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ABSTRACT

This study was carried out during two successive seasons (2020/2021and 2021/2022). It included three
experiments, First Experiment: Effect of ginger extract (0, 2, 4, 6 and 8 mg/l) on Mentha longifolia,
Second Experiment: Effect of neem extract (0, 1, 2, 3 and 4 mg/l) on Lavandula officinalis and Third
Experiment: Effect of garlic extract (0, 1.5, 3, 4.5 and 6 mg/l) on Mentha piperita. The results indicated
that these extracts had a pronounced effect on all traits under study. The main components of lavender
essential oil were camphor, linalool and eucalyptol. Menthol, menthone and menthyl acetate were the
major components of Mentha piperita. Moreover the main constituents of Mentha longifolia were Cis-
piperitone oxide, Pulegone and Piperitenone.
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1. Introduction

The use of inorganic fertilizers by farmers and their high cost is further associated with land and
soil degradation and environmental pollution. Thus, effort is being made to provide alternative safe
natural sources of plant nutrients. For avoiding the excessive use of chemical fertilizers, some natural
sources are used such as algae and plants extracts could be replace partially or completely the aforesaid
harmful ones. So, recently, a great attention is focused on the possibility of using natural and safe agents
for promoting growth and yield of crops.

Genus of Lavandula (Lamiaceae) consists of about 20 species as mentioned by Djamila et al.
(2022). Boelens, (1995) reported that Lavender is the most useful medicinal plants where its essential
oil is widely used in colognes, soap, and other cosmetics as mentioned by Paul ef al., (2004). Silva et
al. (2023) noticed that Lavandula essential oil is used as relaxant anti-inflammatory and antiseptic agent
and scabies and headaches treatment.

Mentha longifolia L. (wild mint) belongs to Lamiaceae family grows in Mediterranean regions,
Europe, Australia and North Africa (Harley and Brighton 1977). Mikaili et al. (2013) reported that M.
longifolia is used widely in food, tobacco, cosmetics and pharmaceutical industries. Different parts of
the plant have been used in traditional folk medicine and treatment of various diseases. Mentha piperita
(peppermint), is one of the most important essential oil plants. Camele et al. (2021) reported that the
main constituent of its essential oil is menthol followed by menthone which is used in pharmaceutical,
cosmetic, food, perfumery and flavor industries besides aromatherapy. The yield and quality of
cultivated plants are affected by various factors such as the climate and soil factors, the genetic potential
of the plant and many other agronomic practices as mentioned by Noroozlo et al. (2019); Souri et al.
(2019) and Chaski et al. (2023).

Garlic, belongs to Liliaceae family (Ahmad, 2021), has a very strong pungent smell and it
contains an essential oil where its main compounds are sulphur such as aliin, allicin etc. (El-Saber
Batiha et al., 2020). Ginger (Zingiber officinale) is a perennial and rhizome producing plant that
contains resins and a volatile oil as mentioned by Mahboubi, (2019). It has a pungent and aromatic
smell, and these properties make extracts from plants an important biochemical for growth and
production.
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Neem (Azadirachta indica) has great importance due to its numerous applications in cosmetics
and medicine as reported by Subapriya and Nagini (2005), Naz et al. (2022). Rahmani et al. (2018)
mentioned that azadirachtin is the most active compound. Leaves of Neem contain active compounds
such as amino acids, ascorbic acid, nimbin and nimbolide etc. as reported by Rodrigues et al. (2012)
and Sarah et al. (2019). Quercetin and B-sitosterol as polyphenolic compounds are extracted from leaves
of neem (Alzohairy, 2016).

This study aimed to evaluate the effect of some plant extracts on the herb weight and essential oil
yield and chemical composition of Mentha longifolia, Lavandula officinalis and Mentha piperita.

2. Materials and Methods
2.1. Preparation of plant extracts

Garlic extract was carried out with water according to Wanas et al. (2018). The extracts of ginger
(rhizome) neem (leaves), were prepared by grinding the selected part of plant in distilled water. The
extracts collected were centrifuged for 5 min. & supernatant was collected.

2.2. Phytochemical screening

The presence of phytochemicals such as saponins alkaloids, tannins, phenols, flavonoids,
glycosides and steroids was estimated in the aqueous extracts according to the procedures and methods
of Trease and Evans (1989), Soforowa (1993) and Harbone (1994) as described by Ameh and Eze
(2010). The presence of amino acids and proteins was estimated according to Boxi ez al. (2010).

2.3. Field experiments

Three experiments were conducted under a greenhouse of National Research Centre conditions,
Egypt, through two seasons (2020/2021, 2021/2022). Mentha longifolia, Mentha piperita and lavandula
officinalis plants were transported from Medicinal and Aromatic Plants Institute (IMAP), Egypt.
Uniform plantlets were cultivated into clay pots No30 c¢m at the 1¥ week of March (2020 and 2021).
Three weeks after cultivation, the plantlets were thinned to three per pot.

After 30 days, Mentha longifolia plants were sprayed with ginger extract (0, 2, 4, 6 and 8 mg/1),
Lavandula officinalis were sprayed with neem extract (0, 1, 2, 3 and 4 mg/L) and Mentha piperita were
sprayed with garlic extract (0, 1.5, 3, 4.5 and 6 mg/L). These treatments were repeated monthly and the
untreated plants were sprayed with water.

The plants were harvested after 3 months from cultivation as 1* cut and the 2™ one after 3months
later during both seasons vegetative growth parameters were recorded such as fresh and dry weight of
herb (g/plant).

2.4. Essential oil extraction

Essential oil isolation: About 100g of herbs were harvested from each replicate and subjected to
hydro-distillation for 3h using a Clevenger apparatus (Clevenger, 1928). Total essential oil yield (ml /
plant) was calculated.

2.5. GC-MS analysis

To identify essential oil constituents was carried out by GC-MS system (Agilent Technologies)
equipped with gas chromatograph (7890B) and mass spectrometer detector (5977A) at National
Research Centre.

2.6. Statistical analysis

A complete random block design was used where. The averages data of both seasons were
statistically analyzed according to Snedecor and Cochran (1994). Duncan's multiple range tests were
used to compare mean differences at 0.5 according to Duncan (1955).

3. Results and Discussion
3.1. Phytochemical screening results

The results of phytochemical screening of the aqueous extracts of garlic, ginger and neem are
presented in Table (1). Data in this table shows that saponins were present in high quantity in garlic and
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neem extracts, while it was present in moderate quantity in ginger extract. Tannins, flavonoids and
glycosides were present in high quantity in neem extract and moderate quantity in ginger extract.
Alkaloids were present in low quantity in both ginger and neem extracts, while it was absent in garlic
extract. Also, tannins, phenols and steroids were absent in garlic extract, while proteins and amino acids
were present in high quantity. The obtained results are similar to those previously reported by Arify et
al. (2018), Osabor et al. (2015) and Ujah et al. (2021) for the aqgious extracts of garlic, ginger and neem,
respectively.

Table 1: Qualitative phytochemical analysis of garlic, ginger and neem extracts

Components Ginger Neem Garlic images
Saponins ++ +++ +++
Alkaloids + + -

Tannins ++ +++ -
Phenols + ++ -
Flavonoids ++ +++ +
Glycosides ++ +++ +
Steroids + ++ -
Proteins + + +++

3.2. Effect of ginger extract on Mentha longifolia

Data tabulated in Table (2) suggest that ginger extract levels had a significant effect on fresh and
dry weights compared with untreated plants during both cuts. Furthermore, ginger extract at 6mg/L
gave the maximum mean values of fresh (274.1 and 285.9 g/plant) and dry weights (96.2 and
98.5g/plant) followed by 4 mg/L during both seasons.

The highest mean values of essential percentage (0.5 and 0.4%) were obtained as a result of ginger
extract at 6.0 mg/L followed by 4 and 2 mg /L (0.4%) for the 1*' cut and 4 mg/L (0.3%) for the 2™ one.
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Concerning the effect of ginger extract levels on essential oil yield, it can be noticed that ginger extracts
at 2, 4 and 6 gave a pronounced effect on essential oil yield which recorded 0.4, 0.3 and 0.5 ml/ plant
during 1* cut, respectively compared with 0 and 8 mg/L which recorded 0.1 ml/plant. In the 2™ cut 0,
2 and 8 mg/L gave the same value of essential oil yield (0.1 ml/plant) while ginger extract at 4 and 6
mg/L gave 0.2 and 0.4 ml/ plant.

Table 2: Effects of ginger extract on herb weight and essential oil yield of Mentha longifolia

First harvest Second harvest
(Tnl;zzllil)nents He{;;;?:tg)hts Essential oil Hezglj;ights Essential oil
Fresh Dry % g/plant Fresh Dry % g/plant
0 188.3¢ 43,74 0.24 0.14 164.3¢ 49.64 0.14 0.1°
2 194.24 55.8¢ 0.4° 0.4° 205.74 56.2¢ 0.2¢ 0.1¢
4 237.3b 77.3° 0.42 0.3¢ 242.7° 77.9° 0.3° 0.2°
6 274.1* 96.22 0.52 0.52 285.9* 98.5% 0.4* 0.4
8 198 .4¢ 41.3¢ 0.3¢ 0.14 220.1°¢ 44.1¢ 0.2° 0.1°

Means followed by similar letter(s) within the same column are no significantly different at P < 0.05 according to
Duncan’s Multiple Range Test.

Data presented in Table (3) show that total main constituents ranged from 75.95 to 98.15% where
the highest total relative percentage (98.15%) was obtained from plants treated by ginger extract at 0 to
8 mg/L. The major compounds were cis-piperitenon oxide (29.11-35.62%), pulegone (20.64 — 33.98%)),
piperitenone (10.02-12.05), 1, 8-cineol (6.33-8.34%), p-piperitone (2.05-4.10%) and menthone (1.02-
9.33%). Essential oil obtained from plants treated with 8.0 mg/L gave the maximum relative percentage
of pulegone (33.98%), piperitenone (12.05%), 1, 8-cineol (8.34%), p-piperitone (4.10%) and menthone
(9.33%). On the other hand, plants treated with ginger extract at 4.0 mg/L gave the maximum relative
percentage of cis-piperitenon oxide (35.62%). Shahdadi et al. (2021) reported that the major compounds
in the essential oil were piperitenone oxide, pulegone, piperitenone, and 1, 8-cineole which calculated
26.07%, 19.72%, 11.88% and 8.21%, respectively that can play a very important role in its antimicrobial
activity. Moreover, Shahdadi ez al. (2023) found that pulegone (26.07%), piperitone oxide (19.72%),
and piperitone (11.88%) were the major components of M. longifolia oil.

Table 3: Effect of Ginger extract on major main essential oil constituents of Mentha longifolia (mean
relative percentage of two cuts during 2™ season)

Constituents 0 2.0 4.0 6.0 8.0
o-Pinene 0.01 0.02 0.01 0.02 0.03
Sabinene 0.12 0.11 0.11 0.12 0.12
B-Pinene 0.78 0.77 0.69 0.82 0.80
1,8-Cineol 6.33 6.99 7.84 8.19 8.34
Menthone 1.02 1.02 4.03 5.03 9.33
Iso-pulegone 0.11 0.22 0.29 0.28 0.29
Cis-piperitone oxide 34.02 33.03 35.62 30.04 29.11
Pulegone 24.01 20.64 24.57 31.93 33.98
Piperitenone 10.05 10.02 11.08 11.07 12.05
piperitone 2.05 3.13 3.12 4.03 4.10
Total 78.5 75.95 87.36 91.53 98.15

3.3. Effect of neem extract on lavender

The impact of neem at different concentrations on lavender plants are presented in Table (3).
Results in this table reveal that neem extract levels increased the fresh and dry weights of lavender herb
compared with untreated plants during both cuts. During 1st cut neem extract at 2.0 mg/L gave the
highest mean values of fresh and dry weights (142.2 and 54.6 g/plant) followed by 3.0 mg /I which
produced 47.3 g/plant. Also, in the 2nd cut neem extract at 2.0 mg/I resulted in the maximum value of
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fresh and dry weights (156.7 and 58.6 g/plant) followed by 1.0 mg/L which recorded 128.9 and 45.8

g/plant.

Data presented in Table (4) indicated that there is no considerable variation for essential oil % as
a result of neem extracts application during both cuts where the maximum value of essential 0il% (1.7
and 1.6%). Moreover, essential oil yield reached to its maximum value (0.9 ml/plant) as a result of neem

extract application at 2.0 mg/L.

Table 4: Effect of neem extracts on herb weight and essential oil yield of lavender

Treatments First harvest Second harvest
(mg/ L)
Herb weights Essential Herb weights Essential
(g/pant) oil (g/pant) oil
Fresh Dry % g/plant Fresh Dry % g/plant
0.0 78.8° 22.1¢ 1.2° 0.3¢ 88.1° 25.6° 1.1° 0.3¢
1.0 120.1¢ 43.2¢ 1.3b¢ 0.6° 128.9° 45.8° 1.4° 0.6°
2.0 142.2* 54.6° 1.7 0.9* 156.7% 58.6* 1.6° 0.9*
3.0 127.8° 47.3° 1.4° 0.7° 117.8° 41.1¢ 1.3 0.5°¢
4.0 116.1¢ 33.34 1.3b¢ 0.49 112.5¢ 29.34 1.2¢ 0.49

Means followed by similar letter(s) within the same column are no significantly different at P < 0.05 according

to Duncan’s Multiple Range Test.

Data tabulated in Table (5) identified (15) main compounds from lavender essential oil produced
from plants treated with different doses of neem extract. It is clear that camphor compound recorded
the highest values (24.06, 22.10, 23.63, 22.54 and 42.01%) when plants treated with neem extract at 0,
1,2, 3 and 4 mg / 1, respectively followed by linalool compound which recorded 15.53, 16.07, 16.23,
17.03and 17.13%. The third one was eucalyptol which gave the maximum relative percentage (26.24%)

as a result of neem extract at 1 mg/L.

Table 5: Effect of Neem extract on major main essential oil constituents of Lavandula officinalis

Constituents Control 1 2 3 4

alpha-Pinene 0.87 5.96 5.61 6.43 5.94
Camphene 0.63 1.28 1.29 1.36 1.36
D-Limonene 1.55 1.78 1.99 1.98 2.12
Linalyl propionate 1.22 1.2 1.33 1.33 1.35
Eucalyptol 11.32 13.57 12.01 12.48 13.33
Linalool 15.53 16.07 16.23 17.03 17.13
Lavandulol 2.05 1.99 2.13 2.15 2.18
Camphor 24.06 22.1 23.36 22.54 24.01
endo-Borneol 1.07 0.84 0.98 1.02 1.00
Terpinen-4-ol 6.75 7.39 7.64 7.84 8.31
p-menth-1-en-8-ol 2.29 2.13 2,66 3.01 3.23
Linalyl acetate 10.04 11.12 12.03 12.31 12.3
Nerol acetate 4.35 5.36 5.77 5.78 5.76
Caryophyllene 0.29 0.27 0.27 0.28 0.36
Caryophyllene oxide 1.36 1.14 1.23 1.15 1.44
Total identified 83.38 92.2 91.87 96.69 99.82

In this connection Alname et al., (2011) and Slimani ez al., (2022) found that the main constituents
of lavender were linalool, linalool acetate, 1.8-cineole and camphor which recorded 44.67, 42, 5.30 and
5.30, respectively. Talbaoui ef al., (2012) reported that, linalyl acetate (44.96%) and linalool (44.64%)
are the major constituents of lavender essential oil. Diass et al., (2023) found that the main components
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were linalool, camphor linalyl acetate and eucalyptol which recorded 14.93%, 14.11, 11.17 and 10.99,
respectively.

The promotive effect of Neem leaves extract may be due to this extract contains different
chemicals like amino acids and ascorbic acid, etc. (Alzohairy, 2016).

3.3. Effect of garlic extract on peppermint

The obtained data in Table (6) revealed that the application of garlic extracts increased the fresh
and dry weights of peppermint herb compared with untreated plants. The highest values of fresh and
dry weights were obtained from plants treated with garlic extract at 4.5 mg/L followed by 3 mg/L.
Concerning the effect of garlic extracts on essential oil percentage and yield (ml/plant), it can be
observed that, garlic extract at 4.5 mg/L gave the maximum values of oil percentage and yield (ml/plant)
during both cuts.

Table 6: Effect of garlic extracts on herb weight and essential oil yield of peppermint

First harvest Second harvest
Treatments Herb weights Essential Herb weights Essential
(mg/ L) (g/pant) oil (g/pant) oil
Fresh Dry % g/plant Fresh Dry %  g/plant
0.0 72.8° 20.6¢ 0.4¢ 0.1% 86.1¢ 20.4¢  0.5¢ 0.14
1.5 149.24 26.7° 0.5¢ 0.1° 161.6° 32.5° 0.6 0.2¢
3.0 161.8° 29.8° 0.7° 0.2° 176.2° 33.2> 0.8 0.3°
4.5 282.7* 38.9% 1.1# 0.42 299.5% 43.9*  1.22 0.52
6.0 158.8°¢ 27.8° 0.8° 0.2° 157.8¢ 26.5¢ 0.7 0.2¢

Means followed by similar letter(s) within the same column are no significantly different at P < 0.05 according to
Duncan’s Multiple Range Test.

Data tabulated in Table (7) identified (10) main compounds from peppermint essential oil
produced from plants treated with different doses of garlic extract. It is clear that the compound of
menthol recorded the highest values (28.33, 28.35, 30.63, 31.55 and 30.22%) when plants treated
with garlic extract at 0, 1.5, 3, 4.5 and 6 mg/L, respectively followed by menthone compound
which recorded 20.07, 23.33, 28.05, 30.26 and 29.53%. The third one was Menthyl acetate which
gave the maximum relative percentage (26.24%) as a result of garlic extract at 6 mg/L.

Table 7: Effect of Garlic extract on major main essential oil constituents of Mentha piperita

Constituents Control 1.5 3 4.5 6
alpha.-Pinene 0.28 0.73 0.48 0.46 0.6
Sabinene 0 0.39 0 0.17 0.17
(-)-beta-Pinene 0.53 1.11 0.81 0.83 0.99
Limonene 3.01 3.12 3.27 3.36 3.39
Eucalyptol 2.86 5.6 6.97 4.4 5.35
Menthone 20.07 23.33 28.05 30.26 29.53
Menthol 28.33 28.35 30.63 31.55 30.22
Iso-Menthone 0.81 0.81 0.92 0.98 1.36
Menthyl acetate 22.06 21.6 23.23 25.36 26.24
Caryophyllene 0.87 2.13 1.83 1.45 1.41
Total identifird 78.82 87.17 89.22 98.82 99.26

Similarly, de Oliveira Hashimoto et al. (2016) and Malheiros et al. (2016) mentioned that
menthol is the major component of the essential oil of this plant. In contrast, Laghouiter et al.,
(2015) found that trans-carveol (58.98%), D-limonene (19.94%), carvone (2.07%), and 4-terpineol
(3.01%) are the major components of pepermint under South Algeria condition. Under Iran
conditions, Yadegarinia et al., (2006) showed that a-terpinene (19.7%), isomenthone (10.3%),
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trans-carveol (14.5%), piperitenone oxide (19.3%) and B-caryophyllene (7.6%) are the main
components of piperment essential oil.

The promotive effect of the above extracts may be due to these extracts contains various
compounds, a number of which accumulated in large amounts, which most vital of them are
triterpene, phenolic as well as flavonoid compounds. Additionally, these extracts contain protein,
amino acid, monosaccharide, tannins, lignins, starch, phytosterols, choline, different types of
vitamins i.e. B1, B2, B3, B6, C, E, biotin, folic acid, pantothenic acid, many minerals (Al, Ca, Fe,
Mg, Co, Zn, P, Na, Si, K and Sn) as well as bitter principles, sulpher compounds. Also, these
extracts may contains some compounds, which have similar effect to that of growth promoters, a
wide range of minerals, amino acids, vitamins and in addition carbohydrate and nitrogen (Osabor
et al.,2015; Arify et al., 2018; Ujah et al.,2021).

According to the previous studies in this context, foliar application of such extracts could
accelerate the growth of receiver plants via several mechanisms. Among these mechanisms, it could
stimulate the photosynthesis of pigments, soluble sugars, nitrogen and volatile oil content (Shabana et
al., 2017; Slattery et al., 2017). Also, the bio-elicitation of antioxidant enzymes such as superoxide
dismutase and peroxidase, which maintain the balance of redox reactions products and prim the defense
system of the plants, is another fundamental mechanics (Ali et al., 2019). Moreover, it could promote
the root growth, facilitating the nutrients uptake from the rhizosphere (Hayat et al., 2018).

4. Conclusion

The results revealed foliar spray and fertigation with the aqueous extract of ginger, neem and
garlic stimulate the fresh and dry weight and oil content of the receiver plants. The obtained data offer
ginger, neem and garlic extracts as innovative bio-fertilizers for commercial application in Lavander
and mint plants. They could also be utilized as bio-fertilizers in other medicinal plants, however further
investigations is required in the area of essential oil composition.
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