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Summary

Introduction: Monarda citriodora L. plant belongs to the Lamiaceae family. It is a medicinal and aromatic 
plant, an annual herb, one of important sources of thymol compound. This plant has various purposes such 
as medicinal properties, food industry, cosmetics, pharmaceuticals industry, a powerful antioxidant and 
antimicrobial activity. 
Objective: There is an ongoing need to find safe, natural sources of plant nutrients. Moringa leaves and 
pomegranate peels extracts are being used as a secure source of natural nutrients, and natural growth regu-
lators on the growth and productivity of plants. Applying these bio stimulants helps avoid the excessive use 
of industrial materials in agriculture. So, this experiment was carried out to determine the effect of both 
moringa leaves extract, and pomegranate peels extract as a bio regulator on the productivity of M. citriodora 
plant. 
Methods: This experiment was carried out during two seasons (2017/2018 and 2018/2019) at the Experi-
mental Station of Adlya Farm, Sekem Company, ElSharkia Governorate, Egypt, to study the influence of 
some natural extracts of moringa leaves and pomegranate peels on growth, yield as well as some chemical 
constituents of the dry herbs, such as total carbohydrate, total flavonoids compounds, total phenolic con-
tent, NPK content and essential oil contents and its components and determination of free radical scaveng-
ing activity of M. citriodora L. plant. 
Results: Both extracts of moringa leaves and pomegranate peels positively affected growth, yield, and chemi-
cal constituents compared to untreated plants. Moringa leaves extract had more effect compared with pome-
granate peels extract. The main essential oil constituents were thymol, p-cymene, and carvacrol compounds.
Conclusion: The application of bio-stimulants of moringa leaves extract (MLE) and pomegranate peels 
extract (PPE) positively affect the growth and production of M. citriodora plant.
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low-cost, availability, accessibility. They should be 
also safe for humans and environmental friendly, 
compared to industrial materials. To avoid the ex-
cessive use of industrial materials, they could be 
replaced by some natural bio stimulants such as 
natural plants extracts characterized by their richer 
contents in nutrient elements, growth regulators, 
antioxidants, and vitamins.

Moringa leaves extract is a rich source of amino 
acids, several mineral elements, macro mineral ele-
ments (calcium, phosphorus, magnesium, sodium, 
and potassium), micro elements (iron, manganese, 
copper and zinc), vitamins (E, ascorbic acid, A, B1, 
B2, and B3), phenolic compounds and growth regu-
lating hormones like zeatin. Zeatin is one of phyto-
hormons form of the most common forms that be-
longs to cytokinin groups that promote the growth 
of plants by facilitating cell division and cell elonga-
tion as well as its anti-aging potential and protec-
tive effects in plants. Thus, it can be used as a natural 
nutrient in plant growth [10-12]. 

Fruit peels of pomegranate plant (Punica gra-
natum L.) contains bioactive compounds such as 
phenolic components, tannins, proanthocyanidins 
components, flavonoids, polyphenols complex pol-
ysaccharides, amino acids and vitamins [13-15]. 
Moreover, fruit peels of pomegranate contain a high 
amount of minerals such as potassium, calcium, 
magnesium, phosphorus, iron, copper, zinc, and so-
dium [16-17]. 

Various investigators reported that moringa leaves 
extract had a positive effect on growth and yield of 
some plants such as Solanum lycopersicum [18], Eruca 
vesicaria subsp. sativa [19], Hibiscus sabdariffa [20], 
Citrus paradise [21], Phaseolus vulgaris [22], Capsi-
cum annuum L. [23] and Zea mays L. [24]. 

The extracts fruit peels of banana, pomegranate, 
sweet lime and orange are  natural fertilizers and 
a natural growth enhancers increasing growth and 
yield of Trigonella foenum-graecum plant [25]. Pri-
yanka and Eapen [26] mentioned that pomegranate 
peel extract promoted seed germination and growth 
of Lycopersicun esculentum plants. On Sesamum in-
dicum plants Amin [27] reported that application 
of leaves extracts of Punica granatum caused sig-
nificant positive effects on shoot length, number of 

INTRODUCTION

Monarda citriodora L. is a  plant newly introduced 
to cultivation in Egypt to enrich it with new spe-
cies or varieties of medicinal and aromatic plants. 
This plant belongs to Lamiaceae (Labiatae) family. 
It is grown as landscaping, garden, ornamental, me-
dicinal and aromatic plant. It is commonly named 
as lemon bee balm, purple horse mint, lemon ber-
gamot, lemon mint, or plain horse mint [1-3]. 
M. citriodora plant is used for various purposes 
such as, food industry (as a flavoring agent, bakery 
and drinks), ground leaves are used to preserve the 
meat. Moreover, leaves extract is used to cure colds, 
catarrh, toothaches, gastric disorders, headaches, 
nausea, menstrual pain, reduce fevers, mitigate sore 
throat and relieve flatulence. It is topically used for 
curing skin eruptions and infections. Traditionally 
it has been used to treat variety of respiratory, diges-
tive, and skin disorders. Also, this plant is used as 
febrifuge, diaphoretic, antirheumatic, carminative, 
sedative, diuretic, and stimulant [2-3]. The plant has 
also antiseptic, anti-oxidant and antifungal proper-
ties [4-7].

M. citriodora is a  rich source of volatile oil and 
one of the essential sources of thymol [8]. Thymol 
compound is a main constituent of the essential oil 
in M. citriodora plant. It has antiseptic, antioxidant, 
antibacterial and antifungal properties and is used 
in modern commercial mouthwash formulations [4, 
5, 7]. Also, M. citriodora oil is a preservative for the 
free radical-mediated deterioration of lipid-rich in 
foods, cosmetics and pharmaceuticals [6] and anti-
cancer effect [9].

The major compounds of the essential oil in 
M. citriodora plant are p-cymene, carvacrol and 
terpinen-4-ol were the main constituents reached 
70.6%, 10.6, 6.1 and 1.2%, respectively. These com-
pounds represent about 95% of the oil content [6]. 

Also, in this respect, thymol, 1,8-cineole, 
α-phellandrene and p-cymene were recorded at 
44.599, 23.613, 4.815, and 4.019%, respectively [7].  

Therefore, M. citriodora plant is very important 
as a medicinal and aromatic plant. In general, criti-
cal factors in medicinal and aromatic plants devel-
opment are the use of natural organic nutrients, 
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pods/plant, weight of seeds/plant, contents of chlo-
rophyll a and b, total chlorophyll (a+b), carotenoids 
and total lipids. All extracts of orange peel, pome-
granate peel, and banana peel improved the rate of 
vegetative growth, floral characteristics, and oil per-
centage of Narcissus daffodil L .plant [28].

To avoid the excessive use of chemical fertilizers, 
they could be replaced by some natural bio stimu-
lants such as plant extracts as a safe natural source 
of organic nutrition and natural growth regulators 
on production of plants. The use of these extracts is 
economical and environment-friendly. So, this work 
aims to evaluate the response natural extracts of 
moringa leaves and pomegranate peels on the pro-
duction of Monarda citriodora L. plants.

MATERIALS AND METHODS

Plant material

This study was carried out during seasons 2017/ 
2018 and 2018/2019 at the Experimental Station of 
Adlya Farm, Sekem Company, El-Sharkia Governo-
rate, Egypt to evaluate applying extract of moringa 
leaves and peels of pomegranate as a  safe natural 
growth enhancer for avoiding the use of chemical 
nutrition on productivity of Monarda citriodora 
L. plant. The seeds of Monarda citriodora L. were 
obtained from Sekem Company, Egypt.

Cultivation procedures and treatments

The seeds were sown in plastic bags on 15th of Sep-
tember during the two successive seasons in a mix-
ture of sand and clay (1:1). The uniform healthy Mo-
narda citriodora L. seedlings (30 days old, 12-15 cm 
in height) were transplanted to pots number 30 and 
transplanted again to the farm on the 15th November.

The experimental unit (plot area) was 10 m2.The 
distance between seedlings was 30cm and 50 cm be-
tween lines. Organic fertilizers extracts of moringa 
leaves and peels of the pomegranate were sprayed 
starting after one month from transplanting (1st of 
December) and repeated monthly until April. The 
plants were harvested at the end of May.

The solutions of moringa leaves and pomegran-
ate peels were sprayed at three concentrations (1, 2, 
and 3 g/l) and untreated plants. Therefore, the ex-
periment included 7 treatments, arranged in 1-way 
randomized design with three replicates. According 
to the recommendations of Agriculture Ministry 

Egypt, all agriculture practices other than experi-
mental treatments were performed.

Preparation of plants extracts 

Moringa leaves extract (MLE)

The fresh leaves of Moringa oleifera plant were ob-
tained from the Egyptian Scientific Society of Mo-
ringa, National Research Centre. The leaves were 
harvested free from any form pest infestation and 
disease and air dried. The powder sample of dried 
leaves was soaked in ethyl alcohol 80% to obtain 
the extract. A rotary shaker shook this mixture. The 
extract was purified by filtering through filter paper 
(Whatman No. 1). The extract was concentrated to 
dryness using a  Rotary Evaporator under reduced 
pressure at 40°C to obtain crude extract [29].

Pomegranate peels extract (PPE)

Fruit peels of pomegranate were collected and the 
unwanted material were removed. The small pieces 
of the peels are dried by air drying methods and 
grind them to powder using a hand milling machine 
and extracted using ethanol (80%). The extract was 
filtrated, and the solvent was evaporated to dryness 
to obtain crude extract and kept it until used [30]. 

Each crude extract of MLE and PPE was diluted 
with water at the required doses. These concentra-
tions were prepared by 1, 2, and 3 g of every crude 
extract which was put into flask a (1000 ml) where 
distilled water was added until reaching the volume 
of the flask 1000 ml (1 l) beside the control treat-
ment (water only). 

Measurements

Growth parameters

Height of plant (cm), number of branches/plant, 
weight of fresh and dry of the vegetative parts 
(g/plant) were recorded during two seasons. Three 
samples were collected from each replicate.

Chemical analysis 

The preparations of the herb (aerial parts) of M. ci-
triodora plant, representing the different treatments 
were collected. They were dried and the samples 
were grinded to fine powder just before chemical 
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investigations. Three samples for each treatment 
were carried out to determine the following chemi-
cal constituents.

Total carbohydrates content (TC)

At the end of the vegetative growth stage, herb was 
collected to determine total carbohydrates accord-
ing to Dubois et al method. [31]. 

Overall, 5 ml of 67% sulfuric acid was added to 
0.03 g of dry plant in a test tube. After 1 h, the vol-
ume was completed to 100 ml with distilled water, 
and the solution was filtered. A volume of 1 ml of 
the filtrate was pipetted into a test tube and aqueous 
phenol solution (5%) was added to the solution, fol-
lowed by 5 ml of concentrated H2SO4. The color in-
tensity was recorded using Roy colorimeter (model 
Spintronic 21 D) at 490 nm. The total carbohydrate 
content was determined by using the standard curve 
of glucose.

Determination of total phenolic, total flavono-
id content and free radical scavenging activity

Preparation of plant extract

Half gram of the dry herb was mixed with 10 ml of 
70% methanol and stored at room temperature. Af-
ter 24 h, infusions were filtered through Whatman 
No. 1 filter paper.

Total phenolic content (TPH) (mg/g)

The concentration of TPH in herb extract was deter-
mined using the spectrophotometric method [32].

Procedure

The reaction mixture was prepared by mixing 0.5 ml 
of methanolic extract solution, 2.5 ml of 10% Folin-
Ciocalteu’s reagent dissolved in water and 2.5 ml 
7.5% Na2CO3. Blank was concomitantly prepared, 
containing 0.5 ml methanol 70%, 2.5 ml 10% Folin-
Ciocalteu’s reagent dissolved in water and 2.5 ml of 
7.5% of Na2CO3. The samples were after that incu-
bated in a  thermostat at 45°C for 45 min. The ab-
sorbance was determined using spectrophotometer 
at λ max = 765 nm. The samples were prepared in 
triplicate for each analysis and the mean value of 
absorbance was obtained. The same procedure was 
repeated for the standard solution of gallic acid and 

the calibration line was construed. Based on the 
measured absorbance, the concentration of phenol-
ic was read (mg/ml) from the calibration line; then, 
the content of phenolic in extracts was expressed in 
terms of gallic acid equivalent (mg of GA/g of ex-
tract).

Total flavonoids content (TF) (mg/g DW)

The content of total flavonoids in herb extract was 
assessed by spectrophotometric method [33].

The sample contained 1 ml of methanol solu-
tion of the extract and 1 ml of 2% AlCl3 solution 
dissolved in methanol. The samples were incu-
bated for an hour at room temperature. The absor-
bance was determined using a spectrophotometer 
at λmax = 415 nm. The samples were prepared in 
triplicate for each analysis and the mean value of 
absorbance was obtained. The same procedure was 
repeated for the standard rutin solution, and the 
calibration line was construed. Based on the mea-
sured absorbance, the concentration of flavonoids 
was read (mg/ml) on the calibration line; then, the 
content of flavonoids in extracts was expressed in 
terms of rutin (RU) equivalent (mg of RU/g of ex-
tract).

Free radical scavenging activity (FRSA)

The ability of the plant extract to scavenge DPPH 
free radicals was assessed by method [34], adopted 
with suitable modifications [35].

The reaction mixture was prepared by mixing 1 ml 
of methanolic solution of extract with 1 ml of metha-
nolic solution of DPPH in concentration of 1 mg/ml. 
After 30 min incubation in darkness at room temper-
ature (23°C), the absorbance was recorded at 517 nm. 
Absorbance of the radical without sample was used as 
control.The inhibition percentage of the DPPH radi-
cal was calculated according to the formula:

I% = [(AB-AS)/AB] x 100

Where I = DPPH inhibition %, AB = absorbance 
of control sample and AS = absorbance of a tested 
sample at the end of the reaction.

Macro nutrients content (MN)

N, P, and K, were determined according to AOAC 
[36] using Kjeldhal method, flame photometer and 
by spectrophotometer, respectively [35]
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A  known weight (0.5 g) of dried samples was 
digested using concentrated H2SO4 acid and conc. 
Perchloric acid according to the method outlined as 
follows:

Adding 10 ml of H2SO4 acid on 0.5 g sample 
(gives deep brown color), shaking and left over 
night. Few drops of conc. perchloric acid was added 
on the samples and left on the hot plate until the 
color of the solution became colorless. The solution 
had been diluted to 50 ml with distilled water using 
conical flask 50 ml, and the flasks were shook well.

Nitrogen percentage (%)

Nitrogen was determined using steam distillation 
and then captured excess of boric acid on titration 
with HCl by modified Kjeldahl method using Kjel-
dahl apparatus (Gerhardt). An amount of 20 ml of 
the solution had been taken and then alkalized with 
30 ml 40% NaOH and followed with starting the 
steam distillation immediately. At the same time, 
the glass receiver tube should be immersed into the 
collecting solution. The distillate would be collected 
into 100 ml Erlenmeyer flask containing 10 ml boric 
acid indicator mixture. After distillation of all NH3, 
the boric acid solution was titrated with 0.01 N HCl. 
At the endpoint, the indicator (a  mixture of equal 
volumes of methyl red 0.66% and bromocresol 
green 0.99% in ethanol 95%) turns from green to 
red. Quote results as N %.

Phosphorus percentage (%)

A 5 ml value of the solution was pipette into a 50 ml 
volumetric flask, followed by the addition of 10 ml 
fresh nitro-vanadomolybdate reagent then com-
pleted to the mark with distilled water. After one 
hour, the absorbance was measured at 430 nm with 
a spectrophotometer (CHEM-7).

Potassium percentage (%)

A flame photometer was used to determine the con-
centration of K in the solution, which was diluted to 
1/5. Then, the K-emission was measured in a flame 
photometer (JENWAY PFP 7) at 768 nm.

Essential oil (EO)

Essential oil isolation and determination

Samples of dry aerial parts for each replicate (100 g 
of each sample) of M. citriodora plant were subjected 

by hydro-distillation for 3 hours using Clevenger-
type apparatus to extract and determine oil percent-
age according to Guenther [37].

The essential oil content was calculated as a rela-
tive percentage (V/W). The essential oil extracted 
from M. citriodora herb collected for each treatment 
was dehydrated over anhydrous sodium sulphate 
and stored in the freezer till the chemical constitu-
ents were identified using gas chromatography. The 
essential oil’s percentage and total yield (ml/plant) 
were calculated.

Identification of essential oil compounds

The chemical constituents of the essential oil for 
samples of each treatment were analysed using gas 
chromatographic (GC). 

The essential oil was analysed using Ds Chrom 
6200 GC to identify essential oil compounds. GC 
equipped with a flam ionization detector to separate 
essential oil constituents as follows: GC was equipped 
with column of capillary DB-WAX 122-7032 Poly-
sillphenylene- siloxane 30 mx0.25 mm IDXO.25 µm 
film. The temperature program ramp increased 
with a rate of 13°C/MIN from 60°C to 220°C. Flow 
rates of gases were nitrogen at 1 ml/min, hydrogen 
at 30 ml/min and 330 ml/min for air. Detector and 
injector temperatures were 280°C and 250°C, re-
spectively. To obtain percentage essential oil com-
pounds, chromatogram and report of GC analysis 
for each treatment were analyzed to calculate. The 
identification of the compounds of the essential oil 
was achieved by matching their retention times with 
those of authentic samples injected under the same 
conditions. 

Statistical analysis

This study used a complete randomized design with 
3 replicates (each containing thirty-two plants). All 
recorded data were subjected to variance analysis 
and significant means were compared with Duncan 
test, [38]. Values of less than 0.05 were considered. 
To analyze the relationships and regression coef-
ficient analysis were performed; the collected data 
were estimated for correlation and regression coef-
ficient among characteristics [39]. 

Ethical approval: The conducted research is not re-
lated to either human or animal use.
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RESULTS AND DISCUSSION

Analysis of variance:

Data presented in Tables (1 and 2) clear that growth 
characters, essential oil (percentage and yield), some 
chemical constituents, and NPK content had signifi-
cant differences at 5% probability level between dif-
ferent extracts levels.

Growth characters and essential oil

Data tabulated in Tables (3 and 4) indicate that mor-
inga leaves and peels of pomegranate extracts had 
a pronounce effect on the productivity of M. citriodora 
plant. Extract of peels of pomegranate at (3 g/l) gave 
the maximum mean values of plant height (78.9 and 
71.2 cm), fresh wt. (725.0 and 615.2 g/plant), dry wt. 
(251.8 and 211.9 g/plant), essential oil % (1. 3 and 

Table 1.
Summary variance analysis of the effect of foliar extracts application on growth and essential oil of Monarda citriodora 

L. plants during both seasons

Sources D.F. Plant height 
[cm]

Fresh weight/
plant

Dry weight/
plant Oil [%] Oil [ml/plant]

1st Season
Replicates 2 0.14ns 135.57ns 14.71ns 0.0002ns 0.0009ns

Treatments 6 233.41*** 12554.5*** 2680.47*** 0.140** 1.530***

Error 12 3.48 98.40 81.71 0.003 0.008
CV% 2.67 1.59 4.47 5.40 3.90

2nd Season
Replicates 2 1.71ns 264.14ns 46.29ns 0.0003ns 0.002ns

Treatments 6 161.34*** 3984.3*** 1492.17*** 0.132*** 1.010***

Error 12 0.88 90.81 92.95 0.004 0.03
CV% 1.49 1.73 5.52 5.71 9.56

D.F. = degree of freedom   CV=coefficient of variation, ns= not significant, **= moderate significant, ***= highest significant

Table 2.
Summary variance analysis of the effect of foliar extracts application on some chemical constituents and nutrient con-

tent of Monarda citriodora L. plants during 2nd season

Sources D.F Carbohydrate 
[%]

Flavonoids 
[mg/g]

Phenolic 
Compounds [mg/g] 

Free radical 
[%] N [%] P [%] K [%]

Replicates 2 0.11ns 0.04ns 0.006ns 0.52ns 0.004ns 0.00005ns 0.013ns

Treatments 6 43.35*** 1.14*** 0.779** 117.11*** 0.09*** 0.002ns 0.077*

Error 12 0.52 0.04 0.009 1.25 0.005 0.007 0.021
CV% 1.93 2.22 1.09 2.44 7.18 27.53 4.01

CV=coefficient of variation, ns= not significant, *=lowest significant, ***= highest significant, D.F. = Degree of freedom

Table 3.
Influence the extracts of moringa leaves and pomegranate peels on growth, yield, and essential oil of Monarda citrio-

dora L. plants (1st Season)

Treatments Conc. [g/l] Plant height 
[cm]

Plant fresh wt. 
[g/plant]

Herb dry wt. 
[g/plant] Essential oil [%] Essential oil 

yield [ml/plant]
Control 0.00 55.2d 549.00e 166.73d 0.72c 1.20e

MLE
1 70.4b 566.50e 183.08c 0.99b 1.81d
2 77.3a 663.25b 194.20c 1.22a 2.37c
3 77.7a 677.75b 234.40b 1.24a 2.91b

PPE
1 64.1c 588.50d 191.77c 0.90b 1.73d
2 65.4c 606.50c 193.90c 1.22a 2.36c
3 78.9a 725.00a 251.8a 1. 30a 3.27a

PPE= pomegranate peel extract,   MLE = Moringa leaves extract, Conc. = concentrations, a, b, c, d, e – differences between the results of the different 
treatment used and their significant changes 
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1.29%) and essential oil yield (3.27 and 2.73 ml/plant) 
followed by moringa leaves extract at 3 g/l which 
gave plant height (77.7 and 70.1 cm/plant), fresh 
wt. (677.7 and 570.9 g/plant), dry wt. (234.4 and 
186.0 g/plant), essential oil % (1.24 and 1.21%) and es-
sential oil yield (2.90 and 2.24 ml/plant) for 1st and 2nd 
seasons, respectively. Water spray treatment (control) 
gave the lowest mean values of plant height (55.2 and 
53.2 cm), fresh wt. (549.0 and 503.2 g/plant), dry wt. 
(166.7 and 142.3 g/plant), essential oil % (0. 72 and 
0.75%) and essential oil yield (1.2 and 1.07 ml/plant) 
for 1st and 2nd seasons, respectively. 

In this respect, treatments had a significant posi-
tive correlation coefficient with herb fresh weight (+ 
0.636 and + 0.730) and herb dry weight (+ 0.708 and 
+ 0.810) during 1st and 2nd seasons, respectively. 
Moreover, data in Table (5), reveal that, treatments 
had a  positive correlation coefficient with plant 
height which calculated + 0.419 and + 0.486 (not 
significant). Regarding the correlation coefficient 
between treatments and essential oil (percentage 
and ml/plant), data in Table (5) show that these 
treatments had a  non-significant positive correla-
tion with essential oil percentage (+0.385) in the first 
season where regression equation was Y= 0.035x + 

0.901, as well as essential oil yield (significant cor-
relation) which calculated + 0.720 and 0.767 where 
equation of regression was Y= 0.238x + 1.283 for 1st 
season and Y= 0.206x + 1.09 for 2nd one. In this re-
spect, we must clear that, a regression equation that 
has a slope close to 0, means there is no correlation 
even if there is a good correlation coefficient.

Chemical analysis 

Total carbohydrate (TC) content (%)

Based on the effect of different treatments on TC 
(%), data in Table (6) show that mean values of 
this parameter ranged from 30.46 to 41.36%. Mean 
values of TC reached to its maximum mean value 
(41.36%) as a result of pomegranate peel extract at 
3 g/l followed by pomegranate extract at 2 g/l which 
gave 40.65% where there no significant differences 
between both treatments. Untreated plants showed 
the lowest TC% (30.46%). 

In Table (7), results show that the highest sig-
nificance of correlation coefficient was 0.955 where 
equation regression was Y=1.679x + 30.446. 

Table 4.
Influence the extracts of moringa leaves and pomegranate peel on growth, yield, and essential oil of Monarda citrio-

dora L. plants (2nd Season)

Treatments Conc.[g/l] Plant height 
[cm]

Plant fresh wt.  
[g/plant]

Herb dry wt.  
[g/plant] Essential oil [%] Essential oil yield 

[ml/plant]
Control 0.00 53.2d 503.2d 142.3d 0.75c 1.07d

MLE
1 65.9b 440.3c 164.0bc 0.94b 1.55c
2 67.3b 556.6bc 174.4bc 1.20a 2.10b
3 70.1a 570.9b 186.0b 1.21a 2.24b

PPE
1 56.9c 519.4d 159.8c 0.89b 1.43c
2 65.3c 555.9bc 184.0b 1.42a 2.28b
3 71.2a 615.2a 211.9a 1.29a 2.73a

PPE= Pomegranate peel extract, MLE = Moringa leaves extract, Conc. = concentration, a, b, c, d – differences between the results of the different treat-
ment used and their significant changes

Table 5.
Simple correlation coefficient and regression equation between treatments and traits under study

Characters
Correlation coefficient (r) Regression equation

1st Season 2nd Season 1st Season 2nd Season
Plant height [cm] +0.419 +0.486 Y=1.708x+63.01  R2=0.176 Y=1.514x+58.21  R2=0.236
Fresh wt. [g/plant] +0.636 +0.730 Y=19.045x+549.04  R2=0.404 Y=18.929x+461.64  R2=0.533
Dry wt. [g/plant] +0.708 +0.810 Y=9.801x+163.07  R2=0.501 Y=8.364x+141.17  R2=0.656
Oil [%] +0.385 +0.722 Y=0.035x+0.901 R2=0.148 Y=0.081x+0.776  R2=0.521
Oil yield [ml/plant] +0.720 +0.767 Y=0.238x+1.283  R2=0.518 Y=0.206x+1.09  R2=0.588

Y = Estimated (or predicted) Y value for observation, R2 = R2 is a statistical measure that represents the proportion of the variance for a dependent 
variable that’s explained by an independent variable or variables in a regression model

https://www.investopedia.com/terms/r/regression.asp
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Total phenolic (TPH) content (mg/g)

According to the presented data in Table (6) the maxi- 
mum mean values of TPH compounds (21.44 mg/g) 
was obtained from plants treated with moringa 
leaves extract at 3 g/l followed by plants treated with 
pomegranate peel extract at (3 g/l), which produced 
(19.11 mg/g). The correlation between phenolic 
compounds and treatments was weak (r= + 0.460) 
where the slop close to zero which clear in regres-
sion equation: Y= 0.288x + 17.576 (Table 7). 

Total flavonoids (TF) content (mg/g)

Data presented in Table (6) reveal that treating plants 
with extract of pomegranate peel or moringa leaves 
extract had a significant effect on TF (mg/g). Moringa 
leaves extract at 3 g/l gave the highest mean values 
of flavonoids (9.43 mg/g) followed by moringa leaves 
extract at (2 g/l) which produced (9.27 mg/g) where 
there is no significant difference between these both 

treatments. There is no clear correlation (+0.092) 
which expressed as regression equation: Y= 0.022x + 
8.66 where the slop close to zero Table (7).

Free radical scavenging activity (FRSA)

Data tabulated in Table (6) indicated that untreat-
ed plants had minimum DPPH scavenging activ-
ity with a percentage of 34.36. Plants treated with 
moringa leaves extract at 3 g/l recorded (54.93%) 
followed by pomegranate peel extract at 2 g/l 
which gave 48.88%. In this respect there is posi-
tive significant correlation coefficient (+0.0616) 
which expressed as regression equation: Y= 1.782x 
+ 38.755.

Macro nutrients percentage (MN) 

Data presented in table (6) show the untreated 
plants (control) gave lower content of minerals (N, 

Table 6.
Influence the extracts of moringa leaves and pomegranate peel on the chemical composition of the herb of Monarda 

citriodora L. plant. (2nd Season)

Treatments
[g/l]

Conc.
[g/l]

Total 
carbohydrates 

[%] (TC)

Total phenolic 
compounds 
[m/g] (TPC)

Total flavonoids
[m/g] (TFC)

Free radical 
scavenging activity 

[%] (FRSA)

Elements [%]

N P K

Control 0.00 30.46e 17.25d 7.95f 34.36e 0.83cd 0.26a 3.4b

MLE
1 34.40d 17.78cd 8.92cd 43.23d 0.99bc 0.31a 3.5b
2 36.33c 18.13bcd 9.27bc 46.50c 1.26a 0.33a 3.7ab
3 38.79b 21.44a 9.43ab 54.93a 1.08b 0.32a 3.9a

PPE
1 38.15b 18.59bc 8.47e 45.77c 0.74d 0.28a 3.6ab
2 40.65a 18.79b 9.76a 49.03b 0.92c 0.31a 3.6ab
3 41.36a 19.11b 8.72de 47.37bc 0.89c 0.28a 3.7ab

PPE= Pomegranate peel extract     MLE = Moringa leaves extract   Conc. = Concentrations

Table 7.
Simple correlation coefficient and regression equation between treatments and chemical constituents under study  

(2nd season)

characters Correlation coefficient (r) Regression equation
Carbohydrate [%] +0.955*** Y=1.679x+30.446  R2=0.912
Phenolic compounds [mg/g] +0.460 Y=0.288x+17.576  R2=0.212
Flavonoids [mg/g] +0.092 Y=0.022x+8.66  R2=0.008
Antioxidants' [%] +0.616 Y=1.782x+38.755  R2=0.379
N [%] -0.216 Y=-0.017x+1.027  R2=0.047
P [%] +0.030 Y=0.0003x+0.297  R2=0.0009
K [%] +0.481 Y=0.036x+3.486  R2=0.231

Y = Estimated (or predicted) Y value for observation , R2 = R2 is a statistical measure that represents the proportion of the variance for a dependent 
variable that’s explained by an independent variable or variables in a regression model

https://www.investopedia.com/terms/r/regression.asp
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P and K) in dry leaves of M. citriodora plant. All 
treatments of MLE and PPE have effect on content 
of these minerals. The highest N, P and K con-
tent resulted by MLE at concentration 2 g/l (1.26, 
0.33 and 3.7%) while, 3 g/l were (1.o8, 0.32 and 
3.9%) respectively.

Essential oil (EO) constituents: 

As shown in Table (8) 11 main components were 
identified from EO of monarda herb under differ-
ent treatments which ranged from 69.95 to 90.72%. 
The classification of compounds according to the 
functional group is shown in Table (8). The total 
oxygenated compounds are represented the highest 
relative percentage (39.78 – 52.73) compared with 
total hydrocarbon compounds (30.17 – 48.72%). 
Oxygenated compounds included mono terpene 
alcohol (α-terpineol) and mono terpene phenol 
compounds (thymol and carvacrol). Mono terpene 
phenol compounds were most abundant in the es-
sential oil.

The major constituents of EO were thymol 
(20.77 to 32.11%) followed by p-cymene (16.66 – 
26.03%), while the third one was carvacrol (6.96 – 
14.57%). The highest relative percentage of thymol 

(32.11%) was obtained from moringa leaves extract 
at 2 g/l, while pomegranate peel extract at 3 g/l gave 
the maximum mean value of relative percentage of 
p-cymene. Carvacrol reached its maximum relative 
percentage (14.57%) from plants treated with pome-
granate peel extract at (2 g/l). 

The positive reason for using both MLE and PPE 
on different increases in growth characteristics and 
contents of TC, TPF, TF, NPK, EO, FRSA and ME 
of M. citriodora plants. These results may be the fact 
that both MLE and PPE had rich contents in nutri-
ents, growth regulators, antioxidants and vitamins. 
Thus, it is possible to use MLE and PPE as natural 
bio stimulants on plants. Phytochemical constitu-
ents ethanolic leaf extracts of Moringa oleifera were 
flavonoids, anthraquinone, alkaloids, saponins, ster-
oids, terpenoids, cardiac glycosides, anthocyanin, 
tannins and carotenoids. Also, results showed the 
presence of mineral ions (iron, calcium, magnesi-
um, potassium, phosphorus, zinc, copper, sodium, 
manganese, and sulfur). Proximate analysis revealed 
the presence of carbohydrate, protein, amino acids, 
proline, soluble sugars, soluble phenols, carotenoids, 
chlorophyll, ascorbic acid and phytohormones (in-
dole-3-acetic acid, gibberellins, zeatin and abscisic 
acid) [40-41]. These results are similar to those ob-
tained by Yasmeen [42].

Table 8.
Influence extracts of moringa leaves and pomegranate peel on essential oil constituents of Monarda citriodora L. plant 

(2nd Season)

No. Constituents
Concentrations

Chemical 
Formula

Control Moringa leaves extract (MLE)  Pomegranate peel extract (PPE)
0.00 1 g/l 2 g/l 3 g/l 1 g/l 2 g/l 3 g/l

1 α-Pinene C10H16 0.77 0.93 2.50 1.72 0.99 0.68 2.35
2 Camphene C10H16 3.31 4.52 2.76 3.73 5.32 4.96 4.18
3 Sabinene C10H16 2.64 4.43 3.62 6.08 10.99 10.11 8.95
4 p-cymene C10H14 16.67 17.10 16.66 19.94 24.61 20.96 26.03
5 γ-Terpinen C10H16 3.33 2.96 2.75 3.23 3.48 3.19 3.77
6 Linalool C10H18O 1.12 1.65 1.09 1.32 1.85 1.80 2.41
7 Borneol C10H18O 4.42 6.81 5.67 6.60 6.91 6.97 6.49
8 α-Terpineol C10H18O 3.74 4.34 3.00 4.04 3.10 3.52 2.60
9 Thymol C10H14O 21.01 28.83 32.11 31.49 23.08 20.77 21.01
10 Carvacrol C10H14O 9.49 8.41 6.99 9.28 6.96 14.57 9.49
11 β-caryophellene C15H24 3.45 2.26 6.18 1.01 1.21 1.20 3.44
Total 69.95 82.24 83.33 88.44 88.50 88.73 90.72
Monoterpene hydrocarbon compounds 26.72 29.94 28.29 34.70 45.39 39.90 45.28
Monoterpene alcohol compounds 9.28 12.80 9.76 11.96 11.86 12.29 11.50
Monoterpene phenol compounds 30.50 37.24 39.10 40.77 30.04 35.34 30.50
Sesquiterpene compounds 3.45 2.26 6.18 1.01 1.21 1.20 3.44
Total hydrocarbone compounds 30.17 32.20 34.47 35.71 46.60 41.10 48.72
Total oxygenated compounds 39.78 50.04 48.86 52.73 41.90 47.63 42.00
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Cytokinins in MLE, have an essential role in 
promotion cell division, cell elongation, and chlo-
rophyll biosynthesis. Also, it promotes hormones 
such as auxins and cytokinins (especially zeatin) 
that have growth promoting capabilities in enhanc-
ing cell division, multiplication, and enlargement 
and inducing chlorophyll biosynthesis. Foliar ap-
plication of MLE may stimulate earlier the produc-
tion of phyto-regulator cytokinins or correlated 
with levels of zeatin in the plant, thus preventing 
premature leaf senescence and resulting in more 
leaf area with higher photosynthetic pigments [43]. 
The potential of MLE when applied through seed 
or plant foliage has shown to improve plant toler-
ance to abiotic stresses, including salinity, enhanced 
antioxidant levels, activated plant defense system, 
and increased plant secondary metabolites. Also, 
natural extract of MLE plays a  crucial role in im-
proving the volatile oil percentage. It caused signifi-
cant increase in photosynthetic pigments, caused 
accumulations of total sugars, promotion of cell 
division, cell elongation, chlorophyll biosynthesis 
and it can be considered as a beneficial solution to 
help the plants to overcome the harmful effects of 
environmental stress that reflected on an increase 
in volatile oil percentage and chemical contents of 
M. citriodora plant [42-44].

The moringa leaves extract has several contents of 
different macro elements such as Mg responsible for 
induction and increase the amounts of chlorophyll a, 
b and contents of carotenoids (α, β carotene, lutein 
and xanthin) that have antioxidant properties [45-47].

Amino acids play an important role in physi-
ological activities due to increased yield and growth 
of plants, which are used for synthesizing proteins, 
enzymes and maintaining nitrogen balance [48-50].

Cynthia, [51] reported that wastes of some fruits 
contain polyphenolic compounds, oils, fibre, and 
pigments related with the anticancer, antimicro-
bial, antioxidative, anti-inflammatory properties 
and immune-stimulating.The results revealed that 
PPE using ethanol (80%) is rich in different phyto-
chemicals such as phenolics including flavonoids 
(flavanols and anthocyanins), tannins, and sapo-
nins [52-53].The presence of these phytochemicals 
especially phenolic and flavonoids compounds, in 
the extract have very important physiological and 
ecological functions for plants and regulate the 
growth and development of plants. Phenols play 
vital roles including weeds and pathogens, defend 
against herbivores in plants, and serve as struc-
tural support in plants. Flavonoids protect plants 
from ultra violet radiation by scavenging reactive 

oxygen species due to their cytotoxicity and ability 
to interact with enzymes [54-60]. Fruit pomegran-
ate peels are a good source of nutrients composi-
tion such as iron, zinc, potash, calcium, magne-
sium, phosphorus, copper, and sodium, vitamins 
A, B6, C, E, folate, and oxalic acid, thus it can be 
used as natural plant growth and organic fertilizer 
contains different antioxidants and carbonaceous 
matter [61-63]. 

The foliar spray of PPE at different concentra-
tions produced an enhancement in growth and 
chemical composition, these may be due to the 
various mineral elements in this extract playing an 
important role in plants and participating in vari-
ous physiological activities. Some authors [64-66] 
mentioned that zink (Zn) is an important compo-
nent of enzymes for protein synthesis and energy 
production and maintains the structural integrity 
of cell membranes. Magnesium (Mg) is involved 
in synthesizing various enzymes and biochemical 
reactions in plants. Potassium, calcium and sodi-
um all have physiological effects on living things. 
Macro and micro elements treatments increased 
the growth and carbohydrates in anise, sweet fen-
nel and coriander plants [67].

CONCLUSION

The application of bio-stimulants of moringa leaves 
extract (MLE) and pomegranate peel extract (PPE) 
able to promote vegetative growth, mineral nutrient 
uptake and improve the productivity of M. citrio-
dora plant. It can be concluded that MLE and PPE 
have a clear effect on this plant at all concentrations 
used, especially at high concentration 3 g/l. This ap-
plication of natural extracts can be used as a good 
production strategy with a safe impact on the envi-
ronment. This application of natural extracts can be 
used as a good production for plants but, some fu-
ture researches are needed to determine the suitable 
rate of these extracts which will give the optimum 
productivity of medicinal and aromatic plants es-
pecially under harmful effects environmental stress 
and this will help to be used as insecticide. Also, 
scientists need to focus on the industrial products 
made from wastes that have a high potential and can 
be used as nutrients and natural growth regulators 
to reduce the waste disposed of houses, industries 
and reduce environmental pollution.
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