J. Agric. Sci. Mansoura Univ., 29(9): 5245 - 5264, 2004

EFFECT OF FERTLIZATION WITH INORGANIC, ORGANIC
AND BIOFERTILIZER ON GROWTH, YIELD AND VOLATILE
OIL CONTSTITUENTS OF FENNEL (Foeniculum vulgare,

MILL)

Sharaf, M. S.* and M. E. Khattab.™*

* Agricultural Microbiology Department , Faculty of Agriculture, Ain
Shams University., Cairo, Egypt.

* Cultivation and Production of Medicinal and Aromatic Plants
Department, National Research Center, Cairo, Egypt.

ABSTRACT

A field trial was conducted during two consecutive seasons (2001/2002 and
2002/2003) at the Experimental Farm, Faculty of Agriculture, Ain Shams Univ., Shobra
El-Kheima, Cairo, Egypt, to investigate the growth, productivity and quality of Fennel
(Foeniculum vulgare, Mill) as affected by diversity sources of nitrogen fertilization.
Ammonium nitrate was applied at the rate of 0, 30, 60 and 80 kg Nfed. as a source of
inorganic nitrogen fertilization. Biogas manure used as organic fertilizer with the levels
0, 40 and 60 kg N/ffed., and biofertilizer was applied as inoculation with Bacifius
polymyxa. lrrespective of the concentrations, inorganic fertifizer surpassed ali bio-
organic fertilizers. The best records of growth parameters, oil percent, estimated
yields of fruits and oil and nitrogen parameters were obtained by application 80 kg
Nffed. of mineral nitrogen. Soil inoculation with Bacilfus polymyxa significantly
overcame the fruits inoculation with the same incclum for the aforementioned
parameters. Biogas manure application at 60 kg Nffed. produced the highest values of
ali tested parameters in comparison with other bio-organic treatments and control.
The biofertilizers as such or combined with inorganic nitrogen augmented all tested
parameters in comparison with uninoculated plants, Therewithal, soil inoculation with
Bacillus polymyxa and supplemented with inorganic nitrogen 60 kg Nffed. produced
the highest values of growth parameters, oil content, yields of fruits and oil in
comparison with control, with exception plant fruit yield in the first season wherein 90
kg Nifed. of inorganic N and the same inoculum was the best treatment. On the other
side, application of biogas manure at 60 kg NAed. + 60 kg inorganic Nifed.
significantly induced the best records of the most tested parameters. In addition,
biogas manure (Bio2) produced the highest values of estimated volatile oil yield,
nitrogen and protein contents and nitrogen uptake, when supplemented with 60kg
Nffed. of inorganic nitrogen.

ln eoncern to essential oil constituents GC analysis of the fruits off, indicated
that estragole, limonene, fenchone, anethcle and vy-terpinene are the main
compounds of the oil. it was found that the relative percentage of the oil constituents
were fluctuated as a result of interaciion among all fertilization sources. In terms of
fenchone compound, which is responsible for fennel bitterness, the interacion
between aforementioned nitrogen fertilizers reduced its relative percent, this mean
more favorable taste for the essential oil if used for food dressing.

Counts of total microbia! flora and bacilli influenced by inoculation with
Bacillus polymyxa giving an additional increase in the rhizosphere of inocuiated
fennel plants. CO; evolution was assayed during the different stages of plant growtn, it
was found that using of inoculation, inorganic N-fertilizer and biogas manure gave
higher rate of CO; evoluted from the rhizosphere of inoculated plants than those of
uninoculated one and it was also noticed that soil inoculation treatment surpassed to
fruit inoculation treatment for the previous tested parameter,
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INTRODUCTION

The bic-organic farming is a promising new concept in agriculture
aims at getting clean, healthy and good quality for exportable agricultural
products free from agrochemicals especially for medicinal and aromatic
plants. Fennel (Foeniculum vulgare Mill) is one of the most important
medicinal plants grow well under Egyptian conditions and plays an important
role in the foreign exchange of the hard currency. Fennel has several
medicinal purposes, i.e. carminative, sedative, stimulative, weak diuretic,
laxative, emmenagogic, antispasmodic and flavering agents {Stuart, 1982
Chiej, 1984 and Charles et al. 1993). As weli as the fruits are used in liqueur
manufacture and as a condiment (Sturat, 1882). The major constituents of
fennel essential oil such as anethole and limonene are also used as essence
in cosmetics and perfumes and for some medicinal purposes (Stuart, 1982
and Marotti et af 1993).

The intensive use of manufactured nitrogen fertilizers increased the
crops productivity but with low quality which is not accepted for export (Lain
et al. 1986 and Wang et a/. 1996). Biofertilizers are the most reliable tools to
reduce the rate of chemical fertilizers applied for medicinal and aromatic
plants praduction, as well as decreasing agricultural costs and environmentat
pollution. Furthermore, Entercbacter cloacae, B. polymyxa, and the mixture
inoculants appeared to increase the total-N (mg plant") contents of plant
material during early vegetative growth. Also, a potential grain yield response
was observed for the plants inoculated with B. polymyxa.. (Renato de Freitas,
2000). Rennie & Thomas (1987) observed that of 10 different cultivars of
spring wheat inoculated with B. polymyxa C-11-25 and Azospirilfum
brasilense ATCC 29729, only one cultivar (Cadet; inoculated with B.
polymyxa C-11-25) showed consistent plant yield responses due to
inoculation. Thus, as suggested by other workers (Pedersen et al. 1378;
Ruschel & Ruschel 1978 Rennie & Larson 1972; Baldani ef a/. 1983; Rennie
ef al. 1883), plant and/or bacterial genotype might be the controlling factor in
an inoculation response.

The present study aims to investigate the effect of combination
between inorganic  N-fertilizer and either inoculation with Bacillus polymyxa
or biocgas manure on producing high quality yield and safety for human
consumption of fennel and its oil content. Also, reducing the extensive use of
manufactured nitrogen fertilizer which became a high source of pollution of
water and soil to obtain a big yield and good quality.

MATERIALS AND METHODS

Plant materials and soil preparation
Two field Experiments were carried out atthe Experimental Farm,
Faculty of Agriculture, Ain Shams University, Shobra El-Kheima, Cairo,
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Egypt, during the two successive seasons of 2001/2002 and 2002/2003. The
experimental area was clay loam soil of the following characteristics: Sand,
24.5 %,; silt, 22.9 %, clay, 52.6 %; organic matter, 1.24 %; CaC0,,1.2 %, total
N, 104 (mg/100g); P, 3.2 (mg/100g} and K, 0.9 (mg/100g). In addition to,
available Fe, 91. 4(ppm) available Mn, 356(p?m) available Zn, 18.3 (ppm),
available Cu 16.4 (ppm), pH 7.5 and EC(dSm™), 12 The experimental field
was divided into 60 plots, each plotwas 6.0 m? comprising of 3 rows, 3 m
fong and 60 cm apart. Fruits of fennel (Foemcufum vuigare Mill) were
obtained from a vyield produced in the Experimental Farm, Faculty of
Agriculture, Ain Shams University, during the previous season (2000/2001).
Fruits were sown in the soil, lmmedlately before lmgatlon in hills 30 cm apart
with 4-5 fruits per hill on 24% October 2001 and 27" October 2002. The
seedlings were thinned one month later to one plant/ill. The plants were
fertilized with 100 kg superphosphate (15.5% P;0s) and 50 kg potassium
sulphate (48% K;O) per fedaan, which applied at the time of thinning. All
agricultural management practices were carried out as usually recommended
for fennel production in Egypt .

Three different types of nitrogen fertilizations and their combination
were applied for fertilizing the plants i. e., mineral nitrogen, organic and
biofertilization. Ammonium nitrate ( 33.5% N) was applied to soil as side
dressing with four levels ( 0, 30, 60 and 90 kg N/fed.) as a source of inorganic
nitrogen fertilization. The amount divided into two partions, the first one at the
time of thinning and the second 30 days later. Biogas manure was used as a
source of organic fertilization, that obtained from Waste Recycling Center,
Agricultural Research Center, Ministry of Agriculture. It was applied before
sowing during soil preparation in two rates i. ., 40 units of N (2.9 kg/plot) and
60 units {4.351 kglplot) The applied biogas manure had the following
charactenstlcs organic matter %, 53.5; organic carbon %, 30.3; density, 410
kglm pH, 7.3; moisture content %, 23.44; EC (dSm™), 3.00; C/N ratio, 20:1;

N %, 1.97,P %, 0.72; K%, 0.45; Fe (ppm), 315; Mn (ppm), 44; Cu (ppm), 6;
Zn (ppm), 42.

inoculants

Biofertilizer was applied as inoculants with Bacillus polymyxa. Two
inoculation methods were used ie., fruits inoculation (B.F.) and soil
inoculation {B.S.). One strain of Bacillus polymyxa (BF26) previously isolated
from rhizospheric soil of fennel was used . The strain was grown on Hino &
Wilson's medium (Hino and Wilson,1958). Fruits of fennel(Foeniculum
vulgare, Mill) were surface sterilized by immersing in 0.01% HgCl, solution
(Rovira, 1956), then washed repeatedly with sterile water and kept to dry . the
sterilized fruits were soaked in the appropriate bacterial cell suspension{10®
cells mi™ ) for 25 minutes and Arabic gum (16%) was used as an adhesive
agent. Baciflus polymyxa strain (BF26) was grown in Hino & Wilson's liquid
medium for 3 days to prepare the inoculum for the soil inoculation treatments
by spraying the liquid culture immediately after sowing seeds in plots chosen
for this method of inoculation at the rate of 40 LAed., then covered with a thin
layer of soil .
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Experimental design

The experiment was designed as split plots, mineral nitrogen fertilizer
as main plots and bic-organic fertilization (biogas manure and Bacillus
polymyxa) as subplots. Three replicates were conducted to each treatment.
Each replicate was comprised of 20 plots randomly distributed representing
the various studied treatments.

At the harvest time on the third week of May 2002 and 2003 for the
first and second season, respectively; plant height {cm), number of branches
and umbels, plant and umbels dry weights (gm), dry fruits yield (gm/plant)
and estimated fruits yield (kg/fed.) were recorded. The percentage contents
of nitrogen and protein and nitrogen uptake (gm/plant) were recorded in the
dry fruits in the second season according to the method described in
AQ.AC.(1970).

Essential oil extraction, measurement and analysis

The represented samples from the fruits of each treatment was
subjected tc hydro-distillation to record the volatile oil percentage for three
hours using Clevenger apparatus according to the method described by
Guenther (1961). The volume of the extracted oil was determined and
recorded on the basis of oil volume to fruits dry weight (m!/100 g dry fruits)
Estimated volatile oil yield {L/fed.) was also calculated. The essential oil
constituents were analyzed and determined in the oil samples from the fruits
at the second season. Samples were then dehydrated over anhydrous
sodium sulfate and stored in silica vials with Teflon-sealed caps at 2°C in the
absence of light for gas chromatographic analysis in the Institute of Plant
Nutrition and Soil Science, FAL Braunschweig, Germany. The dehydrated ol
of each treatment was separately subjected to GLC analysis with (Perkin
Elmer Autosampler 2000). The extracted oil has been diluted with n-hexane,
injected into a GLC using auto-sampler and the different compounds have
been separated on a HP-INNOWAX (60X 0.25X 0.25 uym) capillary column.
Helium was used as a carrier gas (flow rate 1.5 mi"). The temperature
program was: 35°C to 230°C (2.5°C per min.)in course of time (92 min.).
Injecter and flame ionization detector temperatures were 250°C and 300°C,
respectively. Area percentages were obtained using a PC program (Maestro
Chromatography data system). The identification of these compounds was
achieved by matching their retention times with those of authentic samples
injected at the same conditions .

Microbiclogical analyses

Samples of fennel rhizospheric scil were collected after 50, 100 and
150 days and subjected to microbilogical determinations by counting total
microbial flora on modified Bunt & Rovira medium (Abd El-Hafez, 1966).and
Bacillus polymyxa number were determined on Hino & Wilson's medium
{Hino and Wilson,1958). CO; evolution were determined of the rhizospheric
soil of fenne! plants according to the method described by Pramer and
Schmidt (1964) modified by Shehata (1972) .
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Statistical analysis :

With the exception of the identification of essential oil constituents
which was conducted only in the second season. Statistical analysis was
made according to Snedecor and Cochran (1990) using M stat program
version 4. Means of various treatments of the two seasons were compared by
Duncan’s Multiple Range Test {(Waller and Duncan, 1969) at 5 % probability
ievel.

RESULTS

The effect of different sources of fertilization on growth parameters of
fennel (Foeniculum vulgare Mill) were shown in Table 1. Inorganic nitrogen
surpassed bio-organic fertilization for growth parameters in both seasons.
Except branches number in the second season, all growth parameters
significantly augmented by increasing inorganic nitrogen level until 90 kg
N/fed. in both seasons. In terms of bioferiilizer and biogas stgnificant increase
in all growth parameters were obtained in both seasons. With the exception
of plant height in the second season, addition of biogas manure at level 60 kg
Nifed. (Bio2) significantly overcame other treatments of all tested parameters
in both seasons. Soil inoculation with Bacillus polymyxa significantly
surpassed the fruit inoculation with the same inoculum in both seasons.

Table (1): The influence of biofertilizer, biogas manure and mineral
fertilization on some fennel growth parameters.

Parameters Plant height Branches Umbels Umbels dry

) {cm) {number/plant {(number/plant) |weight (gm/plant)
Effective 1st 2nd 1st 2nd 1st 2nd 1st 2nd

factor” Season | season | season | Season |season| season | season | season

., | Zeo| 1125d | 1140d | 107¢c | 1024 | 455¢c | 43.3¢c | 454c¢c | 4B6 ¢
Min 30 | 1169c¢ | 1171c | 124b | 119¢c | 47.7b | 497b | 583b [ 609b
fer‘tj: 60 1192 b | 1200b | 13.8a | 1344 | 529a | 537a | 687a | 719a
90 | 1216a | i220a | 143a [ 124b | 542a | 550a | 69.3a [ 730a

- Zero | 107.7d | 1073 d | 994 102¢ | 43.7e | 46.0d | 53.5e | 554
Bio- BF. | 1980 c | 1993 ¢c | 12.1c | 11.8b | 452d | 482c | 581d | 58.3d
org. B: S | 1194b 1203 bc| 13.3b | 123b | 505¢ | 492¢c [ 61.4c | 604¢
ferti, (Bo1 [ 1207ab | 1210a | 13.2b | 125ab | 520b | 51.8b | 62.9b | 70.2b
Bo2 | 121.0a | 1209ab | 133a [ 131a | 53.7a| 542a | 6613 | 723a
V;Iues within each column followed by the same letter are not statistically significant at
5% level.

Bio 1 = biogas manure (40 kg Nied.) B.F. = Fruits inoculation with Bacliius polymyxa
Bio 2 = biogas manure (60 kg N/fed.) B.S.= Soil inoculation with Bacillus polymyxa

* Min. ferti= Ammonium nitrate was added as mineral fertllization at the rates (0, 30, 60
and 90 kg Nifed.)

** Bio-org. fertl. = Bio-organic fertilizers=biofertilizer + blogas manure

It was evident from the data presented in Table 2 that mineral
nitrogen application significantly increased plant dry weight, fruit yield
(gm/plant), ofl content and estimated dry fruit yield (ton/fed.) in both seasons.
With the exception of plant dry weight and fruit yield (gm/plant) in the first
season, all previously mentioned parameters significantly increased by
increasing inorganic nitrogen level until 90 kg N/fed. in both seasons.
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Application of bio-organic fertilization significantly augmented all tested
parameters in both seasons. As general trend biogas manure at 60 kg Nifed.
overcame all bio-organic treatments in both season. Soil inoculation with
Bacillus polymyxa surpassed fruits inoculation with the same inoculum.

Table (2): The influence of biofertilizer, biogas manure and mineral
fertilization on plant dry weight, fruit yield, oil content and
estimated dry fruit yield .

Parameters EPlant dry weight|  Fruit yield Qil content ESt'"Tat?d dry
> (gm) (gm/ plant) |(mL/M00g fruits)| vt yield
Cifective {ton/ fed.}
factor ~ 1st 2 nd 1 st Znd 1 st 2 nd 1 st 2nd

Season | Season | season | season | $2ason | season | Season | season
N Zero 11897c [1951d 404c 4084 1.719d |1.724d 0904d [0.896d
Min 30 [R357b R379c¢ H28b H42c  [1.926¢c |1.B65¢c  (1181c [1.172c¢
N 60 K157a [BS851b PH2.1a |[543b [2058b 1.896b [1.354H [1387%n
fei. ™50 0742 Wib4a bdda Bbaa Zidoa 2105a |1433a [1433a
ek Zero [2596e D2466e M51c KA76d 1.763e [1.736e 100Be [|100de
Bio- | B.F. 3237d B268d 536b [B55¢c 1859d [1.932d 1.168d [1.180d
B.S [B314c Ras7¢ |558b [5889ab 2007b [1977b  1.243¢ |1.B1c¢
Or9. Bia1 [B724b p647b 57 7ab [587b  [1.990c  [1954c  [1276b 281D
fedi. Bo2 39853 [97%a B2h5a $H08a PROG7a PO13a 11.331a [1.3843
Values within each column followed by the same letter are not statistically significant at
5% level.
Bio 1 = bicgas manure (40 kg N/fed.) B.F. = Fruits inoculation with Bacillus polymyxa
Bio 2 = biogas manure (60 kg N/fed.) B.S.= Soil inoculation with Bacilius polymyxa
* Min. ferti= Ammonium nitrate was added as mineral fertilization at the rates (0, 30, 60
and 90 kg N/fed.)
** Big-org. ferti. = Bio-organic fertilizers=biofertilizer + biogas manure

The data presented in Table 3 showed that illustrate a gereral trend
for estimated volatile oil yield, contents of nitrogen and protein and nitrogen
uptake which significantly augmented with chemical nitrogen application.
Except nitrogen uptake all aforementioned parameters significantly increased
by increasing inorganic nitrogen level until 90 kg N/fed. Concerning of bio-
organic fertilization, it was found that biogas manure with level 60 kg N/fed.
surpassed other treatments. As for biofertilizer the same trend was obtained,
wherein soil inoculation with Baciffus polymyxa overcame fruit inoculation with
the same biofertilizer.

As for the impact of divers sources of fertilization and their effect gn
fenne! growth parameters was shown in Table 4. The results within hand
speak well about the combination between different doses of inorganic
fertilization with Bacillus polymyxa or biogas manure. All aforementioned
treatments significantly augmented fennel growth parameters in comparison
with control in both seasons. Concern of biofertilizer, it was found that soil
inoculation with Bacillus polymyxa with or without inorganic nitrogen
overcame the fruits inoculation with the same inoculurn in both season. On
the other side, it was found that plants inoculated with Bacillus polymyxa and
fertilized with 60 kg N/fed. produced the highest values of growth parameters
compared with control in both seasons. Furthermore, the boifertilized plants
that received mineral nitrogen (30 kg Nifed.)came at the second order.
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Table (3): Effect of different fertilization sources on estimated oil yield,
nitrogg‘n content, protein content and nitrogen uptake

. . - Ni
Parameters» Estimated volatile oil | Nitrogen. | Protein L':gt?agk?

yield (Lifed.) Content (%)icontent (%) (gmiplant)

Effective factor 1st 2nd 2nd 2nd 2nd
season season season season season

. zero | 157d | 158d | 458d | 2856d | 1.88d
Mineral® 30 | 228¢ | 219c | 466c | 2903c | 255¢
mﬁﬂ? 60 280b | 275b | 470b | 29.34b | 3.42a

90 305a 30.2a 477 a 29.79a 317b
Zero | 181e | 17.8d | 454e | 2833e | 2.68d
_ [B.F. | 2341d | 228c | 465d | 29.05d | 2.58¢e
f‘;g;i?z’gfsn'c B.S. | 254¢c | 252b | 471b | 29.43b | 281b

Bio1 | 257b | 253b | 469c | 29.32c | 2.76¢
Bio 2 29.0a 280a 476 a 2976 a 294 a

Values within each column followed by the same lefter are not statistically significant at
5% level.

* = Ammonium nitrate was added as mineral fertilization at the rates ({0, 30, 60 and 90 kg
Nifed.)

Bio1 = biogas manure (40 kg N/fed.) B.F. = Fruits inoculation with Bacillus polfymyxa
Bio2 = biogas manure (60 kg N/fed.) B.S. = Soil inoculation with Bacillus polymyxa

Amongst biogas manure the data illustrated in Table 4 revealed that
biogas manure significantly surpassed other treatments in both seasons.
Except plant height and umbeis number in both seasons, application biogas
manure with level 80 kg N/fed. + mineral nitrogen {60 kg/fed.) produced the
highest values of the tested parameters. Meanwhile the increasing values of
plant height and umbels No. were not significant by increasing inorganic
nitrogen level to 90 kg Nffed. + biogas manure 60 kg N/fed., with exception
plant height in the first season.

The influence of divers fertilization sources and their effect on plant
dry weight, fruit yield (gm/plant), oil content and estimated fruit yield (ton/fed.)
were presented in Table 5. In comparison with control the interaction between
the divers sources of fertilization produced highly significant effect on
aforementioned parameters in both seasons. Increasing inorganic nitrogen
tevel until 80 kg Nffed. significantly increased all tested parameters in both
seasons. Once again amongst the combination between biofertilizer and
minera nitrogen, it was found that soil inoculation with Bacillus polymyxa and
received 60 kg N/fed. produced the highest values of previously mentioned
parameters in both seasons. With exception fruit yield (gm/plant) in the first
season, wherein the comparison was in the favor the soil inoculation with
Bacillus polymyxa + 90 kg Nffed. of inorganic nitrogen. In concern to
interaction between inorganic nitrogen and biogas manure it was found that
the highest values of all the tested parameters were obtained by applied
biogas manure compared with other treatments in both seasons. The resuits
presented in Table 5 revealed that applied bicgas manure with leve! 60 kg
N/fed. produced highly significant effect on all aforementioned parameters in
comparison with untreated plants in both seasons.
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Table (4): The associative combined influence of biofertilizer, biogas
manure and mircral fertilization on some fennel growth

parameters.
Parameters Plant height EBrunches Umbels Umbels dry weight
{cm} (number/plant) (number/plant) __(gmiplant)
treatment’ 1 st 2 nd 1 5t 2nd 1 st Znd 1 st 2nd |
$eason | Season | season | season | season | $eason | season | season |
Zero 98 7i 970h 71 75h 1 370m 3809 379m 377n'1.
. | BF. [1120g | 113711 104y | 107f/g | 453k | 410f | 4G3m ! 410m |
o I BS [1153f[1173 el i17hj[ 110e [ 470Cik | 436f | 48501 | 4331 |
’ Biol |17 7 def[120 7 bed] 11 34 1C7fg 1 47 71k 433f 491k 5300 |

. Bo2 |1190¢cde| 121 3bc|128defy: 10%e ' 503efg| 523d 8370 . B2Cn |
Zero | '057h [ 1063g | 81k 9°g | 4071 437 516k | 524k |
BFE 1172ef [1180de |20 fghi| 120cuef! 480nij | 490e 661 | 550k
0 - BS [1210bc112 3 cde[13 3 cdef] 128bed | 49 3fghi! 510de ST
1.7 cde|13.7 bede| 123cde | 49 4 ghi
Ceboi14.3abe 130 bad [ F Gafg | 37 7ad
(118 3hy 120cdef | 4530k, 480e |

E hi133cdef| 127c | 52 0de
6 [ 5 14 tabe | 130bcd | 54 0cd
Bi 14 73b | 143ab | 5500bc
E 153a | 15Ca ' 57Cab |
L Zeo | 123fghi[ 170 [507eg|
CeE I 12€efgh] 113d 510efg| S03de
90 | BS [1213be 127 he 14G0bee T2iage 52Coce ) 515de | 88
"Bl (1237 eb|122 (abc[i3Cdefg| 127cl {S63abc; 567ab | r54ab |
. Bicd | 12522:1230ab 14 7ab | 133be | f¢a | F93a | 730ab, /9. L
vaiues within each column foliowed by the same letter are ot statisticaliy sigmificant at

* = Ammonium nitrate was added as mineral fertihzation at the rates (0, 30, 50 and 80 kg
N/fed.}

Zio 1 = hyogas manure {40 kg Nffed.) B.F. = Fruits ingculation with Bacillus palymyxa
Bic 2 = hivgas manure (50 kg Nz B.S.= ¢ oil incculaton with Bacillus paiymy~a

Tablg 5 indicates the «npact of different fertilization sources on
estimated cil yeld (Lfed}, conrtents of nitrogen and protein and nitrogen
uptake. With respect {0 estimaled all yieid, significant increase over controi
were induced owing to the application of various fertilization sources in both
seasons. Application ¢t Baciiius polymyxa (either fruits or soit moculationi) +
680 kg N/fed. of inorganic nitrogen induced the highest values compared to
Juntreated plants in both seasons. Furthermore, the biofertlized plants that
received mineral nitrogen 90 kg N/fed. came at the second order for
estimated oil yield. Meanwhile biogas manure 60 kg N/fed. (Bio2) + Inorganic
nitrogen 90 kg N/fed. surpassed all other treatments for all the tested
parameters. With respect of the contents of nitrcgen and protein and nitrcgen
uptake significantly increase was obtained by increasing incrganic nitrogen
level with or without Baciflus polymyxa inoculation or biggas manure. The
highest values were cbtained by application biogas manure (60 kg N/fed.} +
mineral nitrogen (80 kg N/fed.}.
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Table (5): The interaction among inorganic fertilization, biofertilizer and
biogas manure on plant dry weight, fruityield, oil content
and estimated fruit yield of fennel, '

arameters . _ Oil content Estirnated d
> Plantdey weight | - Dry fruit yle/d mL100g | fruit yleld(tors
. (gm) (gm/ pfant} dry fruits) fed.)
[Treatments
1st 2nd 1st 2nd 1st 2nd 1st 2nd
s28as0on | season | season | season | Season | season [§eason; season
Zero [107.3] N083n P30 3.7k 114010 N.410] p7Mo  P73Ap
. B.F. (193.7i [1960m P7.0ij  B9.0j 17757 n 1784k p3X6n pPsxo
B.S. [205.3hi 70m_ WO2hi  M1.7if 1800m [1.780h DBE7Tm [0893n
0 Biol P15.3gh Pi63k  W3.0ghi _k3.3hi _{1.788mn [1.794gh 973k 109583 m q
Bio2 [27.0 490} 48.0fgh K63 h 18331  [1.8a0f  [1.108] [1.067i
Zero 12283 g 7k 24ghi_ M50M  [1.775n [1703{ p9501 j0B4Zm |
7h B07efqg bb3.7fg  (1.8807k (1.830fg D138 17k
30 09 EM cde [69.0e 1.967 1.926e [1.2409 [1.253i
n71.31g 4def B60efg [1.910 1.920e [H218h [.209]
. 4ra7de  [59.9 bede 573 ef 08613 [1.944e [1.360e 1.334h |
Zero [327.51 28430 168fg B2.7g 1875k [1.830fg (11381 1146k
BF. W10c [B¢57de FOSocde B6.dbod 2.0%efg R2.119b  h408d  [1.399f
€0 B.S. ¥150c [a220c B32abnd 7002b  [Ti50hs 21256 [14c8c  [1.469d
(Bt _[55.0b W100cd  pS.tabc_B50cd 100 ef RO0Od 428d [L.ad6e
| Bin2z W760a 4B89.3a 13a F2.3a 2217 a 180a  [1563a  [1.584a
Zero R75.3d Og  535def $590e RO0Th [P000d  1.268h  (1.196]
B.F. pedd Oef [G3.0abcd B3.0d  PO0759 1.996d [1.200f [1.3609g
80 8.5 [36970 _D937de J6.lab  Br.abe A13de P.0B6c [1.380e [1.430e
Sio1 WH57.0D 10D 8.3ab  703ab  [2.180b 2.100bc (1496c (1.518¢
Bio2 W473.0a W537D 0.0a Bra3bc 133cd P.OBEbc |1.534b  1.534Db

Vajues within each column followed by the same letter are not statisticaily significant at
5% level,

* = Ammonium nitrate was added as mineral fertilization at the rates (03, 30, 60 and 90 kg
Nited.)

Bio 1 = biogas manure (40 kg Nfed.) B.F. = Fruits ingculation with Bacillus polymyxa
Bio 2 = biogas manure {60 kg N/fed.) B.S. = Soil inoculation with Bacillus polymyxa

The results within hand dealing with essential oil constituents
compiled in Table 7 showad the relative percentage of the oil compounds of
different treatments during the second season. The illustrated data indicated
that 9 compounds were identified in the fennel fruits oil. In general, it was
noticed that the relative percentage of the oil constituents were fluctuated as
a result of interaction between all ferlilization sources. The most important
compounds were estragole and limonene, which accounted for 47.3 - 65.3
and 10.8 — 24.7 % respectively. The third main compound was fenchone,
which is responsible for fennel bitterness it ranged from 3.21 10 9.9 %. The
obtained data indicated that the relative percentage of fenchone decreased
with interaction between inorganic fertilization and biofertifization or biogas
manure compared with inorganic fertilizer alone. Meanwhile the refative
percent of anethole (the fourth compound) ranged from 0.40 to 561 %
followed by y-terpinene, phellandrene, anis aldehyde, a-pinene and 3-pinene.
Their mean relative percentages were 3.35, 2.90, 2.51, 1.23, 0.65and 0.55 %
for other aforementioned compounds, consecutively. The total mean of
identified compounds were 80.31 %, while unidentified ones reached 9.69 %.
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Table (6): The combined impact of different fertilizers sources estimated
volatile oll yield nitrogen content, protein content and nitrogen
uptake of fennel .

Parameters» Estimated volatile oit | Nitrogen Protein Nitrogen uptake
__yield Hed.) lcontant ({%)| content (% {gm/plant}
1st 2nd 2 nd 2nd 2nd

Treatments ~ season season season season season
Zero |10.2p 10.3k 4.45h 27.63 n 1.53r
. 8.F. NM479 14.9 | 86k 128.52 1 1.77 g
0 8.S. [160n 16.01 4610 R8.81i 1.92 p
Biol 17.41i 17.2h 4.58 ik 28.62 ki 1.98 0 ]
Bio2 203k 196 ¢ A.58 gh 29.23 h 2,16 m ]
Zero |16.8m 6.0 i 4.52 1 8.26 m 2030 ]
B.F. R1.5§ 20.6 f 611 8.84i 2.481
30 B.S. PP4.4h P4.1e 4.69 fgh 29.30 gh 2.77 1
Bio1 P3.31 P32e .68 gh 29.26 h 262K ]
Bio2 PR8.4f 25.9d 4.72 def [29.50 ef 2.87 h
Zero R1.3] 21.0f M.58 ik P28.67 jk D 421
B.F. PR95de 297 ¢ 4.67 h 29.17 h 3.09 e
€9 BS. B20c 31.2b #.74 cce [29.63 de 32c ]
Biol B20d 288 ¢ 4.71 efg 29.41 fg 3.06 f ]
Bioz B27% 22,1 b 77bc 2982 ¢ n21d ]
Zerc 242N 239e W60 28.76 272 ] ]
B.F. P68q 26.2d 4.75¢d 29.69 d 2.99 g
S0 B.S. P9.2e 9.5 ¢ 4.80 b 30.00 b 3.22d
Bio1l 132.3 bc B1.9b 4.79b 29.95 b _Barb )
Bio2 3472 Ba5a 88a B0.50 a _B53a ]

Values within each column foilowed by the same letter are not statistically significant at
5% level,

* = Ammonium nitrate was added as mineral fertilization at the rates (C, 30, 60 and 90 kg
Nifed.)

Bio 1 = biogas manure (40 kg N/fed.)
Bio 2 = biogas manure {60 kg Nifed.}

B.F. = Fruits inoculation with Bacilfus polymyxa
B.S. = Soil inoculation with Bacillus polymyxa

Data recorded in Fig 1 clearly indicate that inoculation with Bacillus
polymyxa increased the count of totat microbial fiara in the rhizospheric soil of
fennel. Fruits inoculation treatment had a lower number of tatal microbial flora
than soil incculation treatment. The maximal count of total micrebial flora in
the fennel rhizosphere was found in the treatment of biogas manure at the
rate of 80 kg N/ fed inthe presence of the full dase of inorganic N-fertitizer
(90 kg N/ fed) after 100 days of cultivation in the second season .

Data in Fig 2 show that the number of Baciflus pofymyxa markedly
increased in soil inoculated by spraying the diazotroph bacteria than seeds
inoculated by immersing in such bacteria Application of the {uli dose of
tnorganic N-fertilizer at the rate of 90 kg N/ fed and biogas manure at the full
level {60 kg N/ fed ) gave an additional increase of B. pofymyxa number in
fennel rhizosphere in the second season . Uninoculated treatments gave the
lowest densities of B.polymyxa in the rhizosphere of growing plants in the
absence or presence of inorganic N-fertilizer .
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Table(7):The different constituents of the volatile oil of fennel as affected
by different fertilizers sources.

o L o0

cEl25 o« | o S5 | 2 | 28 2| | | B 22
o= | O = [~ = o O o [~ [~] D —1 =
oM [+ Xu] a O ) o g_ = o = 2 = 3
OH 5N £ £ 5 o (=S Q o ? 2 r=} @ ©
ZET| 35 & | ¢ | 3| E | 5|23 E| o |F BE
Sge| ° | = g S |3 e | M) 5§
Zero | 075 0.62 0.96 2090 | 310 | 9.1 58.4 4.08 - 93,12 | i88

- B.F. 0.38 033 4.34 18.60 | 364 | 633 62.7 0.40 - §5.72 | 4.28
0 8.5. 0.30 0.29 237 | 13.46 205 | 476 50.4 0.64 4,71 80.40 | 196
Big1 0.90 0.78 0.69 19.20 | 0.05 | 481 353.6 5.08 - 85.10 | 14.9

Bio2 | 0.78 | 0.83 3.3 2040 | 341 | 694 51.0 | 436 263 | 93.66 | 6.34

Zero | Q.81 0.58 1.20 21.90 | 0.61 5.88 61.0 5.10 008 | 97.16 | 2.84

B.F, 039 | 033 3:85 18.90 | 607 | 540 | 53.1 5.61 0.05 | 93.70

6.39

30 | BS. 0.63 0.43 - 10.80 - 4.86 51.3 221 - 7020 | 298
Bio1 Q.78 0.73 219 11.40 | 218 | 4.95 §0.1 430 1.1 | 77.74 | 223

Bin2 0.99 0.65 3.27 14.80 | 3.56 | 3.1 47.3 3.20 076 | 77.74 | 223

Zero | 081 0.78 2.28 18.30 - 9.90 56.3 3.96 0.83 | 95.14 | 488

B.F. 0.27 0.23 - 24.7¢ - 7.93 59.8 0.73 - 9366 | 6.34

60 [ 85 Q.38 0.32 4.45 16.60 | 4.55 | 495 £2.0 2.02 - 95.27 | 473
Biot 0.84 0.75 1.80 17.50¢ | 3.10 | 6.41 65.3 2.10 - 97.80 [ 2.20

Bio2 0.37 0.69 1.10 20.20 | 384 | 410 63.2 4.83 - 98.83 [ 1.17

Zero | 0.77 067 2.30 16.3¢ - 8.18 | 564 531 0.51 90.44 | 9.56

B.F. 038 033 3N 1490 | 286 [ 835 58.2 4.96 - 94.70 | 530

90 | BS. 0.38 0.33 4.25 2250 | 281 3.48 60.3 2.86 - 97.21 | 2.79
Bio1 0.78 0.66 - 2290 | 1.78 | 6.10 3.3 0.96 - 96.48 | 352

8in2 g a0 0.61 0.63 1140 | 2.10 | 581 51.2 4.21 0.4 77.16 | 22.8
Mean 0.65 .55 251 17.83 | 250 | 608 56.8 3.35 1.23 | 90.31 | 9.69

* = Ammonium nitrate was added as mineral fertilization at the rates (0, 30, 60 and 20 kg
Nifed.)

Bio 1 = bicgas manure {40 kg N/fed.} B.F.
Bio 2 = biogas manure (60 kg Nffed.) B.S.

Fruits inoculation with Bacilfus polymyxa
Soil inoculation with Bacillus polymyxa

It was also found that proliferation of total microbial flora and B.
polymyxa number in the rhizosphere of fennel increased by growth of plariis
reaching its maximal levels after 100 days of cultivation and decreased
thereafter in the second season (Fig 1& 2). CO, evolution from rhizosphere of
fennel were periodically determined to evaluate microbial activities in the root
zone as affected by application of bacterial incculation in the presence or
absence of mineral N-fertilizer and biogas manure . The obtained Data
recorded in Fig 3 obviously show that CO; evolution positively increased in
the rhizosphere of inoculated plants compared with uninoculated ones. Soil
inoculation treatment gave a higher rate of CO;, evolution than fruit
inoculation treatment . The lowest |evels of CO, evolution was found of the
rhizosphere soil of uninoculated fennel plants (control) after 50 days of
planting . Appilication cf biogas manure at the rate of 60 kg N/ fed. and the full
dose of inorganic N-fertilizer {90 kg N/ fed) gave the highest CO, rates of
fennel rhizosphere after 100 days of cultivation in the second season.
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Fig.{1) Effect of inocufation with Baciilus polymyxa, mineral N-fertilizer
and biogas manure on total microbial count of fennel rhizosphere
in the second season.

Bio1 = bicgas mznure {40 kg Nited.} B F = Friits inoculation with Baciflus polyniymxa.
Bio2 = biogas manure (60 kg Nifed.j B 3 = Sqil firoculatdcn with Bacillus polymy
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Fig.(2) Effect of inoculation with Bacillus polymyxa, mineral N-fertilizer
and biogas manaure on Bacillus polymyxa count of fennel

rhizosphere in the second season
Bio1 = biogas manure (40 kg Nfed,) B F = Fruits inoculation with Baciffus polymyxa.
Bio2 = biogas manure (6¢ kg Nfed.} B S = Soil inoculation with Bacilius polymyxa
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Fig.(3) Effect of inoculation with Baciflus polymyxa, mineral N-fertilizer
and bicgas manure on CO,; evoluticn of fennel rhizosphere in
the sccond season.

Biof = biogas manure (40 kg Nifed.) B F = Fuits inocuaticn with Bacillus poiymyxa.

Eia2 = biagas manyre (80 kg difed) B § = Soil inoculation with Bacifius pelymy«<a

MSCHISSION

e mppiicaticn of Lo cogar o oarmima technigque aims o raduce the
rxiznsiva use of synihouc fnrni'zprs to gat k_,lt: i+ heaitny. safe for human
consumplion and exportabie agricuitural product free frem agrochemicals (

vampsn 1890 The results wthin hand obviously show the impact of
roranic fevhtzotion and n-organe ferlibzer (Tables 1, 2 and ) twas
wvaont that nergenic terdlization overcame the bio-orgame ferilizatior i

por cegsans, with  excepbion branches nurnbe: i the second season.
AMiperal fertlization at 90 kg N/fed. produced the highest values of plant
Jeight, number of branches and umbels, dry weights of umbels and plant,
frr yieid {gr/plant), oil content, estimated yieids of fruit and ol in both
seasans  The mean values of increasing percentages in the two season over
coolres were 7.5, 278, 23.0, 51.5 1141 611, 22.8 59.2 and 93.6 for ail
aforementignad parameters consecutively. In addiicn nitrogen and protein
contents and nitrogen uptake significantly increased by increasing inorganic
ritrcgen levels until 90 Kg Nifed. They augmented over control by about 4.15,
43 and 886 % for all nitrogen tested parameters previously mentioned
respectively. These results were in agreement with Sharma and Prasad,
1980; Hussien and Abou El-Maged, 1591 and Wagner, 1993 where they
found that chemical nitrogen strongly affected on plant growth, fruit yield and
essential oil of fennel.

As for biofetilizer the data presented in Tables (1, 2 and 3) revealed
that all growth parameters and yield significantly increased by inoculation
biofertilizer in both seasons. Scil inoculation with Bacillus polymyxa
surpassed fruits inoculation. This could be attributed to the density of liquid
culture applied te the soil in comparison with the low quantity of the same
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inoculum applied to the fruits. inoculation of Bacilfus polyrmyxa in the soil
leads to significant increase of plant height, Number of branches and umbels,
dry weights of umbels and plant, fruit yield, oil content estimated yields of
fruits and oil by about 11,49, 26.73, 11.15, 11.85, 33.56, 24.81, 13.83, 24.88
and 40.95 % over control, consecutively, These increases could be atiributed
to the growth hormones procduced by this microorganism in its culture
medium during its growth i.e. auxins, gibberellins and cytokinins (Azcon et. al.
1978). Also these results holds true with those obtained by Saleh et. al.
(1998), they found that growth of Datura and its content of alkaloids were
greatly improved by biofertilization. Furthermore Faid, (1994) found that
biofertilization with nitrogen fixers gave an appreciable improvement of the
growth and vyield of different plants. Amongst nitrogen parameters
boifertilization significantly augmented nitrogen and protein contents and
nitrogen uptake. Furthermore these results were in agreement with those
obtained by Renato De Freitas (2000), who suggested that rhizobacteria
inoculants may be capable to enhance uptake of nutrients. However, these
beneficial effects on plant growth may not be directly related to additional N,
gains. In fact, it has been reported that Azospinllum brasilense, Azotobacter
and Bacillus spp. are able to affect crop growth through mechanisms such as
provision of plant growth regulators (Tien et al.,1979). Piant growth hormones
may be supplied by Azospiriflurm and Baciflus polymyxa bacteria andfor roots
as a reaction to bacterial infection at the root interface { Avivi & Feldman,
1982 and Kapulnik et a/.,1985). In many cases, the shoot and root growth-
altering effects induced by these rhizobacteria were comparable to those
produced by additions of indole-3- acetic acid and gibberellic acid (Kapulnik
et al, 1985 and Kucey, 1988). Furthermore El Khayat and Zaghlou! (1999)
and khattab and Gomaa (2003) they found that nitrocgen uptake increased by
biofertifization application to caraway and genovese basii respectively.

Once again biogas manure significantly increased all growth
parameters, yields of fruit and oil and nitrogen parameters in comparison with
contro! in both seasons (Tables 1, 2 and 3). Biogas manure surpassed
biofertilization treatments, this may be due to that biogas manure give similar
amount of plant nutrient to the soit, or improve soil quality. This observation
was in agreement with those obtained by Pareek et. al. {1984) who found that
farmyard manure improved soil texture as well as increased oil yield of
palmarosa grass by 50.6 % over control. Plant height, branches No., umbels
No., dry weights of umbels and plant, fruit yield, oil content, estimated yields
cf fruits and oil and nitrogen uptake overcame controi with application of 60
kg nifed. by about 12.51, 30.689, 20.28, 27.09, 57.33, 32.79, 16.57, 38.11,
58.77 and 9.7 % consecutively. These findings were in agreement with those
obtained by Ei-Khayat and Zaghloul (1999), they found that application of
biogas manure augmented the highest values of oil percentage and nitrogen
content of caraway.

In terms of interaction between three different sources of fertilization
the data within hand in Tables (4, 5 and €) revealed that, inoculation with
Bacillus polymyxa + inorganic nitrogen (60 kg Nifed.) surpassed all other
biofertilizer treatments. Except plant fruit yield in the first season, application
of inorganic nitrogen (60 kg Nifed.) + soil inoculation with Bacilfus polymyxa
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produced the highest values for all the tested parameters in comparison with
other biofertilizer treatments. Plant height, number of branches and umbels,
dry weights of umbels and plant, dry fruit yield, oil content, estimated yields
of fruits and oil significantly increased by about25.96, 87.41, 43.47, 92.6,
288.2, 99.85, 52.1, 102.3 and 208.3 %, when soil inoculation with Bacilius
polymyxa + inorganic nitrogen (60 kg Nffed.) in comparison with untreated
plants, respectively in both seasons. These findings were in agreement with
Kandeel and Sharaf (2003) they showed that, mixed inoculation with three
biofrtilizers supplemented with half dose of NPK gave the highest and
significant increase of growth parameters, oil content (%) and oil yield of
marjoram, as well as, the N, P and K % in the plant herb. Kandeel et. a/.
{2002) reported that, inoculation of sweet basil with Azofobacter +
Azosopiriflum supplemented  with haif or full dose of the recommended
mineral N-fertilizer, significantly increased plant growth, oil % and oil yield
plot* compared with uninoculated plants and given full dose of nitrogen. El-
Sawy ef. al (1998} reported that incculation with a mixture of Azotobacter,
Azosopirilium and VAM amended with full dose of P as rock phosphate and
inorganic N-fertilization, in combination with VAM inoculation, increased plant
growth and khellin production of Ammi visnaga L. plant.

In terms of the interaction among biogas manure and inorganic
nitrogen fertilizer, the highest values were obtained by applying biogas
manure (60 kg N/fed.)) + mineral nitrogen (60 kg N/fed.) for all tested
parameters (Tables 4, 5 and 6), with exception of plant height, umbels
number, estimated oil yield and nitrogen parameters, wherein the highest
values were recorded by applying biogas manure (60 kg N/fed.) + inorganic
nitrogen (90 kg N/fed.). These results are confirmed by those obtained by El-
Khayat and Zaghloul (1999) who found that application of biogas manure
produced the highest values of cil percentage and nitrogen of Carum carvi L.

With respect of the essential constituents GC analysis of the fennel
fruts oil emphasized that the main oil components are estragole, limonene,
fenchone, anethole, y-terpinene, phellandrene and anis aldehyde. They are
formed 90.7 % of the total cil constituents. These findings are confirmed with
those obtained by Kandil, (2002), Braun and Franz (1999), Singh and
Mahey(1994) and Embong et al. (1977),they found that these compounds are
the maijor constituents of fennel oil. In concern to fenchone compound, which
is responsible for fennel bitterness it was found that inorganic nitrogen
fertilization alone increased its relative percent. Meanwhile the interaction
between inorganic N and bio-organic fertilizers reduced the relative percent of
fenchone, which means more favorable taste for the essential oil if it is used
for food dressing. Thus bio-organic fertilizers may be an excellent sources for
crop production with good quality. These findings are in agreement with Atta
et al (1999) they found that chemical fertilization increased fenchone retative
percent of fennel meanwhile, organic fertilizer reduced its relative percent.

Amongst microbial densities in fennel rhizosphere reached their
maximal levels in inoculated plants. It was also found that the highest
numbers of total microbial flora and B.pofymyxa in rhizosphere of growing
plants were noticed after 100 days of cultivation then a decrease in their
count was observed thereafter. Spraying of the N; fixing bacteria in soil

5259



Sharaf, M. S. and M. E. Khattab.

inoculation treatment increased the Bacillus number in fennel rhizosphere
either with or without inorganic N-fertilizer than those obtained by fruits
inoculation treatment. Rhizospheric soil of plants inoculated with diazotrophic
bacteria in the absence or presence of inorganic N-ferlilizer and biogas
manure gave higher count of the B. polymyxa than uninoculated plants for
both soil or fruits inoculation treatments .Rennie and Thomas (1987) reported
that of 10 different cultivars of spring wheat inoculated with B.polymyxa C-11-
25 and Azospinillum brasilense ATCC29729 only one cultivar (Cadet;
inoculated with B. polymyxa C-11-25) showed consistent plant yield
responses due to inoculation. Thus, as suggested by other workers ( Rennie
& Larson 1979; Baldani et al., 1983 and Rennie et al., 1983}, plant and/or
bacterial genotype might be the controlling factor in an inoculation response.

CO, evolution as an indication for microbial activity in fennel
rhizosphere was assayed during the different stages of plant growth. In all
cases, inoculation and fertilization with mineral N-fertilizer and biogas manure
increased the rates of CQO, evolution . Concerning inoculation with
B.polymyxa bacteria, it was found that CO, evolution rates were lower in the
rhizosphere of growing plants produced from fruits inoculated with asymbiotic
bacteria than those of plants grown in soil inoculated by spraying the same
bacteria . Increasing the levels of biogas manure and inorganic N-fertilizer
resulted in an increase in the rates of CO; emission . These results were in
accordance with those of Nannipieri ef al.,(1990) who reported that the
metabolic activities of soil microorganisms can be quantified by measuring
the COQ, production .Suttner and Alef (1988) found that CO, evolution
associated significantly with soil organic matter( Coqy ) and most microbial
parameters. Abo El- Ala (2002) mentioned that application of biofertilizers
and inorganic nitrogen and phosphorus fertilization significantly increased the
levels of CO, evolution in the rhizosphere of marjoram plants in comparison
with uninoculated plants at the 2™ season.

In conclusion, the soil inoculation with Bacifius polymyxa and
supplemented with mineral nitrogen (60 kg N/fed.) was the best treatment to
obtain high productivity and quality of fennel. Furthermore application of
biogas manure at level 60 kg N/fed. and 60 kg inorganic N/fed. giving the
best growth parameters, yield and good quality of fennel in comparison with
inorganic fertilizer alone.
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