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ABSTRACT

A field experiment was conducted at the experimental farm of the Horticulture
Research station, South El-Tahrir province during the two successive seasons to study
the influence of mineral, organic and bio-fertilizer on some growth characters, dry
matter, yield, fruit oil content and nutrients content of Fennel plants.

Mineral fertilizers were applied to the soil either alone or together with the
studied organic fertilizer (FYM) and bio-fertilizer No-fixers. Nitrogen fertilizer was added
at a rate of 0, 150, 300 kg fed”' and FYM was added at a rate of 15, 30 m*/fed.

Fennel plants height and number of branch affected by applied fertilizer. The
maximum fennel plant height was occurred by the addition of half dose of mineral N +
30 m*fedden FYM and inoculation the seeds by Nz -fixers.

Seed index (weight of 100 fruits) and fruit yield per feddan was significantly
affected by applied mineral, organic and bio-fertilizer. The maximum seed index and
fruit yield for fennel was achieved during the 2™ season by application of 1/2 dose of N
+ 30 m® FYM/fed. and seed inoculation with N-fixers.

Dry matter yield at age of 40 days of fennel plant was considerably affected
by application of bio-fertilizers. The maximum dry matter was achieved by addition of
half dose of mineral N and ful dose FYM and seeds inoculated with No-fixers.

The obtained data showed that application of mineral, organic and
bio-fertilizers markedly increased NPK concentration and uptake of fennel plants.

Qil percentage was markedly affected by mineral N, organic matter and
bio-fertilizer. The maximum fennel oil percentages were recorded by addition of half
dose of mineral N, full doses of FYM and Na-fixers.

INTRODUCTION

Medicinal and aromatic plants commercially produced on about
90.000 in Egypt feddans, representing an annual export income of more than
$110 million. Egyptian exports of medicinal and aromatic plants occupy the
fifth order among all agricultural Egyptian exports. However, the exportation of
these crops now faces serious problems due to using chemical fertilizers and
pesticides which reduce the exports of these crops due to the concern for
human health and environment. Accordingly, the strategy of biological
production of medicinal and aromatic plants in desert soils has gained more
and more importance during the past few years. Biological production
technology of medicinal and aromatic plants can provide the basis for
achieving economic and environmental sustainability in Egypt.

Fennel (Foeniculum vulgare Mill) is an important crop plant of
considerably medicinal value, being carminative and stomactic. Fruits are also
used in preparation of pickles and in households as an important chewing
ingredient after m eals. F ennel e ssential oil is used to flavor d ifferent f ood
preparations and in perfumery industries.
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Most of new reclaimed soils in Egypt are sandy. These soils are poor
in organic matter and essential nutrient elements.

Nitrogen fertilizer application is the major factor that affect plants
production and seed quality of plants, (Kandeel et al., 1992, Ceylan et al.,
1994 and Biswas et al., 1995). Organic manure is involved in medicinal and
aromatic plants in many countries due to its affects on physical and chemical
and biochemical of soil and plant characteristics (El-Ghadban (1998) and
Osamn (2000).

Great efforts have been exerted to a large scale in the world to getthe
full benefits of the soil biological activity and in particular bacteria species,
which are able to fix atmospheric nitrogen. Harridy et al. (1988) and Bertand et
al. (2000) obtained an enhancement of growth characters, fruit production of
Rosella plants and ocil seed rape by using Azospirillum, Azotobacter and
Achromobacter strains.

MATERIALS AND METHODS

A field experiments was conducted at the experimental farm of the
Horticulture Research station, South El-Tahrir province during the two
successive season (1997 and 1998) to study the influence of mineral, organic
and bio-fertilizers on some growth characters, dry content of Fennel
(Foeniculum vulgare L.) plants.

The experiment consists of 14 treatments represent the combinations
between mineral, organic and bio-fertilizer as it is shown in the following:
Control : without fertilizer
Ammonium sulphate at rate 150 kg/fed.

Ammonium sulphate at rate of 300 kg/fed.

Farmyard manure (FYM) 15 m/fed.

Farmyard manure (FYM) 30 m®/fed.

Ammonium sulphate at rate 150 kg/fed. +: FYM 30 m*/fed.

Ammonium sulphate at rate 300 kg/fed. +: FYM 30 m¥fed.

No-fixer: seeds inoculated with N,-fixer (Asospirillum Sp, Azotobacter

chrooccum Klebsiella Pneumonia and Bacillus Spolymexa).

9.  Ammonium sulphate at rate 150 kg/fed + N,-fixer

10.  Ammonium suiphate at rate 300 kg/fed + No-fixers

1. FYM 15m’/fed.+ Ny-fixers

12.  FYM 30 m*fed.+ N-fixers .

13.  Ammonium sulphate at rate 150 kg/fed + FYM 30 m*/fed.+ No-fixer

14.  Ammonium sulphate at rate 300 kg/fed + FYM 30 m*/fed.+ No-fixer

The experiment was designed in split plot design with five replicates.

The experimental plot area was 2 x 1.8 m prepared containing rows 60 cm a
part. The spaces between plants were 30 cm. Soil, plant analyses and
organf manure analyses Tables (1 and 2) were carried out according to
Richards (1954), and Jackson 1937. Essential oil percentages were
determined in air dried fruits as described in British pharmacoeia (1963).

PNOAP N
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Table (1): Some physical and chemical characteristics of experimental

soil.
A- Physical properties.
Total Field Particle size distribution%
season | CaCO; W;I/-i.c capacity |Coors | Fine L it
% (] o, sind - | suetd silt |clay grad
el 4.60 14.8 8.87 54.20 | 34.30 |8.30 |3.20 Sandy
" 4.83 14.7 8.82 53.37 | 3293 [9.40 |4.10 | sandy
b- Chemical properties.
season | pH EC Soluble cations (meg/L) Soluble anions (meg/L)
(1:2. | dS/m Ca" Mg" Na" [ K [CO; [HCO:y | CI SO,
5)

Tl 80 | 150 | 65 [ 230 [510 [0.11]| - | 650 |5.61 |1.90
el 80 | 155 | 673 | 242 |4.78 |013| - | 6.10 |5.23 |2.73
Available nutrients (ppm)
season N P K Fe Mn Zn
i 10 5.40 270 4.3 14 0.90
- 11 6.41 282 4.4 1.5 0.83

Table (2): Chemical analysis of used FYM.

Fertilizer characteristics 1% season 2™ season
Density 342 kg/m® 350 kg/m*
Moisture % 7.70 8.10
Total N (% ) 0.84 0.95
Organic mater ( %) 35.24 36.43
C/N ratio 24.33 22.24
NH;" -N (ppm) 47.70 63.80
NO; -N (ppm) 184.10 205.30
Total P (%) 0.30 0.52
Total K (%) 1.80 1.95
Fe (ppm) 833.50 981.10
Mn (ppm) 198.60 173.80
Zn (ppm) 109.90 149.70
Cu (ppm) 40.90 42.10

RESULTS AND DISCUSSION

1. Effect of mineral, organic and bio-fertilizer on growth of fennel plants:
14 Plant height:

The obtained results in Table (3) showed the effect of mineral organic
and bio-fertilizers on the height of fennel plants. Data revealed that application
of the three types of the tested fertilizers significantly elongate the plant height
either at the first or the second seasons of cultivation. However, application of
bio-fertilizer No-fixers alone showed no influence on the plant height.
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In non inoculated seeds organic matter application enhanced the
plant height by more than 16% compared with the control either in the first or
the second season of growth. An obvious improve for the effect of organic
matter appearsd with the addition of bio-fertilizer. Application of N mineral
fertilizer followed the influence of organic application either with or without
bio-fertilizer addition at both season of growth. The p romotion in the plant
height induced by application of half N or N treatments was more than 32%
compared with the control. However the combination of N-fertilizer with
bio-fertilizer increased the plant height by more than 46%. Application of
complete dose of N and OM tremendously elongated at the plant height by
more than 4 6% compared with the control. N ,-fixers s howed an i mmense
augmentation in the plant height when added to the combination of N and OM
fertilizer. On the other hand the application of 1/2 N + 1 OM with bio-fertilizer
demonstrated the highest influence on the plant height either at the first and
the second seasons of growth. W herever the highest figures of the plant
height (121.43 cm) were induced by the application of half N + 1 OM combined
with Na-fixer at the second season that is equal to an increase of 77.5% more
than the control.

This result emphasis that the best influence of added fertilizers
occurred with application of half dose of nitrogen and one dose of organic
fertilizers. This enhancement may be ascribed to the beneficial influence of
the addition of half dose of N fertilizer with 1 OM on stimulating the activity of
bacteria specially No-fixers bacteria which promote the release and availability
of N and P, in addition increased the availability of other nutrients in the soil
and growth promotion substances. Similar results have been reported by
Harridy et al. (1998), Bertand et al. (2000) and Nassar et al. (2000).

1.2. Number of branches:

The obtained data in Table (3) denoted the applied, ineral. Organic and
bio-fertilizer on the number of branches of fennel plants. Data revealed that
application of the three types of the tested fertilizers significantly increased the
number of branches either at the first or the second seasons of cultivation.
However, application the bio-fertilizer alone showed no influence on the
number of branches in non inoculated seeds. Organic matter application
enhanced the number of branches by more than 1% compared with the
control either in the first or the second season of growth. An obvious
improvement for the effect of organic matter appeared with the addition of
bio-fertilizer. Showed nearly equal to Nj-fixers for their influence on the
number of branches. Application of mineral N fertilizer followed the influence
of organic application either with or without bio-fertilizer addition at both
seasons of growth. T he promotion in the number of branches induced b y
application of 1/2 N was more than 2% compared with the control. However
the combination of N fertilizer with bio-fertilizer increased the number of
branches by more than 13%. Application of full dose of N and OM
tremendously promoted the number of branches by more than 20% compared
with the control>

No-fixers showed an immense augmentation on the number of
branches when added in combination with N and OM fertilizer. On the other
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hand, the application of 1/2 N + 1 OM with the bio-fertilizer demonstrated the
highest influence on the number of branches in the both seasons of growth,
wheresoever the highest figures of the number of branches (10.57) was
induced by the application of 1/2 N + 1 OM combined with P-dissolver at the
second season. :

The results pointed out that application of nitrogen and organic
fertilizer with N-fixers achieved the higher numbers of branches. That
referred to stimulating the influence of nitrogen either from the organic or the
mineral source on activation of N -fixers and its enhancing effect on the
availability of N on plant growth, similar resulted have been obtained in the
first season. The obtained results are in coincidence with the finding of Amin
(19997) and Ashour et al. (1998).

2.1. Seed index

Data in Table (4) showed that the seed index (weight of 100 fruits) of
fennel plant as affect by the application of mineral, organic and bio-fertilizer
addition on the three types of tested fertilizers significantly increased the seed
index either in the first or the second seasons of cultivation. However,
application of bio-fertilizer, showed no influence on the seed index. In non
inoculated seeds, organic matter application enhanced the seed index by
more than 7% compared with the control either in the first or second season of
growth.

Application of N mineral f ertilizer f ollowed t he influence of organic
application either with or without the bio-fertilizer addition at both seasons of
growth. The promotion in the seed index induced by application of 1/2Nor 1 N
treatments was more than 3% compared with the control. However, the
combination of N fertilizer with the bio-fertilizer increased the seed index by
more than 11%. Application of recommended dose of N and 1 OM
tremendously increased the seed index by more than 20% compared with the
confrol.

N,-fixers showed an immense augmentation in the seed index when
added to the combination of N and OM fertilizer.

On the other hand the application of 1/2 N + 1 OM with the
bio-fertilizer demonstrated the highest influence o the seed index either at the
first or the second seasons of growth.

2.2. Fruit yield per feddan:

Data | Table (4) showed the influence of the mineral, organic and
bio-fertilizers on the fruit yield of fennel plant per feddan in both seasons of
growth.

The types of tested fertilizers significantly increased the fruit yield per
feddan either at the first or the second seasons of cultivation. However,
application of bio-fertilizer, showed no influence on the fruit yield per feddan.
In non inoculated seeds, organic matter application enhanced the fruit yield
per feddan by more than 18% compared with the control either in the first or
the second season of growth,

An obvious improvement for the effect of organic matter appeared
with adding the bio-fertilizers. Application of mineral N fertilizer followed the
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influence of organic application either with or without the bio-fertilizer
application at both seasons of growth. The promotion in the fruit yields per
feddan induced by application of 1/2 N or N treatments was more than 17%
compared with the control. However, addition of N fertilizer with bio-fertilizer
increased the fruit yields per feddan by more than 30%. Application of
complete dose of N and OM tremendously increased the fruit yield of fennel
per feddan by more than 59% compared with the controi.

N.-fixers showed an immense augmentation in fruit yield of fennel per
feddan when added to the combination of N and OM fertilizer. On the other
hand the application of 1/2 N + 1 OM with the bio-fertilizers demonstrated the
highest influence on the fruit yield of fennel per feddan either at the first or the
second s eason of growth wheresoever the highest figure of fruit yield per
feddan (1524.83 kg/fed.) about 94% more than the control was induced by the
application of 1/2 N + 1 OM combined with N,-fixers at the first season. These
results agreed with the finding Amin (1997) and Nassar et al. (2000).

2.3. Dry matter:

The obtained results for the effect of mineral, organic and
bio-fertilizers on the dry matter of fennel plants presented in Table (5). The
data revealed that application of the three types of the tested fertilizers
significantly increased the dry matter yield either at the first or the second
seasons of c ultivation. H owever, a pplication b io-fertilizer alone s howed n o
effect on the dry matter yields. In non inoculated seeds, application of organic
matter enhanced the dry matter yield by more than 52% compared with the
control either in the first or the second season of growth.

An obvious improvement for the effect of organic matter appeared
with application of the bio-fertilizer.

Application of mineral N fertilizer f ollowed the i nfluence of o rganic
application either with or without bio-fertilizer application at the both season of
growth. The promotion in the dry matter induced by application of 1/2 N or N
treatments was more than 82% compared with the control. However, the
combination of N fertilizer with bio-fertilizer increased the dry matter yield by
more than 106% compared with the control. Application of recommended
dose of N and OM tremendously increased the dry matter yield by more than
128% compared with the control.

N-fixers showed an immense augmentation in the dry matter when
added to the combination of N and OM fertilizer. On the other

3. Macronutrients contents and uptake of fennel plants as affected by
mineral, organic and bio-fertilizers:

The obtained results in (Table b) manifest that the treatments of
bio-fertilizer alone slightly stimulate the concentration and uptake of N by
fennel plants. Application of the three types of the tested fertilizers significantly
increased the concentration of N either at first or the second seasons of
cultivation.

However, application the bio-fertilizer alone showed no
influence on the concentration of N. In non inoculated seeds organic matter
application enhanced the concentration of nitrogen by more than 12%
compared with the control either in the first or the second season of growth.
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An obvious improvement for the effect of organic matter appeared
with application of bio-fertilizer. Application of mineral N fertilizer followed the
influence of organic application either with or without the bio fertilizer,
addition at the both seasons of application of 1/2 N or N treatments was
more than 16% compared with the control. However, the combination of N
fertilizer with the bio-fertilizer increased the concentration of N by more than
34%. Application of complete dose of N and OM tremendously increased the
concentration of N by more than 19% compared with the control.

N,-fixers showed in immense augmentation in the concentration of N
in fennel plant when applied to the combination of N and OM fertilizer. On the
other hand the application of 1/2 N + OM with the bio-fertilizer demonstrated
the highest influence on the concentration of N in fennel plants either at the
first and the second season of growth. Wheresoever the highest figure of the
concentration of nitrogen (3.12%) which about 53% more than the control was
induced by the application of 1/2 N + 1 OM combined with N -fixers at the
second season. Similar results for the effect of different fertilizers on the N
concentration in different plants have been reported by Hassouna et al., (1998)
and Anga (2001).

Nitrogen uptake in (Table 6) elucidate the same trend of N
concentration as affected by application of mineral, organic and bio-fertilizers.
Data show that application of 1/2 N + 1 OM with inoculation of N.-fixers, gave
the highest effect at the second season (15.44 mg/plant). This increase was
more than five-fold compared to the control for the first and second seasons.
Similar results were obtained by Agwah(1993) and Harridy et al. (1998). This
may be attributed to the stimulating influence of the fertilizers on plant
vegetative growth, consequently dry matter yield, N concentration and its
uptake.

3.2 Phosphorus concentration and uptake:

The obtained result for the effect of mineral, organic and bio-fertilizers
on the P concentration of fennel plants are presented in (Table 6 b). Data
revealed that application of the three types of the tested fertilizers significantly
increased the P-concentration either atthe firstor the second seasons of
cultivation. However, application of the bio-fertilizer alone showed no
influence on the p-concentration. In non-inoculated seed organic matter
application enhanced the P-concentration by more than 38% compared with
the control either in the first or the second seasons of growth. The effect of
organic matter appeared with adding the bio-fertilizers. Application of mineral
N followed the influence of organic application either with or without the
bio-fertilizer addition at the both season of growth. The promotion in the
P-concentration induced by application of 1/2 N treatments was more than
39% compared with the control.

Application of complete dose of N and OM tremendously increased
the P concentration by more than 75% compared with the control.

N,-fixers showed an immense augmentation in the P-concentration
with N and OM fertilizer. On the other hand the application of 1/2 N + OM with
the bio-fertilizer demonstrated the highest influence on P-concentration either
at the first and the second season of growth. P hosphorous uptake (Table
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B)illustrated that applied mineral, organic and bio-fertilizer achieved the
highest increased in P uptake in both seasons. These increase were more
than double-fold in both seasons in treatment 1N + 1 OM application, while
application 1/2 N + 1 OM + N.-fixers promoted uptake by fennel plants by
more than seven-fold compared with the control. The enhancing effect of
mineral, organic, and bio-fertilizers on P-concentration and P uptake may be
due to its effect on increasing the availability of the added phosphorus and
other nutrients in the soil, sequentially, augmented with Ashour et al. (1996)
and Nassar et al. (2000).

Table (6): Nitrogen, phosphorus and potassium concentration (%) and
uptake (mg/plant) of fennel plants grown in sandy soil as
affected by application of mineral, organic and biofertilizers
during seasons 1997-1998.

a-Nitrogen
Seasons |None inoculated N.-fixers iy ohtlzz?aeted N2-fixers
Con Uptake Con | Uptake |Con | Uptake | Con Uptake
Treatments | (o)) | (mg/plant) | (%) |(mg/plant) | (%) |(mgplant) | (%) |(mg/plant)
IControl 2.03 2.20 2.05 3.34 2.04 2.70 211 3.19
1/2 N 2.10 4.20 2.81 11.0 2715 4.50 2.84 10.8
1 N 2.31 5.70 2.36 7.30 233 5.60 2.39 7.60
1/2 OM 2.27 3.80 2.30 4.60 2.28 4.30 2.31 4.60
1 0OM 2.29 5.06 2.34 6.40 2.33 5.40 2.41 7.60
1/2N+10M | 2.37 5.50 2.96 14.5 2.39 6.50 312 | 15.44
IN+ 10M|[2.40 6.00 2.45 7.80 2.43 6.63 2.49 9.76

b-Phosphorus
None inoculated N.-fixers

None
Seasons inoculated No-fixers
Treatments | Con Uptake |Con | Uptake |Con | Uptake |Con | Uptake
(%) |(mg/plant) | (%) |(mg/plant) | (%) |(mg/plant) | (%) |(mg/plant)
Control 0.130 0.143 [0.13 | 0.210 |0.13 | 0.175 [0.149| 0.225

12N 0.181 0.360 (0.23 | 0.897 |0.18 | 0.380 (0.231| 0.880
1 N 0.200 | 0.490 [0.21 | 0.650 |0.21 | 0.506 [0.213| 0.680
1/2 OM 0.180 | 0.300 |0.18 | 0.370 |(0.18 | 0.338 10.199| 0.400
10M 0.203 | 0.449 |0.23 | 0640 |0.23 | 0.520 [0.236| 7.743

1/2N+10M |[0.213 | 0.492 [0.27 | 1.335 |[0.24 | 0.650 (0.291| 1.440
iIN+ 10M[0.227 | 0.520 |0.25 | 0.810 [0.24 | 0.663 |0.254 | 0.995

c-Potassium

None :
keasons inoculated Na-fixers None inoculated Na-fixers

Treatments Con | Uptake |Con | Uptake | Con Uptake | Con Uptake
(%) |(mg/plant) | (%) |(mg/plant) | (%) (m%lplant) %) |(mg/plant)
54

Control 231 3.00 2.35 3.55 2.31 ; 2.34 3.81
1/2 N 2.55 5.35 3.90 | 1482 |2.53 5.06 3.89 1517
18 N 2.30 5.54 366 | 11.71 2.99 7.35 3.63 11.25
1/2 OM 2.68 5.00 2.88 5.80 2.78 4.64 2.81 5.59
10OM 3.07 7.09 3.1 9.79 3.00 6.63 3.10 8.53

1/2 N+ 1 CM [2.88 7.80 443 | 21.90 |2.91 6.70 415 | 20.30
1IN+ 10M [3.30 9.00 4.09 | 16.03 3.19 8.01 4.07 12.98
3.3 Potassium concentration and uptake:

Data in (Table 6) demonstrated that application of mineral, organic
and bio-fertilizer markedly increased potassium concentration in fennel plants.
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However, application bio-fertilizer either N -fixer showed no influence on the K
concentration. In non-inoculated seeds organic matter application enhanced
the K concentration by more than 16% compared with the control, either in the
first or the second season of growth. An obvious improvement for the effect of
organic matter appeared with adding the two types of bio-fertilizer gave the
same trend for their influence on K concentration.

Application of mineral N fertilizer f ollowed the influence of organic
application either with or without bio-fertilizers addition at the both season of
growth. The promotion in the K concentration induced by application of 1/2N
or N treatments was more than 9% compared with the control. However,
addition of N fertilizer with the bio-fertilizer increased the K concentration by
more than 57% compared with the control. When it was added alone half or
complete dose of N and OM tremendously raised the K concentration by more
than 38% compared with the control. N,-fixers showed an immense
augmentation in the K concentration when added to the combination of N and
OM fertilizer. On the other hand the application of 1/2 N + OM with the
bio-fertilizers demonstrated the highest influence on the K concentration
either at the first and the second season of growth whersoever the highest
figures of K concentration (4.43%) by about 92% compared with the control
was induced by the application of 1/2 N + 1 OM combined with N,- fixers at the
second season. Potassium uptake as shown in (Table 6) gave the same trend,
wherever addition of mineral, organic and bio-fertilizer considerably promoted
K uptake. Application of 1N +10M treatment remarkably raised K uptake by
more than two- fold in both seasons in comparison with the control. While
application 2N +10M + N, —fixers increased K uptake of fennel plants by
more than seven fold in both seasons compared with the control.

The data also revealed that application of %N +10OM + N, —fixers in
2" season appeared the most beneficial effect on the uptake of K by plants
(21.9 mg/plant). This may be due to the stimulating effect of these fertilizers on
the plant growth, where the bulk of potassium is mainly taken up during the
vegetative growth stage consequently, increased its concentration and uptake.
This increase in the K uptake can also be occurred as a result of enhancing
the metabolic activity of the plant root when mineral nutrient are supplied
through the fertilizers application into the soii. The aforementioned stimulating
effect of mineral, organic and bio-fertilizer on the uptake of K by plants are in
consonance with Lin et al. (1983) and Kapulnik et al. (1985a,1985b,1987).

4- Essential oil content of fennel plant as affected by mineral, organic
and bio-fertilizer

The beneficial effect of the applied fertilizers on the oil percentage of
fennel plant were elucidated in (Table 5). Application of three types of the
tested fertilizers (mineral, organic and bio-fertilizer) significantly increased the
oil percentage of fennel plants either at the first or the second season of
cultivation. In non inoculated seeds organic matter application enhanced the
oil percentage by more than 29% compared with the control either in the first
or the second season of growth.
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An obvious improve for the affect of organic matter appeared with the
application of bio-fertilizer.Application of mineral N fertilizer followed the
influence of organic application either with or without the bio-fertilizer addition
at both season cf growth. The promotion in the oil percentage induced by
application of %2N or N treatments was more than 12% compared with the
control. However the combination of N fertilizer with the bio-fertilizer increased
the oil percentage by 29% more than the control.

Application of complete dose of N and OM tremendously increased the
oil percentage by more than 46.5% compared with the control.

N2- fixers showed an immense augmentation in the oil percentage
when applied to the combination of N and OM fertilizer. On the other hand the
application of 2N + OM with the bio-fertilizer demonstrated the highest
influence on the oil percentage either at the first and the second season of
growth. The same observation were obtained by Amin (1997) and Harridy et al.
(1998).
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