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ABSTRACT

The present investigation was carried out in the Experimental Station of the
Medicinal and Aromatic Plants, Fac. Agric., Mansoura Univ., during the two seasons
of 2008 / 2009 and 2009 / 2010 to study the effect of foliar humic acid application and
fertilizers types; N2ooP200Kso (kg / fed) recommended dose (RD), compost and cattle
manure at rates of (10, 15 and 20 m?/ fed) in addition to their interaction on vegetative
growth, fruits yield and essential oil quality of fennel (Foeniculum Vulgare Mill.)
plants.

The results indicated that, foliar humic acid application at 10 cm / L had a
positive effect on vegetative growth, expressed as plant height, plant dry weight,
number of days till harvesting, essential oil percentage, oil yield and the main
component estragole was increased significantly in comparison with treatment plants
without humic acid.

The best results were of fennel plants which received N2ooP200Kso kg / fed (RD)
followed by compost at rate of 20 m?®/ fed, when compared with other plants treated
by fertilizers separately.

The combined treatment of NPK (RD) followed by the medium compost dose
(15 m?/ fed) and foliar humic acid application were more effective on all traits studied
than each individual or combination treatments with humic acid in both seasons.

The G.L.C. of the essential oil revealed a total of 7 compounds which
represent from 92.73 to 99.05 %. These components are a-pinene, myrcene,
limonene, fenchone, 1.8- cineole, estragole and anethole. The major component is
estragole which represent from 65.72 % to 91.46 %.

INTRODCTION

Fennel (Foeniculum Vulgare Mill.) is one of the important crops grown
in Egypt, belong to Fam. Umbellifera (Apiaceae). Its export value amounts to
10 million US $ from Egypt. Fruits is the economical part contain 2 to 6 %
essential oil according to different varieties. It occupies an important position
among the medicinal and aromatic crops due to its multifarious use in folk
medicine as a antispasmodic, diuretic, stimulant and sedative. Fennel fruits
are said to be particularly helpful in digesting fat. The constituents of oil are
a-pinene, p-cymene, limonene, estragole, anethole, fenchon and campher. In
addition, the essential oil is used as aromatic carminative, expectorant,
condiment and in perfumery industries (Keville, 1999).

Application of humic acids (HA) has several benefits and agriculturists
all over the world are accepting humic acids as an integral part of their fertilizer
program and change physical properties of soil, (Fortun et al., 1989).
Enhancement of plant growth using humic acid had been due to increasing
nutrients uptake such as N, P, K, Mg, Fe, Zn and Cu, (Adani et al., 1998).
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Using soil organic matter leads to a significant and direct impact on the
availability of micronutrients as Zn, Fe and Mn, (Zhang et al., 2001).

Municipal solid waste compost had a high water holding capacity
because of its organic matter content, which in turn improved the water
holding capacity of the soil (Soumare et al., 2003).

Essential oil production has direct influenced with fertilization
materials, (Moradi et al., 2010).

The objective of the present work was to study the effect of humic acid
application and fertilizers types; Ny oP200Kso kg / fed recommended dose
(RD), compost and cattle manure at rates of (10, 15 and 20 m? / fed) in
addition to their interaction on vegetative growth, fruits yield, essential oil
content and compositions of fennel (Foeniculum Vulgare Mill.) plants. For
improving the production and investigate the performance growth with
fertilization sources accepted in organic farming and compare it with mineral
fertilization.

MATERIALS AND METHODS

The present study was conducted during the two successive winter
seasons of 2008/2009 and 2009/2010 at the Experimental Station of the
Medicinal and Aromatic Plants, Fac. Agric., Mansoura Univ.

Seeds of fennel (Foeniculum Vulgare Mill.) were obtained from
Medicinal and Aromatic Plants Section of Agricultural Research Center, El-
Dokky, Cairo, and sown on 5™ November in both winter seasons. Seeds were
sown in hills 35 cm apart on one side of ridge of 2 meters in length and 60 cm
in width. The plot area was 3m? (2m in length x 1.5 m in width) included 12
plants. Thinning took place after complete germination, i.e., two weeks after
seed sowing, leaving one plant per hill. Three weeks before sowing the
experimental farm was prepared, in each growing season as usually
recommended. The soil is clay loam in texture. Some physical and chemical
properties of the studied soil are shown in Table (A).

Table (A): Some physical and chemical analysis of experimental soil before
the application of any fertilizers (mineral and organic).

Physical properties 1* season Chemical properties 1* season
Coarse sand (%) 1.66 CaCOs 2.53
Fine sand (%) 19.99 Organic matter (%) 1.96
Silt (%) 28.72 Nitrogen (ppm) 48
Clay (%) 49.63 Phosphorus (ppm) 3.88
Textural class Clay loam Potassium (ppm) 315

pH 8.17

The layout of the experiment was split plot design with three replicates.
The main plots were fertilization types while the sub plot assigned to the two
foliar applications (with and without humic acid).

Humic foliar spray treatments were applied as 1 % (10 cm® actesol / L
fresh water). Commercial liquid organic fertilizer (actosol®) contains 2.9 %
humic acid, 10 % from each of N, P and K, 0.1 % Fe plus 0.01 % from each
of Zn, Mn and Cu. Half experimental treatments received humic acid as
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spraying until drop-off by using a hand-sprayer at two times after 60 and 105
days from sowing and the another treatments was only sprayed with tap
water.

Three commercial mineral fertilizers were used; calcium super
phosphate (155 % P,0s) was added during preparation of the soil,
ammonium sulfate (15.5 % N) and potassium sulfate (48 % K,0) were added
after thinning of the plants in both seasons.

Straw rice compost was obtained from Research Department., Gemiza,
Gharbia Governorate. Cattle manure was obtained from Farm, Fac. Agric.
Mansoura Univ. and were added during the preparation of the experimental
soil. The chemical properties of compost and cattle manure are presented in
Tables (B and C).

Table (B): Chemical and physical properties of the used straw rice
compost in (2008 / 2009) and (2009 / 2010) seasons.

PH E.C (1:10) o.M cw | c/N Humidity Densitg Available nutrients (%)
(1:10) | mohs /cm % ° % (g/cm’) N P K
7.33 2.33 45 |26.11 | 12:1 30.7 0.66 22 ]0.76 0.7

Table (C): Chemical analysis of cattle manure in the two seasons of
(2008 / 2009) and (2009 / 2010).

Properties 1*" season 2" season

Ph (in 1:5) 8.03 8.01
E.C (1:10) mohs/cm 5.33 5.14
N % 0.74 0.78
P % 0.28 0.41
K % 1.81 1.72
O.M % 26.66 29.21
C % 15.5 16.9
C/N 20.95 21.66
Humidity % 18.63 18.65
Density g/cm® 0.72 0.69
Treatments :

1- Control (Nygp P2oo Kso kg / fed, recommended dose).
2- Compost at 10, 15 and 20 m®/ fed.

3- Cattle manure at 10, 15 and 20 m®/ fed.

4-  Mineral fertilization + humic acid (10 cm/ L).

5- 10 m*/fed compost + humic acid (10 cm/ L).

6- 15 m°/fed compost + humic acid (10 cm/ L).

7- 20 m®/ fed compost + humic acid (10 cm/ L).

8- 10 m®/ fed cattle manure + humic acid (10 cm/ L).
9- 15 m®/fed cattle manure + humic acid (10 cm/ L).
10- 20 m*/ fed cattle manure + humic acid (10 cm/ L).

A random sample of nine plants from each treatment were taken at the
harvesting stage for determination of vegetative growth, i.e., plant height,
herb dry weight. The harvesting date was recorded (at the first of May to the
beginning of June). All fruits harvested from each treatment through
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harvesting period were weighted to calculate the total yield per plant and per
fed and weight of 1000 seeds.

Essential oil percentage was determined in the dried fruits samples
(100g) by subjecting to hydro distillation using modified Clevenger traps in
British Pharmacopeia (2000). The oil content was determined at harvest in
both seasons. Oil yield (L/ fed) was calculated by multiplying the essential oil
percentage per plant by number of plants per feddan (16.800 plants).

Gas liquid chromatography technique (GLC) was used to separate and
identify the components of essential oil constituents according to Guenther
and Joseph (1978) at the Medicinal and Aromatic Plants Section, Agriculture
Research Centre, Giza.

Statistical analysis:

The obtained data were statistically analyzed and means separation
were compared with the least significant differences (L.S.D) test at 0.05 %
according to the method described by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Vegetative growth characteristics :

Data presented in Table (1) show that humic acid foliar application
treatments had a significant effect on growth parameters (plant height, plant
dry weight, time of harvesting) in both seasons.

Spraying fennel plants with humic acid produced the highest values
of growth parameters; when compared with the treatment (without humic)
which gave the lowest values of these characters in both seasons.

The superiority of plant growth with addition of humic acid might be
attributed to the role in protein synthesis, nutrients translocation, and foliar
growth as reported by (Chen et al., 2004). The role of humic acid in
stimulating plant growth is by the assimilation of major and minor elements,
enzyme activation, changes in membrane permeability, protein synthesis and
the activation of biomass production (Ulukan, 2008). In addition, foliar spray
with humic acid reduces the transpiration rate, and this in turn leads to keep
higher water content in the plant tissues and hence might favor the plant
metabolism, the physiological processes, photosynthetic rate and many other
important functions that directly affect the plant growth, (Ezzat et al., 2009).

Decrease in the days essential for harvesting may be due to a direct
positive effect of humic acid on plant growth include those changes in plant
metabolism that occur following uptake of organic macromolecules. These
compounds caused several biochemical changes which caused the plants
grow rapidly to flowering and harvesting, (Stevenson, 1994).

Herein results are in harmony with those obtained by Khalil and
El-Sherbeny (2003) on Mentha spp. and Arancon et al. (2006) on marigold.

Regarding fertilization treatments, a significant effect on growth
parameters were recorded with the recommended dose of NPK when
compared with either cattle manure or compost treatments in both seasons.

The obtained results indicated that the important role of mineral
fertilization on plant growth, may be due to the physiological functions of each
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element in plant growth and development as well as biochemical functions on
structure of photosynthetic pigments, metabolism of carbohydrates.

Table (1): Vegetative growth of fennel plants as affected by humic acid
and fertilization types during the two seasons of (2008/2009)
and (2009/2010).

Plant height (cm) ()
151 2nd 15! 2nd 15 2nd
season | season | season | season | season | season
Effect of Humic acid application (cm / fed)

Plant DW Harvesting time
_(day)

Treatments

With 153.9 157.0 119.9 125.1 189.3 195.0
Without 134.0 136.7 98.3 102.7 198.1 204.1
L.S.D at 5% 1.44 1.16 0.83 0.79 0.93 0.92

Effect of fertilization types
10 m?/fed | 135.4 138.1 103.4 106.8 186.0 1915
Compost 15m°/fed | 149.6 152.6 115.7 119.9 201.3 207.3

20m°/fed | 152.3 155.3 117.1 122.1 203.2 209.3
10m’/fed | 129.7 132.3 89.9 94.7 179.0 184.4

Cattle 15m°/fed | 139.3 142.1 102.3 107.9 183.3 188.7
20m°/fed | 143.8 146.8 111.6 116.3 198.2 204.1
L.S.D at 5% 2.69 2.17 1.55 1.49 1.73 1.73

Effect of the interaction

© 10 m®/ fed 141.3 144.1 108.6 112.3 180.7 186.1
g Compost 15 m®/ fed 162.7 166.0 128.7 133.5 197.1 203.0
< 20 m®/ fed 159.6 162.8 124.3 129.3 199.3 205.3
= 10 m?/ fed 139.9 142.7 103.5 109.4 174.2 179.4
= Cattle 15 m’/ fed 151.3 154.3 116.4 121.1 179.3 188.7

20 m®/ fed 155.1 158.2 121.5 127.4 194.3 200.1
o |_N200P200Ks0 Kg /fed 147.7 150.7 1114 116.6 210.2 216.4
e 10 m®/ fed 129.4 132.0 98.2 101.3 191.2 196.9
2 Compost 15 m®/ fed 136.4 139.1 102.7 106.2 205.4 211.6
= 20 m®/ fed 145.0 147.9 109.8 114.8 207.1 213.3
2 10 m?/ fed 119.6 122.0 76.3 79.9 183.8 189.3
‘§ Cattle 15 m’/ fed 127.3 129.8 88.1 94.6 187.2 192.8

20 m*/ fed 132.6 135.3 101.7 105.1 202.0 208.1

L.S.D at 5% 3.10 3.06 2.20 2.10 2.45 2.45

Concerning the increasing in vegetative growth due to receiving NPK
fertilizers may be also attributed to improved availability of nutrientst exudates
that have triggered the growth of newly emerged leaves. The better growth
regarding to the increase of plant photosynthetic potentiality which resulted
higher dry matter production as mentioned by (Longnecker, 1994).

Moreover, mineral fertilizer plays a major role in many physiological
and biochemical processes such as cell division and elongation and
metabolism of carbohydrates and protein compounds (Marschener, 1995).
Our obtained results are in a good accordance with Ashorabadi et al. (2003),
Gomaa and youssef (2007) on fennel plants.

Increasing the number of days for harvesting in plants treated with
mineral fertilization may be due to the increase in N led to prolonged vegetative
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phase and delayed harvesting stage. These results are in agreement with
Jagdale and Dalve (2010) on fenugreek plants.

El-Ghawwas et al. (2002) applied three levels of FYM (14, 21 and 28
m® / fed) on fennel plant, they found that 28 m®/ fed FYM significantly
produced the tallest plants. The level 21 m*®/ fed FYM significantly produced
the highest number of branches, the highest value of fruit yield per plant and
plot. These results are in the same line with many researchers on different
plants such as Kandil et al. (2002), Abdou and Mahmoud (2003) on fennel
plants, since they reported that compost at different levels significantly
increased the vegetative growth characters.

As a bird’s eye view, the interaction in Table (1) showed that
significant effects on growth parameters in both seasons. The highest values
of plant height (167.6 cm), herb dry weighty per plant (136.1 g), time of
harvesting (200.3 day) were recorded by using NPK (RD) with foliar
application of humic acid in the first season. These findings were true in both
seasons. Significant increase in the plant height by chemical fertilizer plus
humic acid might be due to optimum supply and availability of nutrients
through inorganic and organic source which helped in better uptake of
nutrients which increased growth of plants in these treatments.

Increasing in growth of fennel herb when treated plants with mineral
fertilization plus humic acid may be due to the effect of humic acid in
producing materials that may affect plant growth such as substances acting as
plant hormone analogues or growth regulators, (Frankenberger and Arshad,
1995).

These results coincided with Gomaa and Youssef (2008) on caraway
plants. From another view, plants were treated by different types of fertilization
(NPK, compost and cattle manure) and foliar humic acid had lower number of
days till harvesting of fennel than the same plants which were untreated with
humic acid in both seasons. The reason for the enhancing harvesting when
NPK or compost plus humic acid was used, may be due to the properties of
humic acids that have a direct positive effect on plant growth. These results
are in agreement with Ahmed et al. (2011) on roselle plants.

Fruit yield and its components :

Foliar application of humic acid had a significant effect on all yield
parameters as compared with the treatment (without humic) in both seasons,
(Table, 2). This increment in spraying fennel plants with humic acid may be
due to that humic acid increase vegetative growth through availability of
nutrients for plants which reflected on increasing in number of umbels per
plant (58.4), weight of 1000 seeds (8.0 g), fruit yield (64.6 g / plant and
1085.0 kg / fed). The results are supported by Kandil et al. (2002) on fennel.

Moreover, The increase of seed yield per plant and per feddan may be due
to the increase in the number of umbels formed by plant. Such effects of NPK
fertilization on fruit yield may be attributed to the important role these on the
synthesis of metabolites used in fruit formation. Also, the obtained results were
in accordance with those obtained by Ibrahim (2000), Kandil et al. (2002),
Abdou et al. (2004), Badran and Safwat (2004) on fennel.
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Table (2): Fruits yield of fennel plants as affected by humic acid,
fertilization types during (2008 / 2009) and (2009 / 2010) seasons.

Number of [Weight of 1000 Fruit yield
umbels / plant| seeds (g) (g / plant) (kg / fed)
1st 2nd 1st 2nd 1st 2nd 1st 2nd
seasonjseason|season|season|season|season|season|season
Effect of Humic acid application

Treatments

With 58.4 | 63.0 8.0 8.5 64.6 68.5 |1085.0|1150.3
without 42.4 | 45.8 6.5 6.9 45.6 | 48.3 | 765.4 | 811.2
L.S.D at 5% 124 | 099 | 0.11 ] 0.10 | 0.95 0.83 | 15.97 | 13.88

Effect of fertilization types

N20oP 200K 50 Kg/fed | 61.7 66.7 8.3 8.8 69.3 73.4 [1163.4|1233.1
10 m*/ fed| 43.9 47.4 6.8 7.1 46.4 49.2 | 778.7 | 825.7
Compost 15 m*/ fed| 55.5 59.9 7.7 8.3 60.7 64.4 [1019.8|1081.1
20 m*/ fed| 57.3 61.8 8.1 8.4 63.5 67.3 |1066.8|1130.6
10m° fed| 385 | 416 | 6.3 6.7 395 | 41.9 | 663.6 | 703.9

Cattle 15 m% fed| 45.7 49.3 6.8 7.3 50.7 53.8 | 851.8 | 903.0
20 m% fed| 50.2 54.2 7.3 7.7 55.5 58.8 | 932.4 | 987.8
L.S.D at 5% 2.31 1.85 | 0.20 | 0.17 | 1.78 1.55 | 29.88 | 25.97

Effect of the interaction

o 10 m*/ fed| 49.1 53.0 7.3 7.7 53.3 56.5 | 895.4 | 949.2
g Compost [15m*/ fed| 66.3 | 71.6 8.7 9.3 73.0 | 77.4 |1226.4[1300.3
< 20 m*/ fed| 62.9 67.9 8.7 9.1 68.0 72.1 |1142.4|1211.3
= 10 m*/ fed| 45.7 49.4 7.0 7.4 49.2 52.2 | 826.6 | 876.1
= Cattle 15 m% fed| 55.6 60.0 7.8 8.3 63.1 66.9 | 643.4 [1123.9

20 m*/ fed| 59.1 63.8 8.2 8.6 67.3 71.3 | 734.2 |1197.8
é 10 m% fed| 38.7 41.8 6.2 6.5 39.4 41.8 | 661.9 | 702.2
£ | Compost [15 m% fed| 44.7 48.3 6.7 7.3 48.4 51.3 | 813.1 | 861.8
5 20 m*/ fed| 51.7 55.8 7.4 7.7 59.0 62.5 | 991.2 |1050.0
2 10 m¥ fed| 31.3 33.8 5.6 6.0 29.8 31.6 | 500.6 | 530.9
S| cattle [15m%fed| 35.8 | 38.7 | 5.8 | 6.2 | 38.3 | 40.6 | 643.4 | 682.1

20 m*/ fed| 41.3 44.6 6.3 6.8 43.7 46.3 | 734.2 | 777.8

L.S.D at 5% 327 | 261 | 020 | 0.25 | 1.78 1.55 | 29.88 | 25.97

The interaction between humic acid as a foliar application and
fertilization treatments had significant effects on all fruit yield parameters
when compared with the treatments (without humic). The highest values of
number of umbels (69.8 and 66.3), weight of 1000 seeds (8.9 and 8.7 g), fruit
yield (78.2 and 73.0 g / plant) and (1313.8 and 1226.4 kg / fed) were
recorded by using NPK (RD) followed by compost at 15 m? fed with foliar
humic acid application, respectively in the first season.

The beneficial effect of those interactions (chemical, compost fertilizer
plus humic acid) on fennel fruits yield may be attributed to the enhancing of
easily nutrients release into soil solution and to encourage their penetration
through plant roots, as well as to develop antagonistic impacts toward pests
and plant diseases (Ho and Hwan, 2000). The positive effect of compost with
humic acid were in harmony with those obtained by Gomaa and Youssef
(2008) on caraway plants.
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Essential oil content :

Studying essential oil (Table, 3), it was obvious that the highest
percentage and vyield were 2.81%, 1.82 ml/ plant and 30.53 L/fed
respectively, of plants sprayed with foliar humic acid application, while the
lowest values were of plants without humic application in the first season.

Table (3): Essential oil (%), content (ml / plant) and yield (kg / fed) of
fennel plants as affected by humic acid and fertilization types
during (2008 / 2009) and (2009 / 2010) seasons.

Essential oil content
Treatments (%) (ml / plant) (L /fed)

15! an 151 2nd 151 2nd
season | season | season | season | season | season

Effect of Humic acid application

\With 2.81 3.08 1.82 2.11 30.53 35.52
without 2.69 2.95 1.23 1.42 20.71 23.98
L.S.D at 5% 0.015 0.012 0.029 0.037 0.484 0.434

Effect of fertilization types
10 m?/ fed 2.71 2.96 1.26 1.46 21.09 24.45
Compost 15 m®/ fed 2.78 3.05 1.69 1.97 28.40 33.02

20 m/ fed 2.79 3.05 1.77 2.06 29.74 34.61
10 m?/ fed 2.68 2.93 1.06 1.19 17.81 20.67

Cattle 15 m®/ fed 2.73 2.99 1.39 1.62 23.44 27.13
20 m°% fed 2.75 3.01 1.53 1.78 25.79 29.91

L.S.D at 5% 0.028 0.023 0.054 0.068 0.905 0.812

Effect of the interaction

© 10 m®/ ed 2.74 2.99 1.46 1.69 24.53 28.39
g Compost 15 m°/ fed 2.84 3.12 2.07 2.41 34.78 40.49
< 20 m°/ fed 2.83 3.10 1.92 2.24 32.26 37.63
= 10 m®/ fed 2.71 2.97 1.33 1.55 22.34 26.04
= Cattle 15 m°/ fed 2.80 3.07 1.77 2.05 29.74 34.44
20 m°/ fed 2.81 3.08 1.89 2.2 31.75 36.96
N200P200K 50 Kg / fed 2.75 3.01 1.66 1.92 27.89 32.26
é 10 m®/ fed 2.67 2.92 1.05 1.22 17.64 20.5
< Compost 15 m®/ fed 2.71 2.97 1.31 1.52 22.01 25.54
5 20 m*/ fed 2.74 3.00 1.62 1.88 27.22 31.58
2 10 m®/ fed 2.64 2.89 0.79 0.91 13.27 15.29
§ Cattle 15 m?/ fed 2.66 291 1.02 1.18 17.14 19.82
20 m°/ fed 2.69 2.94 1.18 1.36 19.82 22.85
L.S.D at 5% 0.039 0.032 0.076 0.097 1.280 1.148

The positive effect of foliar humic acid on oil quality may be due to
humic acid (HA) containing auxins, which influence cell division and stem that
gave the cell walls the ability to expand. These results in accordance with
those obtained by Said-Al Ahl et al. (2009) on oregano plants, they indicated
that increasing growth compared with control plants due to the direct effect of
humic acid on solubilization and transport of nutrient.

The highest significantly essential oil percentage and yield were 2.84
%, 1.97 ml/ plant and 33.10 L/ fed respectively, of plants which received the
recommended dose of N,ooP200Kso kg /fed followed by the plants fertilized
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with compost at rate of 20 m*/ fed were 2.79 %, 1.77 ml/plant and 29.74 L/
fed respectively. The lowest values were 2.68 %, 1.06 ml/ plant and 17.81 L/
fed respectively, from plants fertilized with cattle manure at rate of 10 m* / fed
in the first season compared with other fertilizers treatments separately. The
results of the second season followed the same trend. These results might be
due to the important role of macro elements which plays an important role in
synthesis of plant constituents such as in essential oil. The sufficient
availability of these elements might have led to higher seed yield and
resulting in higher essential oil yield (Wagner and Micheal, 1971).

The increase in oil yield has been reported with increase in NPK level
alone as mentioned by Mukesh (1996). These results are in accordance with
the previous results of Ashorabadi et al. (2003), Gomaa and Youssef (2007)
and Azzaz et al. (2009) on fennel plant.

The primitive effect of compost on increasing essential oil percentage,
content and yield of fennel plant might be attributed to their enhancing effect
on vegetative growth characteristics and plant chemical composition. In
addition, this favorable effect could be related to increasing the number of
glands. These results coincide with those obtained by Abdou and Mahamoud
(2003) on fennel plant.

Data in Table (3) showed that the essential oil content and yield
of fennel plant were significantly affected by the interaction treatments
between different types of fertilization (NPK recommended dose
(RD), compost and cattle manure) plus spraying humic acid
application.

The highest values were 2.92 %, 2.28 ml / fed and 38.30 L / fed
obtained from plants fertilized with the recommended dose of NPK
plus spraying humic acid followed by plants fertilized with the medium
dose of compost at 15 m® fed plus humic acid (2.84 %, 2.07 ml /
plant and 34.78 L/fed) respectively, compared with other combination
of fertilizers with humic. Therefore, using organic fertilizers improved
quality and quantity of medicinal plants. The favorable effect treating
fennel plants with mineral fertilization plus humic acid are in harmony
with those of Gomaa and Youssef (2008) on caraway plants and
Said-Al Ahl et al. (2009) on oregano plants.

Essential oil components (%):-

The results in Table (4) and illustrated in Figures (1 and 2) showed the
different components separated and identified from oil samples produced from
the plants treated with interaction between fertilizers types and humic acid
during the second season of 2009 / 2010.

The obtained chromatograms revealed and identified 7 components
represented from 92.73 to 99.05 % of essential oil are a-pinene, p-myrcene,
limonene, fenchone, 1.8-cineole, estragole and anethole. The main component
estragole was 91.46 % produced by the NPK (RD) with humic acid.

All treated plants with humic acid produced highest percentage of the
main components (estragole) compared with untreated ones. Estragole is a
major oil component of many common herbs such as fennel up to 65 %
(Barazani et al., 2002).
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Generally, it could be concluded that, foliar application of humic acid
twice after sowing at rate of 10 cm / L and fertilization plants with compost at
rate of 15 m®/ fed gave a higher values of fruit yield and essential oil with
good quality from natural source of fertilizers established efficiency on safety
manner for soil fertility and more economic as well as unpolluted environment

Table (4): Essential oil components (%) of fennel plants affected by
fertilization types and humic acid application in the second
season of (2009 / 2010).

Essential oil components (%)
Monoterpenic Oxygenated compounds
Treatments ‘ ydrocarbons known
a-pinene myﬁ:'ene‘limonene fenchone cinéo_le ‘ estragole |anethole
With humic acid (10cm /L)
EZOOPZOO Kg/fed | 0.41 | 0.24 2.32 3.11 0.35 91.46 - 97.89
50

10m°/fed| 0.47 | 0.54 6.39 2.55 0.65 82.05 2.31 | 94.96
Compost[15 m® / fed| 0.32 0.52 6.14 2.77 - 88.81 - 98.56
20m°/fed| 0.42 | 0.40 6.15 3.05 0.52 87.49 - 98.03

10 m®/fed| 1.59 - 5.99 5.19 2.35 77.61 - 92.73

Cattle [15m°/fed| 0.30 - 2.60 3.38 0.41 85.07 348 |95.24
20 m*/fed| 0.26 0.15 1.85 2.88 0.37 88.29 0.39 [94.19

Without humic acid (Ocm /L)
E2°°P2°° Kg/fed | 0.49 | 0.28 3.92 6.76 0.81 86.52 - 98.78
50

10 m®/ fed - 2.07 11.68 4.04 2.29 77.05 1.92 | 99.05
Compost[15 m®/ fed| 0.72 0.55 6.19 4.45 0.80 85.91 0.21 [98.83
20 m*/fed| 0.49 0.56 7.65 3.19 0.46 86.30 - 98.65
10m°®/fed| 2.09 | 0.91 6.25 8.47 5.89 65.72 5.89 |95.22

Cattle [15m°®/fed| 0.52 - 4.16 3.52 1.00 84.70 3.54 [97.44
20m°/fed| 1.24 | 0.55 5.23 3.69 0.84 86.04 - 97.59
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Fig. (1): G.L.C. chromatographic analysis of fennel oil components %
from NogoP200Kso kg / fed and compost at (10, 15 and 20 m?/ fed)
with or without humic acid application.
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Fig. (2): G.L.C. chromatographic analysis of fennel oil components %
from N2goP200Kso kg/fed and cattle manure at (10, 15 and 20 m?/
fed) with or without humic acid application.

212



J. Plant Production, Mansoura Univ., Vol. 3 (2), February, 2012

REFERENCES

Abdou, M.A. and A.H. Mahmoud (2003). Growth and oil production of
(Foeniculum vulgare Mill). 2: The effect of number of irrigations and
organic fertilizers. J. Agric.Sci. Mansoura Univ., 28(5): 3857-3868.

Abdou, M.A.H.; A. El-sayed; F. Badran and R. Salah El-Deen (2004). Effect of
planting density and chemical and Bio-fertilization on vegetative growth,
yield and chemical composition of fennel (Foeniculum vulgare, Miller). II-
Effect of NPK chemical fertilization and Bio-fertilization treatments.
Annals of Agric. Sc., Moshtohor, 42 (4): 1923- 1937.

Adani, F.; P. Genevini and P. Zaccheo (1998).The effect of commercial humic
acid on tomato plant growth and mineral nutrition.J.Plant Nutr.21:561-
575.

Ahmed, Y. M.; E. A. Shalaby and N.T. Shanan (2011): The use of organic and
inorganic cultures in improving vegetative growth, yield characters and
antioxidant activity of roselle plants (Hibiscus sabdariffa L.). African J.
Biotech., 10(11):1988-1996.

Arancon, N.Q.; C. Edwards; S. Lee and R. Byrne (2006): Effects of humic acids
from vermicomposts on plant growth. Eur. J. Soil Biol. 42: S65-S69.

Ashorabadi, E.S.; A. Matin and M.H. Lebaschi (2003): Investigate of
physiological growth indices in fennel (Foeniculum vulgare). Iranian, J.
Medicinal and Aromatic Plants Res., 19 (2): 157-182.

Azzaz, N.A.; E.A. Hassan and E.H. Hamad (2009). The chemical constituent
and vegetative and yielding characteristics of fennel plants treated with
organic and bio-fertilizer instead of mineral fertilizer. Australian J. of
Basic and Applied Sciences, 3(2): 579-587.

Badran, F.S. and M.S. Safwat (2004). Response of fennel plants to organic
manure and bio-fertilizers in replacement of chemical fertilization.
Egypt. J. Agric. Res., 82(2): 247- 256.

Barazani, O.; Y. Cohen; A. Fait; S. Diminshtein; N. Dudai; U. Ravid; E.
Putievsky and J. Friedman (2002). Chemotypic differentiation in
indigenous populations of Foeniculum vulgare var. vulgare in Israel,
Biochem. Syst. Ecol., 30, 721-731.

British Pharmacopoea (2000). Determination of Volatile Oil in Drugs. The
Pharmaceutical press. London.

Chen, Y.; M. De Nobili and T. Aviad (2004). Stimulatory effect of humic
substances on plant growth. In Soil organic matter in sustainable
agriculture. (Eds Magdoff F, Weil RR). Boca Raton.

El-Ghawwas, E.O.; M.A. Eid and S.M. Mohammed (2002). Effect of different
levels of organic manures and plant distances on fennel (Foeniculum
vulgare Miller) plant. Egypt. J. Appl. Sci., 17(3): 198-219.

Ezzat, A.; U. Saif Eldeen and A. Abd El-Hameed (2009). Effect of irrigation
water quantity, antitranspirant and humic acid on growth, yield, nutrients
content and water use efficiency of potato (Solanum tuberosum L.). J.
Agric. Sci. Mansoura Univ., 34 (12):11585-11603.

Fortun, C.; A. Fortun and G. Almendros (1989). The effect of organic materials
and their humified fractions on the formation and stabilization of soil
aggregates. The Science of the total Environment, 81/82: 561-568.

213



Sharaf - El-Deen, M. N. et al.

Frankenberger, W.T. and M. Arshad (1995): Phytohormones in Soils: Microbial
Production and Function. Marcel and Deckker, N.Y. p. 503.

Gomaa, A.O. and A.S. Youssef (2007): Bio-Fertilizers as a partial alternative to
chemical NPK fertilization and its influence on the productivity of fennel
plants (Foeniculum vulgare Mlller) Hort. Dept., Fac. Agric., Moshtohor,
Benha University , Egypt. The 3" Conf. of Sustain. Agric. Develop. Fac.
of Agric, Fayoum Univ., 12-14 Nov., 327-352.

Gomaa, A .0. and A.S. Youssef (2008) Efficiency of bio and chemical
fertilization in presence of humic acid on growth performance of caraway
Hort. Dept., Fac. Agric.,, Moshtohor, Benha University, 4™ Scientific
Conference of the Agricultural and Biological Research Division under
the theme "Safe Agriculture Products for Health and Environment by
Using Recent Technologies; May 5-6, National Research Centre
Agricultural and Biological Research Division Cairo, Egypt".

Gomez, K.A. and AA Gomez (1984). Statistical Procedures for Agriculture
Research. 2" Ed. John Wiley and Sons, Inc, New York, USA.

Guenther, Z. and S. Joseph (1978). Handbook Series in Chromatography.
GRC Press Inc.

Ho, H.O. and J.K. Hwan (2000): The study on the plant growth hormones; in
EM Technology and Nature Farming, 6 " Inter. Conf., held in Kyusei,
Pretoria, South Africa, pp: 15-21.

Ibrahim, S.M.M. (2000). Effect of seeding rate and Bio-fertilization on fennel
(Foeniculum vulgare Mill.) plants. M.Sc.Thesis, Fac. Agric. Minia Univ.

Jagdale, P. and D. Dalve (2010): Effect of nitrogen and phosphorus levels on
growth and pod formation of fenugreek. Asian J. Horti., 5(2): 301-304.

Kandil, M.; S. Ahmed; C. Stor and E. Schnug (2002). Effect of organic and
inorganic fertilization on fruit and essential oil yield of fennel (Foeniculum
vulgare Mill.) grown in Egypt. In: Proceeding Fachtag fir Heil-und
Gewuerzpflanzen Ahrweiler (im Druck).

Keville, K. (1999). Herbs "An lllustrated Encyclopedia" Michael Friedman
Publishing Group Inc. p. 167-168.

Khalil, M.Y.; S. EI-Sherbeny (2003). Improving the productivity of three
Mentha sp. recently cultivated under Egyptian condition.Egypt.J.Appl.
Sci.18:285-300

Longnecker, N. (1994). Nutrient deficiencies and vegetative growth.
Mechanisms of plant growth and improved productivity. Ed. A. S.
Basra, Marcal Dekker, Boca Raton, pp.137-172.

Marschner, H. (1995). Functions of mineral nutrients. In: Mineral nutrition of
higher plants 2nd (ed.). Macronutrents, p. 299-312.

Moradi, R.; P. Moghaddam and A. Lakzian (2010). The effect of application of
organic and biological fertilizers on yield, yield components and
essential oil of Foeniculum vulgare (Fennel). Field Crop Res., 7: 625-
635.

Mukesh, K. (1996). Studies on nitrogen nutrition and row spacing in Chinese
mint (Mentha arvensis L.) MSc. Theses submitted to G.B. Pant
University of Agriculture and Technology, Pantnagar.

Said-Al Ahl H.A.H.; Hasnaa S. Ayad and S.F. Hendawy (2009). Effect of
potassium humate and nitrogen fertilizers on herb and essential oil of
oregano under different irrigation intervals. J. of Applied Sci., 2(3):

214



J. Plant Production, Mansoura Univ., Vol. 3 (2), February, 2012

Soumare, M.; F. Tack; M. Verloo (2003). Characterization of Malian and
elgian solid waste composts with respect to fertility and suitability for
land application. Waste Manag., 23: 517-522.

Stevenson, F.J. (1994). Humus Chemistry: Genesis, Composition, Reaction
(Second ed.), Wiley, New York.

Ulukan, H. (2008). Effect of soil applied humic acid at different sowing times on
some yield components in wheat (Triticum spp.). Int. J. Bot. 4(2): 164-
175.

Wagner, H. and G. Micheal (1971). Effect of varied nitrogen supply on the
synthesis of cytokinens in root of sunflowers. Biochem. Physiol.163:
147-158.

Zhang, S.X.; X.B. Wang and K. Jin (2001). Effect of different N and P levels
on availability of zinc, copper, manganese and iron under arid
conditions. Plant Nutr. Fert. Sci., 7:391-396.

asd) Ql.u‘fba.)dhd\ Ml g o gaall) Cpa b ginay Sliagagll (laaa G
Skl @3l g Jganally s uaddl sailly dll dBMe 4

daaf addiall e JUa g dgre g Cala o pall Gl 4y 3 dasa

Bogalal) dasly — Aol )3l Al — A3 5 padld) aud

ol Gl e o Yo d e /Y 5o Ya a4V 00 A Gpanssall DA (pilia (48 ja3 245 S

Gi) sl Gmes il Al ¢ 5 saaial) daala - Aol LIS A hally Akl i) de ) 3

Fa Yoo10m)v) Jaray dpilall slans 5 Cans gaaSll (e Adlisne Sl giusay Spanall XS 5 (L) 99— (Fs

(05 /558 & S 0 0=T o aa¥ o v) o sbasSll sband) (3a L oom sl Aol lasi) S ALYl (old /

Allasl) 45 58 5 Ll a3l S5 Ll J geana s (g pndll gadll e elly il

- 1 b L Lo Juaaial) i) el (Rayg

Al 0l (e ps V005 T day (0 e Jamey lall %) S i i sagll (many (B0 (i)l salz W)
Crvams 5all OIS (8 4 gima By ) SLlall 30 Lyl 5 el J gemna 5 (g sl il 33 5 )

wl) el hel (5 el Sl (ga Loy om sl A ally al) il apecd o i) Camn sl LS
(O T Y+ ) a2l sl Ssanstl o34 s 3l il paanl

Hasll e Lr (oo sall Ao sally dansll 5 cliasagl) (meny (Fos0 Y G Jeldl) dalae cilael; WG
gl Clicall e e sine |yls ()38 /750 0 Jinas Cane a1 slans Ll (5 sbal

e 2ie (s inl) it sSally Dbkl gkl coy U 4 gl dill (8 Baly ) Chaar

e pagl) mans 0 e 38 /7Y 0 Jias i pael) sy il
Oe peinsd g sane iy GLS jo Vo i pad jedll el (e gl Cu Sl ) g il s KD il Lusald
U Sl (30 % 39,00 V9% AV VY

Aol epse Voo 5 T a il %) 58 (s GES e sel) (aes dila) (S dua sl

Jsanlly 5 padll saill puadl @lld g s gaalll alew (30 ¥/ Yo VO @ Glilall pand ) ddlayl

Eisle e 4l AV agalatil €T g s claa o3 Skl a3l 5 Sl e Jpemna el e

44l

Gl axady ol

3 gaiall daaly — ds )3l A8 b 3aa jguaia o [ 2]
Ay sy daala — Ao 3 Aulg G Shal el ae S [

215



