Scientific J. Flowers & Ornamental Plants
www.ssfop.com/journal
ISSN: 2356-7864

doi: 10.21608/sjfop.2023.198497.1019

INFLUENCE OF ZINC AND HUMIC ACID ON GROWTH, YIELD AND
ESSENTIAL OIL PERCENTAGE OF FENNEL (FOENICULUM
VULGARE MILL.) PLANTS

Osama H. Tawfik
Department of Horticulture, Faculty of Agriculture, Al-Azhar University, Assiut Branch, Egypt

ABSTRACT: The current study was carried out to study the growth,
yield and essential oil percentage of fennel as influenced by different
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INTRODUCTION

Fennel (Foeniculum vulgare Mill.) plant
is an annual aromatic herb that belongs to the
Apiaceae family (Farrell, 1988 and Wichtl
and Bissel, 1994). Fennel is a native of the
Mediterranean and Asia Minor, and is now
widely cultivated throughout the tropical and
subtropical regions of the globe. Also, the
plant is largely grown in South Europe and
Egypt, especially in Middle Egypt
Governorates (Minia and Assiut). It is
mainly planted for its fruits, which contain
carbohydrates at 42.3%, fiber at 18.5%,
minerals at 13.4%, protein at 10% and
essential oil at 0.7-6%, depending on
genotypes or botanical types (Bhunia et al.,
2005).

The volatile oil is famous as a flavoring
agent and carminative used in laxative

concentrations of zinc and humic acid. The treatments were comprised
of foliar application of zinc at three rates (0, 100 and 200 ppm) and
soil drench of humic acid at four rates (0, 500, 750 and 1000 ppm), as
well as their interactions. The results revealed that zinc treatment at
100 ppm significantly increased the number of branches/plant, number
of umbels/plant, herb fresh and dry weights/plant, fruit yield/fed and
essential oil %. However, raising zinc concentration to 200 ppm
revealed a significant decrease in fruit yield/fed. Soil application of
humic acid at the moderate level (750 ppm) scored the highest values
compared to the other levels on all parameters except for plant height
and herb fresh weight. The interaction effect was statistically
significant on all examined parameters. In this connection, combined
zinc treatment at 100 ppm and humic acid at 750 ppm proved superior
in all measured parameters except for plant height. Thus, our study
provides valuable information about the possibility of improving the
growth and productivity of fennel plants using a combined treatment
of zinc and humic acid.
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humic acid, micronutrients, organic

preparations (Lawless, 1995). In addition, it
has a high anti-inflammatory and
antispasmodic impact on the smooth muscle
in addition to being beneficial in controlling
flatulent dyspepsia and colic in children
(Mahfouz and Sharaf Eldin, 2007; Stary and
Jirasck, 1975). Due to their therapeutic
effects, fennel is considered an important
medicinal and aromatic plant. It is used in
traditional medicine as a sedative, diuretic,
carminative, stimulant, expectorant,
galactagogic, antispasmodic and
emmenagogic (Charles et al.,, 1993 and
Chiej, 1984). Moreover, fruits are favorable
for the food industry, condiments, culinary
spices, bakery, tincture and infusion
(Lawless, 1995).

It has been well-known for a long time
that humic acid (HA) contributes greatly to
soil fertility. It enhances crop growth and
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productivity by improving the
physicochemical and biological properties of
the soil (Canellas et al., 2015). Plants and
soil can receive high doses of nutrients and
trace elements from humic acid in an organic
and natural manner. As well as improving
micronutrient uptake, it interferes with
calcium phosphate precipitation in order to
increase cation exchange capacity and
phosphorus availability in the soil (Jindo et
al., 2012 and Trevisan et al., 2010). There
are a variety of HA products available for
soil and foliar application.

There is a considerable variation in the
response of different crops to the treatment
with HA. According to Rose et al. (2014),
HA application increased plant biomass by
varying degrees based on the crop genotype
and environmental conditions. HA has been
successfully applied to crops in a number of
ways, with Halpern et al. (2015) and
Canellas et al. (2015) citing many examples
of improved horticultural crops in terms of
yield and quality. Through their research,
they were able to elucidate the effect of the
dosage and time of application of HA on
plant growth. It has been shown by Lyons
and Genc (2016) and OIk et al. (2018) those
commercial HA products are generally
beneficial for plants but do not always work
as expected, despite the fact that they often
improve crop yields by alleviating different
environmental stressors. It was shown by
Wagas et al. (2014) that applying HA as a
seed priming agent, foliar application and
soil amendment considerably increased the
number of pods per plant and the seed yield
of mungbean plants, with no significant
differences between different application
methods on the biological attributes. There
was no statistically significant difference
between soil additions of 1, 2 or 3 kg of
HA/ha with respect to pods/plant and grain
yield. Another study conducted by Dawood
et al. (2019) showed significant
improvement in growth, yield and quality
attributes of faba bean plants in response to
the application of HA at 5 ml/l. Similar
results were recorded on soybean yield and
oil content, even though a reduction in the

seed protein content was observed (Lenssen
et al., 2019). When HA was applied to
chickpea seeds (pre-sowing and pre-
flowering) at 0, 60, 90, and 120 kg/h, it
demonstrated a positive effect on chickpea
growth based on the concentration of HA
applied.

Several plants suffer from zinc
shortages, which is well recognized as an
important micronutrient (Ojeda-Barrios et
al., 2014). A number of enzymes are
dependent upon it for their activity,
including dehydrogenase, isomerase,
aldolase, transphosphorylase, as well as
RNA and DNA polymerase. Additionally, it
IS necessary for the synthesis of tryptophan,
the preservation of cell structure, the division
of cells, and photosynthesis. In several
proteins, it serves as a cofactor, increasing
the synthesis of proteins (Marschner, 2012).
It has been demonstrated by numerous
studies that zinc nutrition highly influences
the number of umbels and fruit yield of
many aromatic crops that belong to the
Apiaceae family. A positive correlation was
found between the number of umbels and
fruit production with the foliar application of
zinc elements with specific sources.
According to Diab (2007), foliar Zn-EDTA
application resulted in the highest fruit yields
for caraway, fennel, coriander, cumin and
khella (EI-Sawi and Mohamed, 2002; Akbari
et al., 2013; Eid, 1983 and El-Sherbeny and
Abou-Zied, 1986; Said AlAhl and Omer,
2009 and Besher and Mohamed, 1984).

The main objective of the current study
is to determine the best treatment for
enhancing the growth characteristics, yield,
and essential oil percentage of fennel plants
by evaluating the effects of different
concentrations of zinc and humic acid and
their interactions.

MATERIALS AND METHODS

A two-year experimental trial was
carried out at the experimental farm of the
Faculty of Agriculture, Al-Azhar University,
Assiut Branch, Egypt, during 2020/2021 and
2021/2022. As shown in Table (1), the soil
physical and chemical properties of the soil

398



Scientific J. Flowers & Ornamental Plants, 9(4):397-407 (2022)

Table 1. An overview of the physicochemical characteristics of the soil.
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are presented. The study was performed in a
3 x 4 two-way factorial experiment laid out
in a split-plot design with three replications.
There were 15 plants in each experimental
unit. The two substances used were zinc at
14% chelated with EDTA and humic acid. A
total of three zinc treatments (0, 100 and 200
ppm) were randomly assigned to the main
plots (A), while four humic acid treatments
(0, 500, 750 and 1000 ppm) were assigned to
the subplots (B). Fennel seeds used in the
two experimental seasons were obtained
from the Department of Medicinal and
Aromatic Plants, Horticulture Research
Institute, Agriculture Research Center, Giza,
Egypt. The seeds of fennel were sown on
15" Nov. in both seasons. The dimension of
the experimental plot was 1.25 x 1.80 m with
three rows 60 cm apart. On one side of the
row, the seeds were planted on hills spaced
25 cm apart. A total of 45 plants were used
in each experimental unit, divided into three
replicates for each treatment. It was thinned
to a single plant or hill after 40 days after the
sowing date. Three foliar applications of zinc
were applied starting 45 days after planting,
followed by two applications with 15-day
intervals. The zinc treatments were applied
simultaneously with three applications of
humic acid soil additions (200 ml around the
base of the plants). The rest of the
agricultural practices were performed as
usual. For each growing season, the
following parameters were recorded: plant
height (cm), number of branches (g), herb
fresh weight (g), herb dry weight (g), umbel
number (g), fruit yield (ton/fed.) and
essential oil (%). Statistix 8.1 (Analytical
Software, 2008) was used to analyze the data

obtained using ANOVA and means were
compared using the LSD test, as per Gomez
and Gomez (1984).

RESULTS AND DISCUSSION

Plant height:

Data presented in Table (2) showed
nonsignificant effects of plant height due to
applying the different zinc levels in both
seasons. It could be mentioned that the
highest zinc level (200 ppm) achieved the
highest results (157.30 and 157.15 cm)
against the control (155.20 and 155.85 cm)
in the first and second seasons, respectively.
With regard to humic acid, a significant
increment in plant height was noticed due to
applying any of the humic acid
concentrations in both seasons except for the
highest level (1000 ppm) in the first season
only. However, supplying the plants with
humic acid at the lowest level (500 ppm)
generated the tallest plants (160.53 and
160.93 cm) in comparison with the other
levels and the untreated control plants
(151.73 and 151.47 cm) in the first and
second seasons, respectively. It could also be
noticed that all combined treatments
significantly increased plant height over the
control ones in the two seasons. The highest
value of this trait was observed by supplying
zinc at 200 ppm combined with humic acid
at 500 ppm in both seasons.

Number of branches/plant:

The data presented in Table (3) showed
that the application of zinc at 100 ppm was
the best in increasing the number of
branches/plant in comparison with the other
levels in both seasons. This treatment
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Table 2. Effect of humic acid (HA) and zinc (Zn) application on plant height (cm) of
fennel plant during 2020/2021 and 2021/2022 seasons.

HA _ Zn (ppm)
(ppm) First season Second season
0 100 200 Mean 0 100 200 Mean
0 145.20 150.80 159.20 151.73 146.20 150.20 158.00 151.47
500 155.80 162.60 163.20 160.53 156.60 161.80 164.40 160.93
750 157.60 157.80 155.80 157.07 157.80 158.60 154.60 157.00
1000 162.20 152.80 151.00 155.33 162.80 153.80 151.60 156.07
Mean 155.20 156.00 157.30 155.85 156.10 157.15
Zn NS NS
('5_%% HA 3.95 2.00
Zn x HA 6.84 3.46

NS denotes nonsignificant differences using ANOVA

Table 3. Effect of humic acid (HA) and zinc (Zn) application on the number of branches
of fennel plant during 2020/2021 and 2021/2022 seasons.

HA _ Zn (ppm)
(ppm) First season Second season
0 100 200 Mean 0 100 200 Mean
0 8.20 9.20 9.80 9.07 8.40 9.40 9.60 9.13
500 9.20 10.00 9.40 9.53 9.20 10.20 9.60 9.67
750 9.60 11.00 9.20 9.93 9.80 11.00 9.40 10.07
1000 10.00 9.80 9.20 9.67 9.80 9.80 9.40 9.67
Mean 9.25 10.00 9.40 9.30 10.10 9.50
Zn 0.29 0.30
(b_%% HA 0.39 0.28
Zn x HA 0.67 0.49

generated 10.00 and 10.10 branches/plant
compared to 9.25 and 9.30 attained from
untreated plants (control) in the first and
second seasons, respectively. Number of
branches was also improved due to the
application of humic acid at any level, where
applying the moderate level (750 ppm) gave
the highest results (9.93 and 10.07) in both
seasons, respectively. As for the interaction
effect, all combined treatments significantly
increased the number of branches compared
to untreated ones. The combination of zinc
(100 ppm) and humic acid (750 ppm)
produced the highest number  of
branches/plant (11.00 and 11.00) in both
seasons, respectively.

Number of umbels/plant:

Number of umbels per plant was
significantly affected by the application of
zinc with evident superiority of the highest
level (100 ppm), as shown in Table (4). The
increment reached 53.25 and 54.20 against
49.75 and 50.05 of the control means.
Likewise, the different humic acid levels

caused a significant improvement in the
umbels number/plant. The highest value was
attained by the moderate level (52.93 and
53.13) compared with the control plants
(47.47 and 47.40) in both seasons,
respectively. The interactions between zinc
and humic acid levels also showed an
apparent significant increase in the number
of umbels compared with untreated plants.
The highest values were detected in the
plants supplied with the lowest zinc level
(100 ppm) combined with the medium humic
acid level (750 ppm) recorded (56.80 and
57.40 umbel/plant) compared with the
control plants (42.40 and 42.20) in the two
seasons, respectively.

Herb fresh weight:

Data presented in Table (5) show that
zinc at 100 ppm significantly increased fresh
weight of fennel plants in the two growing
seasons. The fresh weight of the plants
treated with 100 ppm zinc reached 639.65
and 647.65 g compared with 582.40 and
588.10 g of the control in both seasons,
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Table 4. Effect of humic acid (HA) and zinc (Zn) application on number of umbels of
fennel plant during 2020/2021 and 2021/2022 seasons.

HA _ Zn (ppm)
(ppm) First season Second season
0 100 200 Mean 0 100 200 Mean
0 42.40 48.80 51.20 47 47 42.20 49.20 50.80 47.40
500 48.60 53.20 49.80 50.53 48.40 54.60 49.80 50.93
750 52.20 56.80 49.80 52.93 53.20 57.40 48.80 53.13
1000 55.80 54.20 47.80 52.60 56.40 55.60 47.00 53.00
Mean 49.75 53.25 49.65 50.05 54.20 49.10
Zn 1.99 1.06
(t%g) HA 1.73 0.99
' Zn x HA 3.00 1.73

Table 5. Effect of humic acid (HA) and zinc (Zn) application on fresh weight (g/plant) of
fennel plant during 2020/2021 and 2021/2022 seasons.

HA _ Zn (ppm)
(ppm) First season Second season
0 100 200 Mean 0 100 200 Mean
0 43520 55120 591.20 525.87 44120 560.60 59820  533.33
500 57520  657.40 651.20 627.93 579.80 666.40 567.60  604.60
750 636.60 68520 582.60 634.80 642.80 69220 588.40  641.13
1000 682.60  664.80 580.80 64273 68860 671.40 587.60  649.20
Mean 582.40  639.65  601.45 588.10  647.65  585.45
LSD Zn 25.20 10.94
(0.05) HA 29.70 12.12
' Zn x HA 51.44 20.99

respectively. However, a gradual increase
was detected due to the elevated levels of
humic acid in the two seasons. Using the
highest humic acid level (1000 ppm)
generated the highest herb fresh weight
(642.73 and 649.20 g) in both seasons,
respectively. The interactions also revealed a
significant increment in herb fresh weight.
The heaviest fresh weight was induced by
the combined treatment of zinc at 100 ppm +
humic acid at 750 ppm (685.20 and 692.20
g) against the untreated plants (435.20 and
441.20 g) in both seasons, respectively.

Herb dry weight:

Foliar treatment of zinc at 100 ppm
attained a significant increment in herb dry
weight (177.30 and 179.50 @) in both
seasons, respectively (Table, 6). Similar
improvement in the dry weight was noticed
in humic acid-treated plants, with obvious
superiority to the higher levels (750 and
1000 ppm), producing heavier dry weights in
the first season (177.60 and 178.13 g) and in
the second season (179.87 and 179.67 g,
respectively). The combined effect between

the two examined factors exerted significant
differences in herb dry weight in the two
growing seasons. Obviously, all combined
treatments significantly improved herb dry
weight, where the combined treatment of
zinc at 100 ppm and humic acid at 750 ppm
produced the heaviest plants (189.80 and
193.60 g) in both seasons, respectively.

Fruit yield:

An increment in fruit yield was recorded
due to applying zinc at 100 ppm, with a
significant increase compared to the other
zinc levels in both seasons, as it elevated the
yield to 1.719 and 1.785 ton/fed compared
with 1.577 and 1.667 ton/fed in control
plants, in both seasons, respectively (Table,
7). Fruit yield showed a significant decrease
with the highest level of zinc (200 ppm),
recorded the lowest yield (1.489 and 1.501
ton/fed in both seasons, respectively). All
humic acid levels registered a significant
increase in fruit yield, where utilizing the
moderate level (750 ppm) recorded the
highest values (1.660 and 1.698 ton/fed)
against that in the untreated plants (1.435
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Table 6. Effect of humic acid (HA) and zinc (Zn) application on dry weight (g/plant) of
fennel plant during 2020/2021 and 2021/2022 seasons.

HA _ Zn (ppm)
(opm) First season Second season
0 100 200 Mean 0 100 200 Mean
0 142.40 165.80 170.20 159.47 145.20 169.20 173.80 162.73
500 166.60 176.80 166.20 169.87 169.80 178.60 167.80 172.07
750 175.20 189.80 167.80 177.60 175.80 193.60 170.20 179.87
1000 188.80 176.80 168.80 178.13 192.20 176.60 170.20 179.67
Mean 168.25 177.30 168.25 170.75 179.50 170.50
Zn 5.27 7.00
(b%% HA 7.67 7.54
) Zn x HA 13.29 13.05

Table 7. Effect of humic acid (HA) and zinc (Zn) application on fruit yield (ton/fed) of
fennel plant during 2020/2021 and 2021/2022 seasons.

HA _ Zn (ppm)
(ppm) First season Second season
0 100 200 Mean 0 100 200 Mean
0 1.360 1392 1552 1435 1568 1573  1.595 1.579
500 1.616 1.787 1493 1632  1.648 1.808  1.504 1653
750 1.627 1.883 1472 1660  1.680 1925 1488 1.698
1000 1.707 1.813 1440 1653 1771 1.835  1.419 1.675
Mean 1.577 1.719  1.489 1.667 1.785  1.501
Zn 0.169 0.067
(B%?) HA 0.059 0.038
' Zn x HA 0.101 0.065
and 1.579 ton/fed) in both seasons, plants supplied with zinc at 100 ppm in
respectively. The interaction treatments combination with humic acid at 750 ppm

resulted in a significant increase in fruit yield
in most cases compared with that gained
from control plants in the two experimental
trials. Applying zinc at 100 ppm in
combination with humic acid at 750 ppm
gave the highest yield (1.883 and 1.925
ton/fed) in both seasons, respectively.

Essential oil percentage:

The data in Table (8) presented an
improvement in essential oil percentage in
plants treated with zinc at 100 ppm in both
seasons. It raised the values to 1.80 and
1.81% compared with 1.71 and 1.67% in
control plants, respectively. In response to
humic acid treatments, it was evident that all
levels significantly increased essential oil
content. Applying humic acid at 750 ppm
has proved superior in elevating the values
(1.86 and 1.83%) compared with all other
humic acid levels in both seasons,
respectively (Table, 8). Also, all combined
treatments improved the percentage of
essential oil compared to untreated ones. The

were superior in producing the highest
percentage (1.95 and 1.90%) of essential oil
in the two seasons, respectively.

DISCUSSION

Based on the results of this study, Zn and
HA significantly increased fennel growth
and productivity. As a result of the treatment
of zinc at a concentration of 100 ppm, the
total number of branches increased
significantly, which was accompanied by an
augment in the number of umbels and herb
fresh and dry weights. The improvement of
the growth characteristics of fennel has
resulted in a significant improvement in fruit
yield and essential oil content. The same
results were observed when humic acid was
applied at a moderate level (750 ppm) to
fennel plants as a soil application. All
measurements involving the interaction
between the two treatments showed superior
results with the exception of the plant height.
Several authors have reported positive
effects of HA on fennel growth, including
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Table 8. Effect of humic acid (HA) and zinc (Zn) application on essential oil % of fennel
plant during 2020/2021 and 2021/2022 seasons.

HA _ Zn (ppm)
(ppm) First season Second season
0 100 200 Mean 0 100 200 Mean
0 1.45 1.58 1.68 1.57 1.40 1.63 1.70 1.58
500 1.60 1.80 1.70 1.70 1.65 1.88 1.70 1.74
750 1.88 1.95 1.75 1.86 1.80 1.90 1.78 1.83
1000 1.90 1.85 1.70 1.82 1.83 1.83 1.75 1.80
Mean 1.71 1.80 1.71 1.67 1.81 1.73
Zn 0.08 0.08
('5%% HA 0.10 0.07
) Zn x HA 0.18 0.12

Machiani et al. (2019), Akbari and Gholami
(2016), Mostafa (2015) and Sharaf-El-Deen
et al. (2012). Heydarnejadiyan et al. (2020)
have also studied the response of fennel to
the application of Zn. According to their
findings, fennel growth, seed vyield, and
essential oil percentage were improved under
drought conditions. The results of several
other studies were similar, including those
reported by Harisha et al. (2017), Choudhary
et al. (2015), Kumawat et al. (2015), and
Gour et al. (2011).

There is evidence that soil application of
HA promotes plant growth by accelerating
photosynthesis, increasing water and nutrient
uptake, and increasing yield (Panda, 2006).
In addition, organic materials are thought to
increase chlorophyll levels in green plants,
thereby helping to overcome chlorosis and
enhance photosynthesis (Nardi et al., 2002).
According to Arun (2002), organic
substances are capable of protecting plants
against growth-inhibiting substances that
may be introduced into the soil. Numerous
authors have reported that HA has direct
beneficial effects on plant growth. These
include Ahmadian et al. (2011), Khoshghalb
et al. (2017), and Hassan and Fahmy (2020).
The beneficial effects of HA may also be due
to the indirect effects of HA on soil
structure,  fertility, and uptake of
micronutrients due to soil cation-exchange
capacity enhancement (Kisi¢ et al., 2019).
By interfering with calcium phosphate
precipitation, HA also improves phosphorus
availability (Trevisan et al., 2010; Jindo et
al., 2012) and enhances microbial diversity
and activity (Kisi¢ et al., 2019). Due to their

vital role in providing nutrients for plant
metabolism, these effects directly influence
the growth and flowering characteristics of
plants. There are numerous horticultural
crops where the growth and vyield have
improved through the application of HA,
including mung bean (Wagas et al., 2015)
and Halpern et al., 2015), faba bean
(Dawood et al., 2019), soybean (Lenssen et
al., 2019), chickpea (Kahraman, 2017).

Multiple studies have demonstrated that
Zn has an essential contribution to the
growth and productivity of many medicinal
crops of the Apiaceae family, confirming the
vital role of Zn nutrition in enhancing the
number of umbels and fruit yields of fennel,
coriander, cumin and khella (Diab, 2007;
Eid, 1983 and EI-Sherbeny and Abou-Zied,
1986; Said AlAhl and Omer, 2009; EI-Sawi
and Mohamed, 2002; Akbari et al., 2013 and
Besher and Mohamed, 1984). According to
their findings, foliar application of zinc
element with specific sources was positively
correlated with the number of umbels and
fruit production. Several plants suffer from
zinc deficiencies due to a shortage of this
vital micronutrient (Ojeda-Barrios et al.,
2014). A number of enzymes are dependent
on Zn for their function; these include
dehydrogenases,  isomerases, aldolases,
transphosphorylases, and RNA and DNA
polymerases. In addition, it participates in
the  production of tryptophan, the
preservation  of cell  structure, the
proliferation of cells, and the process of
photosynthesis. In several proteins, it
functions as a cofactor, which increases
protein synthesis (Marschner, 2012).
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In several publications, Ghaderimokri et
al. (2022), Machiani et al. (2019), Akbari
and Gholami (2016), Mostafa (2015) and
Sharaf-El-Deen et al. (2012) reported an
increase in fennel oil yield due to the
application of zinc or humic acid. It was
found that the increase in oil yield was
correlated with an improvement in vegetative
growth and seed vyield. As a result of
enhancing plant growth and metabolism, the
combination of zinc and humic acid
produced higher essential oil content than the
other treatments, as compared to the other
treatments. As part of regulating essential oil
production, particular attention has been paid
to the plant's physiological and biochemical
aspects. Moreover, the same combination
significantly improved flowerhead yield per
unit area. Nutritional quality significantly
influences plant performance, especially in
terms of its physiological mechanisms for
producing  essential  oils.  Numerous
researchers have endorsed these ideas,
including Jimayu (2017), Mahmoud et al.
(2017), Acimovic et al. (2015 a & b),
Ahmadian et al. (2011), Singh et al. (2011)
and Sangwan (2001).

CONCLUSION

Based on the results of the current study,
Zn and HA significantly improved the
growth and productivity of fennel. Applying
zinc at 100 ppm significantly enhanced the
number of branches, number of umbels, and
herb fresh and dry weights per plant.
Improvement of fennel growth
characteristics was accompanied by an
improvement in fruit yield/fed and essential
oil %. Similar results were recorded for
fennel plants supplemented with humic acid
at the moderate level (750 ppm) as soil
application. The interaction between both
treatments showed superior results with
regard to all measured parameters except for
plant height.
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