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ABSTRACT
This study was carried out at the Experimental Farm of Fac.
Agric., Kafr El-Sheikh, Tanta University, during the two successive
seasons of 1998/1999 and 1999/2000, to study the effect of some
commercial biofertilizers (biogen, nitroben and serialen) on the
vegetative growth, seed yield, volatile oil productivity, and
chemical composition of Foeniculum vulgare Mill.

The field experiment received 10 m3/fed. organic manure for
al] treatments, before planting, biofertilizers were utilized at three
different dates for each. The results can be summarized as follows:
- All biofertilizer treatments increased all studied parameters as

plant height, number of leaves/plant, fresh and dry weight of
vegetative parts/plant, number of branches/plant, number and
weight of umbels/plant, fruits weight/plant and the weight of 100
fruits with significant differences over control in most cases. The
best results were obtained from the treatments of serialen 2,
biogen 2, biogen 3 and nitroben 3.

- The different commercial biofertilizers increased volatile oil %
in the seeds, volatile oil yield/plant and /fed. The best treatment
being serialen 2. -

- The different commercial biofertilizers increased N, P and K%
in the leaves over control with significant differences in most
cases. The best results being for the treatments of Serialen 2 and
nitroben 3 and serialen 3 in most cases both seasons.

INTRODUCTION

Biofertilizers are produced and practiced in different
countries as well as in Egypt under different commercial names.
They are either nitrogen fixers (Rhizobia, Azotobacter,
Azospirillum and algae or phosphate solubilizing microorganisms
(bacteria and mycorrhiza). Using these biofertilizers could supply
plants with their requirements of nitrogen and phosphorus during
their growth by cheap means, which in tumn decreased the
application of expensive mineral fertilizers and lead to significant
decrease in the production costs of the different crops. Also,
pollution rates in soil, water and air could be lowered as a result-of
decreasing the applied chemical fertilizers. (Alaa El-Din, 1982).
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Solubilization of mineral nutrients, synthesis of vitamins,
amino acids, auxins and gibberellins, which stimulate plant growth,

come as a result of inoculation with Azotobacter spp. (Sprenat,
1990).

Foeniculaum  vulgare Mill (fennel) Fam: Apiaceae
(Umbelliferae) is a seed (fruit) aromatic plant. Its volatile oil has
carminative and stimulant properties and spasmolytic effects on
smooth muscles of experimental animals in vifro, (Boulos, 1983).

Fennel volatile oil is used as carminative or flavoring agent in
certain laxative preparations. The oil is used as a fragrant
component in cosmetics, including soaps, detergents, creams,
lotions and perfumes with the highest maximum use level of 0.4%
for perfumes (Albert, 1980).

In general with using biofertilizers plant height, Number of
leaves/plant, fresh and dry weights, herb, number of branches/plant,
umbels number/plant, seed yield/hill, and/fed., N, P and K% of
leaves, total carbohydrates %, volatile oil % volatile oil yield/hill
and /feddan were increased as was reported by Kandeel efal.
(2001) on Foeniculum vulgare.

Likewise, the results of El-Sawey ef al. (1998) and Nofal ef
af. (2003) on Ammi vismoga who found that biofertilizers
reauaents increased growth parameters and the active corstituents
of fruits. Also, Rashed {(2002) on Anethun graveolens L.,
Coriandrum sativum L. and Petroselimim sarivum Mill found that
biofertilizer treaiments increased plant height, fresh and dry
weights/plant and N, P and K % in the leaves.

This research, however, is an attempt to find out the best
application time and suitable inoculation times of some commercial
biofertilizer on the vegetative growth, chemical composition and
volatile oil yield for Foeniculum vulgare (fennel).

MATERIALS AND METHODS

Two field experiments were carried out during the two
successive seasons of 1998/1999 and 1999/2000, at the
Experimental Farm of Fac. Agric., Kafr El-Sheikh, Tanta Univ. to
study the effect of some commercial biofertilizers i.e. biogen,
nitroben and serialen on the vegetative growth, seeds yield, volatile

o1l productivity, and chemical composition of Foeniculuim vilgare,
Mill.

The plant seeds were supplied from the National Research
Center, Dokki, Egypt. They were sown in a clay soil for the - two
seasons on November 15" in the first season and November 10" for
the second one, in plots each of 1.50'%x2.0 m at the space of 40 x 50
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cm as every plot contained 15 plants/plot and replicated 3 times in
a completely randomized block design.

Before planting, organic manure asa compost at the rate of
10 m’fed. was added for all treatments at the time of soil
preparation.

The used commercial biofertilizers were biogen, nitroben,
and serialen produced by Egyptian Ministry of Agriculture as the
seeds were inoculated with either of them immediately before
planting, except for control. Each commercial biofertilizers was
added as inoculating the seeds or as side-dressing after 30 days
from sowing and another treatment was repeated as a side-dressing
after 30 and 60 days from planting.

Ten treatments were conducted as follows :

Control : received only organic fertilizer at 10 m/fed.

Biogen 1 : seeds were inoculated with biogen immediately before planting at
the recommended dose (400 gm/fed.).

Biogen 2 : inoculated seeds + side-dressing after 30 days from planting,

Biogen 3 : inoculated seeds + side-dressing after 30 and 60 days from
planting.

Nitroben 1 : seeds were inoculated with nitroben immediately before planting

at the recommended dose (400 gm/fed.).

Nitroben 2 inoculated seeds + side-dressing after 30 days from planting.

Nitroben 3 inoculated seeds + side-dressing after 30 and 60 days from
pianting.

Serialen 1 : seeds were inoculated with serialen immediately before planting
at the recommended dose (400 gm/fed.).

Serialen 2 : inoculated seeds + side-dressing after 30 days from planting.

Serialen 3 : inoculated seeds + side-dressing after 30 and 60 days from
planting.

The mean values of the treatment were compared by

Duncan’s multiple range test according to Snedecor and Cochran
(1967)

The full blooming of fennel plants was on 1% March and 15"
February in the first and second season, respectively as the
following data were recorded

1- Plant height (cm) 2- No. of leaves/plant.
3- No. of branches/plant. 4- No. of umbels/plant.
5- Fresh and dry weights of vegetative parts/plant (g.)-
6- Chemlcal composition of leaves (N, P and K%).
Pe fruits of fennel were harvested on May 12" and April
for the two scasons, respectively.

At end of the growing season the following data were

recorded after ripening of fruits.

Unibles weight/plant (g.) 8- Fruits weight/plant (g.)

]
1
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9- Weight of 100 fruits (g.) 10- Volatile oil percentage of

; seeds (fruits)
11- Volatile oil yield/plant 12- Volatile oil yield/fed.
{ml.) (litre)

The essential o1l percentage in the dry ripe fruits was
determined using a distillation apparatus.

For chemical analysis, leaves were oven dried at 70°C to a
constant weight, then ground in the Willy mill to a fine powder, for
the elements determination as 0.1 g of dry matter was used. Total
nitrogen was estimated using micro-kjeldahl method according to
Pregel (1945). Phosphorus was determined by using the method
described by King (1951). Potassium was estimated by using the
flame photometer according to the method described by Brown
and Lilliland (1946).

For chemical analysis of the soil samples were taken before
planting in the two seasons as determined the mechanical and
chemical properties of the experimental soil according to Jackson
(1967). The soil was-of a clay texture with total N of 0.75-0.77 %,
P (5.99-6.03 ppm) and K exchangeable of (0.90-0.93%) in the two

seasons.
RESULTS AND DISCUSSION

1. Effect of some commercial biofertilizer on vegetative growth,
seeds and oil yield and chemical composition of fennel
(Foeniculum vulgare (Mill).

A. Vegetative growth :

Data of the effect of biogen, nitroben and serialen on plant
height, number of leaves/plant, fresh and dry weight of aerial
parts/plant for the two seasons are presented in Table (1)

1. Plant height :

Data in Table (1) showed that the used biofertilizers
increased plant height over control treatment with significant
differences in most cases during the two seasons.

The tallest plants resulted from the treatments of serialen 2
followed by biogen 3 in the first season, while in the second one
the tallest plants were obtained from bicgen 3 followed by serialen
2 treatment. Control treatment gave the shortest plants in two
season. However, the differences between the other treatments of
biofertilizer were non-significant during both seasons.

The stimulatory effect of inoculation with biofertilizer was
observed and discussed by many workers on numerous plants as
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Sharma ef al. (1996) on Acacia auriculiformis who postulated that
a significant increment was observed between various treatments of
N2-fixing symbionts and fertilizer for the height of field plants.
Similar results were obtained by Hamed (2004) who found that
application of biofertilizers increased plant height, number of
branches per plant, fresh and dry weights of herb per plant and per
feddan, essential oil %, essential oil yield per plant and per feddan
and N, P, K % in the leaves of Salvia officinalis L and Origanum
syriacum L. var. aegyptiacum Tack.

Table (1); Effect of some commercial biofertilizers on plant height, number
of leaves/plant, fresh and dry weight of Foeniculum vuigare Mill
herb during the two seasons of 1998/1999 and 1999/2000.
17 season 2" season
Treatments Plant No. of Herb weight Flant | No. of Herb weight
height leaves/ | Fresh Dry | height | leaves/ | Fresh Dry
{cm} plant g (2) (cm) plant (g) (g)
Control  [99.50ed 8.63c 56.75d {1L66d [9522¢  |BEYD 58071 [BOSe
Biogen 1 [10213bed [8.73¢ 6266cd 118384 |104.78bc |9.000 58111 |1L17¢
Biogen2 [10633abcd |10.73ab 176312 {2582a {10022bc [11.00ab ]75.68e [13.74de
Biogen3 [112.50ab  [10.30ab (96.03b° [2048bc 12632 {12112 |92.59d [17.95cd
Nitrobzn 1[103.67abed [9.26bc  [105.88ab (21.62 be {10833 be {9.89ab  [103.25ed [15.12 bed
Nitroben 2110.50 abe  |9.87abc {97.57b  [19.81¢ {114.22ab [i1.00ab |117.99bc j25.10ab
Nitroben 3]101.00cd  {9.20bc  JI116.66a [2432ab {17.22ab [10.89ab |134.66a ]26.162
Serialen 1 {99.63 cd 8.73 ¢ 76.61¢  |14.53d {106.66 be {100.00 ab {126.95 ab }25.44 ab
Serialen 2 [114.67a 1.73a {10622 |21.38be [11644 6 [12.22a {11293 bc {20.20 be
Serialen 3 |106.06 sbed [11.63a  1101.23ab {2008 be 1105.1] be |11.45ab  [331.24 be {21.67 abe

Means having the same letters in the cotumn are not significantly different at 8% level according to
Duncan’s Multiple Range Test.

2. Number of leaves/plant :

Data in Table (1) indicated that the majority of used
commercial biofertilizer treatments gave more number of

leaves/plant than control with significant differences in most cases
for both seasons.

In the first season the highest number of leaves/plant resulted
from the treatment of serialen 2 followed by serialen 3 then biogen
3 in a descending order, whereas nitroben at the different
moculation dates slightly increased number of leaves/plant with
non significant difference over control in the two seasons except
for the treatment of nitroben 2 in the first season only which
significantly increased this value. In the second season the highest
values resulted descendingly from the treatments of serialen 2,
biogen 3, serialen 3, biogen 2 and nitroben 2.

Similar results were obtained by Reiad ef al. (1987) on maize
and Wange (1996) on Daucus carota who found that microbial
inoculation of the seeds significantly increased number of leaves.
The most effective microbial treatments tended to be microphos
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(phosphate solubilizing  bacteria), Azotobacter, Azospirillum,

Azotobacter + Azospirillum and Azotobacter + Azospirillum + P
solubilizing bacteria (microphos).

3. Fresh weight/plant :

It was evident from data in Table (1) that all treatments of
commercial biofertilizers significantly increased fresh weight of
Foeniculum vulgare herb in the two seasons.

The highest values were resulted from nitroben 3 and biocgen
2 in the first season followed by serialen 2, nitroben 1 and serialen
3,while in the second one the highest values were recorded from
nitroben 3 treatment followed by serialen 1, nitroben 2 then
serialen 2, senalen 3 and nitroben 1. The lowest values were
resulted from the treatment of biogen 1 for the two seasons.

These results are in agreement with those obtained by
Hassouna ef al. (1994) on Medicago sativa and Harridy and
Amara (1997) on Hibiscus sadbdariffa who stated that the plant
growth showed generally a positive response especially with
Rhizobium and Azotobacter. Rhizobium was the most effective
bacteria in this respect.

4. Dry weight/plant :

Data in Table (1) revealed that, all used treatments of
biofertilizers significantly increased the -herbage dry weight/plant
over control treatment in both seasons.

In the first season the heaviest dry weights resulted from the
treatments of biogen 2 and nitroben 3 followed by nitroben
1,serialen 2, biogen 3 and serialen 3.

In the second season the heaviest dry weights resulted from
the treatments of nitroben 3, serialen 1 and nitroben 2 followed by
serialen 3, serialen 2 and nitroben 1. The stimulatory effect of
inoculation with biofertilizers was observed and discussed by many
workers on numberous plants as Reiad et al. (1987) on maize who
found a significant increase in dry weight of leaves and shoots by
using Azotobacter and by using mixture of biofertilizers. These
results agree with those obtained by Maheshwari et al. (1988) on
Hyoscyamus niger, and E1-Naggar (1998) on Polianthus tuberasa L.

The superiority of biofertilizer treatments on plant height,
number of leaves, fresh and dry weights/plant over control may be
due to the fixed N by microorganisms as well as exerting vitamins,
amino acids, cytokinins and gibberellins as growth regulators for
the plants, (Subb Rao, 1981 and Sprenat 1990).
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5. Number of branches/plant :

Data of the effect of different inoculation treatments with
some commercial biofertilizers are presented in Table (2) as
showed that all treatments of commercial biofertilizers increased
number of branches/plant over control treatment in the two seasons.

The highest augmentation of the number of branches/plant
was resulted from the treatment of nitroben 3 in the first season,
while in the second one was observed for senalen 2 treatment.
Moreover, the values of number of branches/plant showed non
significant differences between all used biofertilizer treatments in
the first season

In the second season, a similar trend was observed for all
used biofertilizers, which increased number of branches with non-
significant differences between treatments except for serialen 2,
which gave a significant increase in comparison to the other ones.

The lowest values of number of branches was obtained from
the control in both seasons. This is in confirmity with the results
obtained by Wange (1996) on Daucus - carota who reported that
microbial inoculation of the seeds significantly increased number
of buds as compared to the control treatment. The most effective
microbial treatment tended to be microphos (phosphate solublizing
bacteria), Azotobacter, Azospirillum, Azotobacter + Azpspirillum
and Avzotobacter + Azospwillum + P solubilizing bacteria
(microphos). In the same line Mostafa (1997) concluded that

inoculation with Azotobacter raised number of branches for rape
plant.

This result is in agreement with those obtained by Bonito ef
al. (1995) on Zinnia elegans, El-Sawy (1998) on Ammi visnaga,
Gupta ef al. (1999) on Tagetes erecta and Rashed (2002) on
Anethum geaveolens L. and Coriandum sativum L. who found that
NPK + biofertilizer treatments increased plant height, fresh and dry
weights/plant and N, P and K% 1n the leaves

6. Number of umbels/plant :-

It was clear from data in Table (2) that all treatments of
biofertilizers increased number of umbels/plant over control with
non-significant differences in most cases for the first season only.

The highest values of number of umbels/plant were obtained
from the treatments of serialen 2 followed by biogen 2 in the first
season and a similar trend was obtained in the second season, as the
same treatments of serialen 2 followed by biogen 2 gave the
highest values of number of umbels/plant. Nitroben 3 treatment
increased number of umbels/plant without significant differences
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between them for both seasons. These results are in confirmity with
those mentioned by Wange and Patil (1994) on Polianthes
tuberosa, Sankaranayanan ef al. (1995) on Daucus carota and El-
Sawy et al. (1998) on Ammi visnaga who reported that inoculation
with a mixture of Azotobacter and Azospirillum amendment with
the full dose of rock phosphate and inorganic N-fertilizer in
combination remarkably increased number of umbels/plant.

Table (2): Effect of some commercial biofertilizers on number of branches

and number of umbles/plant of Foeniculum vulgare Mill during
the two seasons of 1998/19%9 and 1999/2000.

1" season 2" season
Treatments Branches | Umbels No./ | Branches | Umbels No./

No./plant _plant No./plant _plant
Control 2.07b 7.8%b 222b 9.07 ¢
Biogen 1 3.20 ab 9.00b 333b 12.33 be
Biogen 2 3.40 ab 11.11b 3.67b 15.17 a
Biogen 3 4,53 ab 9.89 b 4.00 b 12.20 be
Nitrobea 1 3.97 ab 10.67 b 3.89b 1083 ¢
Nitroben 2 3.583ab 9.78b 3.89b 1200 ¢
Nitroben 3 5.20a "9.22b 4.00b 11.50 ¢
Serjalen 1 4,27 ab 11.67 b 4,62 b 10.33 ¢
Serialen 2 4,73 ab 13.22 a 4.78 a 15.50 a
Serialen 3 4.27 ab 12.55b 4.44 b 1433 b
Means having the same letters in the column are not significantly different at 5%

level according to Duncan’s Multiple Range Test,
B. Seed yield :

Data of the effect of some commercial biofertilizers on the
umbels weight/plant, seeds weight/plant and weight of 100 fruits

for Foeniculum vulgare Mill in the two seasons are presented in
Table (3).

1. Weight of umbels/plant :

It was evident from data in Table (3) that all treatments of
commercial biofertilizers significantly increased the weight of
umbels/plant of Foeniculum vulgare over control in the two
seasons.

In the first season the highest values were obtained from the
treatments of serialen 2, nitroben 3 and serialen 3 followed by
biogen 3, serialen 1 and biogen 2 while in the second one the
heaviest umbles weight was obtained from the treatments of
serialen 2, nitroben 3 and biogen 3 followed by nitroben 2, biogen
2 and nitroben 1. This is in confirmed with the results of, Kandeel
et al, (2001) on Foeniculum vulgare, El-Sawy er al. (1986) on
Hyoscyamus muticus L. who reported that the growth (seed yield)
was considerably increased by dual inoculation with Azotobacter
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and Azospirillum and organic amendment, likewise, the resuits of
El-Naggar and Mahmoud (1994) on Narcissus tazeta, Wang and
Patil (1994), El-Nagar (1998) on Polianthes tuberosa, El-Sawy ef
al. (1998) and Nofal et al. (2001) on Ammi visnaga, who found that
inoculation with Azotobacter and Azospirillum in the presence of
the full dose of N, P and K (300 kg ammonium sulfate + 300 kg

calcium superphosphate + 80 kg potassium suifate per fedd.) raised
the seeds yield per fed.

2. Fruits weight/plant :

Data in Table (3) showed that all treatments of biofertilizer
increased the weight of fruits/plant over control with significant
differences in most cases.

In the first season the highest values of fruits weight/plant
were obtained from the treatments of serialen 2 followed by
serialen 3 then nitroben 3 and biogen 3. In the second season the
highest values were recorded from the treatments of serialen 2,
nitroben 3, followed by nitroben 2, biogen 3 then biogen 2 and
serialen 3.

These results may be attributed to the increase of the lateral
shoots. These results agree with data cbtained by Kandee} ef al.
(2001) on Foeniculum vulgare who found that inoculation with
Azotobacter + Azospirillum in the presence of full dose of N, P and
K (300 kg ammonium sulfate + 300 kg calcium superphosphate +
80 kg potassium sulfate per fed.) increased the seeds vield per fed.
Maheshwari er al. (1931) on Cymbopogon martinii var motia
noticed that Azofobacter chroococcum alone enhanced herbage
vield by 16% and when applied together with 80 kg N it increased
yield by 29%. Likewise the results of El-Naggar and Mahmoud
(1994} on Narcissus tazeta, Wange and Patil (1994) on Polianthes
tuberosa, Harridy and Amara (1997) on Hibiscus sabdariffa and
Abd E}l-Fattah (1998) on Cynara scolymus,

3. Weight of 100 fruits :

Data in Table (3} showed that, the weight of 100 fruits was
increased using all commercial biofertilizers over control treatment
with non-significant differences in most cases during the two
seasons.

The highest values were resulted from serialen 3 for both
seasons. Meanwhiles the control treatment gave the lowest values
of the two seasons. The previous results agreed with those obtained
by, El-Sawy er al. (1998) on Ammi visnaga who found that
inoculation with a mixture of Azotobater and Azospirillum
amendment with the full dose of rock phosphate and inorganic N-
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fertilizer inoculation remarkably increased weight of umbels and
seeds.

Table (3): Effect of some commercial biofertilizer on the umbels
weight/plant, fruits weight/plant and weight of 100 fruits of
Foenicalum vulgare Mil during the two seasons of 1998/1999
and 1999/2000.

Treatments 17 season 2" season
Weight Fruits Weight | Weight | Fruits | Weight

of weight/ | of 100 of [weight/pl| of 100
umbels/ | plant (g) | fruit (g) | wmbels/ | ant{g) | fruit(g)

lant (g) plant (g)
Control 1227dc [10.17d 0.73b 1465e j11.59f [088¢
Biogen 1 1638 bc }13.03cd |0.89ab {1521d {11.83e¢ 10.91bc
Biogen 2 16.62hc {1457 ¢ 0.89ab 12027 ab (17.03 bc $0.92 be
Biogen 3 19.15b 116.80 ab 1.0Yab |20.77ab |[17.40bc {1.06 ab
Nitroben 1 13.74 de {10.354d 0.74b 1853 bc {14.49cd |0.92 be
Nitroben 2 15.87cd [12.32cd [0.93ab [20.28ab |17.99bc (0991
Nitroben 3 22.60ab 11791ab [093ab 12094 ab [18.08 ab [1.04 ab

Serialen 1 16.88bec {12.66cd 1.0} ab [17.72¢cd |15.24 cd {1.06 ab
Serialen 2 2332a |1861a i.00ab [2296a [1999a {1.02ab
Serialen 3 22.36ab {18.09ab_ |1.19a |18.10be [15.90¢d [1.162a
Means having the same letier in the column are not significantly different at 5%
level according to Duncan’s Multiple Range Test.

C. Volatile oil yield :

Data of the effect of some commercial biofertilizers on the
volatile oil percentage, volatile oil yield/plant and /feddan in the
two seasons are presented in Table (4).

1. Volatile oil percentage :

It was obvious from data in Table (4) that all treatments of
biofertilizers increased the volatile oil percentage with significant
difference in most cases over conirol in the first season. While in
the second one most of the biofertilizer treatments augmented the
volatile oil percentage with non-significant differences in the
majority of treatments as compared to the control.

The highest values were observed for the treatments of
serialen 2 followed by serialen 3, biogen 2 and serialen 1. On the
other hand, in the second season the most pronounced effect
resulted from the treatments of serialen 2 followed by nitroben 2.
serialen 3. nmitroben 3 and biogen 2, while the least values were
recorded from the control treatment in the two seasons. These
results agree with those obtained by Kandeel er al. (2001) on
Foeniculum vulgare Mill, and Maheshwari et al. (1991 and 1995)
on Cymbopogon martinii var mofia, who found that the average oil
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yield was raised by 21% with Azospirillum chroococcum alone and
by 27% with Azospoirillum + 80 kg N.

2. Volatile oil yield/plant :

Data in Table (4) showed that, all used biofertilizer
treatments increased volatile oil yield/plant over control with
significant differences in most cases during the two seasons.

In the first season the highest values of volatile oil were
recorded for the treatment of serialen 2 followed by nitroben 3 and
serialen 3 then biogen 3, respectively. The least values were
recorded for the control plants during both seasons. In the second
season the most pronounced effect resulted from the treatment of
serialen 2 followed by nitroben 2 then nitroben 3. These findings
are in agreement with those reported by Kandeel ef al. (2001) on
Foeniculum vulgare who found that the highest volatile oil
yield/plant resulted from biofertilizer treatment with Azotobacter +
Azospirillum in the presence of full dose of N,P and K (300 kg
ammonium sulfate + 300 kg calcium superfphosphate + 80 kg
potassium sulfate/fed.). Also, Maheshwari ef al (1988) on
Cymbopogen martinii var motia, stated that the highest essential oil
yield was recorded from applying Azofobacter sp. at 2 kg/ha

together with 20 kg N+20 kg P/ha under rainfed conditions in a
shallow black soil.

Table (4): Effect of some commercial biofertilizer on volatile oil % and

volatile oil yield per plant and per fed. of Foeniculum vulgare
Mil during the two seasons of 1998/1999 and 1999/2600.

I season 2" season
Volatile | Volatile oil | Volatile oil | Volatile | Volatile oil | Volatile oil
Treatments | " 5™ | veid/plant | vieldffed. | ~oil | yield/plant | yield/fed.
% {ml) (L Yo {m!) (L)
Control 0.80d 0.08 cd 1.71cd [0.84 ¢ 0.10 de 2.11de
Biogen 1 1.55ab | 0.20 be 224be [1.25de| 0.34cd 3.1 cd
Biogen2 |1.62ab | 0.23 be 483bc |1.50ed] 0.25Dbc 5.36 be
Biogen3 |[1.43be | 0.24 be 5.06 bc [F45ed| 0.25bc 6.09 be
Nitroben 1| 1.44 bc | 0.14 ¢ 2911¢ |1.36d 0.19 cd 4,13 ¢d
Nitroben 2 | 1.54ab | 0.19 be 3.98bc 1600 0.28 ab 6.07 ab
Nitroben 3| 1.52ab | 0.27 ab 6.09ab [1.55cd| 0.28 ab 53.85ab
Serialen I | 1.62ab | 0.20 be 4.04bc 11.49¢d| 0.22be 4,76 be
Serialen2 | 1.77 a 0.32a 6.72a - {1.80a 036a 7.56a
Serialen3 | 1.64ab | 0.27 ab 5.72ab (1.57b {.24 be 5.24 be

Means having the same letters in the column are not significantly different at 5%
level according to Duncan’s Multiple Range Test,

3. Volatile oil yield/feddan :

It is clear from data in Table (4) thatall used commermal
biofertilizers increased the volatile oil yicld/fed. over contro! with
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significant differences in the majority of treatments during both
seasons.

In the first season the highest values were recorded for the
treatments of serialen 2 followed by mitroben 3 then serialen 3 and
biogen 3.

In the second season the most pronounced effect resulted
from the treatments of serialen 2 followed by biogen 3 and nitroben
2 then nitroben 3. However, the differences between the other
treatments of biofertilizers were non-significant during both
seasons. The least values were recorded for the control plants
during both seasons. The previous resulted agreed with those
obtained by Kandeel ef al. (2001) on Foeniculum vulgare Mill
who reported that the highest oil yield/fed. resulted from
biofertilizer treatment with Azotobacter + Azospirillum in the
presence of full dose of N, P and K (300 kg ammonium sulfate +

300 kg calcium superphosphate + 80 kg potassium sulfate/fed.).
D. Chemical composition :

The effect of commercial biofertilizers on nitrogen,
phosphorus and potassium percentages of Foeniculum vulgare
leaves in the two experimental seasons are presented in Table (5).

1. Nitrogen percentage :

Data in Table (5)cleared that all treatments of biofertilizers
increased N % in the leaves with non-significant differences, over
control treatment in both seasons.

In the first season ihe highest values of nitrogen percentage in
the leaves were observed for the treatments of serialen 2 followed
by nitroben 2 then biogen 3, while in the second one the highest
values resulted from the treatments of serialen 2 followed by
serialen 3 then biogen 2 and Serialen 1. These findings arein
agreement with those reported by El-Sawy ef al. (1998) on Ammi
visnaga L. who reported that inoculation of seeds with a mixture of
Azotobacter and Azospiriillum with the full dose of rock phosphate
and inorganic N-fertilizer remarkably increased production of
chemical constituents. Nefal et al. (2001) stated that inoculation
with Azotobacter and Azospinllum in the presence of full dose of
N. P and K (300 kg ammonium sulfate/fed. + 300 kg calcium

superphosphate + 80 kg potassium sulfate per fed.) gave the highest
N % 1 Ammi vsnaga L. leaves.

2. Phosphorus percentage :

Data in Table (5) reveled that, phosphorus percentage was
increased by using all commercial biofertilizers over control
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treatment with significant differences in most cases during the two
seasons.

Table (5): Effect of some commercial biofertilizers on N, P and K

percentage in Foeniculum vulgare Mill leaves. during the two
seasons of 1998/1999 and 1999/2800.

Treatments 1¥ season A 2" season

N P K N P K
Control 145¢ 0.08¢ 3.04c¢ 220bc {0070 2994
Biogen 1 287bc [0.12bc (433 bc 268abc |0.13ab |4.14 bed
Biogen 2 2.16d 0.11bc [4.03bc |3.20abc |0.14ab |3.89 bed
Biogen 3 2.99dc 0.11bc [3.06¢ 2.62abc {0.12ab |3.25cd
Nitroben 1 271bc 10.12bc |323c 297 ¢ 0.11ab |3.17cd
Nitroben 2 3.01 ab [0.16ab 520b 3.04 abc |0.14ab }4.35 bcd
Nitroben 3 2.79bc [0.15ab [443bc 291 abc [0.13ab ]4.03 bed
Serialen | 2.92bc [0.15ab [5.20b 3.15abc {0.t15ab |4.97ab
Serialen 2 329a 0.17a 481bec 13.77a 0.18a 4.47 be
Serialen 3 276bc |0.14ab {531 a 3.40ab [0.13ab [|580a

Means having the same letters in the column are not significantly different at 5%
level according to Duncan’s Multiple Range Test.

The highest values of phosphorus percentage in the leaves
were resulted from the treatments of serialen 2 followed by
nitroben 2 then nitroben 3, serialen 1 and serialen 3 treatments in
the first season, while in the second one the highest values were
recorded from the treatments of serialen 2 followed by serialen 1
then biogen 2, nitroben 2 and serialen 3. The previous results
agreed with those obtained by Kandeel ef al. (2001) on
Foeniculum vulgare who found that inoculation with Azotobacter +
Azospirillum in the presents of full dose of N, P and K (300 kg
ammonium sulfate + 300 kg calcium superphosphate + 80 kg
potassium sulfate per fed.) increased the chemical constituents of

the leaves, the full dose of N, P and K gave the highest N % in the
leaves,

3. Potassium percentage :

Data in Table (5) showed that, potassium percentage in the
leaves of Foeniculum vulgare Mill were increased by using all
commercial biofertilizers over control treatment with significant
differences in the most cases during two seasons.

The highest values were resulted from the treatments of
serialen 3 followed by nitroben 2 then serialen 1 and serialen 2. On
the other hand, in the second season the highest values were
observed from the treatments of serialen 3 followed by serialen 1,
serialen 2 and nitroben 2. These results are in harmony with those
obtained by Kandeel ef al. (2001) on Foeniculum vulgare, and El-
Sawy ef al. (1998) and Nofal er al. (2001) on Ammi visnaga L.
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who reported that inoculation with Azotobacter and Azospirilum in

the presence of full dose of N, P and K gave the highest K% in the
leaves.

In fact the increase ‘in N, P and K% in the leaves of
Foeniculum vulgare may be due to more solublizing minerals by
microorganisms as well as fixing N by N-fixing bacteria, which in
turn account on the N, P and K % in plant tissues. (Subb Rao,
1981 and Sprenat, 1990).
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