consumption of CM and SM enhanced limonene of dill (Anethum graveolens L.)
over CF. Mona et al. [125] noted that the low level of C boosted limonene of sage by 18% compared with CF. In contrast, the usage of
medium and high levels of C reduced limonene than CF. Moradi et al. [175] found that limonene in sweet fennel decreased after
applying C and VC over control conditions. Similar results were achieved on the dill amended with the VC [147].

Alpha-pinene: According to Hosseini Valiki et al. [85], the usage of SM raised the a-pinene content of rosemary over control plants
and various rates of CF. In the same work, the addition of VC led to an increase in a-pinene compared with the controls. Although the
usage of CF at most levels induced a lower a-pinene content compared with VC, the highest content of a-pinene (22.53%) was obtained
in CF.

Trans-anethole and dill apiole: In a study by Punetha et al. [99] on fennel, the application of 26, 52, and 104 t ha~! of COM
boosted trans-anethole over control plants. These authors also reported that the usage of 26 and 52 tha~! of COM enhanced dill apiole
than control conditions, while the application of 104 t h™! of C led to a decrease in dill apiole compared with unfertilized plants.

Carvone: The content of carvone of dill was enhanced after the utilization of SM and CM compared with CF [84]. Rostaei et al. [47]
revealed that although usage of BL reduced carvone of dill in most cropping patterns than CF, the highest amount of carvone (49.66%)
was achieved in BL treatment. Darzi et al. [147] reported that the administration of various levels of VC (4, 8, and 12 t h™1) led to an
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increase in carvone of dill over the controls.

E-ocimenone: Pandey et al. [80] found that the consumption of PM and VC increased E-ocimenone of marigold more than CF.
Marigold treated with FM had higher E-ocimenone over control plants and CF. The utilization of PM and VC decreased E-ocimenone
compared with untreated plants.

Anethole: The content of anethole of sweet fennel was enhanced by applying COM compared with CF [173]. Mona et al. [125]
noted that bitter fennel treated with C had lower anethole than CF. In two separate studies, the utilization of (VC and C) or COM raised
anethole of sweet fennel more than the controls [175,173].

Cis-sabinene hydrate and terpinen-4-ol: Gharib et al. [124] indicated that low and high levels of C decreased cis-sabinene
hydrate of sweet marjoram over CF. In the same experiment, terpinen-4-ol content increased at a low level of C more than CF,
whereas, at a high level, plants supplied with C had lower terpinen-4-ol.

Chamazulene: According to Hendawy and Khalid, [122] in chamomile supplied with C, chamazulene content was lower than CF,
but higher when compared with control plants. Hassan and Fahmy, [83] indicated that CM boosted the chamazulene of chamomile
over control conditions.

Citronellol: P. Graveolens L'Hér grown under the administration of VC had higher citronellol than CF. In contrast, citronellol of this
plant was reduced by adding PM and FM over CF. Using FM, PM and VC enhanced citronellol compared with untreated plants [81].

(Z)-Tagetone: Pandey et al. [80] noted that the application of PM and FM reduced (Z)-tagetone of marigold compared with control
conditions and CF. These Authors also reported the administration of VC led to a decrease in (Z)-tagetone over CF.

Delta-cadinene and a-cadinol: Khalid et al. [94] stated the utilization of CAM enhanced delta-cadinene and alpha-cadinol of
marigold by 7% and 27% over CF, respectively.

a-Bisabolol: Results of Salehi et al. [112] indicated that the utilization of VC slightly boosted a-bisabolol of chamomile than CF.

o-Thujone: Mona et al. [125] found that sage treated with C had higher o-thujone compared with CF.

Borneol: Mavandi et al. [97] reported that using COM and VC increased the borneol of lavender over control conditions.

Menthone and menthol: According to Javanmard et al. [49], peppermint amended with VC had higher menthone and menthol
than untreated plants.

Linalyl acetate: The content of linalyl acetate in the lavander was reduced by applying VC compared with control plants [45].

In general, the application of organic manure or CF significantly changed the aroma profile of the essential oils. Thymol, linalool,
methyl chavicol, 1,8-cineole, geranial, p-cymene, and carvacrol were the most abundant chemical constituents of essential oils of
studied MP. Thymol, linalool, methyl chavicol, geranial, neral, 1,8-cineole, p-cymene, camphor, limonene, carvacrol, geraniol and
geranyl acetate were identified as the main chemical compositions of essential oil of more than one MP. a-Pinene, carvone, citronellol,
E-ocimenone, (Z)-tagetone, a-bisobolol oxide A (bisobolol oxide A), a-bisabolol, chamazulene, a-thujone, cis-sabinene hydrate,
terpinen-4-ol, delta-cadinene, a-cadinol, trans-anethole, dill apiole, borneol, menthone, menthol and linalyl acetate were as major
chemical constituents of essential oil of one medicinal plant. Each chemical compound had different responses to organic manures or
CF. They often failed to increase or decrease a specific chemical constituent in the essential oil of all MP. Various organic manures often
positively affected the amount of thymol, linalool, methyl chavicol, 1,8-cineole, neral, carvone, E-ocimenone, citronellol, anethole,
borneol, and a-bisobolol oxide A. Among organic manures, the usage of VC led to an increase in linalool in the essential oil of studied
MP. Therefore, despite the limitations of existing research and the need for more studies, the usage of VC can be recommended as an
appropriate method to increase linalool in different MP. The utilization of one organic manure led to an increase in o-pinene,
a-bisabolol, delta-cadinene, a-cadinol, a-thujone, trans-anethole, menthone, and menthol. However, organic manures had contrasting
effects on geranial, geranyl acetate, terpinen-4-ol, and dill apiole. Although numerous researchers reported the positive effect of
organic manures on the main chemical compounds of essential oil of MP, some researchers showed the negative effect of organic
manure on the major chemical compositions of MP (Table 3). Organic manures often had a negative impact on the content of P-
cymene, carvacrol, camphor, geraniol, and limonene. The usage of some organic manures reduced (Z)-tagetone and cis-sabinene.
These differences could be attributed to the various biosynthesis pathways of these compounds and their role in crop physiology
and metabolism [111]. The type and supply rate of fertilizers directly influence the availability of plant nutrients and indirectly affect
physiological and biochemical mechanisms in MP [107,176]. The chemical constituents of the essential oil could be influenced by the
quantity and availability of N and P and micronutrients. N nutrient is an important compound of amino acids and enzymes, and its
deficiency has an adverse effect on the biosynthesis of terpenoids. This nutrient upholds terpenoid emissions by increasing the electron
transport rate and leaf photosynthesis [177]. Photosynthesis provides carbon substrate (pyruvate or glyceraldehyde-3-phosphate) and
ATP for isoprene synthesis. N as NADPH is also needed in terpenoids biosynthesis [178].

P raises terpenoid biosynthesis by enhancing the content of the pyrophosphate compounds, like DMAPP and IPP [179,180] that
contain high-energy phosphate bonds. The role of P is evident in the synthesis of precursors of terpenoids both by the MEP pathway
(glyceraldehyde phosphate and pyruvate), as well as via the MVA pathway (acetyl-CoA, ATP, and NADPH). Moreover, when P is
restricted, the reduction in the phospholipid bilayer destabilizes the cell membrane. This effect is compensated by isoprene emissions
[181,182]. Micronutrients, such as Mn, Cu, and Zn act as a cofactor of several enzymes involved in the biosynthesis of terpenoids
[178]. Nutrients act as cofactors for enzymes and/or precursors of the different compounds in phenylpropanoids biosynthesis [183,
184].

4.3. Antioxidant activity

In the human body, free radicals and oxidants are produced either from normal cell metabolisms in situ or from external sources,
such as radiation, air pollutants, inflammation, exercise, stress, smoking, alcohol, and drugs [185,186]. Free radicals and other
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reactive oxygen species cause oxidation of biomolecules including DNA, amino acids, proteins, and unsaturated lipids and finally
produce molecular alterations related to aging, asthma, arteriosclerosis, diabetes, Parkinson, Alzheimer, and cancer [187]. The
inherent defense system of the human body can quench free radicals present in almost all cells [187]. An imbalance between free
radical production and their removal by the body’s antioxidant system leads to a phenomenon known as ‘oxidative stress’ [188]. In this
situation, an external supply of antioxidants is necessary to regain a balance between free radicals and antioxidants [187].

The use of synthetic antioxidants has been limited because of their possible carcinogenic and toxic effects. Therefore, the
importance of searching for and exploiting natural antioxidants has been greatly boosted in recent years [189]. MP are a source of a
wide variety of natural antioxidants [190]. Several natural compounds, such as phenolic constituents, flavonoids, terpenoids and other
phytochemicals, have strong antioxidant potential due to their ability to scavenge free radicals [39,191,192] and may play an
important role in disease prevention caused by reactive oxygen species and free radicals [193,194]. Although the effects of organic
manures on biomass, content, and chemical compositions of essential oil of MP have been well studied, there is little information
regarding the action exerted by organic manures on the antioxidant activity of these plants. Recently, the antioxidant activity of MP
treated with organic manures has also been surveyed.

In this review, the antioxidant capacity of the studied MP was measured using their essential oils or extracts. In most studies, the
antioxidant capacity was determined using the 2,2-diphenyl-1-picrylhydrazil (DDPH) assay, and in one case only [195], this activity
was tested based on DDPH and ferric reducing antioxidant power assays. As presented in Table 4, the use of organic manures enhanced
the antioxidant capacity of Kacip Fatimah (Labisia pumila Benth), P. graveolens L’Hér, marigold, basil, fenugreek, A. annua L., and black
cumin compared with control plants or CF or both [32,81,80,107,143,195,196]. According to Emami Bistgani et al. [74], the anti-
oxidant capacity of Denaian thyme increased after the usage of COM and VC compared with CF in the first year, whereas in the second
year, it was alike in COM, VC, and CF treatments. Fallah et al. [22] and Rostaei et al. [47] stated that the application of BL raised the
antioxidant activity of dragonhead and dill in most cropping patterns over CF, so the greatest antioxidant activity of both plants was
achieved in BL. In two different studies, coriander and marigold treated with VC had higher antioxidant activity than unfertilized
plants [98,197]. Saki et al. [78] in S. mutica found that the supply of COM boosted the antioxidant capacity compared with the controls
in the first and second cultivation years. Similar results were obtained on Denaian thyme treated with COM and VC in two consecutive
years [74]. Hosseini et al. [75] noted that Sahandi savory amended with CAM and control plants had similar antioxidant capacity in the
first year. In the second year, plants grown under the usage of CAM had higher antioxidant capacity over untreated plants. Pacheco
et al. [198] demonstrated that the antioxidant capacity of P. incarnata did not express any significant difference between the plants
supplied with PM and the control plants in the first harvest. In the second harvest, the application of PM enhanced the antioxidant
capacity by 67% more than controls. These authors also reported that the utilization of CAM raised the antioxidant activity of

Table 4
Summary of results from the literature about the effects of the administration of different types of organic manures on antioxidant activity in several
medicinal plants.

Medicinal plant (s) Organic manure Control CF Results (organic manure vs. control or CF or both) Reference (s)
Fenugreek” BL - + CF: increased [195]
Dragonhead BL - + CF: increased in most cropping patterns [22]
Dill BL - + CF: increased in most cropping patterns [47]
Passiflora incarnata® PM + - Control: increased in the second harvest [198]
A. annua L. PM + + Control and CF: increased [143]
Basil and marigold PM + + Control and CF: increased [32,80]
P. graveolens L’'Hér PM + + Control and CF: increased [81]
Kacip Fatimah CD - + CF: increased [196]
Sahandi savoryh CAM + - Control: increased in the second year [75]

P. incarnata® CAM + - Control: increased [198]
S. mutica” CAM + - Control: increased [78]
Denaian thymeh COM + + Control: increased; CF: increased in the first year [74]

A. annua L. FM + + Control and CF: increased [143]
Basil and marigold FM + + Control and CF: increased [32,80]
P. graveolens L’Hér FM + + Control and CF: increased [81]
Black cumin VvC + + Control and CF: increased [107]
Coriander vC + + Control: increased [98]
Peppermint vC + + Control and CF: decreased [142]
A. annua L. VvC + + Control and CF: increased [143]
Marigold vC + - CF: increased [197]
Denaian thyme" vC + + Control: increased; CF: increased in the first year [74]
Chicory ve* + - Control: increased at high level [46]
Basil and marigold VvC + + Control and CF: increased [32,80]
P. graveolens L'Hér vC + + Control and CF: increased [81]

CF: chemical fertilizer, BL: broiler litter, PM: poultry manure, CD: chicken dung, SM: sheep manure, CAM: cattle manure, COM: cow manure, FM:
farmyard manure, VC: vermicompost and C: compost.
*: Organic manure or CF used at more than one level.

@ Antioxidant activity measured in two or more cuttings.

b Antioxidant activity measured in two years or two seasons. When not otherwise specified, changes of antioxidant activity have occurred in all
cuttings or seasons or years or levels of organic manure or CF.
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P. incarnata by 33% and 25% compared with untreated plants in the first harvest and second harvests, respectively. In another study,
Gholami et al. [46] demonstrated that chicory treated with 5 and 7.5 t h ™! of VC did not have any significant differences in antioxidant
capacity over control plants, whereas it increased after the administration of 10 t h™! of VC. In contrast with the above results,
Keshavarz Mirzamohammadi et al. [142] claimed that peppermint nourished with VC had lower antioxidant capacity than plants
fertilized with CF and control plants. Apart from the studies listed in Table 4, only one other article [115] has been conducted on the
effect of organic manure and CF on the antioxidant capacity of MP. Ayyobi et al. [115] stated that peppermint treated with CF and VC
and unfertilized plants did not show any significant differences in antioxidant capacity.

In general, plants supplied with organic manure often possessed a higher capability to scavenge free radicals than control plants
and CF. Among organic manures, the effect of BL, PM, FM, and VC on antioxidant capacity has been studied more than other organic
manures, and usage of these organic manures raised the antioxidant capacity of most of MP compared with control or CF, or both. Some
MP such as basil, marigold, P. graveolens L’Hér, A. annua L., Denaian thyme and P. incarnata were treated with more than one organic
manure and the application of organic manures often led to an increase in the antioxidant capacity of their extracts. Therefore, despite
the limitations in existing studies and the need for further research, the results of the current review support evidence that the usage of
organic manure is an effective way to increase the antioxidant capacity of several MP. The enhancement of antioxidant activity in MP
amended with organic manures may have been caused by the availability of various macro and micro nutrients, whereas the CF
supplied only the three principal nutrients, i.e., N, P, and K. This could improve the nutrients accessibility and physiological functions
that may enhance the metabolic pathways, including ones which synthesise secondary metabolites compounds, which closely linked
with photosynthetic cycle [80,199]. The antioxidant activity of MP mainly depends on the content of phenolic compounds and fla-
vonoids, which can be improved by amending soils with organic manures [46,74,192]. Phenolic compounds and flavonoids show
strong antioxidant activities and can scavenge and neutralize free radicals and perform well this task.Organic manures induce the
production of more shikimic acid, leading to more production of phenolic compounds and flavonoids [46,107].

Overall, although organic manures are only used to increase the yield of crops and many studies showed that the use of these
manures raised their yield, the main aim of organic cultivation of MP is to achieve a better and higher quality of the product, and in the
second instance, a higher productivity of these plants. For MP, the consumption of CF should be minimized and emphasis should be
placed on their organic cultivation. Results obtained by various researchers (Tables 1-4) indicated that the utilization of different
organic manures led to various responses of biomass and quality of MP to these manures, and in many studies, MP treated with organic
manures had higher yield and quality compared to control plants or CF or both. Details of the properties of the organic manures studied
in this review are indicated in Table 5. Initially, we examined all the characteristics of a type of organic manure as reported in the
different studies, and then we presented them in the form of a span. In several studies, some parameters were not taken into account,
and in many others, no parameters were reported at all. EC, pH, N, P, K, Zn, Fe, Cu, Mn, OC, and C/N ratio were different in various
organic manures (Table 5). The highest pH (9.17) belonged to study of SM. COMs had the greatest EC (19.74 dS m™ 1), OC (850 g kg’l)
and C/N (43.63%) and these amounts were reported in three independent studies. The largest N (49.2 gkg™1), P (25 g kg™1), and K (39
g kg 1) values were obtained from VCs in different studies. The highest Fe value (13300 mg kg™!) was detected in CAM. VCs had the
highest Cu (3000 mg kg™1), Zn (7000 mg kg 1), and Mn (8000 mg kg ) values, and these amounts were presented in the same study.
Concerning organic manures, both the type and amount of nutrients, and also the balance between nutrients are important. In general,
depending on nutrients content (both macro and micro), C/N ratio and mineralization potential, the appropriate type and amount of
organic manures should be added to the soil. Choosing the best organic manure to use can improve the soil’s physical, chemical, and
biological properties, ensure higher productivity and quality, and mitigate CF-induced risks [40,43,47,48,69,82,90,92,95,101,102,
110,113,117-120,144,148].

5. Limitation

This review has limitations that should be noted. The scope of this review was confined to Journal publications exclusively. The
reason to include only Journal publications is to ensure the findings are of high quality and standard despite that there could be
relevant studies published in conference, book and chapters books [200]. The selection of manuscripts was restricted to papers
published in English and the non-inclusion of papers in other languages is also a limitation. Furthermore, our search was limited to
papers indexed in databases such as Science Direct, Google Scholar, PubMed, and Scopus. It is important to note that other databases
may have indexed a diverse range of papers and yielded different results. Additionally, there may be existed papers that were not
included selected keyword (s) but capture the main content of this review.

6. Conclusion

The present review indicates that research in the field of organic production of MP and the effect of organic manures on the quantity
and quality of MP is progressing fast, as evidenced by the growing number of studies (especially over the past two decades). Although
additional research is required, numerous previous studies have demonstrated that diverse MP exhibited a favorable reaction when
exposed to various types of organic manures. These positive responses were observed in terms of biomass, essential oil content and
chemical compositions, as well as antioxidant activity. These positive effects are most probably due to the higher and longer avail-
ability of vital nutrients for plant growth and to the improvement of physical, chemical and biological properties of soil eventually
creation a suitable environment for higher productivity and quality of MP. Among the organic manures, BL and, C can be recom-
mended as the best choices for increasing MP biomass, while SM, VC, and C seem the recommendable options to enhance the essential
oil content of MP. Our findings show that organic manures affected the aroma profile of essential oils and raised the main chemical

16



LT

Table 5

Chemical properties of the various types of organic manures as reported by the literature sources used in this study.

Parameter Type of organic manure

BL PM CM SM CAM COM FM VvC C
EC* (dSm™1) 4.73-18.56 7.73 9.71 2.53-4.6 2.35-16.4 1-19.74 - 0.89-7.96 0.72-12
pH 7.56-8.24 4.91 7.4 7.1-9.17 7.3-8.84 7.5-8.95 - 4.65-8.5 7.0-8.1
oC(gkg™ 278.1-472.6 163-303.3 303.1 282-284.7 197-390 39-850 126.9-127 71.3-377 23.5-344
N (g kgfl) 14.5-29.1 17.2-38 23.5-32.6 15.5-28.6 5.4-21 10.34-25.6 8.2-15.7 10-49.2 1.1-18
P(gkg™ 1.72-6.9 0.06-22 7.4-16.8 0.0005-6.2 0.19-8 0.001-12.98 0.03-21.4 0.0004-25 0.004-16
K(gkg™) 8.55-16.3 0.19-23.7 14.3-22 0.003-23.6 0.8-17.6 1.29-20.4 0.11-9.5 0.0002-39 0.48-23
Fe (mg kgfl) 389-998.2 24.01-2400 2184 280-2895 15.16-13300 652.47-1856 - 36.5-5100 320-1800
Cu (mg kg™) 16.5-92.1 36-97 35 10-30 18-87.6 4.5-55 - 8.2-3000 75-240
Zn (mg kg™1) 101.2-401.3 16.6-314.8 200 25-136 12.9-270 188.2-235 - 14.7-7000 150-380
Mn (mg kg™ 1) 124-411.5 39.42-342 320 120-290 65.3-461 164.3-238 - 4.48-8000 25-350
C/N (%) 9.55-27.16 7.40-10.97 12.9 10.09-13.42 12.84-18.57 3.59-43.63 14.25-15.48 7.66-30.43 4.45-30.43

EC: Electrical conductivity, OC: organic carbon, N: nitrogen, P: phosphorus, K: potassium, Fe: iron, Cu: copper, Zn: zinc, Mn: manganese.

BL: broiler litter, PM: poultry manure, CM: chicken manure, SM: sheep manure, CAM: cattle manure, COM: cow manure, FM: farmyard manure, VC: vermicompost and C: compost.
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compounds in many studies. The utilization of VC boosted the content of linalool of the examined MP. Most of the organic manures,
especially BL, PM, FM, and VC enhanced the antioxidant capacity of these plants. In general, substituting organic manure for CF can be
a valuable tool to improve the biomass and quality of MP, while eliminating the harmful effects of CF on human health and the
environment.

7. Future trends and recommendations

The use of MP as the primary material is on the rise in various industries globally, including food, agriculture, sanitation, cosmetics,
and pharmaceuticals. MP with higher levels of secondary metabolites is particularly valuable. In recent years, the importance of using
organic manures to improve the quality of MP has gained recognition. This has led to a surge in research investigating the impact of
organic manures on the quality of MP. While the effects of different types of organic manures on the quantity and quality of many MP
have been extensively studied, there is still limited information available regarding their effects on some MP and further investigation
is needed. In conclusion, this review emphasizes that organic manures can be an effective approach to achieving higher yield and
quality in MP without negative effects on the environment and human health. However, caution is advised in generalizing the findings
of this review, as further research is necessary to confirm the positive effects of organic manures on the productivity, content, and
chemical compounds of essential oil and antioxidant activity of MP. Additionally, given that most studies on the impact of organic
manures on the quantity and quality of MP have been conducted in semi-arid conditions, such as Iran, Egypt, and India, it is crucial to
explore the influence of organic manures on biomass and quality of MP in other countries. Furthermore, given the apparent climate
change in agricultural environments, it is recommended to examine the combined influence of organic manures and factors such as
rising carbon dioxide levels, temperature variations, and precipitation on the production of secondary metabolites.

Data availability statement
No data was used for the research described in this paper.
CRediT authorship contribution statement

Maryam Rostaei: Writing — review & editing, Writing — original draft. Sina Fallah: Writing — review & editing. Alessandra
Carrubba: Writing — review & editing. Zahra Lorigooini: Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e36693.

References

[1] J. Timsina, Can organic sources of nutrients increase crop yields to meet global food demand? Agronomy 8 (10) (2018) 214. https://d0i:10.3390/
agronomy8100214.

[2] O. Duchene, J.F. Vian, F. Celette, Intercropping with legume for agroecological cropping systems: complementarity and facilitation processes and the
importance of soil microorganisms. A review, Agric. Ecosyst. Environ. 240 (2017) 148-161, https://doi.org/10.1016/j.agee.2017.02.019.

[3] R. Chen, M. Senbayram, S. Blagodatsky, O. Myachina, K. Dittert, X. Lin, E. Blagodatskaya, Y. Kuzyakov, Soil C and N availability determine the priming effect:
microbial N mining and stoichiometric decomposition theories, Global Change Biol. 20 (7) (2014) 2356-2367, https://doi.org/10.1111/gcb.12475.

[4] R. Lal, Restoring soil quality to mitigate soil degradation, Sustainability 7 (5) (2015) 5875-5895, https://doi.org/10.3390/5u7055875.

[5] A. Cai, W. Zhang, M. Xu, B. Wang, S. Wen, S.A.A. Shah, Soil fertility and crop yield after manure addition to acidic soils in South China, Nutrient Cycl.
Agroecosyst. 111 (2018) 61-72, doi:1007/s10705-018-9918-6..

[6] Y.Wang, Y. Zhu, S. Zhang, Y. Wang, What could promote farmers to replace chemical fertilizers with organic fertilizers? J. Clean. Prod. 199 (2018) 882-890,
https://doi.org/10.1016/j.jclepro.2018.07.222.

[7]1 A.Iqgbal, L. He, A. Khan, S. Wei, K. Akhtar, I. Ali, S. Ullah, F. Munsif, Q. Zhao, L. Jiang, Organic manure coupled with inorganic fertilizer: an approach for the
sustainable production of rice by improving soil properties and nitrogen use efficiency, Agronomy 9 (10) (2019) 651, https://doi.org/10.3390/
agronomy9100651.

[8] R.K. Dubey, Organic farming beneficial to biodiversity conservation, rural livelihood and nutritional security, Indian J. Appl. Res. 3 (2013) 18-21.

[9] S. Sivaranjani, A. Rakshit, Organic farming in protecting water quality, Org. Farming (2019) 1-9, https://doi.org/10.1007/978-3-030-04657-6_1.

[10] Y. Raei, M.A. Milani, Organic cultivation of medicinal plants: a review, J. Bio. Env. Sci. 4 (4) (2014) 6-18.

[11] M. Singh, Organic farming for sustainable agriculture, Indian J. Org. Farming 1 (1) (2021) 1-8.

[12] R.Kazimierczak, E. Hallmann, E. Rembiatkowska, Effects of organic and conventional production systems on the content of bioactive substances in four species
of medicinal plants, Biol. Agric. Hortic. 31 (2) (2015) 118-127, https://doi.org/10.1080/01448765.2014.977948.

[13] P. Sangkumchaliang, W.C. Huang, Consumers’ perceptions and attitudes of organic food products in Northern Thailand, Int. Food Agribus. Manag. Rev. 15 (1)
(2012) 87-102, https://doi.org/10.22004/ag.econ.120860.

18


https://doi.org/10.1016/j.heliyon.2024.e36693
https://doi:10.3390/agronomy8100214
https://doi:10.3390/agronomy8100214
https://doi.org/10.1016/j.agee.2017.02.019
https://doi.org/10.1111/gcb.12475
https://doi.org/10.3390/su7055875
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref5
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref5
https://doi.org/10.1016/j.jclepro.2018.07.222
https://doi.org/10.3390/agronomy9100651
https://doi.org/10.3390/agronomy9100651
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref8
https://doi.org/10.1007/978-3-030-04657-6_1
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref10
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref11
https://doi.org/10.1080/01448765.2014.977948
https://doi.org/10.22004/ag.econ.120860

M. Rostaei et al. Heliyon 10 (2024) e36693

[14]

[15]
[16]
[17]
[18]
[19]
[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]

[36]

[37]

[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]

[46]

[47]

[48]

M.L Abdulraheem, M. Ihtisham, A.Y. Moshood, N. Khan, M.O. Shahid, S. Hussain, K. Abbas, F. Zaman, Disease-free and organic okra (Abelmoschus esculentus L.
Moench) production through treatments combination of mulching types and weeding regimes, Sarhad J. Agric. 38 (1) (2022) 81-91, https://doi.org/
10.17582/journal.sja/2022/38.1.81.91.

L. Squires, B. Juric, T.B. Cornwell, Level of market development and intensity of organic food consumption: cross-cultural study of Danish and New Zeland
consumers, J. Consum. Market. 18 (5) (2001) 392-409, https://doi.org/10.1108/07363760110398754.

E. Tsakiridou, C. Boutsouki, Y. Zotos, K. Mattas, Attitudes and behaviour towards organic products: an exploratory study, Int. J. Retail Distrib. Manag. 36 (2)
(2008) 158-175, https://doi.org/10.1108/09590550810853093.

M.k. Bhatt, R. Labanya, H.C. Joshi, Influence of long-term chemical fertilizers and organic manures on soil fertility-A review, Universal J. Agric. Res. 7 (5)
(2019) 177-188, https://doi.org/10.13189/ujar.2019.070502.

S. Sheoran, R.A. Devraj, V. Mor, Effect of long term use of manures and fertilizers on soluble salts in soil and mineral composition of wheat (Triticum aestivum),
Annals Plant Soil Res 24 (2) (2022) 245-249, https://doi.org/10.47815/apsr.2022.10156.

A. Baghdadi, R.A. Halim, A. Ghasemzadeh, M.F. Ramlan, S.Z. Sakimin, Impact of organic and inorganic fertilizers on the yield and quality of silage corn
intercropped with soybean, Peer J. 6 (2018) 1-26, https://doi.org/10.7717/peerj.5280.

S.D.C. Case, M. Oelofse, Y. Hou, O. Oenema, L.S. Jensen, Farmer perceptions and use of organic waste products as fertilisers-A survey study of potential
benefits and barriers, Agric. Syst. 151 (2017) 84-95.

S. Fotohi Chiyaneh, E. Rezaei-Chiyaneh, R. Amirnia, R.K. Afshar, K.H. Siddique, Changes in the essential oil, fixed oil constituents, and phenolic compounds of
ajowan and fenugreek in intercropping with pea affected by fertilizer sources, Ind. Crops Prod. 178 (2022) 114587, https://doi.org/10.1016/j.
indcrop.2022.114587.

S. Fallah, M. Rostaei, Z. Lorigooini, A.A. Surki, Chemical compositions of essential oil and antioxidant activity of dragonhead (Dracocephalum moldavica) in sole
crop and dragonhead-soybean (Glycine max) intercropping system under organic manure and chemical fertilizers, Ind. Crops Prod. 115 (2018) 158-165,
https://doi.org/10.1016/j.indcrop.2018.02.003.

W.G.O. Solomon, R.W. Ndana, Y. Abdulrahim, The comparative study of the effect of organic manure cow dung and inorganic fertilizer NPK on the growth rate
of maize (Zea mays L.), Int. Res. J. Agric. Sci. Soil Sci. 2 (12) (2012) 516-519.

A. Sharma, R. Chetani, A review on the effect of organic and chemical fertilizers on plants, Int. J. Res. Appl. Sci. Eng. Technol. 5 (2) (2017) 677-680.

S. Ghimire, B.P. Chhetri, J. Shrestha, Efficacy of different organic and inorganic nutrient sources on the growth and yield of bitter gourd (Momordica charantia
L.), Heliyon 9 (11) (2023) e22135, https://doi.org/10.1016/j.heliyon.2023.e22135.

B.A. Mossie, M.B. Sheferie, T.D. Abebe, M.K. Abedalla, Effect of blended NPS fertilizer and cattle manure on soil property and hot pepper productivity in jabi
Tehnan Ethiopia, Heliyon 10 (15) (2024) e35504, https://doi.org/10.1016/j.heliyon.2024.e35504.

A. Da Cunha Honorato, R.M.A. de Assis, J.F.A. Maciel, G.A. Nohara, A.A. de Carvalho, J.E.B.P. Pinto, S.K.V. Bertolucci, Fertilization with different manure
sources and doses provides quantitative-qualitative gains in the production of Thymus vulgaris L, South Afr. J. Bot. 164 (2024) 345-355, https://doi.org/
10.1016/j.5ajb.2023.11.052.

M.E. Essilfie, K. Darkwa, V. Asamoah, Growth and yield response of maize to integrated nutrient management of chicken manure and inorganic fertilizer in
different agroecological zones, Heliyon 10 (14) (2024) e34830, https://doi.org/10.1016/j.heliyon.2024.e34830.

G. Hazra, Different types of eco-friendly fertilizers: an overview, Sustain. Environ. 1 (1) (2016) 54-70.

B.B. Basak, R.S. Jat, N.A. Gajbhiye, A. Saha, P. Manivel, Organic nutrient management through manures, microbes and biodynamic preparation improves yield
and quality of Kalmegh (Andrograghis paniculata), and soil properties, J. Plant Nutr. 43 (4) (2020) 548-562, https://doi.org/10.1080/
01904167.2019.1685100.

S.S. Dhaliwal, V. Sharma, A.K. Shukla, V. Verma, M. Kaur, P. Singh, A. Gaber A. Hossain, Effect of addition of organic manures on basmati yield, nutrient
content and soil fertility status in north-western India, Heliyon 9 (3) (2023) e14514, https://doi.org/10.1016/j.heliyon.2023.e14514.

V. Pandey, A. Patel, D.D. Patra, Integrated nutrient regimes ameliorate crop productivity, nutritive value, antioxidant activity and volatiles in basil (Ocimum
basilicum L.), Ind. Crops Prod. 87 (2016) 124-131, https://doi.org/10.1016/j.indcrop.2016.04.035.

F. Almasi, Organic fertilizer effects on morphological and biochemical traits and yield in coriander (coriandrum sativumL.) as an industrial and medicinal plant,
Agrotech. Ind. Crops 1 (1) (2021) 19-23, https://doi.org/10.22126/ETIC.2021.6476.1011.

F. Jamshidi-Kia, Z. Lorigooini, H. Amini-Khoei, Medicinal plants: past history and future perspective, J. Herbmed Pharmacol. 7 (1) (2018) 1-7, https://doi.
org/10.15171/jhp.2018.01.

R.A. Dar, M. Shahnawaz, M.A. Ahanger, I. Majid, Exploring the diverse bioactive compounds from medicinal plants: a review, J. Phytopharm 12 (3) (2023)
189-195.

M. Kleinwachter, J. Paulsen, E. Bloem, E. Schnug, D. Selmar, Moderate drought and signal transducer induced biosynthesis of relevant secondary metabolites
in thyme (Thymus vulgaris), greater celandine (Chelidonium majus) and parsley (Petroselinum crispum), Ind. Crops Prod. 64 (2015) 158-166, https://doi.org/
10.1016/j.indcrop.2014.10.062.

R.F. Da Silva, C.N. Carneiro, C.B.D.C. de Sousa, F.J. Gomez, M. Espino, J. Boiteux, M.D.L.A. Fernandez, M.F. Silva, F.D.S. Dias, Sustainable extraction bioactive
compounds procedures in medicinal plants based on the principles of green analytical chemistry: a review, Microchem. J. 175 (2022) 107184, https://doi.org/
10.1016/j.microc.2022.107184.

Y. Nasiri, Crop productivity and chemical compositions of dragonhead (Dracocephalum moldavica L.) essential oil under different cropping patterns and
fertilization, Ind. Crops Prod. 171 (2021) 113920, https://doi.org/10.1016/j.indcrop.2021.113920.

J.S. Raut, S.M. Karuppayil, A status review on the medicinal properties of essential oils, Ind. Crops Prod. 62 (2014) 250-264, https://doi.org/10.1016/]j.
indcrop.2014.05.055.

S. Fallah, A. Ghanbari-Odivi, M. Rostaei, F. Maggi, E. Shahbazi, Improvement of production and quality of essential oils in multi-cut peppermint (Mentha x
piperita L.) through eco-friendly fertilizers in the semi-arid highlands, Ind. Crops Prod. 216 (2024) 118801, https://doi.org/10.1016/j.indcrop.2024.118801.
N. Khalediyan, W. Weisany, P.M. Schenk, Arbuscular mycorrhizae and rhizobacteria improve growth, nutritional status and essential oil production in Ocimum
basilicum and Satureja hortensis, Ind. Crops Prod. 160 (2021) 113163, https://doi.org/10.1016/j.indcrop.2020.113163.

A. Carrubba, Sustainable fertilization in medicinal and aromatic plants, in: Medicinal and Aromatic Plants of the World, Springer Science+Business Media,
Dordrecht, The Netherlands, 2015, pp. 187-203, https://doi.org/10.1007/978-94-017-9810-5_10.

M. Rostaei, S. Fallah, Z. Lorigooini, A.A. Surki, Crop productivity and chemical compositions of black cumin essential oil in sole crop and intercropped with
soybean under contrasting fertilization, Ind. Crops Prod. 125 (2018) 622-629, https://doi.org/10.1016/j.indcrop.2018.09.044.

J. Bajeli, S. Tripathi, A. Kumar, A. Tripathi, R.K. Upadhyay, Organic manures a convincing source for quality production of Japanese mint (Mentha arvensis L.),
Ind. Crops Prod. 83 (2016) 603-606, https://doi.org/10.1016/j.indcrop.2015.12.064.

Z. Habibi Sharafabad, M. Abdipour, M. Hosseinifarahi, A. Kelidari, L. Rashidi, Integrated humic acid and vermicomposting changes essential oil quantity, and
quality in field-grown Lavandula angustifolia L. intercropped with Brassica nigra L, Ind. Crops Prod. 178 (2022) 114635, https://doi.org/10.1016/j.
indcrop.2022.114635.

H. Gholami, M.J. Saharkhiz, F.R. Fard, A. Ghani, F. Nadaf, Humic acid and vermicompost increased bioactive components, antioxidant activity and herb yield
of Chicory (Cichorium intybus L.), Biocatal. Agric. Biotechnol. 14 (2018) 286-292.

M. Rostaei, S. Fallah, Z. Lorigooini, A.A. Surki, The effect of organic manure and chemical fertilizer on essential oil, chemical compositions and antioxidant
activity of dill (Anethum graveolens) in sole and intercropped with soybean (Glycine max), J. Clean. Prod. 199 (2018) 18-26, https://doi.org/10.1016/j.
jclepro.2018.07.141.

S. Fallah, S. Mouguee, M. Rostaei, Z. Adavi, Z. Lorigooini, E. Shahbazi, Productivity and essential oil quality of Dracocephalum kotschyi under organic and
chemical fertilization conditions, J. Clean. Prod. 255 (2020) 120189, https://doi.org/10.1016/j.jclepro.2020.120189.

19


https://doi.org/10.17582/journal.sja/2022/38.1.81.91
https://doi.org/10.17582/journal.sja/2022/38.1.81.91
https://doi.org/10.1108/07363760110398754
https://doi.org/10.1108/09590550810853093
https://doi.org/10.13189/ujar.2019.070502
https://doi.org/10.47815/apsr.2022.10156
https://doi.org/10.7717/peerj.5280
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref20
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref20
https://doi.org/10.1016/j.indcrop.2022.114587
https://doi.org/10.1016/j.indcrop.2022.114587
https://doi.org/10.1016/j.indcrop.2018.02.003
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref23
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref23
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref24
https://doi.org/10.1016/j.heliyon.2023.e22135
https://doi.org/10.1016/j.heliyon.2024.e35504
https://doi.org/10.1016/j.sajb.2023.11.052
https://doi.org/10.1016/j.sajb.2023.11.052
https://doi.org/10.1016/j.heliyon.2024.e34830
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref29
https://doi.org/10.1080/01904167.2019.1685100
https://doi.org/10.1080/01904167.2019.1685100
https://doi.org/10.1016/j.heliyon.2023.e14514
https://doi.org/10.1016/j.indcrop.2016.04.035
https://doi.org/10.22126/ETIC.2021.6476.1011
https://doi.org/10.15171/jhp.2018.01
https://doi.org/10.15171/jhp.2018.01
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref35
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref35
https://doi.org/10.1016/j.indcrop.2014.10.062
https://doi.org/10.1016/j.indcrop.2014.10.062
https://doi.org/10.1016/j.microc.2022.107184
https://doi.org/10.1016/j.microc.2022.107184
https://doi.org/10.1016/j.indcrop.2021.113920
https://doi.org/10.1016/j.indcrop.2014.05.055
https://doi.org/10.1016/j.indcrop.2014.05.055
https://doi.org/10.1016/j.indcrop.2024.118801
https://doi.org/10.1016/j.indcrop.2020.113163
https://doi.org/10.1007/978-94-017-9810-5_10
https://doi.org/10.1016/j.indcrop.2018.09.044
https://doi.org/10.1016/j.indcrop.2015.12.064
https://doi.org/10.1016/j.indcrop.2022.114635
https://doi.org/10.1016/j.indcrop.2022.114635
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref46
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref46
https://doi.org/10.1016/j.jclepro.2018.07.141
https://doi.org/10.1016/j.jclepro.2018.07.141
https://doi.org/10.1016/j.jclepro.2020.120189

M. Rostaei et al. Heliyon 10 (2024) 36693

[49]

[50]
[51]

[52]
[53]

[54]
[55]
[56]
[57]
[58]
[59]

[60]
[61]

[62]
[63]
[64]
[65]
[66]
[67]
[68]

[69]

[70]

[71]

[72]
[73]

[74]

[75]

[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]

[86]

A. Javanmard, M. Amani Machiani, M. Haghaninia, L. Pistelli, B. Najar, Effects of green manures (in the form of monoculture and intercropping), biofertilizer
and organic manure on the productivity and phytochemical properties of peppermint (Mentha piperita L.), Plants 11 (21) (2022) 2941, https://doi.org/
10.3390/plants11212941.

A. Sharma, K. Gumber, A. Gohain, T. Bhatia, H.S. Sohal, V. Mutreja, G. Bhardwaj, Importance of essential oils and current trends in use of essential oils (aroma
therapy, agrofood, and medicinal usage), in: Essential Oils, Academic Press, 2023, pp. 53-83.

K.P. Anthony, S.A. Deolu-Sobogun, M.A. Saleh, Comprehensive assessment of antioxidant activity of essential oils, J. Food Sci. 77 (8) (2012) C839-C843,
https://doi.org/10.1111/j.1750-3841.2012.02795.x.

M.S. Amiri, M.R. Joharchi, Ethnobotanical knowledge of Apiaceae family in Iran: a review, Avicenna J. Phytomed. 6 (6) (2016) 621-635.

S.M. Bessada, J.C. Barreira, M.B.P. Oliveira, Asteraceae species with most prominent bioactivity and their potential applications: a review, Ind. Crops Prod. 76
(2015) 604-615, https://doi.org/10.1016/j.indcrop.2015.07.073.

C.M. Uritu, C.T. Mihai, G.D. Stanciu, G. Dodi, T. Alexa-Stratulat, A. Luca, M.M. Leon-Constantin, R. Stefanescu, V. Bild, S. Melnic, B.I. Tamba, Medicinal plants
of the family Lamiaceae in pain therapy: a review, Pain Res, OR Manag. (2018) 1-44, https://doi.org/10.1155/2018/7801543.

M. Kozlowska, A.E. Laudy, J. Przybyl, M. Ziarno, E. Majewska, Chemical composition and antibacterial activity of some medicinal plants from Lamiaceae
family, Acta Pol. Pharm. Drug Res. 72 (4) (2015) 757-767.

D.D. Treadwell, G.J. Hochmuth, R.C. Hochmuth, E.H. Simonne, L.L. Davis, W.L. Laughlin, Y. Li, T. Olczyk, R.K. Sprenkel, L.S. Osborne, Nutrient management
in organic greenhouse herb production: where are we now? HortTechnology 17 (4) (2007) 461-466, https://doi.org/10.21273/HORTTECH.17.4.461.

O.R. Zandvakili, A.V. Barker, M. Hashemi, F. Etemadi, Biomass and nutrient concentration of lettuce grown with organic fertilizers, J. Plant Nutr. 42 (5) (2019)
444-457, https://doi.org/10.1080/01904167.2019.1567778.

R.J. Wilkins, Eco-efficient approaches to land management: a case for increased integration of crop and animal production systems, Philos. Trans. R. Soc. B
Biol. Sci. 363 (2008) 517-525, https://doi.org/10.1098/rstb.2007.2167.

P. Alizadeh, S. Fallah F. Raiesi, Potential N mineralization and availability to irrigated maize in a calcareous soil amended with organic manures and urea
under field conditions, Int. J. Plant Prod. 6 (4) (2012) 493-512.

B. Eghball, B.J. Wienhold, J.E. Gilley, R.A. Eigenberg, Mineralization of manure nutrients, J. Soil Water Conserv. 57 (2002) 470-473.

G. Evanylo, C. Sherony, J. Spargo, D. Starner, M. Brosius, K. Haering, Soil and water environmental effects of fertilizer-, manure-, and compost-based fertility
practices in an organic vegetable cropping system, Agric. Ecosyst. Environ. 127 (2008) 50-58, https://doi.org/10.1016/j.agee.2008.02.014.

D.R. Chadwick, F. John, B.F. Pain, B.J. Chambers, J.C. Williams, Plant uptake of nitrogen from the organic nitrogen fraction of animal manures: a laboratory
experiment, J. Agric. Sci. 134 (2) (2000) 159-168, https://doi.org/10.1017/50021859699007510.

J.0. Azeez W. Van Averbeke, Nitrogen mineralization potential of three animal manures applied on a sandy clay loam soil, Bioresour. Technol. 101 (2010)
5645-5651, https://doi.org/10.1016/j.biortech.2010.01.119.

M. Mohanty, K.S. Reddy, M.E. Probert, R.C. Dalal, A.S. Rao, N.W. Menzies, Modelling N mineralization from green manure and farmyard manure from a
laboratory incubation study, Ecol. Model. 222 (3) (2011) 719-726, https://doi.org/10.1016/j.ecolmodel.2010.10.027.

L. Thuries, M. Pansu, M.C. Larré-Larrouy, C. Feller, Biochemical composition and mineralization kinetics of organic inputs in a sandy soil, Soil Biol. Biochem.
34 (2) (2002) 239-250, https://doi.org/10.1016/50038-0717(01)00178-X.

W.J. Wang, J. Baldock, R.C. Dalal, P.W. Moody, Decomposition dynamics of plant materials in relation to nitrogen availability and biochemistry determined by
NMR and wet-chemical analysis, Soil Biol. Biochem. 36 (12) (2004) 2045-2058, https://doi.org/10.1016/].s50ilbio.2004.05.023.

K.S. Reddy, M. Mohanty, D.L.N. Rao, M. Singh, R.C. Dalal, A.S. Rao, M. Pandey, N.E.A.L. Menzies, Nitrogen mineralization in a vertisol from organic manures,
green manures and crop residues in relation to their quality, Agrochimica 52 (2008) 377-388.

A.D. Moore, A.K. Alva, H.P. Collins, R.A. Boydston, Mineralization of nitrogen from biofuel by-products and animal manures amended to a sandy soil,
Commun. Soil Sci. Plant Anal. 41 (11) (2010) 1315-1326, https://doi.org/10.1080,/00103621003759320.

M.R. Islam, S. Bilkis, T.S. Hoque, S. Uddin, M. Jahiruddin, M.M. Rahman, M.M. Rahman, M. Alhomrani, A. Gaber, M.A. Hossain, Mineralization of farm
manures and slurries for successive release of carbon and nitrogen in incubated soils varying in moisture status under controlled laboratory conditions,
Agriculture 11 (9) (2021) 846, https://doi.org/10.3390/agriculture11090846.

T.E. Crews, M.B. Peoples, Can the synchrony of nitrogen supply and crop demand be improved in legume and fertilizer-based agroecosystems? A review,
Nutrient Cycl. Agroecosyst. 72 (2005) 101-120, https://doi.org/10.1007/510705-004-6480-1.

M.W. Musyoka, N. Adamtey, E.K. Biinemann, Muriuki, A.W. Muriuki, E.N. Karanja, M. Mucheru-Muna, K.K. Fiaboe, G. Cadisch, Nitrogen release and
synchrony in organic and conventional farming systems of the Central Highlands of Kenya, Nutrient Cycl. Agroecosyst. 113 (2019) 283-305, https://doi.org/
10.1007/5s10705-019-09978-z.

A. Carrubba, Organic and chemical N fertilization on coriander (Coriandrum sativum L.) in a Mediterranean environment, Ind. Crops Prod. 57 (2014) 174-187,
https://doi.org/10.1016/j.indcrop.2014.03.030.

T. Aziz, S. Ullah, A. Sattar, M. Nasim, M. Farooq, M.M. Khan, Nutrient availability and maize (Zea mays) growth in soil amended with organic manures, Int. J.
Agric. Biol. 12 (4) (2010) 621-624, doi:10-070/RAS/2010/12-4-621-624..

Z. Emami Bistgani, S.A. Siadat, A. Bakhshandeh, A.G. Pirbalouti, M. Hashemi, F. Maggi, M.R. Morshedloo, Application of combined fertilizers improves
biomass, essential oil yield, aroma profile, and antioxidant properties of Thymus daenensis Celak, Ind. Crops Prod. 121 (2018) 434-440, https://doi.org/
10.1016/j.indcrop.2018.05.048.

S.A. Hosseini, K. Karimzadeh, H. Mozafari, B. Sani, M. Mirza, Cattle manure influences plant yield, antioxidant capacity and essential oil quality of Sahandi
savory (Satureja sahendica Bornm.) under different plant densities, J. Med. Plants By-Prod. 11 (2022) 77-85, https://doi.org/10.22092/
JMPB.2021.352125.1267.

M. Dashti, M. Kafi, M. Mirza, Chemical variation in the essential oil of Salvia leriifolia Benth. in response to organic and biological fertilizers, J. Med. plants By-
Prod. 11 (1) (2022) 93-101, doi:10. 22092/JMPB.2021.352430.1282..

M. Moghaddam, A. Estaji, N. Farhadi, Effect of organic and inorganic fertilizers on morphological and physiological characteristics, essential oil content and
constituents of agastache (Agastache foeniculum), J. Essential Oil Bear. Plants 18 (6) (2015) 1372-1381, https://doi.org/10.1080/0972060x.2014.901629.
A. Saki, H. Mozafari, K.K. Asl, B. Sani, M. Mirza, Plant yield, antioxidant capacity and essential oil quality of Satureja mutica supplied with cattle manure and
wheat straw in different plant densities, Commun. Soil Sci. Plant Anal. 50 (21) (2019) 2683-2693, https://doi.org/10.1080/00103624.2019.1670835.

A. Salehi, S. Fallah, H.P. Kaul, Broiler litter and inorganic fertilizer effects on seed yield and productivity of buckwheat and fenugreek in row intercropping,
Arch. Agron Soil Sci. 63 (8) (2017) 1121-1136, https://doi.org/10.1080/03650340.2016.1258114.

V. Pandey, A. Patel, D.D. Patra, Amelioration of mineral nutrition productivity, antioxidant activity and aroma profile in marigold (Tagetes minuta L.) with
organic and chemical fertilization, Ind. Crops Prod. 76 (2015) (2015) 378-385, https://doi.org/10.1016/j.indcrop.2015.07.023.

V. Pandey, D.D. Patra, Crop productivity, aroma profile and antioxidant activity in Pelargonium graveolens L’Hér. under integrated supply of various organic
and chemical fertilizers, Ind. Crops Prod. 67 (2015) 257-263, https://doi.org/10.1016/j.indcrop.2015.01.042.

A. El-Magd, M.M.F. Zaki, S.D. Abou-Hussein, Effect of organic manure and different levels of saline irrigation water on growth, green yield and chemical
content of sweet fennel, Aust. J. Basic Appl. Sci. 2 (1) (2008) 90-98.

H.M.S. Hassan, A.A. Fahmy, Effect of foliar spray with proline and humic acid on productivity and essential oil content of chamomile plant under different
rates of organic fertilizers in sandy soil, J. Plant Prod. 11 (1) (2020) 71-77, https://doi.org/10.21608/jpp.2020.79156.

K.A. Khalid, A.M. Shafei, Productivity of dill (Anethum graveolens L.) as influenced by different organic manure rates and sources, Arab Univ. J. Agric. Sci. 13
(3) (2005) 901-913.

S.R. Hosseini Valiki, S. Ghanbari, M. Akbarzadeh, M.G. Alamdari, S. Golmohammadzadeh, Effect of organic and chemical fertilizers on dry yield, essential oil
and compounds on rosemary (Rosemarinus officinalis L.), Biol. Forum Int. J. 7 (1) (2015) 792-798.

S.F. Hendawy, A.E. Azza, E. Aziz, E.A. Omer, Productivity and oil quality of thymus vulgaris 1. under organic fertilization conditions, Ozean J. Appl. Sci. 3 (2)
(2010) 203-216.

20


https://doi.org/10.3390/plants11212941
https://doi.org/10.3390/plants11212941
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref50
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref50
https://doi.org/10.1111/j.1750-3841.2012.02795.x
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref52
https://doi.org/10.1016/j.indcrop.2015.07.073
https://doi.org/10.1155/2018/7801543
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref55
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref55
https://doi.org/10.21273/HORTTECH.17.4.461
https://doi.org/10.1080/01904167.2019.1567778
https://doi.org/10.1098/rstb.2007.2167
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref59
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref59
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref60
https://doi.org/10.1016/j.agee.2008.02.014
https://doi.org/10.1017/S0021859699007510
https://doi.org/10.1016/j.biortech.2010.01.119
https://doi.org/10.1016/j.ecolmodel.2010.10.027
https://doi.org/10.1016/S0038-0717(01)00178-X
https://doi.org/10.1016/j.soilbio.2004.05.023
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref67
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref67
https://doi.org/10.1080/00103621003759320
https://doi.org/10.3390/agriculture11090846
https://doi.org/10.1007/s10705-004-6480-1
https://doi.org/10.1007/s10705-019-09978-z
https://doi.org/10.1007/s10705-019-09978-z
https://doi.org/10.1016/j.indcrop.2014.03.030
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref73
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref73
https://doi.org/10.1016/j.indcrop.2018.05.048
https://doi.org/10.1016/j.indcrop.2018.05.048
https://doi.org/10.22092/JMPB.2021.352125.1267
https://doi.org/10.22092/JMPB.2021.352125.1267
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref76
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref76
https://doi.org/10.1080/0972060x.2014.901629
https://doi.org/10.1080/00103624.2019.1670835
https://doi.org/10.1080/03650340.2016.1258114
https://doi.org/10.1016/j.indcrop.2015.07.023
https://doi.org/10.1016/j.indcrop.2015.01.042
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref192
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref192
https://doi.org/10.21608/jpp.2020.79156
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref89
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref89
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref90
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref90
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref126
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref126

M. Rostaei et al. Heliyon 10 (2024) 36693

[87]
[88]

[89]

[90]
[91]
[92]
[93]
[94]
[95]

[96]

[97]
[98]
[99]
[100]
[101]
[102]
[103]
[104]
[105]

[106]

[107]
[108]

[109]

[110]
[111]
[112]
[113]
[114]
[115]
[116]
[117]
[118]
[119]
[120]
[121]
[122]

[123]

A. Mirjalili, M.H. Lebaschi, M.R. Ardakani, H.H. Sharifabad, M. Mirza, Plant density and manure application affected yield and essential oil composition of
Bakhtiari savory (Satureja bachtiarica Bunge.), Ind. Crops Prod. 177 (2022) 114516, https://doi.org/10.1016/j.indcrop.2021.114516.

M. Yousefi Rad, J. Radbakht, Seed and essential oil yields of Ducrosia Anethifolia, as affected by organic and chemical fertilizers, Commun. Soil Sci. Plant Anal.
52 (17) (2021) 1993-2001, https://doi.org/10.1080/00103624.2021.1908322.

R.M.A. De Assis, J.J. Carneiro, A.P.R. Medeiros, A.A. de Carvalho, A. da Cunha Honorato, M.A.C. Carneiro, S.K.V. Bertolucci, J.E.B.P. Pinto, Arbuscular
mycorrhizal fungi and organic manure enhance growth and accumulation of citral, total phenols, and flavonoids in Melissa officinalis L, Ind. Crops Prod. 158
(2020) 112981, https://doi.org/10.1016/j.indcrop.2020.112981.

AF. Ali, E.A. Hassan, E.H.A. Hamad, A.A.M. Ahmed, Growth and productivity of Ammi visnaga as affected by organic fertilizers rate and antioxidants level,
Middle East J. Agric. Res. 5 (4) (2016) 620-628.

A.H.M. El-Naggar, M.R.A. Hassan, E.H. Shaban, M.E.A. Mohamed, Effect of organic and biofertilizers on growth, oil yield and chemical composition of the
essential oil of Ocimum basillicum L. plants, Alexandria J. Agric. Res. 60 (1) (2015) 1-16.

P. Rahbarian, A.S. Sardoei, Effects of drought stress and manure on dry herb yield and essential oil of dragonhead (Dracocphalum moldavica) in Jiroft erea, Int.
J. Biosci. 4 (9) (2014) 212-217.

J. Daneshian, M. Yousefi, P. Zandi, P. Jonoubi, L.B. Khatibani, Effect of planting density and cattle manure on some qualitative and quantitative traits in two
Basil varieties under Guilan condition, Iran, Am-Euras J. Agric. Environ. Sci. 11 (1) (2011) 95-103.

K.A. Khalid, A.A. Yassen, S.M. Zaghloul, Effect of soil solarization and cattle manure on the growth, essential oil and chemical composition of Calendula
officinalis L. plants, J. Appl. Sci. Res. 2 (3) (2006) 142-152.

T.A. El-Latif, Effect of organic manure and biofertilizer on caraway plants (Carum carvi, L.), J. Plant Prod. 27 (5) (2002) 3459-3468, https://doi.org/10.21608/
JPP.2002.254731.

M. Baniyaghoub Abkenar, H. Mozafari, K. Karimzadeh, F. Rajabzadeh, R. Azimi, The changes in yield and chemical profile of essential oil and leaf minerals of
Satureja macrantha CA Mey. under combined manure and NPK fertilizer, J. Med. Plants By-Prod 10 (2) (2021) 141-148, https://doi.org/10.22092/
JMPB.2020.352210.1274.

P. Mavandi, B. Abbaszadeh, Z. Emami Bistgani, A.V. Barker, M. Hashemi, Biomass, nutrient concentration and the essential oil composition of lavender
(Lavandula angustifolia Mill.) grown with organic fertilizers, J. Plant Nutr. 44 (20) (2021) 3061-3071, https://doi.org/10.1080/01904167.2021.1936037.
F. Serri, M.K. Souri, M. Rezapanah, Growth, biochemical quality and antioxidant capacity of coriander leaves under organic and inorganic fertilization
programs, Chem. Biol. Technol. Agric. 8 (33) (2021) 1-8, https://doi.org/10.1186/540538-021-00232-9.

D. Punetha, G. Tewari, C. Pande, S. Tripathi, G.C. Kharkwal, Impact of cow manure application as soil amendment on essential oil composition and metal
contents in fennel (Foeniculum vulgare Mill), Appl. Biol. Res. 23 (1) (2021) 76-86, https://doi.org/10.5958/0974-4517.2021.00010.0.

M. Askary, M.A. Behdani, S. Parsa, S. Mahmoodi, M. Jamialahmadi, Water stress and manure application affect the quantity and quality of essential oil of
Thymus daenensis and Thymus vulgaris, Ind. Crops Prod. 111 (2018) 336-344, https://doi.org/10.1016/j.indcrop.2017.09.056.

B. Abbaszadeh, P. Mavandi, M. Mirza, Dry matter and essential oil yield changes of Lavandula officinalis under cow manure and vermicompost application,
J. Med. Plants By-Prod. 5 (1) (2016) 97-104, https://doi.org/10.22092/JMPB.2016.108929.

Y.S. Tariyal, S. Ansari, P. Prasad, Organic manure as an alternative to the conventional mineral fertilizers in cultivation of Digitalis Purpurea L, J. Mountain Res.
17 (1) (2022) 1-7, https://doi.org/10.51220/jmr.v17i1.1.

K. Singh, S. Chand, M. Yaseen, Integrated nutrient management in Indian basil (Ocimum basilicum), Ind. Crop. Prod. 55 (2014) 225-229, https://doi.org/
10.1016/j.indcrop.2014.02.009.

M. Anwar, D.D. Patra, S. Chand, K. Alpesh, A.A. Naqvi, S.P.S. Khanuja, Effect of organic manures and inorganic fertilizer on growth, herb and oil yield, nutrient
accumulation, and oil quality of French basil, Commun. Soil Sci. Plant Anal. 36 (2005) 1737-1746, https://doi.org/10.1081/CSS-200062434.

M. Garshasbi, M. Rafieiolhossaini, S. Fallah, A.A. Jafari, S. Rezazadeh, Effects of intercropping and fertilizer types on DM yield and medicinal metabolites of
chicory and fenugreek, J. Med. Plants By-Prod. (2021), https://doi.org/10.22092/JMPB.2021.355115.1377.

E. Rezaei-Chiyaneh, R. Amirnia, S. Fotohi Chiyaneh, F. Maggi, M. Barin, B.S. Razavi, Improvement of dragonhead (Dracocephalum moldavica L.) yield quality
through a coupled intercropping system and vermicompost application along with maintenance of soil microbial activity, Land Degrad. Dev. 32 (9) (2021)
2833-2848, https://doi.org/10.1002/1dr.3957.

S.A.S. Sadat Darakeh, W. Weisany, M. Diyanat, R. Ebrahimi, Bio-organic fertilizers induce biochemical changes and affect seed oil fatty acids composition in
black cumin (Nigella sativa Linn), Ind. Crops Prod. 164 (2021) 113383, https://doi.org/10.1016/j.indcrop.2021.113383.

G. Ozyazici, Influence of organic and inorganic fertilizers on coriander (Coriandrum sativum L.) agronomic traits, essential oil and components under semi-arid
climate, Agronomy 11 (7) (2021) 1427, https://doi.org/10.3390/agronomy11071427.

E. Rezaei-Chiyaneh, M.A. Machiani, A. Javanmard, H. Mahdavikia, F. Maggi, M.R. Morshedloo, Vermicompost application in different intercropping patterns
improves the mineral nutrient uptake and essential oil compositions of sweet basil (Ocimum basilicum L.), J. Soil Sci. Plant Nutr. 21 (2020) 450-466, https://
doi.org/10.1007/542729-020-00373-0.

S. Zaferanchi, S. Zehtab Salmasi, S.Y. Salehi-Lisar, M.R. Sarikhani, Bio-Inoculants and organics influence on mineral nutrition and productivity in Calendula
officinalis L, J. Med. Plants By-Prod. 9 (1) (2020) 43-50, https://doi.org/10.22092/JMPB.2020.122073.

L. Vafadar-Yengeje, R. Amini, A.D.M. Nasab, Chemical compositions and yield of essential oil of Moldavian balm (Dracocephalum moldavica L.) in intercropping
with faba bean (Vicia faba L.) under different fertilizers application, J. Clean. Prod. 239 (2019) 118033, https://doi.org/10.1016/j.jclepro.2019.118033.

A. Salehi, M. Gholamhoseini, R. Ataei, F. Sefikon, A. Ghalavand, Effects of zeolite, bio-and organic fertilizers application on German chamomile yield and
essential oil composition, J. Essential Oil Bear, Plant 21 (1) (2018) 116-130, https://doi.org/10.1080/0972060X.2018.1436985.

A. Dadkhah, M. Dashti, Gh Rassam, F. Fatemi, Effect of organic and biological fertilizers on growth, yield and essential oil of Salvia Leriifolia, J. Med. Spice
Plants 22 (1) (2017) 9-13.

S.R. Hosseini Valiki, S. Ghanbari, S. Golmohammadzadeh, O.F. Tat, The effect of vermicompost and NPK fertilizer on yield, growth parameters and essential oil
of fennel (Foeniculum vulgare), Int. J. Life Sci. 9 (4) (2015) 38-43.

H. Ayyobi, J.A. Olfati, G.A. Peyvast, The effects of cow manure vermicompost and municipal solid wastecompost on peppermint (Mentha piperita L.) in Torbat-
e-Jam and Rasht regions of Iran, Int. J. Recycl. Org. Waste Agric. 3 (2014) 147-153, https://doi.org/10.1007/540093-014-0077-8.

M. Singh, N. Guleria, Influence of harvesting stage and inorganic and organic fertilizers on yield and oil composition of rosemary (Rosmarinus officinalis L.) in a
semi-arid tropical climate, Ind. Crops Prod. 42 (2013) 37-40, https://doi.org/10.1016/j.indcrop.2012.04.054.

M.R. Haj Seyed Hadi, M.T. Darz, Z. Ghandehari, G.H. Riazi, Effects of vermicompost and amino acids on the flower yield and essential oil production from
Matricaria chamomile L, J. Med. Plants Res. 5 (23) (2011) 5611-5617, https://doi.org/10.5897/JMPR.9000544.z.

R.M.R. Khater, R.M. Sabry, L. Pistelli, A.M. Abd-ElGawad, W. Soufan, A.N.G. El-Gendy, Effect of compost and titanium dioxide application on the vegetative
yield and essential oil composition of coriander, Sustainability 14 (1) (2021) 322, https://doi.org/10.3390/5u14010322.

M.A.H. Abdou, T.A. Helmy, M.S. Salam, A.A. Hassan, Effect of organic and bio-fertilization treatments on Fennel plant under drip irrigation system in Bahria
Oases I-Vegetative growth parameters and yield production, Sci. J. Agric. Sci. 2 (2) (2020) 64-71, https://doi.org/10.21608/sjas.2020.49422.1056.

M. Forouzandeh, M.A. Karimian, Z. Mohkami, Effect of water stress and different types of organic fertilizers on essential oil content and yield components of
Cuminum cyminum, Indian J. Fundamen, Appl. Life Sci. 4 (3) (2014) 533-536.

M. Forouzandeh, M. Fanoudi, E. Arazmjou, H. Tabiei, Effect of drought stress and types of fertilizers on the quantity and quality of medicinal plant Basil
(Ocimum basilicum L.), Indian J. Innov. dev. 1 (10) (2012) 734-737.

S.F. Hendawy, K.A. Khalid, Effect of chemical and organic fertilizers on yield and essential oil of chamomile flower heads, Med. Aromat. Plant Sci. Biotechnol.
5 (1) (2011) 43-48.

A.E. Edris, A.S. Shalaby, H.M. Fadel, Effect of organic agriculture practices on the volatile flavor components of some essential oil plants growing in Egypt: III.
Thymus vulgaris L. essential oil, J. Essential Oil Bear. Plants 12 (3) (2009) 319-326, https://doi.org/10.1080/0972060X.2009.10643726.

21


https://doi.org/10.1016/j.indcrop.2021.114516
https://doi.org/10.1080/00103624.2021.1908322
https://doi.org/10.1016/j.indcrop.2020.112981
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref189
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref189
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref148
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref148
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref195
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref195
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref116
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref116
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref161
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref161
https://doi.org/10.21608/JPP.2002.254731
https://doi.org/10.21608/JPP.2002.254731
https://doi.org/10.22092/JMPB.2020.352210.1274
https://doi.org/10.22092/JMPB.2020.352210.1274
https://doi.org/10.1080/01904167.2021.1936037
https://doi.org/10.1186/s40538-021-00232-9
https://doi.org/10.5958/0974-4517.2021.00010.0
https://doi.org/10.1016/j.indcrop.2017.09.056
https://doi.org/10.22092/JMPB.2016.108929
https://doi.org/10.51220/jmr.v17i1.1
https://doi.org/10.1016/j.indcrop.2014.02.009
https://doi.org/10.1016/j.indcrop.2014.02.009
https://doi.org/10.1081/CSS-200062434
https://doi.org/10.22092/JMPB.2021.355115.1377
https://doi.org/10.1002/ldr.3957
https://doi.org/10.1016/j.indcrop.2021.113383
https://doi.org/10.3390/agronomy11071427
https://doi.org/10.1007/s42729-020-00373-0
https://doi.org/10.1007/s42729-020-00373-0
https://doi.org/10.22092/JMPB.2020.122073
https://doi.org/10.1016/j.jclepro.2019.118033
https://doi.org/10.1080/0972060X.2018.1436985
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref190
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref190
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref101
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref101
https://doi.org/10.1007/s40093-014-0077-8
https://doi.org/10.1016/j.indcrop.2012.04.054
https://doi.org/10.5897/JMPR.9000544.z
https://doi.org/10.3390/su14010322
https://doi.org/10.21608/sjas.2020.49422.1056
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref193
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref193
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref83
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref83
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref81
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref81
https://doi.org/10.1080/0972060X.2009.10643726

M. Rostaei et al. Heliyon 10 (2024) 36693

[124]
[125]
[126]

[127]
[128]

[129]
[130]
[131]
[132]

[133]
[134]

[135]

[136]
[137]
[138]
[139]
[140]
[141]

[142]

[143]
[144]
[145]
[146]
[147]

[148]

[149]

[150]
[151]
[152]

[153]
[154]

[155]

[156]
[157]
[158]
[159]

[160]
[161]

[162]

F.A. Gharib, L.A. Moussa, O.N. Massoud, Effect of compost and bio-fertilizers for growth, yield and essential oil of sweet marjoram (Majorana hortensis) plant,
Int. J. Agric. Biol. 10 (4) (2008) 381-387, 07-207/MFA/2008/10-4-381-387.

Y. Mona, A.M. Kandil, M.F. Swaefy Hend, Effect of three different compost levels on fennel and salvia growth character and their essential oils, Res. J. Agric.
Biol. Sci. 4 (1) (2008) 34-39.

M.S. Hussein, S.E. El-Sherbeny, M.Y. Khalil, N.Y. Naguib, S.M. Aly, Growth characters and chemical constituents of Dracocephalum moldavica L. plants in
relation to compost fertilizer and planting distance, Sci. Hortic. 108 (3) (2006) 322-331, https://doi.org/10.1016/j.scienta.2006.01.035.

K.A. Khalid, S.F. Hendawy, E. El-Gezawy, Ocimum basilicum L. production under organic farming, Res. J. Agric. Biol. Sci. 2 (1) (2006) 25-32.

G. Lal, T. Vashisth, R. Mehta, S. Ali, Studies on different organic modules for yield and quality of coriander (Coriandrum sativum L.), Int. J. Seed Spices 2 (1)
(2012) 1-6.

G.A. Adugna, Review on impact of compost on soil properties, water use and crop productivity, Acad. Res. J. Agri. Sci. Res. 4 (3) (2016) 93-104, https://doi.
org/10.14662/ARJASR2016.010.

O. Dikinya, N. Mufwanzala, Chicken manure-enhanced soil fertility and productivity: effects of application rates, J. Soil Sci. Environ. Manag. 1 (3) (2010)
46-54.

W.R. Sakr, H.M. Elbagoury, M.S. Refaay, Can sheep manure and yeast substitute conventional N for Lavandula angustifolia production in sandy soils? Am.-
Eurasian J. Agric. Environ. Sci. 15 (4) (2015) 612-622, https://doi.org/10.5829/idosi.aejaes.2015.15.4.12597.

A. Bayrakdar, R.O. Siirmeli, B. Galli, Dry anaerobic digestion of chicken manure coupled with membrane separation of ammonia, Bioresour. Technol. 244
(2017) 816-823, https://doi.org/10.1016/j.biortech.2017.08.047.

S. Adhikary, Vermicompost, the story of organic gold: a review, Agric. Sci. 3 (7) (2012) 905-917, https://doi.org/10.4236/as.2012.37110.

S.L. Lim, T.Y. Wu, P.N. Lim, K.P.Y. Shak, The use of vermicompost in organic farming: overview, effects on soil and economics, J. Sci. Food Agric. 95 (6) (2015)
1143-1156, https://doi.org/10.1002/jsfa.6849.

F.A. Gutiérrez-Miceli, J. Santiago-Borraz, J.A.M. Molina, C.C. Nafate, M. Abud-Archila, M.A.O. Llaven, R. Rincén-Rosales, L. Dendooven, Vermicompost as a
soil supplement to improve growth, yield and fruit quality of tomato (Lycopersicum esculentum), Bioresour. Technol. 98 (15) (2007) 2781-2786, https://doi.
org/10.1016/j.biortech.2006.02.032.

P. Costa, B. Medronho, S. Gongalves, A. Romano, Cyclodextrins enhance the antioxidant activity of essential oils from three Lamiaceae species, Ind. Crops Prod.
70 (2015) 341-346, https://doi.org/10.1016/j.indcrop.2015.03.065.

K.H.C. Baser, F. Demirci, Chemistry of essential oils, in: R.G. Berger (Ed.), Flavours and Fragrances: Chemistry, Bioprocessing and Sustainability, Springer,
Berlin, Germany, 2007, pp. 43-86.

P. Tongnuanchan, S. Benjakul, Essential oils: extraction, bioactivities, and their uses for food preservation, J. Food Sci. 79 (7) (2014) R1231-R1249, https://
doi.org/10.1111/1750-3841.12492.

F. Bakkali, S. Averbeck, D. Averbeck, M. Idaomar, Biological effects of essential oils-a review, Food Chem. Toxicol. 46 (2) (2008) 446-475, https://doi.org/
10.1016/j.fct.2007.09.106.

S. Fallah, S. Mouguee, M. Rostaei, Z. Adavi, Z. Lorigooini, Chemical compositions and antioxidant activity of essential oil of wild and cultivated Dracocephalum
kotschyi grown in different ecosystems: a comparative study, Ind. Crops Prod. 143 (2020) 111885, https://doi.org/10.1016/j.indcrop.2019.111885.

S.M. Mohammadi, F. Sefidkon, S. Asadi-Sanam, S. Kalatejari, The changes of carvacrol content and essential oil yield of Satureja khuzestanica Jamzad in
response to different fertilizer sources, Flavour Fragrance J. 38 (1) (2023) 37-48, https://doi.org/10.1002/ffj.3708.

H. Keshavarz Mirzamohammadi, S.A.M. Modarres-Sanavy, F. Sefidkon, A. Mokhtassi-Bidgoli, M.H. Mirjalili, Irrigation and fertilizer treatments affecting
rosmarinic acid accumulation, total phenolic content, antioxidant potential and correlation between them in peppermint (Mentha piperita L.), Irrigat. Sci. 39
(2021) 671-683, https://doi.org/10.1007/s00271-021-00729-z.

M.Y. Sajwan, D. Mishra, M.S. Negi, P.S. Bisht, Effect of organic manures on antioxidant activity and essential oil composition of artemisia annua cv. CIM arogya,
Int. J. Curr. Microbiol. App. Sci. 9 (10) (2020) 3922-3930, https://doi.org/10.20546/ijcmas.2020.910.452.

1. Shakeri, B. Sani, H.H. Darvishi, Effects of vermicompost and manure on yield and yield components of coriander (Coriandrum Sativum L.) as a medicinal herb,
Int. J. Adv. Biol. Biom. Res. 2 (4) (2014) 448-451.

I. Kocabas, M. Kaplan, M. Kurkcuoglu, K.H.C. Baser, Effects of different organic manure applications on the essential oil components of Turkish sage (Salvia
fruticosa Mill.), Asian J. Chem. 22 (2) (2010) 1599-1605.

Y. Nasiri, H. Zandi, M.R. Morshedloo, Effect of salicylic acid and ascorbic acid on essential oil content and composition of dragonhead (Dracocephalum
moldavica L.) under organic farming, J. Essential Oil Bear. Plants 21 (2) (2018) 362-373, https://doi.org/10.1080/0972060X.2018.1453383.

M.T. Darzi, M.R. Haj Seyed Hadi, F. Rejali, Effects of the application of vermicompost and nitrogen fixing bacteria on quantity and quality of the essential oil in
dill (Anethum graveolens), J. Med. Plants Res. 6 (21) (2012) 3793-3799, https://doi.org/10.5897/JMPR12.370.

M.A.H. Abdou, T.A. Helmy, M.S. Salam, A.F.A. Abdel-Rahim, A.A. Hassan, Effect of organic and bio-fertilization treatments on Fennel plant under drip
irrigation system in Bahria Oases. II-Oil productivity and some chemical compounds, Sci. J. Agric. Sci. 2 (2) (2020) 72-79, https://doi.org/10.21608/
sjas.2020.49423.1057.

T. Koeduka, E. Fridman, D.R. Gang, D.G. Vassao, B.L. Jackson, C.M. Kish, I. Orlova, S.M. Spassova, N.G. Lewis, J.P. Noel, T.J. Bagia, N. Dudareva, E. Pichersky,
Eugenol and isoeugenol, characteristic aromatic constituents of spices, are biosynthesized via reduction of a coniferyl alcohol ester, Proc. Natl. Acad. Sci. USA
103 (26) (2006) 10128-10133, https://doi.org/10.1073/pnas.0603732103.

H.A.H. Said-Al Ahl, E.A. Omer, N.Y. Naguib, Effect of water stress and nitrogen fertilizer on herb and essential oil of oregano, Int. Agrophys. 23 (2009)
269-275.

A. Carrubba, R. Scalenghe, The scent of Mare Nostrum: medicinal and aromatic plants in Mediterranean soils, J. Sci. Food Agric. 92 (6) (2012) 1150-1170,
https://doi.org/10.1002/jsfa.5630.

K.A. Stigter, W.C. Plaxton, Molecular mechanisms of phosphorus metabolism and transport during leaf senescence, Plants 4 (4) (2015) 773-798, https://doi.
org/10.3390/plants4040773.

R.L. Mikkelsen, Managing potassium for organic crop production, HortTechnology 17 (4) (2007) 455-460, https://doi.org/10.21273/HORTTECH.17.4.455.
Y. Nasiri, N. Najafi, Effects of soil and foliar applications of iron and zinc on flowering and essential oil of chamomile at greenhouse conditions, Acta Agric.
Slov. 105 (1) (2015) 33-41, https://doi.org/10.14720/aas.2015.105.1.04.

W. Ke, Z.T. Xiong, S. Chen, J. Chen, Effects of copper and mineral nutrition on growth, copper accumulation and mineral element uptake in two Rumex
Jjaponicus populations from a copper mine and an uncontaminated field sites, Environ. Exp. Bot. 59 (1) (2007) 59-67, https://doi.org/10.1016/j.
envexpbot.2005.10.007.

H. Bouazizi, H. Jouili, A. Geitmann, E.E. Ferjani, Copper toxicity in expanding leaves of Phaseolus vulgaris L. antioxidant enzyme response and nutrient element
uptake, Ecotoxicol. Environ. Saf. 73 (6) (2010) 1304-1308, https://doi.org/10.1016/j.ecoenv.2010.05.014.

F. Zarinkamar, M. Ghannadnia, R. Haddad, Limonene synthase gene expression under different concentrations of manganese in Cuminum cyminum L, Afr. J.
Plant Sci. 6 (6) (2012) 203-212, https://doi.org/10.5897/AJPS11.118.

M. Ghannadnia, R. Haddad, F. Zarinkamar, M. Sharifi, Manganese treatment effects on terpene compounds of Cuminum cyminum flowers, Ind. Crops Prod. 53
(2014) 65-70, https://doi.org/10.1016/j.indcrop.2013.10.034.

C.F. Carson, K.A. Hammer, Chemistry and bioactivity of essential oils, in: H. Thormar (Ed.), Lipids and Essential Oils as Antimicrobial Agents, John Wiley &
Sons, UK, 2011, pp. 203-238, https://doi.org/10.1002/9780470976623.

D.P. De Sousa, Analgesic-like activity of essential oils constituents, Molecules 16 (3) (2011) 2233-2252, https://doi.org/10.3390/molecules16032233.

S.T. Withers, J.D. Keasling, Biosynthesis and engineering of isoprenoid small molecules, Appl. Microbial. Biotechnol. 73 (2007) 980-990, https://doi.org/
10.1007/500253-006-0593-1.

R. Matsumi, H. Atomi, A.J. Driessen, J. van der Oost, Isoprenoid biosynthesis in Archaea-biochemical and evolutionary implications, Res. Microbiol. 162 (1)
(2011) 39-52, https://doi.org/10.1016/j.resmic.2010.10.003.

22


http://refhub.elsevier.com/S2405-8440(24)12724-7/sref84
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref84
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref80
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref80
https://doi.org/10.1016/j.scienta.2006.01.035
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref79
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref85
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref85
https://doi.org/10.14662/ARJASR2016.010
https://doi.org/10.14662/ARJASR2016.010
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref91
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref91
https://doi.org/10.5829/idosi.aejaes.2015.15.4.12597
https://doi.org/10.1016/j.biortech.2017.08.047
https://doi.org/10.4236/as.2012.37110
https://doi.org/10.1002/jsfa.6849
https://doi.org/10.1016/j.biortech.2006.02.032
https://doi.org/10.1016/j.biortech.2006.02.032
https://doi.org/10.1016/j.indcrop.2015.03.065
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref111
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref111
https://doi.org/10.1111/1750-3841.12492
https://doi.org/10.1111/1750-3841.12492
https://doi.org/10.1016/j.fct.2007.09.106
https://doi.org/10.1016/j.fct.2007.09.106
https://doi.org/10.1016/j.indcrop.2019.111885
https://doi.org/10.1002/ffj.3708
https://doi.org/10.1007/s00271-021-00729-z
https://doi.org/10.20546/ijcmas.2020.910.452
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref196
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref196
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref153
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref153
https://doi.org/10.1080/0972060X.2018.1453383
https://doi.org/10.5897/JMPR12.370
https://doi.org/10.21608/sjas.2020.49423.1057
https://doi.org/10.21608/sjas.2020.49423.1057
https://doi.org/10.1073/pnas.0603732103
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref122
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref122
https://doi.org/10.1002/jsfa.5630
https://doi.org/10.3390/plants4040773
https://doi.org/10.3390/plants4040773
https://doi.org/10.21273/HORTTECH.17.4.455
https://doi.org/10.14720/aas.2015.105.1.04
https://doi.org/10.1016/j.envexpbot.2005.10.007
https://doi.org/10.1016/j.envexpbot.2005.10.007
https://doi.org/10.1016/j.ecoenv.2010.05.014
https://doi.org/10.5897/AJPS11.118
https://doi.org/10.1016/j.indcrop.2013.10.034
https://doi.org/10.1002/9780470976623
https://doi.org/10.3390/molecules16032233
https://doi.org/10.1007/s00253-006-0593-1
https://doi.org/10.1007/s00253-006-0593-1
https://doi.org/10.1016/j.resmic.2010.10.003

M. Rostaei et al.

[163]

[164]
[165]

[166]
[167]
[168]
[169]
[170]
[171]
[172]
[173]
[174]
[175]

[176]

[177]
[178]
[179]
[180]
[181]
[182]
[183]
[184]

[185]
[186]

[187]
[188]
[189]
[190]
[191]
[192]
[193]
[194]
[195]
[196]
[197]

[198]

[199]

[200]

Heliyon 10 (2024) e36693

K. Okada, The biosynthesis of isoprenoids and the mechanisms regulating it in plants, Biosci. Biotechnol. Biochem. 75 (7) (2011) 1219-1225, https://doi.org/
10.1271/bbb.110228.

LI Abdallah, W.J. Quax, A glimpse into the biosynthesis of terpenoids, KnE Life Sci (2017) 81-98, https://doi.org/10.18502/kls.v3i5.981.

J.P. Noel, M.B. Austin, E.K. Bomati, Structure-function relationships in plant phenylpropanoid biosynthesis, Curr. Opin. Plant Biol. 8 (3) (2005) 249-253,
https://doi.org/10.1016/j.pbi.2005.03.013.

J. Liu, A. Osbourn, P. Ma, MYB transcription factors as regulators of phenylpropanoid metabolism in plants, Mol. Plant 8 (5) (2015) 689-708, https://doi.org/
10.1016/j.molp.2015.03.012.

Y. Deng, S. Lu, Biosynthesis and regulation of phenylpropanoids in plants, Crit. Rev. Plant Sci. 36 (4) (2017) 257-290, https://doi.org/10.1080/
07352689.2017.1402852.

A. Carrubba C. Catalano, Essential oil crops for sustainable agriculture - a review, in: E. Lichtfouse (Ed.), Sustainable Agriculture Reviews: Climate Change,
Intercropping, Pest Control and Beneficial Microorganisms, Sustainable Agriculture Reviews 2, Springer Science+Business Media, Dordrecht, 2009,

pp. 137-187, https://doi.org/10.1007/978-90-481-2716-0_8.

M. Vigan, Essential oils: renewal of interest and toxicity, Eur. J. Dermatol. 20 (6) (2010) 685-692, https://doi.org/10.1684/ejd.2010.1066.

K.A. Hammer, C.F. Carson, Antibacterial and antifungal activities of essential oils, in: H. Thormar (Ed.), Lipids and Essential Oils as Antimicrobial Agents, John
Wiley & Sons, Ltd, UK, 2011, pp. 255-306, https://doi.org/10.1002/978047097662.3.

F. Chami, N. Chami, S. Bennis, J. Trouillas, A. Remmal, Evaluation of carvacrol and eugenol as prophylaxis and treatment of vaginal candidiasis in an
immunosuppressed rat model, J. Antimicrob. Chemother. 54 (5) (2004) 909-914, https://doi.org/10.1093/jac/dkh436.

R. Nurzynska-Wierdak, Does mineral fertilization modify essential oil content and chemical composition in medicinal plants, Acta Sci. Pol. Hortorum Cultus 12
(5) (2013) 3-16.

A. Younesian, S. Taheri, P.R. Moghaddam, The effect of organic and biological fertilizers on essential oil content of Foeniculum vulgare Mill. (Sweet Fennel),
Intl. J. Agric. Crop Sci. 5 (18) (2013) 2141-2146.

A. Ganjali, M. Kaykhaii, Investigating the essential oil composition of Rosmarinus officinalis before and after fertilizing with vermicompost, J. Essen. Oil Bear.
Plants 20 (5) (2017) 1413-1417, https://doi.org/10.1080/0972060X.2017.1383189.

R. Moradi, P.R. Moghaddam, M.N. Mahallati, A. Nezhadali, Effects of organic and biological fertilizers on fruit yield and essential oil of sweet fennel
(Foeniculum vulgare var. dulce), Spanish J. Agric. Res. 9 (2) (2011) 546-553, https://doi.org/10.5424/sjar/20110902-190-10.

A.E.M.M. Naguib, F.K. El-Baz, Z.A. Salama, H.A.E.B. Hanaa, H.F. Ali, Enhancement of phenolics, flavonoids and glucosinolates of Broccoli (Brassica olaracea,
var. Italica) as antioxidants in response to organic and bio-organic fertilizers, J. Saudi Soc. Agric. Sci. 11 (2) (2012) 135-142, https://doi.org/10.1016/j.
jssas.2012.03.001.

E. Ormeno, C. Fernandez, Effect of soil nutrient on production and diversity of volatile terpenoids from plants, Curr. Bioact. Compd. 8 (1) (2012) 71-79,
https://doi.org/10.2174/157340712799828188.

R. Kapoor, G. Anand, P. Gupta, S. Mandal, Insight into the mechanisms of enhanced production of valuable terpenoids by arbuscular mycorrhiza,
Phytochemistry Rev. 16 (2017) 677-692, https://doi.org/10.1007//s11101-016-9486-9.

R. Kapoor, B. Giri, K.G. Mukerji, Glomus macrocarpum: a potential bioinoculant to improve essential oil quality and concentration in Dill (Anethum graveolens
L.) and Carum (Trachyspermum ammi (Linn.) Sprague), World J. Micro. boil. Biotechnol. 18 (2002) 459-463, https://doi.org/10.1023/A:1015522100497.
S. Zubek, A. Stojakowska, T. Anielska, K. Turnau, Arbuscular mycorrhizal fungi alter thymol derivative contents of Inula ensifolia L, Mycorrhiza 20 (2010)
497-504, https://doi.org/10.1007/s00572-010-0306-6.

M.E. Siwko, S.J. Marrink, A.H. de Vries, A. Kozubek, A.J.S. Uiterkamp, A.E. Mark, Does isoprene protect plant membranes from thermal shock? A molecular
dynamics study, BBA Biomembr 1768 (2) (2007) 198-206, https://doi.org/10.1016/j.bbamem.2006.09.023.

K. Kobayashi, K. Awai, M. Nakamura, A. Nagatani, T. Masuda, H. Ohta, Type-B monogalactosyldiacylglycerol synthases are involved in phosphate starvation-
induced lipid remodeling, and are crucial for low-phosphate adaptation, Plant J. 57 (2) (2009) 322-331, https://doi.org/10.1111/j.1365-313X.2008.03692.x.
R.D.S. Messias, V. Galli, S.D.D.A.E. Silva, M.A. Schirmer, C.V. Rombaldi, Micronutrient and functional compounds biofortification of maize grains, Crit. Rev.
Food Sci. Nutr. 55 (1) (2015) 123-139, https://doi.org/10.1080/10408398.2011.649314.

T. Parvaneh, B. Abedi, G.H. Davarynejad, E. Ganji Moghadam, Correlation of enzymatic activity, phenolic compounds, and flavonoids with amount of nutrients
of two Iranian red flesh apple genotypes on different rootstocks, J. Crop. Improv. 22 (1) (2020) 149-163, https://doi.org/10.22059/j¢i.2019.285103.2243.
L.A. Pham-Huy, H. He, C. Pham-Huy, Free radicals, antioxidants in disease and health, Int. J. Biomed. Sci. 4 (2) (2008) 89-96.

F. Jamshidi-Kia, J.P. Wibowo, M. Elachouri, R. Masumi, A. Salehifard-Jouneghani, Z. Abolhasanzadeh, Z. Lorigooini, Battle between plants as antioxidants
with free radicals in human body, J Herbmed Pharmacol 9 (3) (2020) 191-199, https://doi.org/10.34172/jhp.2020.25.

A.E. Edris, Pharmaceutical and therapeutic potentials of essential oils and their individual volatile constituents: a review, Phytother Res. 21 (4) (2007)
308-323, https://doi.org/10.1002/ptr.2072.

M. Abdollahi, A. Ranjbar, S. Shadnia, S. Nikfar, A. Rezaie, Pesticides and oxidative stress: a review, Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 10 (6) (2004)
141-147.

C. Kaur, H.C. Kapoor, Antioxidants in fruits and vegetables—the millennium’s health, Int. J. Food Sci. Technol. 36 (7) (2001) 703-725, https://doi.org/
10.1111/j.1365-2621.2001.00513.x.

J. Bouayed, K. Piri, H. Rammal, A. Dicko, F. Desor, C. Younos, R. Soulimani, Comparative evaluation of the antioxidant potential of some Iranian medicinal
plants, Food Chem. 104 (1) (2007) 364-368, https://doi.org/10.1016/j.foodchem.2006.11.069.

R. Baharfar, R. Azimi, M. Mohseni, Antioxidant and antibacterial activity of flavonoid-, polyphenol-and anthocyanin-rich extracts from Thymus kotschyanus
boiss & hohen aerial parts, J. Food Sci. Technol. 52 (2015) 6777-6783, https://doi.org/10.1007/s13197-015-1752-0.

B. Tohidi, M. Rahimmalek, A. Arzani, Essential oil composition, total phenolic, flavonoid contents, and antioxidant activity of Thymus species collected from
different regions of Iran, Food Chem. 220 (2017) 153-161, https://doi.org/10.1016/j.foodchem.2016.09.203.

O.L. Aruoma, Free radicals, oxidative stress, and antioxidants in human health and disease, J. Am. Oil Chem. Soc. 75 (2) (1998) 199-212, https://doi.org/
10.1007/511746-998-0032-9.

G.P.P. Kamatou, A.M. Viljoen, A review of the application and pharmacological properties of abisabolol and a-bisabolol-rich oils, J. Am. Oil Chem. Soc. 87
(2010) 1-7, https://doi.org/10.1007/s11746-009-1483-3.

A. Salehi, S. Fallah, K. Zitterl-Eglseer, H.P. Kaul, A. Abbasi Surki, B. Mehdi, Effect of organic fertilizers on antioxidant activity and bioactive compounds of
fenugreek seeds in intercropped systems with buckwheat, Agronomy 9 (7) (2019) 367, https://doi.org/10.3390/agronomy9070367.

M.H. Ibrahim, H.Z. Jaafar, E. Karimi, A. Ghasemzadeh, Impact of organic and inorganic fertilizers application on the phytochemical and antioxidant activity of
Kacip Fatimah (Labisia pumila Benth), Molecules 18 (9) (2013) 10973-10988, https://doi.org/10.3390/molecules180910973.

S. Zaferanchi, S.Z. Salmasi, S.Y. Salehi Lisar, M.R. Sarikhani, Influence of organics and bio fertilizers on biochemical properties of Calendula officinalis L, Int. J.
Hortic. Sci. Technol. 6 (1) (2019) 125-136, https://doi.org/10.22059/ijhst.2019.266831.258.

A.C. Pacheco, L.G.T. Feba, E.G. Serra, W.H.S. Takata, P.H. Gorni, C.H.P. Yoshida, The use of animal manure in the organic cultivation of Passiflora incarnata L.
increases the content of phenolic compounds in the leaf and the antioxidant activity of the plant, Org. Agric. For. 11 (2021) 567-575, https://doi.org/10.1007/
s13165-021-00361-3.

S.D. Ramaiya, H.H. Lee, Y.J. Xiao, N.S. Shahbani, M.H. Zakaria, J.S. Bujang, Organic cultivation practices enhanced antioxidant activities and secondary
metabolites in giant granadilla (Passiflora quadrangularis L.), PLoS One 16 (7) (2021) e0255059, https://doi.org/10.1371/journal.pone.0255059.

M.A. Fauzi, E-learning in higher education institutions during COVID-19 pandemic: current and future trends through bibliometric analysis, Heliyon 8 (2022)
09433, https://doi.org/10.1016/j.heliyon.2022.e09433.

23


https://doi.org/10.1271/bbb.110228
https://doi.org/10.1271/bbb.110228
https://doi.org/10.18502/kls.v3i5.981
https://doi.org/10.1016/j.pbi.2005.03.013
https://doi.org/10.1016/j.molp.2015.03.012
https://doi.org/10.1016/j.molp.2015.03.012
https://doi.org/10.1080/07352689.2017.1402852
https://doi.org/10.1080/07352689.2017.1402852
https://doi.org/10.1007/978-90-481-2716-0_8
https://doi.org/10.1684/ejd.2010.1066
https://doi.org/10.1002/9780470976623
https://doi.org/10.1093/jac/dkh436
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref145
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref145
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref160
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref160
https://doi.org/10.1080/0972060X.2017.1383189
https://doi.org/10.5424/sjar/20110902-190-10
https://doi.org/10.1016/j.jssas.2012.03.001
https://doi.org/10.1016/j.jssas.2012.03.001
https://doi.org/10.2174/157340712799828188
https://doi.org/10.1007//s11101-016-9486-9
https://doi.org/10.1023/A:1015522100497
https://doi.org/10.1007/s00572-010-0306-6
https://doi.org/10.1016/j.bbamem.2006.09.023
https://doi.org/10.1111/j.1365-313X.2008.03692.x
https://doi.org/10.1080/10408398.2011.649314
https://doi.org/10.22059/jci.2019.285103.2243
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref171
https://doi.org/10.34172/jhp.2020.25
https://doi.org/10.1002/ptr.2072
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref174
http://refhub.elsevier.com/S2405-8440(24)12724-7/sref174
https://doi.org/10.1111/j.1365-2621.2001.00513.x
https://doi.org/10.1111/j.1365-2621.2001.00513.x
https://doi.org/10.1016/j.foodchem.2006.11.069
https://doi.org/10.1007/s13197-015-1752-0
https://doi.org/10.1016/j.foodchem.2016.09.203
https://doi.org/10.1007/s11746-998-0032-9
https://doi.org/10.1007/s11746-998-0032-9
https://doi.org/10.1007/s11746-009-1483-3
https://doi.org/10.3390/agronomy9070367
https://doi.org/10.3390/molecules180910973
https://doi.org/10.22059/ijhst.2019.266831.258
https://doi.org/10.1007/s13165-021-00361-3
https://doi.org/10.1007/s13165-021-00361-3
https://doi.org/10.1371/journal.pone.0255059
https://doi.org/10.1016/j.heliyon.2022.e09433

	Organic manures enhance biomass and improve content, chemical compounds of essential oil and antioxidant capacity of medici ...
	1 Introduction
	2 Methods
	3 The effect of organic manures on the biomass of medicinal plants
	4 The effect of organic manure on the quality of medicinal plants
	4.1 Essential oil content
	4.2 Chemical compositions of essential oil
	4.3 Antioxidant activity

	5 Limitation
	6 Conclusion
	7 Future trends and recommendations
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


