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INTRODUCTION

Global climate change is known as one

ABSTRACT: The present experiment was conducted during
2014/2015 and 2015/2016 seasons in the Farm of Medicinal and
Aromatic Plants Research Department in El Kanater El Khairia, Egypt
to study the effect of ascorbic acid (AA) and citric acid (CA)
individually and in combination on Foeniculum vulgare var. vulgare
plants, in order to alleiviate climate change adverse effect by induce
early flowering and to stimulate the growth and yield. Ascorbic acid
and citric acid were sprayed at two rates 100 and 200 ppm.

The following results were recorded: In general, Indian fennel
plants were significantly responded to ascorbic and citric acid.
Ascorbic acid at 100 and 200 ppm and citric acid at 200ppm increased
the vegetative growth (plant height and number of branches/plant),
number of umbels/plant, fruit yield/plant and essential oil production.
Ascorbic and Citric acid each of them at 100 and 200 ppm decreased
the time to flowering, this means that, the antioxidant ascorbic and
citric acid stimulating fennel growth, shortening the juvenility stage
and induce early flowering. The treated plants by the combination of
ascorbic and citric acid at 200ppm gave the highest vegetative growth
(plant height and number of branches/plant), number of umbels/plant,
fruit yield/plant, essential oil production and accelerating flowering by
27 days in the 1* season and 22 day in the 2" one in comparison with
control. Ascorbic acid at 200 ppm plus CA at 200 ppm gave the
highest anethole content and the lowest fenchone. Ascorbic acid at
200ppm with CA at 200 ppm produced the least time to flowering. The
application of the combination of ascorbic and citric acid at the highest
rate 200ppm had a promotion effect in growth traits and inducing early
flowering, therefore accelerating fruiting of fennel plants before the
sharp fluctuations of climate that occurred in the spring which in turn
had a bad effect in fruiting of umbelliferous plants.

Key words: fennel, Foeniculum vulgare var. vulgare, ascorbic acid,
citric acid, anethole.

that plants produce, and these in effect could
impact on their medicinal activity. Flowering
and fruiting phenology of plants sensitive to

of the greatest challenges to the humankind
and all other life forms on Earth. Climate
change may not currently represent the
biggest threat to medicinal plants, but it has
the potential to become a much greater threat
in future decades. Climate changes have
effect on medicinal plants and can affect
secondary metabolites and other compounds

environmental as temperature (Mahdi et al.,
2011), so this research aim to shorten the
period of growth and induce early flowering
of fennel plants to avoid the adverse effect of
climate change, as temperature rise during
the fruiting stage in spring season.
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Some studies have demonstrated that
temperature stress can affect the secondary
metabolites and other compounds that plants
produce and these are usually the basis for
their activities (Dobhal ef al., 2004).

Indian fennel (Foeniculum vulgare var.
vulgare) 1s a plant belonging to the Family
Apiaceae (Umbelliferae) having medicinal
properties as  antispasmodic, appetite
stimulant,  stomachic, diuretic, anti-
inflammatory, anti-diarrheic, against colic
and as a lactation promoter. Fennel seed
which are used as flavouring agents in
packed goods, meat, ice creams and
alcoholic beverages, etc. due to their
characteristic anise odour (Diaaz-Maroto et
al., 2006). Several components of the
essential oil from this plant have important
applications, anethole is used for flavoring
agent in perfumery in cosmetics, in soap and
pharmaceutical aid (flavor), fenchone is used
as counterritant, limonene is used as solvent,
resins, wetting and dispersing agent and a-
pinene used in manufacture of camphor,
insecticides,  solvents, perfume Dbases
(Marotti et al., 1993; Piccaglia and Marotti et
al., 1993 and Cavaleiro ef al., 1993).

Ascorbic acid (Vitamin C) is synthesized
in the higher plants and influences plant
growth and development and plays an
important role in the electron transport
system (El-Kobisy ef al., 2005). Blokhina et
al. (2003) reported that ascorbic acid can be
a regulator on cell division and
differentiation and has an important role in a
wide range of functions such as antioxidant
defense, regulation of photosynthesis and
growth. Ascorbic acid is a cofactor for many
enzymes such as ones involved in the cell
wall synthesis and hydroxylation of proline
residues (Ishikawa et al., 2006). Abdel Aziz
et al. (2009) pointed that growth and
flowering of gladiolus was affected by
ascorbic acid at 100 or 200 ppm. Hendawy
and Ezz EI-Din (2010) indicated that
ascorbic acid gave the best values of plant
height, number of branches, number of
flower heads and seed weight per plant in
fennel.

Hanafy Ahmed (1996) on lettuce and
Tarraf et al. (1999) on lemongrass they
found that (AA) had positive effect on
growth  parameters.  Furthermore, the
endogenous level of ascorbic acid (AA) play
a role in floral induction that it has recently
been suggested to be important in the
regulation of developmental senescence.
Kotchoni et al. (2009) suggested that
ascorbic acid act as an endogenous signal to
influence the flowering time by modulating
the related gene expression and metabolism
process.

The role of AA in controlling flowering
and senescence due to its essential function
as a co-factor for the biosynthesis of GA and
ABA, ascorbic acid appears to influence not
only the endogenous level but also signaling
of these plant hormones, and thus affect
developmental flowering and senescence in a
presumably photoperiod. Other hormones
such as SA (and ethylene) may also be
affected by AA. In addition, the redox status
of AA may play a role in signaling in this
interconnected  phytohormone  network.
However, there are obviously still large gaps
to fill in order to elucidate the precise role of
AA in regulating the final stages of plant
development (Carina et al., 2006).

Citric acid (CA) is a six carbon organic
acid, having a central role in CA cycle in
mitochondria that creates cellular energy by
phosphorylative oxidation reactions. It is
created by addition of acetyle-CoA to
oxaloacetic acid that is converted to
succinate and malate in next steps (Wills et
al., 1981).

Endogenous organic acids such as citric
acid (CA) are the source of both carbon and
energy for cells and are used in the
respiratory cycle and other biochemical
pathways therefore, they can influence the
flowers (Silva, 2003).

The aim of this work was to study the
influence of ascorbic acid and citric acid and
their combination to alleviate the adverse
effect of climate change on fennel plant by
stimulating the growth, induce -early
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flowering and fruiting consequently raising
fruit yield as well as volatile oil.

MATERIALS AND METHODS

This study was carried out at two
seasons 2014/2015 and 2015/2016 in the
Experimental Farm of Medicinal and
Aromatic Plants Research Department in El
Kanater El Khairia, Egypt.

The fruits of Indian fennel (Foeniculum
vulgare var. vulgare) were sown on 5%
November in the field at a distance of 30 cm
between hills and 60 cm between rows in
both seasons.

The plants were sprayed (three times in
the two seasons) with ascorbic acid (AA)
and citric acid (CA) at concentrations of 100
and 200 ppm each of them solely and in
combination. Spraying was done 30 days
from sowing and repeated at 30 day intervals
for the 2" and 3",

The experiment
treatments:

included the following

1- Control.

2- Ascorbic acid (AA;) 100ppm.

3- Ascorbic acid (AA;) 200ppm.

4- Citric acid (CA;) 100ppm.

5- Citric acid (CA;) 200ppm.

6- (AA;) 100ppm + (CA;) 100ppm.
7- (AA;) 100ppm + (CA;) 100ppm.
8- (AA;) 200ppm + (CA;) 100ppm.
9- (AA;) 200ppm + (CA;) 100ppm.

NPK fertilizers were added at the
recommended level (45 P,Os, 60 N and 48
K,O kg/fed) in three doses, the 1** was for
all phosphorous amount which was added
during soil preparation, the rest (NK) were
applied in two equal doses thel® was
applied 30 days after sowing, the second was
added 30 days later.

The following data were recorded:
- Plant height (cm).

- Number of branches/plant.

- Flowering time from sowing date.
- Number of umbels/plant.
- Fruit yield g/plant.

- Volatile oil percentage was determined
according to (British Pharmacopeia, 1963).

- Volatile oil yield (ml/plant).

- Chemical composition of Volatile oil
(GLC) analysis as recommended by
(Hoftman, 1967; Bunzen ef al., 1969).

Experiment layout:

The experiment layout was designed in
complete randomized blocks included nine
treatments each treatment was replicated
three times and each replicate consisted of 15
plant. The recorded data were statistically
analyzed according to (Snedecor and
Conchran, 1980) mean of the treatments
were compared using LSD at 5%.

RESULTS AND DISCUSSION

Effect of ascorbic and citric acid on
vegetative growth:

Data on vegetative growth revealed that
treatments of ascorbic (AA) and citric acid
(CA) each alone or in combinations
significantly increased all the vegetative
growth characters of Indian fennel plant in
the two seasons.

1. Plant height (cm/plant):

Data in Table (1) showed that, ascorbic
acid and citric acid each of them alone or in
combination significantly increased the plant
height (cm)/plant compared to the control in
both seasons.

Data emphasized that, the two rates of
ascorbic acid (100 and 200 ppm) had a
highly significant effect on plant height in
both seasons. Ascorbic acid at the two rates
produced the tallest plants, values were
(170.0 and 173.0 cm/plant) in the first season
and (169.8 and 1171.7 cm /plant) in the
second one compared to the control.

Also, it could be observed that in the
first season the two rates 100 and 200 ppm
of citric acid significantly increased plant
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Table 1. Effect of ascorbic acid and citric acid on vegetative growth of Foeniculum
vulgare var. vulgare plants.

Growth characters

1% season 2" season
Treatments Number of Number of
Plant height (cm) Branches/plant Plant height (cm) Branches/plant

Control 144.0 6.33 146.0 5.00

CA, 146.0 5.67 144.7 4.67

CA, 157.0 7.67 163.7 7.67

AA, 170.0 6.33 169.8 5.67

AA, 173.0 8.33 171.7 8.67

AA+CA, 176.0 9.33 173.7 6.33

AA+CA, 181.0 7.33 175.7 6.33

AA,+CA, 184.0 9.67 181.3 7.33

AA,+CA, 188.0 10.0 187.3 9.33

L.S.D. at 5% 1.56 0.78 0.57 0.98
AA; = ascorbic acid (100 ppm) CA, = citric acid (100 ppm)
AA, = ascorbic acid (200 ppm ) CA, = citric acid (200 ppm)
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Fig. 1. Effect of ascorbic and citric acid on plant height of Foeniculum vulgare var.
vulgare plants.
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Fig. 2. Effect of ascorbic and citric acid on number of branches of Foeniculum vulgare
var. vulgare plants
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height (146.0 and 157.0 cm/plant) compared
to the control (144.0 cm/plant), but in the
second season only the highest rate of citric
acid 200 ppm increased plant height was
(163.7 cm/ plant) compared to the control
(146.0 cm/plant).

Concerning the effect of the interaction
between ascorbic acid (AA) and citric acid
(CA) treatments data revealed that, growth of
fennel showed a stimulation effect in
response to all interaction treatments. It was
also noticed that, the interaction treatment
ascorbic acid (200 ppm) and citric acid (200
ppm) was found to be the most effective
treatment in this respect, this result hold true
in the two seasons. Plants of this treatment
were the tallest ones and attained (188.0 and
187.3 cm /plant) in front of (144.0 and
146.0cm/plant) for the control plants in the
first and the second season, respectively.

2. Number of branches/plant):

Regarding the effect of ascorbic acid
(AA) on the number of branches/plant Table
(1), it was found that (AA) at 200 ppm gave
highly significant increase in this respect.
The values were 833 and 8.67
branches/plant compared to the control 6.33
and 5.00 branches/plant in the first and
second season, respectively. Ascorbic acid
(AA) is currently considered to be regulate
plant growth and development owing to its
effects on cell division and differentiation.
The mechanism for ascorbate regulation of
plant growth and development may reside in
its  interaction  with  phytohormones.
Ascorbate is cofactor for biosynthesis of
several phytohormones such as ethylene,
gibberellins (GA) and abscisic acid (ABA).
Ascorbate in plants could regulate the
growth through interaction with
phytohormones (Pastori et al., 2003). These
results were in conformity with those
reported by (El-Gabas, 2006) found that
spraying ascorbic had favorable effects on
growth characters of sunflower. Similar
results were obtained by (El-Zohiri, 2009) on
globe artichoke found that foliar application
of salicylic acid or ascorbic acid had a

181

positive effect on vegetative growth. Another
experiment showed that application of
ascorbic acid increased vegetative growth
and chemical components of Cupressus
sempervirens L. plants (Farahat et al., 2007).
A report illustrated that ascorbic acid
affected on the growth and some chemical
compounds of Hibiscus rosa sineses (El-
Quesni et al., 2009). Also, ascorbic acid
significantly effect on growth of German
chamomile (Bahram et al., 2014).

The results presented in Table (1)
showed that in both seasons, treating the
plants with citric acid (CA) 200 ppm
promoted the branching of fennel plants and
resulted 7.67 branches/plant compared to the
control 6.33 and 5.00 branches/plant in the
two seasons, respectively. These results were
found to be in agreement with (Mirzajani,
2013) on Ocimum basilicum L. and (Jaafari
and Hadvi, 2012) citric acid increased the
growth of basil plants and (Jafari and
Hadavi, 2012) on dill plants.

As for combination treatments of
ascorbic acid and citric acid, it was noticed
that India fennel growth showed a promotion
effect due to combination treatments at all
rates, values of branches number were
significantly higher than those of the
individual treatments and control in the two
seasons. Moreover, the highest response was
obtained in case of (AA) 200 ppm plus (CA)
at 200 ppm. Plants of this treatment
produced  the  highest  values  of
branches/plant 10.00 and 9.33 branches/plant
in the 1% and 2™ season, respectively.

Effect of ascorbic and citric acid on
flowering:

1. Flowering time from sowing date:

Table (2) showed that a significant effect
in inducing early flowering and reduction the
time to flowering in fennel plants as a result
of the application of AA and CA each of
them solely or in combination in the two
seasons.

Results pointed out that, spraying (AA)
at 100 and 200 ppm significantly reduced the
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Table 2. Effect of ascorbic acid and citric acid on flowering of Foeniculum vulgare var.
vulgare plants.

1% season 2" season
Treatments Flowering time Number of Flowering time Number of
from sowing (day) Umbels/plant from sowing (day) Umbels/plant

Control 146.33 21.67 144.00 24.67

CA, 141.33 24.00 138.00 23.33

CA, 127.00 41.67 123.00 41.67

AA, 129.67 39.33 127.00 45.67

AA , 126.33 61.00 126.33 64.00

AA+CA, 130.67 50.33 134.00 48.67

AA+CA, 122.00 59.00 126.00 64.33

AA,+CA, 121.00 63.00 123.00 74.33

AA,+CA, 119.67 65.67 122.0 70.67

L.S.D. at 5% 1.67 1.70 1.65 1.45
AA; = ascorbic acid (100 ppm) CA, = citric acid (100 ppm)
AA, = ascorbic acid (200 ppm ) CA, = citric acid (200 ppm)
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Fig. 3. Effect of ascorbic and citric acid on flowering time from sowing (day) of
Foeniculum vulgare var. vulgare plants.
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flowering time from sowing date. Indian
fennel plants started to flower after 129.67
and 126.33 days from sowing date compared
to control plants that began to flower after
146.33 days in the first season, also in the
second season the plants start to flower after
127.00 and 126.33 days compared the
control 144.00 days.

In the same way, early flowering was
occurred in fennel plants which sprayed with
citric acid (CA) at 100 and 200 ppm, the
plants started to flower after 141.33 and
127.00 day from sowing compared to 146.33
day in the control in the first season, also in
the second season plants started to flower
after 138.00 and 123.00 day compared to the
control 144.00 days.

Regarding the combination treatments,
ascorbic and citric acid at all rates
significantly reduced the flowering time
compared to each of them alone and the
control. The shortest flowering time from
sowing date was noticed in plants sprayed by
ascorbic acid at 200 ppm combined with
citric acid at 200 ppm. The flowering time
from sowing was 119.67 days compared to
146.33 days in the control in the first season,
and 122.00 days compared to in the control
144.00 days in the second one.

On the light of these results, it could be
concluded that, the antioxidant ascorbic and
citric acid have a beneficial effect on
accelerating flowering in fennel plants,
positive results were obtained by using both
of ascorbic and citric solely and
combination. The highest response was
obtained by using the combination between
the two antioxidants at the high level. The
shortest time to flowering was 119.67 and
122.00 days with a reduction of about 26.7
and 22 days to flowering for the 1 and 2™
season respects as shown in Table (2).

These results were found to be in
harmony with those of (Kotchoni et al.,
2009) suggested that ascorbic acid act as an
endogenous signal to influence the flowering
time by modulating the related gene
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expression and metabolism process. (El-
Zohiri, 2009) on globe artichoke it was
found that foliar application of salicylic acid
or ascorbic acid resulted in the highest
increments on early yield. And (Silva, 2003)
that suggested citric acid (CA) are the source
of both carbon and energy for cells and are
used in the respiratory cycle and other
biochemical pathways therefore, they can
influence the flowers.

2. Number of umbels/plant:

Data in Table (2) indicated that, the
number of umbels/plant were considerably
affected by ascorbic and citric acid reflecting
their stimulating effect on growth of Indian
fennel, the results could be discussed as
follow:

Concerning the effect of ascorbic acid
(AA), data in Table (2) revealed that the two
rates 100 and 200 ppm significantly
increased the number of umbels/plant over
the control in both seasons. The values were
39.33 and 61.00 umbels/plant for 100 and
200 ppm compared to 21.67 umbels/plant in
the untreated plants in the first season. In the
second season, values were 45.67 and 64.00
umbels/plant compared to untreated plants
24.67 of umbels/plant.

It could be noticed that, a significant
increase in the number of umbels/plant due
to spraying fennel plants by citric acid (CA)
at 200 ppm compared to the control in the
two seasons. The values were 41.67 and
41.67 umbels/plant in front of 21.67 and
24.67 umbels/plant in the first and the
second season, respectively. These results
were in agreement with (Jaafari and Hadvi,
2012).

Combined treatments of ascorbic and
citric acid at all rates, showed high
significant increase in the number of
umbels/plant in the two seasons. The greatest
number of umbels/plant was 65.67
umbels/plant by using ascorbic acid (AA) at
200 ppm plus citric acid at 200 ppm in the
first season. While, in the second season the
greatest umbels number/plant occurred was
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74.33 umbels/plant in case of ascorbic acid
(AA) at 200 ppm plus citric acid (CA) at 100

Actually, the increment in the umbel
numbers of fennel plants due to the ascorbic
and citric acid may be attributed to the
stimulation effect of growth specially
branching which in turn increased flowering
in term of flowers (umbels) number.

Effect of ascorbic and citric acid on fruit
yield:

Data in Table (3) emphasized that,
generally all of the treatments had a highly
effect on the fruit yield g/plant over the
control in both seasons.

The weight of fruit yield g/plant,
recorded a significant response (43.17 and
53.17 g/plant) to citric acid at 100 and 200
ppm compared to the control (39.07 g/plant)
in the first season. While, in the second
season citric acid at 200 ppm had a
significantly effect on fruit yield 56.07
g/plant compared to the control (41.93
g/plant).

As for the effect of ascorbic acid (AA), it
was noticed in general that the plants which
were treated by 100 and 200 ppm showed
significant increase in the fruit yield g/plant
in the two seasons. In the first season data
were 46.40 and 62.17 g/plant compared to
untreated plants 39.07 g/plant. The same
trend was found in the second season i.e.
fennel plants showed good response to
ascorbic acid at the two rates used and
produced the highest fruit yield/plant 54.03
g/plant for 100 ppm and 65.90 g/plant for
200 ppm compared to control 41.93 g/plant.

These results met those of (El-Gabas,
2006) who found that spraying ascorbic acid
had favorable effects on yield of sunflower.
El-Zohiri  (2009) found that foliar
application of salicylic acid or ascorbic acid
increased the yield of globe artichoke.

Spraying plants with ascorbic (AA) acid
plus citric acid (CA) at all rates was found to
be more effective in increasing the fruit yield
g /plant than the solely application of each of

them and the untreated plants in the two
seasons. The heaviest fruit yield g/plant was
recorded with (AA 200 ppm plus CA 200
ppm), data were 72.90 and 74.13 g/plant and
followed by 68.93 and 68.00 g/plant for (AA
200 ppm plus CA 100 ppm) data were in the
first and the second season, respectively.

It was easily to concluded that fennel
plants attained maximum responses in
fruiting by the application of the
combinations of ascorbic and citric acid at
the highest rate due to their promotion effect
in growth traits and inducing early
flowering, therefore accelerating fruiting of
fennel plants before the sharp fluctuations of
climate that occurred in the spring which in
turn had a bad effect in fruiting of
umbelliferous plants. This early flowering of
fennel plants had a positive effect in umbels
number/plant  consequently  the  fruit
yield/plant. So, fennel plants showed a
significant increment in the yield of fruits
compared to control in response to this
treatment as well as the rest of the
treatments.

It was easy to notice that, fruiting of
fennel plants in term of fruit yield per plant
was found to be associated with both the
early flowering plants and the plant umbels
number so, the highest plant fruit yield was
obtained by the earliest flowering plants,
which also have the highest number of
umbels and vice versa. The application of
(AA 200 ppm plus CA 200 ppm), therefor,
this treatment gave the maximum increase in
Indian fennel fruit yield g /plant over control.
The increment percentages were 87 and 77%
in the 1 and 2™ seasons, respectively as
shown in Table (3).

Effect of ascorbic and citric acid on
essential oil content:

1. Essential oil percentage:

Data in Table (4) showed that, the
essential oil percentage of fennel fruits was
affected by ascorbic acid (AA) and citric
acid (CA) individually or in combinations in
the two successive seasons.
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Table 3. Effect of ascorbic and citric acid on fruit yield (g/plant) of Foeniculum vulgare
var. vulgare plants.

1" season 2" season
0, (1)
Treatments Fruit yield g/plant I:Vc::‘g)e;'ttm/l“ Fruit yield g/plant I;‘Vc::‘c‘:)e;‘ttm/l"
Control 39.07 - 41.93 -
CA, 43.17 11 40.43 -4
CA 53.90 38 56.07 34
AAI2 46.40 19 54.03 29
AA , 62.17 59 65.90 57
AA+CA, 53.07 36 60.90 45
AA+CA, 66.10 69 66.97 60
AA,+CA, 68.93 76 68.00 62
AA,+CA, 72.90 87 74.13 77
L.S.D. at 5% 0.234 0.37
AA,; = ascorbic acid (100 ppm) CA, = citric acid (100 ppm)
AA, = ascorbic acid (200 ppm ) CA, = citric acid (200 ppm)
%0 1st season B 2nd season
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Fig. 5. Effect of ascorbic and citric acid on fruit yield g/plant of Foeniculum vulgare var.
vulgare plants.

Table 4. Effect of ascorbic acid and citric acid on essential oil production of Foeniculum
vulgare var. vulgare plants.

Essential oil production

1% season 2" season
Treatments oil Oil yield Increment oil QOil yield Increment
Percentage o Percentage o
% ml/ plant %o % ml /plant %0
Control 1.51 0.59 - 1.52 0.64 -
CA; 1.69 0.73 24 1.63 0.66 03
CA, 1.98 1.07 81 1.90 1.06 80
AA, 1.87 0.87 48 2.00 1.08 83
AA, 2.32 1.45 146 2.21 1.47 149
AA+CA, 2.06 1.10 86 2.15 1.29 119
AA+CA, 2.30 1.42 141 2.36 1.58 168
AA+CA, 2.44 1.68 185 2.50 1.70 188
AA,+CA, 2.71 1.98 236 2.78 2.06 249
L.S.D. at 5% 0.07 0.04 0.05 0.276
AA,; = ascorbic acid (100 ppm) CA, = citric acid (100 ppm)
AA,; = ascorbic acid (200 ppm ) CA, = citric acid (200 ppm)
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The essential oil percentage raised in
both seasons as a result of treating the plants
with ascorbic acid (AA) at the two rates 100
and 200 ppm. The essential oil percentage
recorded an increase from 1.51% for the
control to 1.87% and 2.32% due to the
application of 100 and 200ppm (AA) in the
first season. Also, the essential oil
percentage raised from 1.52% for the control
to 2.00 and 2.21% at 100 and 200 ppm (AA),
respectively, in the second season.

Also, the essential oil percentage was
increased by the application of citric acid
(CA) at the two rates 100 and 200 ppm. In
the first season the recorded values were
1.69% for 100 ppm and 1.98% for 200 ppm
compared to the control 1.51%. The same
trend was recorded in the second season
1.63% and 1.90% compared to 1.52% in the
control.

As for the combination treatments,
treating fennel plants with ascorbic acid
(AA) with citric acid (CA) significantly

186




Scientific J. Flowers & Ornamental Plants, 3(3):177-191 (2016)

increased the essential oil percentage. The
highest essential oil percentage was 2.71% in
the first season and 2.78% in the second one
as a result of using ascorbic acid 200 ppm
plus citric acid 200ppm compared to the
untreated plants 1.51% and 1.52% in the first
and the second seasons, respectively.

2. Essential oil yield ml/plant:

Table (4) presented the essential oil yield
ml/plant, it was found that treated fennel
plants with AA at 100 and 200ppm had a
significant effect on oil yield ml/plant in the
two seasons. In the first season the values
were 0.87 and 1.45 ml/plant compared to
control  0.59ml/plant, also the same
treatments gave 1.08 and 1.47 ml/plant
compared to control 0.64ml/plant in the
second season. Similar results were obtained
by (Bahram, et al., 2014) noticed that,
ascorbic acid significantly increase essential
oils of German chamomile.

As for citric acid, it was found that
treated fennel plants by citric acid (CA) at
100 and 200 ppm had a significant effect on
essential oil yield ml/plant in both seasons.
The values were 0.73 and 1.07 ml/plant
compared to the control 0.59 ml/plant in the
first season. While, in the second season
only CA at 200 ppm showed a significant
effect in this concern. The value was 1.06
ml/plant compared to the control 0.64
ml/plant. These findings hold true in both
seasons and were found to be in harmony
with those of (Jaafari and Hadvi, 2012) on
basil and (Jafari and Hadavi, 2012) on dill
plants.found that treated plants with citric
acid increased essential oil yield.

The positive effect of combined ascorbic
acid with citric acid was pronounced. The
values of oil yield ml/plant was greater than
each of them individually. The best results
2.71 and 2.06 ml/plant were obtained as a
result of using ascorbic acid (AA) 200 ppm
plus citric acid (CA) 200 ppm in the first and
the second season, respectively.

Generally, the highest increment of oil
yield of fennel plant was obtained due to the
application of ascorbic acid 200 ppm plus

citric acid 200ppm in both season therefore,
this increment in essential oil yield was
logically expected as Indian fennel plants
recorded a growth stimulation, early
flowering, highest umbels number, highest
fruit yield increment and finally the
promotion of essential oil percent. This
treatment increased the oil yield ml/plant to
236% and 249% compared to the control in
the two seasons, respectively.

3. Essential oil constituents:

Data in Table (5) and Figs. (8-11)
showed the fractionated components of the
essential oil of Indian fennel plants in the
second season, for the treatments of
untreated plants, ascorbic acid (AA) 200
ppm, citric acid (CA) 200 ppm and, ascorbic
acid (AA) 200 ppm plus citric acid (CA) 200
ppm. The obtained results confirmed that
anethole and fenchone were the main
components of India fennel essential oil. It
was observed that anethole content was
increased when using ascorbic acid (AA) at
200 ppm plus citric acid (CA) at 200 ppm,
the recorded value was 80.74% and followed
77.60% in case of ascorbic acid 200 ppm
alone compared to the control 70.51%.
Fenchone percent increased in the control
18.22% followed by 16.04% for citric acid
200 ppm. It was found a up/down relation
between anethole and fenchone, 1i.e.
treatments positively affected anethole
content up negatively affected fenchone
content down.

In general, the results of this study
indicated that the highest anethole content
was found to associated with the early
flowering and fruiting, so the combination
treatment of 200ppm (AA) plus 200ppm
(CA) which induce maximum early
flowering and fruiting also recorded the
highest anethole content.

RECOMMENDATION

It could be recommended to treat Indian
fennel with ascorbic acid (AA) at 200 ppm
plus citric acid (CA) at 200 ppm increased
the vegetative growth, fruit yield, essential
oil production. This treatment increased the
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Table 5. Effect of ascorbic acid and citric acid on GLC analysis of the volatile oil of
Foeniculum vulgare var. vulgare plants.

Treatments a- pinene Myrcene Fenchone Limonene 1,8 cineole Anethole
Control 1.33 1.21 18.22 0.85 1.41 70.51
AA , 1.29 2.01 11.21 0.24 3.06 77.60
CA, 1.22 1.12 16.04 0.84 5.77 76.98
AA,+CA, 1.97 0.83 11.06 1.30 3.95 80.74
AA, = ascorbic acid (200 ppm) CA, = citric acid (200 ppm)
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Fig. 8. (GLC) chromatogram of Indian
fennel essential oil (control).
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fennel essential oil (AA2).
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Fig. 12. Effect of ascorbic and citric acid on GLC analysis of the volatile oil of
Foeniculum vulgare var. vulgare plants.

anethole content and decreased the fenchone
content. Also this treatment produced the
least time to flowering.
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