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ABSTRACT

Among medicinal plants humans use, fennel (Foeniculum vulgare) is essential due to its flavor and health
benefits. A clean environment requires sustainable methods to reduce soil, water, and air pollution. Camel
thorn (Alhagi maurorum) is a desert plant distributed widely in Iraq. This experiment investigated the effect
of A. maurorumextract spraying on vegetative, floral, and seed numbers of F. vulgare. 0, 1.5 and 3 g L™!
concentrations of shoot root extracts of 4. maurorumwere utilized as a foliar application on F. vulgare.A
significant increase in studied characteristics of F. vulgare was obtained under extract treatments. Spray with
3 and 1.5 g L! of shoot root extracts obtained the highest number of seeds per plant. The results of the present
study exhibited a potential to use 4. maurorum as a natural fertilizer.

Keywords: Foeniculum vulgare; Alhagi maurorum; foliar application; natural fertilizer; flavonoids; essential
oil.

INTRODUCTION

Foeniculum vulgare Mill or fennel is a plant with dietary, culinary, and medicinal uses that belongs to the
Umbelliferae (Apiaceae) family; the origin country of the plant is the Mediterranean area, but it is now culti-
vated almost in every country. It is known to be ancient and used by humans for its flavor and health bene-
fits. |. F. vulgare, a plant, is rich in nutrients, including fibers, carbohydrates, sugar, vitamins, protein, en-
ergy, and minerals distributed in whole plant parts and related to human daily needs; pulpy shoots are still
edible vegetables in southern Italy 2. Fennel seeds are used in preparing fish and meat dishes due to their fla-
vor; bulb roots are used as salad, snacks, stewed, boiled, and grilled, and refreshing tea is also prepared from
seeds and leaves of plant . Pharmacological activities of F. vulgare are related to phytoconstituents content
that include numerous important compounds of plant secondary metabolism such as flavonoids, polyphe-
nols, fatty acids, and volatile compounds *. Volatile compounds are present mainly in essential oils that give
the plant an odor and desired flavor, making the food and food products an excellent test. The number and
type of volatile compounds are variables according to solvent, plant part, and extraction technique °>”. How-
ever, anethole is considered the primary volatile compound in the essential oil of fennel plant ®.

F. vulgare is officially noted in Ayurvedic pharmacopeia and the Canon of Medicine as an essential component
of the herbal mixture used to treat numerous illnesses and disorders. The essential oil and extracts of F. vulgare
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seeds exhibited a broad spectrum of bacterial and viral inhibition®!?. Antiinflammatory and antiallergic prop-
erties of methanolic extract of F. vulgare fruit are investigated and exhibited a significant reduction effect in
inflammation and hypersensitivity in vivo'> . Wild fennel exhibits a higher antiaging activity than medicine
and edible fennel by scavenging free radicals caused by oxidative stress '°. Additionally, F. vulgare extracts
and essential oil are reported to have other pharmacological activities, including estrogenic and galactogenic
activities ', oculohypotensive activity !”, antimutagenic effect '®, gastrointestinal protective !°, hepatoprotec-
tive role °, and hypoglycemic activity 2!.

Alhagi maurorumor camel thorn or Aqool (plant's common name in Iraq)is a desert plant belonging to the
Fabaceae (Leguminosae) family. It grows in a wide area, including many Asian countries, Africa, North Amer-
ica and Europe 2. Because of its deep root system that reaches six or seven feet into the ground, the plant can
grow in dry areas with high salinity and alkalinity 2*. In some countries, plant growth is controlled as a weed
by several methods. However, A. maurorum is rich in critical phytochemical compounds, secondary metab-
olites that increase under stress, such as flavonoids, fatty acids, coumarins, carbohydrates, tannins, unsaturated
sterols, glycosides, sterols, steroids, resins, minerals, vitamins, alkaloids and triterpenes 2*?*. Treatment of
winter and summer crops with aqueous extract of 4. maurorum caused an increase in total chlorophyll, carot-
enoids, glutathione, and protein content®®. Also, a recent study found that treating sativum L. with an aqueous
extract of Alhagi maurorum led to an increase in soluble sugars, soluble protein, proline, and flavonoids 2.
The present study was interested in examining the foliar application of shoot and root extract of A. maurorum
on F. vulgare growth and investigating the possibility of using the extracts as alternative growth stimulators
to chemical synthetic fertilizers due to cheap cost and sustainability features.

MATERIALS AND METHODS

Fennel seeds were obtained from the local market in Basrah and planted in trays with peat moss substrate in
December in the greenhouse / Agriculture College / University of Basrah. After the seedlings reached 5 cm,
they were transplanted into pots with a 35 cm diameter and a 3:1 soil-to-peat moss ratio.

Alhagi maurorum extraction

Camelthorn plants were collected from the University of Basrah location; plants were uprooted, washed well,
and dried at room temperature. Plants were separated into shoot and root parts, ground until soft powder,
weighed 1.5 or 3 g from both parts and soaked with 1 L of distilled water overnight. The next day, extracts are
filtrated by filter paper to prepare for the foliar spray21.

Foliar application

When fennel plants reached 15 cm, they were sprayed with 1.5 or 3 gL-1 of shoot extract of A. maurorum—
the next day, 1.5 or 3 g L-1 of root extracts were applied to plants. The foliar application was repeated 3 times
on plants, and the period between each spray was one month.

Growth rates measurement

Vegetative characteristics

Plant height (cm)

The height of each plant was measured after the flowering stage by tape measuring from the surface of the
potting substrate to the top of the plant and recording.

Branches and leaves number plant™.

The total of branches and leaves is counted and recorded for each plant.
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Fresh weight (g)

A four-level sensitive scale recorded the fresh weight of each plant.

Dry weight (g)

Plants were dried at room temperature until dry mass stability and a four-level sensitive scale recorded weight.
Floral and seed characteristics

Inflorescence plant!

The number of inflorescences for each plant was counted and recorded after the complete formation of inflo-
rescences.

Flowers plant!

The number of flowers in inflorescences for each plant was recorded after the flowering stage.

Seeds number plant’!

The total number of seeds is counted after they dry and recorded for each plant.

Experiment design and statistical analysis

The experiment includes 9 factorial treatments, the interaction between two factors. First is the spray with
shoot extract of A. maurorum extract at (0, 1.5, 3) gl.-1 concentration and the second is the spray with root
extract of A. maurorum at (0, 1.5, 3) gL-1 concentrations. The experiment was designed according to the
randomized complete block design (R.C.B.D.) for a factorial experiment. The experiment was repeated twice
with three plants for each treatment. Thus, the total number of factorial experiment plants was 54. The
graphprism program was used for results analysis and probability level. 0.05 was used to compare averages
by one-way analysis of variance ANOVA.

RESULTS

Vegetative characteristics

Plant height

Figure (1) illustrates the effect of study factors and their interaction on the F. vulgare height. Both study factors
and their interaction significantly affect plant height compared to control (VORO0). Spray with 3 gL' of 4.
maurorum root extract (VOR2) obtained the highest plant height, 63 cm, compared to VORO. Also, the spray
with 3 gL! of 4. maurorumshoot extract (V2R0) caused an increase in plant height of 60 cm; the interactions

between the two study factors led to a significant increase in plant height compared to the control, 45 cm
(Figure 1).
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Figure 1. Study factors' effect and interaction on F. vulgare height.
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The effect of spraying with study factors and their interaction on the height of F. vulgarewas recorded after
the flowering stage. VORO is 0 gL! of shoot extract root extract of A. maurorum (control treatment), VOR1 is
1.5 gL' of A. maurorum root extract, VOR2 is 3 gL' of A. maurorum root extract, VIR0 is 1.5 gL' of 4.
maurorumshoot extract, VIR is the interaction between 1.5 gL™! of shoot extract and 1.5 gL! of root extract,
V1R2 is the interaction between 1.5 gL'of shoot extract and 3 gL! of root extract, V2RO is 3 gL! of shoot
extract of 4. maurorum, V2R1 is the interaction between 3 gL' of shoot extract and 1.5 gL"! of root extract,
V2R2 is the interaction between 3 gL' of both shoot& root extracts. A multiple ANOVA was performed using
ordinary One-way ANOV A multiple comparisons. Significance was assigned as follows: ***p <0.001.

Branches and leaves number.
The study factors and their interaction negatively affected the number of branches and leaves per plant (figure
2).
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Figure 2. Effect of study factors and their interaction on the number of branches and leaves of F. vulgare.

(a) A representative diagram of the effect of study factors on branch number was recorded after the flowering stage. (b)
Representative diagram of the effect of study factors on leaves number recorded after flowering stage. VOR0 is 0 g L' of
shoot extract root extract of A. maurorum (control treatment), VOR1 is 1.5 g L! of A. maurorum root extract, VOR2 is 3 g L
Lof A. maurorum root extract, VIR0 is 1.5 g L' of A. maurorum shoot extract, VIR1 is the interaction between 1.5 g L of
shoot extract and 1.5 g L of root extract, VIR2 is the interaction between 1.5 g L' of shoot extract and 3 g L™! of root extract,
V2RO is 3 g L of shoot extract of A. maurorum, V2R1 is the interaction between 3 g L of shoot extract & 1.5 g L' of root

extract, V2R2 is the interaction between 3 g L of both shoot extract and root extract.

Fresh weights

The plants sprayed with 3 gL' of A. maurorum shoot extract V2RO recorded the highest fresh weight, 33 g,
compared to control VORO, 19g. Spraying the plants with 1.5 gL™! of A. maurorum root and shoot extracts
caused a significant increase in the fresh weight of F. vulgare, 25 g and 27g, respectively. The interaction of
study factors did not significantly affect the fresh weight trait (Figure 3).
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Figure 3. Effect of study factors and their interaction on fresh weight of F. vulgare.

Representative, the effect of spraying with study factors and their interaction on F., vulgare fresh weight.
VORO is 0 g L' of shoot extract root extract of A. maurorum (control treatment), VOR1 is 1.5 g L' of 4.
maurorum root extract, VOR2 is 3 g L' of A. maurorum root extract, VIR0 is 1.5 g L' of A. maurorum shoot
extract, VIR1 is the interaction between 1.5 g L! of shoot extract & 1.5 g L! of root extract, VIR2 is the
interaction between 1.5 g L™ of shoot extract and 3 g L™! of root extract, V2RO is 3 g L! of shoot extract of 4.
maurorum, V2R1 is the interaction between 3 g L™ of shoot extract and 1.5 g L! of root extract, V2R2 is the
interaction between 3 g L' of both shoot extract &root extract. Multiple ANOVA was performed using ordi-
nary One-way ANOVA multiple comparisons. Significance was assigned: *p < 0.05, ***p < 0.001, ****p <
0.0001.

Dry weight

All F. vulgare sprayed with 1.5 gL and 3 gL."! of roots and shoot extracts of 4. maurorum show a significant
increase in dry weight compared to the control, 3.1 g. However, the spraying with 1.5 gL' of root extract and
3 gL! of shoot extract achieved the highest dry weight of the plant, 11 g, compared to the control (Figure 4).
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Figure 4. Effect of study factors and their interaction on the dry weight of F. vulgare.
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The effect of spraying with study factors and their interaction on F. vulgarity weight was recorded after total
plant drying. VORO is 0 g L' of shoot extract and root extract of A. maurorum (control treatment), VOR1 is
1.5 g L' of 4. maurorum root extract, VOR2 is 3 g L'! of 4. maurorum root extract, VIR0 is 1.5 g L'! of 4.
maurorum shoot extract, VIR1 is the interaction between 1.5 g L! of shoot extract and 1.5 g L™! of root extract,
VIR2 is the interaction between 1.5 g L! of shoot extract& 3 g L! of root extract, V2RO is 3 g L' of shoot
extract of A. maurorum, V2R1 is the interaction between 3 g L' of shoot extract & 1.5 g L' of root extract,
V2R2 is the interaction between 3 g L™ of both shoot extract & root extract. A multiple ANOVA was per-
formed using ordinary One-way ANOVA multiple comparisons. Significance was assigned as following: *p
<0.05, **p <0.01, ***p <0.001, ****p < 0.0001.

Floral and seed characteristics

Number of inflorescences

Spraying with 1.5 gL.-1 of shoot & root extract VIR1 and 3 gL-1 of both extracts V2R2, as well as a spray
with 3 gL-1 of shoot extract led to the highest number of inflorescences in treated plants, 13 inflorescence-
plant-1 compared to control VORO, 10 inflorescenceplant-1. However, study factors and other interactions
have a positive effect on the number of inflorescences per plant (Figure 5)
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Figure S. Effect of study factors and their interaction on inflorescences number of F. vulgare.

The effect of spraying with study factors and their interaction on the number of inflorescences of F. vulgare
was recorded after the complete formation of inflorescences. VORO is 0 g L™! of shoot extract root extract of
A. maurorum (control treatment), VOR1 is 1.5 g L™ of 4. maurorum root extract, VOR2 is 3 g L"'of A. mauro-
rum root extract, VIR0 is 1.5 g L' of A. maurorum shoot extract, VIRI is the interaction between 1.5 g L"!
of shoot extract & 1.5 g L'! of root extract, VIR2 is the interaction between 1.5 g L™! of shoot extract and 3 g
L' of root extract, V2RO is 3 g L! of shoot extract of 4. maurorum, V2R1 is the interaction between 3 g L’!
of shoot extract & 1.5 g L'! of root extract, V2R2 is the interaction between 3 g L' of both shoot extract and
root extract. A multiple ANOVA was performed using ordinary One-way ANOVA multiple comparisons.
Significance was assigned as following: *p < 0.05, **p < 0.01, ***p <0.001, ****p <(0.0001.

Clinical Biotec, Universidad Catélica del Oriente (UCO) and Universidad Nacional Auténoma de Honduras (UNAH)



http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/

Bionatura http://dx.doi.org/10.21931/RB/2023.08.04.50 7

Number of flowers

F. vulgare that was sprayed with 1.5 g L! of root extract&1.5 gL-1 or 3 g L! of shoot extract VIR1& V2R1
of A. maurorum exceeded of flowers number per plant, 110 and 117 flower plant ! respectively compared to
control VORO, 73 flower plant™!. Also, spraying with 3 g L! of shoot extract significantly increased 100
flower plant! compared to the control group (Figure 6).
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Figure 6. Effect of study factors and their interaction on flower number of F. vulgare.

The effect of spraying with study factors and their interaction on several F. vulgare flowers was recorded after
the flowering stage. VORO is 0 g L' of shoot extract root extract of A. maurorum (control treatment), VOR1 is
1.5 g L' of A. maurorum root extract, VOR2 is 3 g L'! of 4. maurorum root extract, VIR0 is 1.5 g L'! of 4.
maurorum shoot extract, VIR is the interaction between 1.5 g L'! of shoot extract & 1.5 g L! of root extract,
V1R2 is the interaction between 1.5 g L™ of shoot extract and 3 g L™ of root extract, V2R0 is 3 g L'! of shoot
extract of A. maurorum, V2R1 is the interaction between 3 g L™! of shoot extract & 1.5 g L' of root extract,
V2R2 is the interaction between 3 g L' of both shoot extract & root extract. A multiple ANOVA was per-
formed using ordinary One-way ANOVA multiple comparisons. Significance was assigned as follows: ***p
<0.001, ****p <0.0001.

Number of seeds

The study factors and their interaction positively affected the number of seeds per plant. Figure 7 elucidates
that individual and interaction treatments significantly increased seed number except for the V1RO treat-
ment, which does not affect the seed number of treated plants compared to the control treatment. Plants
sprayed with 1.5 gL-1 of root extract and 3 gl.-1 of shoot extract of A. maurorum recorded the highest num-
ber of seeds per plant, 105 seedplant-1, compared to the control treatment VORO, 44 seedplant-1 (Figure 7).
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Figure 7. Effect of study factors and their interaction on seeds number of F. vulgare.

The effect of spraying with study factors and their interaction on the number of seeds of F. vulgare was rec-
orded after the seeds were dried. VORO is 0 g L™ of shoot extract root extract of A. maurorum (control treat-
ment), VOR1 is 1.5 g L' of 4. maurorum root extract, VOR2 is 3 g L' of 4. maurorum root extract, VIRO is
1.5 g L' of A. maurorum shoot extract, VIR1 is the interaction between 1.5 g L'! of shoot extract & 1.5 g L
! of root extract, VIR2 is the interaction between 1.5 g L' of shoot extract & 3 g L™ of root extract, V2RO is
3 g L1 of shoot extract of 4. maurorum, V2R1 is the interaction between 3 g L' of shoot extract and 1.5 g L
! of root extract, V2R2 is the interaction between 3 g L' of both shoot extract & root extract. A multiple
ANOVA was performed using ordinary One-way ANOVA multiple comparisons. Significance was assigned
as following: *p <0.05, **p <0.01, ***p <0.001, ****p <0.0001.

DISCUSSION

The obtained result exhibits an increase in the plant's height with 4. maurorum extract spray (Figure 1). ).
Increase the height of fennel plants when sprayed with shoot and roots of A. maurorum or camelthorn extracts
due to the rich content of phenolic compounds such as 1,3-Butanadiol, 1,3-butylene glycol, 4-Fluoroveratrole,
fluorobenzene,3,4-methoxy and 2,3-Dimethylpenzene >’ Phenolic compounds are responsible for the growth
of the plant by helping in cell wall formation, these pools of wall-bound phenolic compound act as a reservoir
of phenylpropanoid units for lignin biosynthesis or they act as representative to beginnings of lignification
itself 28. However, spraying. Vulgare with shoot and root extracts of A. maurorum caused a decrease in the
number of branches and leaves of plants compared to the control (Figure 2). The diminishing number of
branches and leaves may be due to containing A. maurorum extracts on Coumarin that have a regulatory effect
on leaves and branches growth 2° or due to the direction of plant growth to elongation at the expense of shoots
growth. Figure 3 shows the fresh weight of fennel plants after the treatment with 4. maurorum extract. The
spraying with 1.5 gL! of shoot extract only and roots extract only, as well as with 3 gL™! of shoot extract of
A. maurorum caused a significant increase in the fresh weight of fennel plants (27, 25, 33) g respectively
compared to control 20 g without any effect for study factors interaction (Figure 3). At the same time, the
spraying with all concentrations of shoot and root extracts of A. maurorum led to a significant increase in the
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dry weight of F. vulgare compared to the control (Figure 4). The increase in the weight of plants, particularly
dry weight, maybe because of the high content of carbohydrates (56.52%) in A. maurorum extract, in addition
to trace elements present, including Ca, Mg, K, Na, Fe, Cu, Zn, Cr, Cd, Pb, and Ni 22, foliar spray with carbo-
hydrate and elements source (4. maurorum extract) enhanced plants growth that positively reflected on plants
weigh 3031,

Our result showed an increase in inflorescence numbers after foliar spraying with shoot root extracts of A.
maurorum compared to the control group (Figure 5). At the same time, the number of flowers per plant was
affected by only spraying with 3 gL! of shoot extract. The interaction between 1.5 gL! of both shoot and root
extracts and interaction between 3gL! and 1.5 gL! of shoot extract and root extract of A. maurorum respec-
tively (Figure 6). A. maurorum is a legumes plant that can form a symbiotic relationship with nitrogen-fixing
soil bacteria called rhizobia. 4. maurorum has a high content of flavonoids including chrysoeriol-7-O.-xy-
losoid, kaempferol-3-galactorhamnoside isorhamnetin, kaempferol, isorhamnetin 3-O.--D-apio-furanosyl (1-
2) B-D-galactopyranoside . Flavonoids are secondary metabolites and have a defense role in the plant. Fla-
vonoids that are secreted in the roots play an additional function in initiating symbiotic development in most
legumes *? by acting as mediators in NodD protein synthesis and stimulators of NodD linkage to nod gene
promoters in Sinorhizobium meliloti leading to enhancement of nitrogen-fixing **. Nitrogen is essential in
plant growth at all stages, as it is known that the flowering stage requires a low level of nitrogen and a high
level of phosphor. However, several kinds of literature indicated that sufficient or high level of nitrogen ap-
plication caused an increase in plant flowering due to the activation of gene expression involved in the flow-
ering process >4 that explain the increase of inflorescences and flowers number after foliar application of 4.
maurorum extracts (Figures 5 and 6). Results also show a significant increase in the number of seeds after
foliar spray with shoot and root extracts of 4. maurorum compared to control except the spraying with 1.5 gl”
! of shoot extract (Figure 7). Increasing the number of F. vulgare seeds may be related to A. maurorum extract
content of flavonoids, elements, carbohydrates, and vitamins ?>%7 that has a remarkable role in vegetative and
floral growth enhancement of F. vulgare, resulting in an increase in seeds number compared to control plants.

CONCLUSIONS

Foeniculum vulgare, or fennel, is a plant used in diet, cooking, and medicine due to its flavor and health
benefits. In the current study, exciting results show that spraying with shoot and root extract of Alhagi mau-
rorum or camel thorn enhanced the vegetative, floral, and seed characteristics of F. vulgare. Most active com-
pounds in the shooting part are present in roots except essential oils, which may cause a little difference in
fennel plant growth with individual treatment of shoot extract. However, the interaction between the two fac-
tors enhanced the features of the study, especially the treatment with 3 g L'! of shoot extract and 1.5 g L' of
root extract, which achieved the highest number of seeds per plant.
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