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Background
Rosemary is an important medicinal plant and one of the main aromatic spices in
the world. Nowadays, it is very important to use natural substances such as algae
and yeast in the green agriculture to increase quantity and quality of crops, in
addition to preserving environment from the harms of using chemicals in the
agriculture.
Objective
The study aimed to investigate growth, yield, and active constituents of rosemary
under foliar spraying of different concentrations of both algae and yeast extracts.
Materials and methods
The experiment was performed during the two successive seasons 2019 and 2020
in completely randomized blocks design and consisted of seven treatments: two
biostimulants with three levels of each factor, in addition to the control (tap water).
Algae extract was sprayed with concentrations of 0.5, 1, and 2 g/l, whereas yeast
concentrations were 5, 10, and 20g/l. The growth parameters, total phenolics,
antioxidant activity, essential oil percentage, yield, and its main constituents were
studied.
Results and conclusion
The main components of essential oil were found to be endo-borneol followed by
(+)-2-bornanone. The growth, yield, total phenolics, antioxidant activity, essential
oil, and the main components of rosemary increased with all used concentrations of
algae and yeast extracts compared with control. These increments reached their
maximum with application of algae at 1 and 2g/l and yeast extract at 10 and 20g/l.
In general, spraying yeast extract resulted in the highest average of growth, yield,
and chemical constituents of rosemary, and the best parameters were obtained by
spraying yeast at 20 g/l. It is recommended to spray rosemary with yeast extract at a
dose of 20 g/l to obtain the best plant herbal yield, essential oil, total phenolic
content, and antioxidant activity.
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Introduction
Rosemary (Rosmarinus officinalis L) is one of the most
important aromatic and medicinal plants in the world.
It is grown in a variety of climates, native to Asia,
Africa, and Europe, mainly in the regions around the
Mediterranean Sea [1]. It is used as a natural
preservative in the food industry, as a spice in
cooking and as an ornamental plant [2,3]. R.

officinalis has strong antidiabetic, anti-inflammatory,
hepatoprotective, diuretic, antithrombotic,
antimicrobial, and antioxidant activities [4]. It also
has an inhibitory effect on the growth of breast,
liver, leukemia, lung, and prostate cancer cells [5].

Enhancing crop productivity and yield quality while
reducing dangers to the environment are the main
goals of improving crop cultivation technology.
Wolters Kluwer - Medknow
Natural biostimulators are widely employed in the
current agricultural production to increase crop yield
and quality, while ensuring environmental and human
safety [6]. Such substances are usually a rich source of
phytohormones (e.g. auxins, gibberellins, cytokinins,
and abscisic acid) and phenolic compounds [7]. Several
biostimulants have shown promising results for
boosting yield under normal conditions or preserving
it under unfavorable conditions [8]. The results of
Pereira et al. [9] highlighted the importance of using
biostimulants in arid conditions to increase yield and
nutrient content of the plant.
DOI: 10.4103/epj.epj_17_23
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The plant biostimulants through different mechanisms
of action are sustainable management practice for
production of medicinal plants, increasing biomass
production and enhancing secondary metabolites
synthesis [10]. Biostimulants can effectively improve
plant metabolic processes, leading to increased essential
oil production in medicinal plants [11].

Algae as a biofertilizer improve the physiological
performance of the plant. They are considered as an
important group of microorganisms capable of fixing
atmospheric nitrogen. In addition, algae extract
naturally contains auxin, cytokinins, and gibberellic
acid [12]. Application of algae extract resulted in
noticeable higher increases in herb yield, nutrient
content and their uptake, carbonic anhydrase, and
essential oil production ofMentha pulegium plant [13].

Yeast is one of the richest sources of high-quality
protein, namely, the essential amino acids like lysine
and tryptophan; contains essential minerals and trace
elements, namely calcium, cobalt, and iron; and is the
best source of B-complex vitamins. The extract is a
valuable source of bio-constituents, especially
cytokinins [14].

The aim of this study was to investigate the effect of
spraying of algae and yeast extracts on rosemary plants
to improve plant growth and yield, essential oil yield,
and the main components and providing growers with
useful information about the response of rosemary
plants to these biostimulators.
Materials and methods
Two field experiments were carried out at the
Agricultural Experimental Station of National
Research Center in Nubaria District, west of the
Nile Delta of Egypt (its location is latitude 30° 30’
1.4‘ N, and longitude 30° 19’ 10.9‘ E, Egypt), using a
drip irrigation system during the two successive seasons
of 2019 and 2020. This study was designed to
investigate the effect of foliar application of two
biostimulators (algae and yeast extracts) on some
growth parameters, essential oil production and its
constituents, as well as nutrients content and uptake
of rosemary plants.

Representative soil samples were taken from one layer
(0–30 cm) before cultivation for physical and chemical
analyses according to Chapman and Pratt [15]. The
soil was loamy sand with 1.1 ds/m EC, 8.1 pH, 0.5
OM, 6.0% CaCO3,180 ppm nitrogen, 19 ppm
phosphorous, 116 ppm potassium, 280 ppm calcium,
170 ppm magnesium, 0.3 ppm iron, 4.3 ppm
manganese, 1.1 ppm zinc, and 1.4 ppm cupper.

Seedlings of R. officinalis were obtained from
Horticulture Research Institute, Agricultural
Research Center, Egypt. The seedlings were
transplanted on March 5, 2019 and March 3, 2020,
respectively, into the experimental field at 30 cm
between drippers with 75 cm between lines.

This study was performed as a completely randomized
blocks design with three replications. The treatments
were foliar applications of algae and yeast extracts, in
addition to control treatment; algae extract was sprayed
at the rate of 0.5, 1.0, and 2.0 g/l and yeast extract
(concentrated molas solution which is a secondary
byproduct from yeast production) at the rate of 5,
10, and 20 g/l. The foliar application was applied
four times during growth stages and the two
cultivation seasons (2019 and 2020) of rosemary on
shoot of rosemary. The first spray was applied at the
end of March, April, June, and September.

The formulations of biostimulators were as follows:
algae extract (3.2mg/g indole butyric acid, 13.7mg/g
indole acetic acid, 15.89% total amino acids, 13.3% N,
2.22% P, 2.13% K, 0.44% Ca, 0.22% Mg, 0.01% Na,
19.3 ppm Fe, 6.8 ppm Mn, 4.5 ppm Zn, and 1.8 ppm
Cu) and yeast extract (762.6mg/l CYT, 195mg/l Gib,
20% total amino acids, 7% free amino acids, 34.66%
organic carbon, 59.75% organic matter, 7.23 pH,
4.62% total-N, 0.2% P2O5, 9.8% K2O, 0.0% S,
0.87% Ca, 0.16% Mg, 5.3mg/l Mo, 71.0mg/l Fe,
11.3mg/l Mn, 483.9mg/l Zn, and 5.3mg/l Cu).

The normal agricultural practices for rosemary
cultivation were carried out as recommended. The
plants were harvested on October 22, of the two
seasons by cutting the aerial parts of each plant at
10 cm above the soil surface. Plant height (cm), fresh
and dry weights of herb (g/plant and ton/ha), as well as
essential oil percentage (%) and yield (ml/plant and l/
ha) were recorded. Macronutrient and micronutrient
contents of the herb were determined according to
Chapman and Pratt [15].

Essential oil percentages of fresh herb were determined
by hydro-distillation using the Clevenger-type
apparatus according to the Egyptian Pharmacopoeia
[16] and Omer et al. [17], and the essential oil yield (l/
ha) was calculated. The resulted essential oil was
separately dried over anhydrous sodium sulfate and
was kept in the deep freezer till used for chemical
analyses. To identify the main constituents and to
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determine their relative percentages, the essential oils
were separately subjected to gas chromatography–mass
spectrometry analysis using gas chromatography–mass
spectrometry instrument stands at the Department of
Medicinal and Aromatic Plants Research, National
Research Center, following the conditions
mentioned by Ibrahim et al. [18]. Preparation of
plant extract to determine total phenolics (mg/g dry
herb) and antioxidant activity (%) was done as follows:
0.1 g of the crushed dry herb was weighed into
Eppendorf tubes then was mixed with 1.8ml of 70%
methanol and stored at room temperature, and after
48 h, the samples were centrifuged for 15min at
10000 rpm.

Total phenolics (mg/g dry herb) was determined in the
dried herb according to Singleton et al. [19].
Antioxidant activity of dried herb (%) was
determined depending on the ability of the extract
to scavenge DPPH free radicals according to the
standard method by Tekao et al. [20] and the
suitable modifications of Kumarasamy et al. [21].

The recorded data were analyzed as completely
randomized blocks design by analysis of variance
using the General Linear Models procedure of
CoStat [22]. Least significant difference test was
applied at 0.05 probability level to compare the
means of the treatments.
Results and discussions
Plant growth parameters and yield
Evaluation of the effects of biostimulators (algae and
yeast extracts) on growth traits of rosemary (R.
officinalis L) showed that all foliar application
treatments were significant on all the studied
parameters (Table 1). Application of algae at the
concentrations of 1 and 2 g/l and yeast at 10 and
Table 1 Effect of algae and yeast on vegetative growth and yield o

Plant height (cm) Fresh weight (g/plant) Dry

Treatment 1st
season

2nd
season

1st
season

2nd
season

1
sea

Control 50.7 53.7 318.8 357.6 11

Algae (0.5 g/l) 53.7 54.3 360.5 384.6 12

Algae (1 g/l) 56.3 55.3 408.8 436.7 14

Algae (2 g/l) 57.3 57.7 413.8 463.6 15

Mean of algae 55.7 55.8 394.4 428.3 14

Yeast (5 g/l) 54.3 55.0 380.4 420.9 12

Yeast (10 g/l) 57.0 58.3 480.7 569.6 17

Yeast (20 g/l) 58.3 60.7 595.4 639.9 20

Mean of yeast 56.6 58.0 485.5 543.5 17

L.S.D. at 5% 2.26 3.18 51.10 42.17 29
20 g/l increased significantly plant height, herb fresh,
and dry weights (g/plant and ton/ha) of rosemary
plants in both seasons, except plant height of plants
sprayed with 1 g/l of algae extract in the second season.
No significant differences were observed between the
medium and the high concentrations of algae.

At the low concentrations of algae (0.5 g/l) and yeast
(5 g/l), there was no significant increase in plant height,
herb fresh, and dry weights (g/plant and ton/ha) of
rosemary plants as compared with control plants during
the two seasons, except in plant height in the first
season for both extracts, fresh weight and yield (g/plant
and ton/ha) when sprayed with yeast in both seasons,
and dry weight (g/plant and ton/ha) when sprayed with
yeast in the second season. The highest values were
recorded with yeast at 20 g/l during the first and the
second seasons.

It is clearly observed that the mean values of all
recorded growth parameters and yield resulted from
application of either yeast or algae treatments were
significant compared with the values of control
treatment, except plant height mean values of plants
sprayed with algae extract in the second season, and the
means of yeast were greatly outperformed than the
means of algae in both seasons (Table 1).

The maximum values of plant height (58.3 and
60.7 cm), fresh weight (595.4 and 639.9 g/plant;
26.46 and 28.4 ton/ha), and dry weight (209.9 and
236.6 g/plant; 9.3 and 10.5 ton/ha) in the first and
second seasons, respectively, were obtained by foliar
application of yeast extract at the rate of 20 g/l.
However, foliar application by algae extract at spray
rate of 2 g/l resulted in lower values of plant height
(57.3 and 57.7 cm), fresh weight (413.8 and 463.6 g/
plant which equal to 18.39 and 20.6 ton/ha), and dry
weight (152.6 and 159.5 g/plant which equal to 6.8 and
f Rosmarinus officinalis plants during 2019 and 2020 seasons

weight (g/plant) Fresh yield (ton/ha) Dry yield (ton/ha)

st
son

2nd
season

1st
season

2nd
season

1st
season

2nd
season

3.3 120.2 14.17 15.9 5.0 5.3

1.5 135.1 16.02 17.1 5.4 6.0

8.5 151.8 18.17 19.4 6.6 6.8

2.6 159.5 18.39 20.6 6.8 7.1

0.9 148.8 17.5 19.0 6.3 6.6

9.1 144.7 16.91 18.7 5.7 6.4

9.8 209.0 21.36 25.3 8.0 9.3

9.9 236.6 26.46 28.4 9.3 10.5

2.9 196.8 21.6 24.2 7.7 8.7

.25 22.61 2.27 1.87 1.30 1.01
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7.1 ton/ha) in the first and second seasons, respectively.
The least amounts of traits were observed in control
treatment.

Algae extracts have positive effects on several plants, as
they naturally contain gibberellic acid, cytokinins, and
auxin which promote cell division and cell enlargement
and enhance nutrient uptake, which leads to an increase
in shoot growth, dry matter, and several morphological
characteristics [23,24].

This result of algae agreed with those of Elansary et al.
[25] and Aziz et al. [13] on M. pulegium, who
concluded that the foliar application of algae extract
led to significant increment in herb yield.

The improvement of rosemary growth and yield as a
result of yeast extract may be attributed to its content of
numerous micro- and macronutrients, growth
regulators, proteins, amino acids, and vitamins that
enhance dry matter production [26]. Additionally, the
increment may be a result of the numerous functions
that amino acids play in the protein structure of several
plant enzymes that are necessary for vegetative growth
[27]. It is also a natural source of cytokinins, which
promote cell proliferation and differentiation and also
regulate shoot and root morphogenesis, chloroplast
maturation, protein, and nucleic acid synthesis [28].
Yeast extract contains high amounts of tryptophan (a
precursor to indole acetic acid) that promotes cell
division and elongation [29]. Moreover, yeast extract
has a bioregulator role in plants, affecting
photosynthesis and photorespiration balance and
delaying the leaf senescence by reducing the
chlorophyll degradation and enhancing protein and
RNA synthesis [30,31].
Table 2 Effect of algae and yeast on essential oil, total phenolics a
2019 and 2020 seasons

Oil percentage (%) Oil yield (ml/plant) O

Treatment 1st
season

2nd
season

1st
season

2nd
season

1s
seas

Control 0.20 0.18 0.64 0.64 28.

Algae (0.5 g/l) 0.23 0.22 0.84 0.84 37.

Algae (1 g/l) 0.24 0.22 1.00 0.96 44.

Algae (2 g/l) 0.27 0.22 1.10 1.04 49.

Mean of
algae

0.25 0.22 0.98 0.95 43

Yeast (5 g/l) 0.24 0.21 0.91 0.89 40.

Yeast (10 g/l) 0.30 0.24 1.44 1.34 64.

Yeast (20 g/l) 0.30 0.25 1.79 1.61 79.

Mean of
yeast

0.28 0.23 1.38 1.28 61

L.S.D. at 5% 0.041 0.021 0.184 0.124 8.1
Yeast results are in agreement with those of Putalun
et al. [32] on Artemisia annua and Tarek Elsayed and El
Sayed [33] on rosemary.

Generally, the stimulatory effect of biostimulants on
growth parameters may be attributed to promote cell
growth, division, differentiation, and enlargement as
well as protein and nucleic acid metabolism and a
change in membrane potentials [34–37].

These results concerning the effect of algae and yeast
extracts as biostimulants on vegetative growth of
rosemary plants are in good agreement with the
results obtained by Abd El-Wahed and Gamal El-
Din [38] on chamomile, Balbaa et al. [39] on Tagetes,
Eskandari and Eskandari [40] on Satureja khuzestanica,
Metwally et al. [41] on Lathyrus odoratus, and Naeem
et al. [42] on Mentha arvensis.
Essential oil content, total phenolics, and antioxidant
activity
Application of algae or yeast with all different
concentrations increased essential oil percentage and
yield (ml/plant and l/ha), total phenolics (mg/g), and
antioxidant activity (%) in both seasons compared with
the control, except antioxidant activity (%) in the
second season (Table 2).

Increasing concentration of algae and yeast extract led
to an increase in essential oil, total phenolics, and
antioxidant activity of rosemary. When plants were
sprayed with algae, the highest essential oil percent (%)
and yield (ml/plant and l/ha), total phenolics (mg/g),
and antioxidant activity (%) were recorded with the
high concentration (2 g/l) of algae, but there were no
significant differences from spraying with 1 and 2 g/l of
nd antioxidant activity of Rosmarinus officinalis plant during

il yield (l/ha) Total phenolics
(mg/g)

Antioxidant
activity (%)

t
on

2nd
season

1st
season

2nd
season

1st
season

2nd
season

27 28.39 50.7 48.8 82.1 82.4

39 37.48 50.7 49.0 82.6 82.5

32 42.72 51.9 49.9 84.5 83.7

04 46.21 55.3 50.0 86.5 85.5

.6 42.1 52.6 49.6 84.5 83.9

32 39.57 51.3 49.8 83.3 82.6

09 59.58 52.2 54.2 85.4 85.1

39 71.66 57.6 54.9 88.0 87.4

.3 56.9 53.7 53.0 85.6 85.0

72 5.521 3.54 3.58 2.07 ns
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algae in the two seasons. On the contrary, application
of yeast at the highest level of 20 g/l gave the highest
significant increase of essential oil yield (1.79 and
1.61ml/plant and 79.4 and 71.8 l/ha) and total
phenolics (57.6 and 54.9mg/g) in the first and
second seasons, respectively and antioxidant activity
(88.0%) in the first season.

Generally, the mean values of essential oil, total
phenolic, and antioxidant activity resulted from
application of either yeast or algae treatments were
significant compared with the values of control
treatment, and the means of yeast were greatly
outperfomed than the means of algae in both
seasons (Table 2).

The improved effect of algae on secondary metabolites
(essential oil and total phenolics) and antioxidant
activity may be attributed to the presence of auxin in
algae extract that plays a basic role in cell division and
cell enlargement, which led to an increase in various
morphological characters and numerous chemical
components [23]. Algae foliar application increases
in plants the antioxidant enzyme activities such as
superoxide dismutase, glutathione reductase, and
ascorbate peroxidase as well as antioxidant
metabolites such as α-tocopherol, ascorbic acid, and
β-carotene [43].

Algae results are in accordance with Elansary et al. [25],
who mentioned that seaweed extract has an important
role in promoting active constituents of medicinal
plants, and Tawfeeq et al. [44], who found that
seaweed extract boosted essential oil yield in
rosemary (R. officinalis).

Different elicitors such as yeast extract activate the
plant’s defense response, causing consecutive cellular
and molecular events as well as activating biosynthetic
genes involved in the production of secondary
metabolites [45]. Moreover, Abraham et al. [46]
reported that the yeast extract stimulated the
production of endogenous hormones, which resulted
in the accumulation of secondary metabolites such as
flavonoids, phenolic, glycosides, and total soluble
sugars.

The mentioned results of yeast extract agreed with
those of van der Heijden et al. [47] on
Tabernaemontana divaricata, Yoon et al. [48] on
Scutellaria baicalensis, Farjaminezhad and Garoosi
[49] on Azadirachta indica, and Putalun et al. [32]
on A. annua, who stated that yeast extract promotes
growth and secondary metabolites.
Essential oil composition
Approximately 23 compounds (22 compounds were
identified and one compound was unidentified) were
ranged between 98.39 and 100% of the separated
compounds in the essential oil of all treatments
during 2020 season (Table 3). The essential oil
composition of rosemary was characterized by high
percentages of oxygenated compounds
(82.99–95.59%), whereas nonoxygenated compounds
ranged from 3.35 to 17.01%. Monoterpenes ranged
between 96.25 and 98.75%, whereas sesquiterpene
percentage ranged between 1.25 and 2.45%. The
major constituents were found to be endo-borneol
(27.82–43.36%) followed by (+)-2-bornanone
(14.89–19.33%) and bornyl acetate (6.56–11.44%).
The application of algae and yeast at different
concentrations increased the major constituent of
endo-borneol, and the highest relative concentration
(43.36%) was obtained from the high level (20 g/l) of
yeast, and this effect was accompanied with a decrease
in the relative concentration of (+)-2-bornanone
(14.89%), bornyl acetate and eucalyptol. Moreover,
the high level of yeast (20 g/l) led to the maximum
content of oxygenated compounds (95.59%). The
highest relative content of (+)-2-bornanone (19.33%)
was recorded with algae at the highest concentration
(2 g/l). The relative percent of bornyl acetate (10.80
and 11.44%) increased with algae at 1 and 2 g/l,
respectively.

Foliar application of seaweed extract improved the
essential oil composition in rosemary (R. officinalis),
as it increased significantly percentage of
monoterpenes (α-thujene, β-pinene, α-terpinene,
α-phellandrene, 3-methylenecycloheptene and E-
isocitral) and sesquiterpenes (Italicene and
α-bisabolol) than control [44].

These results agreed with Tawfeeq et al. [44] on
rosemary (R. officinalis)
Mineral contents
Foliar applications of the two biostimulants positively
affected the rosemary nutrient content, as presented in
Tables 4 and 5. The application of algae and yeast
extracts at all rates significantly increased macro- and
micronutrient content compared with the control
treatment and also increased with increasing the
rates of applications of both biostimulants in the two
seasons. The data revealed that the highest level of
algae (2 g/l) recorded the maximum concentrations of
N, P, Ca, Mg, Fe, Mn, Zn, and Cu (Tables 4 and 5).
However, 20 g/l of yeast gave the highest concentration
of K.



Table 4 Effect of algae and yeast on macro- and micronutrients of Rosmarinus officinalis herb during 2019 season

% ppm

Treatment N P K Ca Na Mg Fe Mn Zn Cu

Control 2.95 0.25 1.07 1.87 0.30 0.15 207.3 24.0 44.3 6.33

Algae (0.5 g/l) 3.48 0.31 1.27 2.07 0.34 0.23 292.3 30.7 55.3 11.7

Algae (1 g/l) 3.73 0.33 1.33 2.37 0.36 0.21 365.7 36.0 59.0 14.7

Algae (2 g/l) 3.90 0.37 1.53 2.47 0.40 0.23 388.3 39.3 65.3 17.3

Mean of algae 3.70 0.34 1.38 2.30 0.37 0.22 348.8 35.3 59.9 14.6

Yeast (5 g/l) 3.18 0.28 1.57 1.97 0.34 0.17 229.3 25.7 47.3 8.0

Yeast (10 g/l) 3.20 0.31 1.80 2.03 0.35 0.18 246.3 27.3 48.3 10.0

Yeast (20 g/l) 3.19 0.32 1.97 2.17 0.36 0.19 264.0 28.0 49.3 10.0

Mean of yeast 3.19 0.30 1.78 2.06 0.35 0.18 246.5 27.0 48.3 9.3

L.S.D. at 0.05% 0.07 0.02 0.12 0.11 0.02 0.03 10.2 1.51 2.39 1.74

Table 3 Effect of algae and yeast on essential oil constituents of Rosmarinus officinalis plant during 2020 season

Area %

R.T. Compounds KI Control Algae 0.5 g/l Algae 1 g/l Algae 2 g/l Yeast 5 g/l Yeast 10 g/l Yeast 20 g/l

3.70 α-Pinene 922 5.97 Traces 1.41 1.59 Traces 1.56 Traces

4.07 Camphene 941 1.57 Traces Traces Traces Traces Traces Traces

4.71 β-Pinene 971 1.31 Traces Traces Traces Traces Traces Traces

6.06 p-Cymene 1024 1.51 Traces Traces Traces Traces Traces Traces

6.12 D-Limonene 1026 3.01 Traces 0.67 0.77 Traces 1.21 Traces

6.23 Eucalyptol 1030 5.95 1.66 4.22 4.03 3.36 4.30 0.46

8.57 Linalool 1101 4.84 4.28 4.96 5.36 6.05 5.26 4.93

9.46 1,3-Cyclopentadiene,
5,5-dimethyl-2-ethyl

1128 2.39 1.76 1.69 2.13 2.14 2.76 1.16

10.35 Verbenol 1152 Traces 0.74 0.58 – 0.61 0.49 0.63

10.52 (+)-2-Bornanone 1157 17.42 16.14 18.43 19.33 17.62 18.34 14.89

11.00 Trans-3-Pinanone 1169 – 0.65 0.77 0.95 0.97 0.97 0.71

11.48 Endo-Borneol 1180 27.82 38.99 31.92 35.24 34.55 32.28 43.36

11.66 3-Pinanone, cis 1184 3.38 3.01 3.69 3.28 3.04 3.55 2.38

11.77 Terpinen-4-ol 1187 1.17 1.18 1.16 1.26 1.45 1.48 1.46

12.41 Myrtenol 1202 0.86 1.09 – 1.16 – – 1.23

12.48 α-Terpineol 1204 2.21 2.45 3.27 2.51 4.21 3.85 3.28

12.75 Iso-borneol 1211 3.57 4.63 4.18 3.84 4.79 4.78 5.22

13.01 l-Verbenone 1218 3.85 3.66 3.64 3.77 4.54 5.47 4.18

14.33 p-Menth-2-en-7-ol, cis 1252 3.64 5.21 4.51 4.46 4.89 4.75 5.92

16.02 Bornyl acetate 1291 8.28 10.80 11.44 7.91 8.10 6.56 6.94

19.78 Not Idendified 1382 – 1.04 1.02 0.74 0.79 0.69 0.72

21.53 Caryophyllene 1426 1.25 1.38 1.54 1.03 1.28 1.06 1.38

23.11 Humulene 1465 – 0.88 0.91 0.66 0.79 0.64 0.81

Monoterpenes 98.75 96.25 96.54 97.59 96.32 97.61 96.75

Sesquiterpenes 1.25 2.26 2.45 1.69 2.07 1.7 2.19

Total of nonoxygenated compounds 17.01 4.02 6.22 6.18 4.21 7.23 3.35

Total of oxygenated compounds 82.99 94.49 92.77 93.10 94.18 92.08 95.59

Total of identified compounds 100 98.51 98.99 99.28 98.39 99.31 98.94
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Foliar application of algae extract at all rates was more
effective than yeast extract in increasing rosemary
content of all macronutrients and micronutrients
except for potassium, which reached the highest
content of 2.2% by yeast extract at 20 g/l compared
with 1.6% K that resulted from 2 g/l algae extract (as
means of the two seasons). In other words, the mean
values of the determined elements that resulted from
application of different treatments either for algae or
yeast indicated significant differences compared with
control and the means of algae were greatly
outperformed than the means of yeast, except in K
mean values.

This may be attributed to the higher content of all
nutrients in algae extract compared with yeast extract



Table 5 Effect of algae and yeast on macro- and micronutrients of Rosmarinus officinalis herb during 2020 season

% ppm

Treatment N P K Ca Na Mg Fe Mn Zn Cu

Control 1.58 0.36 1.13 3.27 0.26 0.23 102.7 25.3 26.3 12.0

Algae (0.5 g/l) 2.08 0.41 1.40 3.57 0.30 0.28 169.3 58.7 34.7 17.3

Algae (1 g/l) 2.31 0.43 1.47 3.73 0.32 0.38 183.0 73.3 40.7 20.7

Algae (2 g/l) 2.36 0.47 1.67 4.13 0.31 0.49 201.0 82.7 50.0 25.0

Mean of algae 2.25 0.44 1.51 3.81 0.31 0.38 184.4 71.6 41.8 21.0

Yeast (5 g/l) 1.77 0.39 1.50 3.90 0.28 0.25 151.0 33.7 28.7 14.3

Yeast (10 g/l) 1.80 0.40 2.00 3.77 0.27 0.26 168.7 37.0 32.0 13.3

Yeast (20 g/l) 1.79 0.42 2.47 3.80 0.30 0.27 177.7 37.7 33.0 13.7

Mean of yeast 1.79 0.40 1.99 3.82 0.28 0.26 165.8 36.1 31.2 13.8

L.S.D. at 0.05% 0.09 0.016 0.17 0.18 0.01 0.03 6.16 3.67 3.68 1.11
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except potassium, which is only 2.13% in algae extract,
whereas its content in yeast extract is 9% (as mentioned
in materials and methods section).

These findings agreed with those of Aziz et al. [13],
who found that application of algae increased nutrient
contents and their uptake in M. pulegium.

Similarly, Nia et al. [50] reported that the commercial
formulation of biostimulators with basis of bioactive
amino acid compound accompanied by macronutrients
(N, P, and K) and micronutrients (Fe, Mn, Zn, and
Cu) had positive effects on different growth parameters
of rosemary plants (R. officinalis L.). Moreover, Starck
[51] and Nia et al. [50] stated that biostimulators as
biological substances stimulate metabolic processes to
raise plant yield, and these compounds, which include
the basis of amino acid, enhance both quantitative and
qualitative plant growth.

Accordingly, the nutrient content and growth
parameters of rosemary plants were significantly
affected positively owing to foliar application by
both biostimulators, but the yeast extracts gave the
highest effect.
Conclusion
The growth, yield, essential oil and its main
components, total phenolics, and antioxidant activity
of rosemary increased with all used concentrations of
algae and yeast extracts compared with control. These
increments reached their maximum with application of
algae at 1 and 2 g/l and yeast extract at 10 and 20 g/l. In
general, spraying with yeast extract resulted in the
highest average of growth yield and chemical
constituents of rosemary, and the best parameters
were obtained by spraying yeast at 20 g/l. It is
recommended to spray rosemary with yeast extract at
a dose of 20 g/l for the best herb yield, essential oil, total
phenolic content, and antioxidant activity.
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