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ABSTRACT

Two field experiments were carried out during the seasons of 2003/2004
and 2004/2003 at the Experimental Farm of Fac. of Agriculture at Moshtohor,
Benha Univ. to investigate the effect of four sowing dates (15/10, 30/10, 15/11
and 30/11}, four treatments of K oxide (control, two sprays, three sprays and four
sprays) and their interaction on the growth, yield and chemical composition of
Foeniculum vulgare Mill plants. A split plot design with three replicates for each
treatment was used and each replicate contained 30 plant (15 hill). The main plots
were devoted to the four sowing dates and the sub plots were devoted at random
to the foliar spraying with 1.5 % of potassium oxide. Plant growth parameters
such as plant height, fresh and dry weights of leaves and branches as well as fruit
yield/plant and per feddan were recorded and fruit quality was estimated by
measuring volatile oil % and its main components. Leaves were chemically
analyzed to determine N.P.K. and total carbohydrates percentage. The results
obtained showed that the sowing date at 30/11 gave the tallest plants, heaviest
fresh and dry weights of leaves and branches as well as increased fruit yield per
plant and per feddan and oil percentage compared with all the other treatments for
sowing dates, also increased total carbohydrates, NP and K % in plant leaves
compared with the different sowing date treatments.

Potassium fertilization at the high rate (four sprays during growth
season) increased plant growth, fruit yield and chemical composition as compared
with the lower rate, ' '

The interaction between late sowing date (30/11) with the high level of
K fertilizer gave the best results of plant growth, fruit yield and chemical
composition compared with all the other treatments.

The G.L.C. determination revealed the presence of each of L-limonene,
anethole, oc-pinene and chavicol compounds in the volatile oil of fruits.

Fourth sowing date (30/11) + four sprays of K at rate 1.5% attained 0.22,
12.25, 002 and 87.51% of o«-pincne, L-limonene, chavicol and anethole
compounds in the volatile oil respectively. :
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In general it could be concluded that the fourth sowing date with four
sprays of K at the rate of 1.5% was considered the most snitable treatment for
best fennel production with good fruits quality..

Key words: Fennel, Foeniculum vulgare, G.L.C. «<- pinene, L-limonene, anethol,
chavicol, and fenchone.

INTRODUCTION

Recently, an increasing inierest in the cultivation and production of
medicinal plants has been noticed in Egypt in order to oewer the increasing
demand of the local pharmaceutical industrics as well as for export purposes
(Belal, 1995). Cultivation of medicinal and aromatic plants in the small farms can
decrease migration into towns (El-Kadi, 1988) and the small farmer rural
economy provides the basis for strong National Economic Development (Netting,
1993).

‘The relative export edge of such crops lies in the availability of products
as well as the growing world demand. Other relative advantages of this business
includes that only scanty areas are required for growing these plants and the need
of intensive labour and low water requirements. Medicinal and aromatic plants
have the potential of boosting Egyptian exports of high-quality, added-value
crops such as chamomile, fennel, peppermint etc. Foeniculum vulgare Mill is one
of the annual plants, which belongs to Apiaceae family, cultivated for fruits
which are used for medical and culinary purposes. Fennel seeds are frequently
added to bread and biscuit for flavor and aiding digestion (Graves, 1990). Fennel
may activate the milk gland and acts to increase the sexy gland in women and
men. It is used also in contraction of stomach and intenstine (Abuo Zeid, 1988).
Fennel can be added to salad and soup to improve taste, and also may be added to
meat in order to keep it for a long time because the volatile oil assists some
harmfid bacteria and fungus. The medical properties of fruits depend upon the
essential oil which is warm, pungent and aromatic, in colic and gastrodynia, few
drops of these oil or half of tea spoon full of the seed are sovereign remedies. The
essential oil of fennel at 3000 ppm concentration have antiviral properties,
(Shukla, ef a/., 1989 and Meawad e al., 1991). Ruberto ef al. (2000) emphasised
the an antioxidant and antimicrobial activity of fennel fruits. In addition,
insecticidal activity against three of Coleoptera stored product insects of fennel
fruits was found (Kim and Ahn, 2001). The main constituents of fenne] seeds are
essential oil with anethole and fenchone, plus fatty acids, proteins, sugars and
mucilage. These substances give fennel antispasmodic, ‘carminative, stomachic,
galactonic, aromatic and weak diuretic properties (Stodola and Volak 1992). In
Germany fennel fruits are licensed as a standard medicinal tea for dyspepsia
(Arslan et al., 1989). It is also used in cough syrups and honeys (antitussives and
expectorants), and stomach and bowel remedies, especially in paediatrics as
aqueous infusion, juice and syrup (Wichtel and Bisset, 1994). In the United
States, it is also used as a component of galactagogue preparations (Leung and
Foster, 1996).
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The intensive farming in Nile Valley soils in Egypt and agricultural
practices have forced the farmers to usc more fertilizers to get the high benefit.
The intensive use of manufactured nitrogen, phosphorous and potassium
fertilizers increased the crops productivity. Among the essential nutrients needed
by the plant is potassium which plays a highly recognized role in plant life, where
an adequate supply of potassium for plant improves the quality and quantity of
productivity. Many authors studied the role of potassium such as, Badran and El-
Maziny (1989) on cumin, Munshi ef al. (1990) on Carlum carvi and Ali (1993)
on Nigella sativa who mentioned that potassium increased plant height, number
of branches, fresh and dry weight of shoots, seed yield per plant and per fed, oil
percentage as well as N.PK and total carbohydrates percentage in the herb. Also
Mohamed (1989} on chamomile, Astia (1993) on caraway, Omer ef af, (1995) on
Silybum marianum and Kassem (1997) on Rosmarinus officinalis plants found
that potassium sulphate at 60 kg/fed increased plant height, number of branches,
fresh and dry weights, essential oil percentage as well as NJP and K contents and
total carbohydrates content.

Also, many authors studied the effect of sowing date such as: Zaky et al.
(1988) and Salama (1996) found that, flax yield and its components seed quality
and fiber quality of flax plant were significantly increased and reached their
maximum values at the third planting date (15/11) which consider the optimum as
compared with that of earlier dates (25/10 and 5/11) and those of latest planting
date (25/11) and Abd Ei-Dayem, et al. (2002) mentioned that flax yield and its
components were affected significantly with planting date treatments, the
maximum values were recorded at the third planting date (15/11) as compared
with those observed in case of plants which were planted earlier (15/10 and
30/10) or late (30/11).

Also, many investigators concluded, the date of planting affected greatly
the different parameters of plant growth, Bhati (1988) on Coriandrum sativum
cultivates sown on 3® Nov., 18" Nov. or 3® Dec., reported that sowing in Nov.
gave significantly highest sead yield and number of umbels/plant,

Also, Matter (1997) on biack cumin seeds sown on Nav. 1%, 15™ and
Dec. 1" found that, early sowing increased the plant height, number of branches
per plant, sced yield/plant and fixed oil percentage of seeds. Tbrahim (2000) on
fennel sown, in North Sinai on 1% Nov., 15" Nov. and 30" Nov., reported that, the
carliest sown seeds produced the tallest plants with most umbels the highest sced
yield and oil yield/plant.

This work aimed to improve the average yield of Foeniculum vulgare
through using the suitable sowing date combined with treating by potassium as a
foliar application,
MATERIALS AND METHODS

The study was carried out at the Experimental Farm, and in the
laboratory of Ornamental Plants, Faculty of Agriculture, at Moshtohor, Benha
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University during two successive seasons of 2003/2004 and 2004/2005, to study
the effect of four sowing dates i.e. (15/10, 30/10, 15/11 and 30/11) and four
treatments of 1.5% of potassium oxide such as (control, two sprays, three sprays
and four sprays), on vegetative growth, yield and volatile oil content as well as
chemical composition of fennel plants.

Fennel fruits were obtained from the Medicinal and Aromatic Plants
Research Section of the Ministry of Agriculiural at El-Kanater El-Khairia
Experiment Station. Fennel seeds were sown in rows 50 cm apart in hills at 50 cm
in between with four-six seeds per hill. After forty days from sowing, the
seedlings were thinned to two seedlings/hill. Plants were fertilized with calcium
superphosphate (15.5% P;0;) at a rate of 100 kg/fed and ammonium sulphate
(20.5% N) at a rate of 150 kg/fed. The dose of nitrogen was applied in two equal
portions at 50 and 70 days from sowing, while the amount of P fertilizer was
added before sowing during soil preparation in both seasons.

The experiment was laid in a split plot design with three replicates for
each treatment as the replicate contained 15 hills, The main plots were
represented by sowing dates treatments (15/10, 30/10, 15/11 and 30/11). While
sub-plots were entitled to four potassium treatments (0.0, 2, 3 and 4) times. The
control plants were sprayed with a tap water.

The volume of the spraying potassium solution was maintained just to
cover completely the plant foliage till drip at two weeks intervals. A bio-film was
used as a setting agent at 1.5 m/L. and the treatments were started afier 50 days
from planting for both seasons with potassium as salient K liquid (38% potassium
oxide produced by Kafer El-Zayat Company for Pesticides and Chemicals) at the
conceniration of 1.5% as & recommended rate. All the plants received normal
agricultural practices,

At harvesting time (10™ of May) the following data were recorded: plant
height (cm), fresh and dry weights of branches and leaves/plant (g), fruits
yield/plant and per feddan.

Total carbohydrates percentage in dry weight of leaves was determined
according to Herbert ef al. (1971). The percentages of N, P and K in the dry
leaves were determined at flowering stage according to Wilde et ol. (1985).

Volatilel oil percentage in the fruits. of each treatment was determined by
hydro-distillation. The volatile oil of the second season (mixed oil of replicates
per treatment) was subjected 0 G.L.C. analysis for determination of the
percentage of the main components carried out by gass liquid chromatography
apparatus in the Central Laboratory of Fac. Agric. Cairo University..

All obtained data were statistically analyzed by the use of L.S.D. method
according to Smedecor and Cochran (1989) to compare between means of
treatments. The physical properties and chemical analysis of soil are shown in
Table (A). Data of the mean values of air temperature and relative humidity
during both seasons of study are shown in Table (B).
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Table (A): Physicat and chemical analysis of the used soil.

Mean relntive

Mean relative

tempe. (°C) | humidity (%) | tempe.(°C) | humidity (%)
October 25.6 66,03 24.8) 60.31
November 21.44 61.68 2199 60.15
December 16.22 49.34 16.69 50.06
Jaruary 15.86 63.71 14.80 64.81
February 15.78 66.31 16.22 59.51
March 18.93 66.90 16.19 60.60
April 2136 59.17 "~ 20.74 $0.37
Ma 31,74 56.0% 25.40 55.66

‘Metoorological data of Qalyoubia Governorate. A R.C. Dokki, Giza.
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RESULTS AND DISCUSSION

1- Effect of sowing date and potassium fertilization on the vegetative growth:

Data in Table (1) revealed that, sowing dates did have a constant trend
for increasing plant height of fennel. On the other hand, fennel plants which were
usually sprayed two, three, and four times with potassium solution at a rate of
1.5% gave increased plant height compared with the first sowing date without
potassium spraying. Generally, the tallest plants were obtained when the plants
were sprayed four times with K at rate 1.5% at the fourth sowing date, compared
with all other treatments in the first and second scasons, respectively. These
results are in agreemieiit with those obtained by several investigators (Badran and
El-Maziny 1989, on Cumin, Munshi er al., 1990 on Carium camvi, Ali 1993 on
Nigella sativa) and Ibl'ahim 2000 on some lnetilcmal plants)

- The data in 'Ifahlc (#3] mdmmd that fresh weipht of branches/plant was
significantly-higher in second, ‘third and fourth sowing dates in both seasons of .

this experiment which gave 14.10; 47.14 and 53.78% wespectively over the first .
(hte in the first season, while' prodnced 12.46, 2597 and 43.03% respectively : -

over. the fifst date in the second- séasons. Thm reuni&agreemem with obtained, -
thbrahImEBOOonsomemcdinnalplants o

¢ 'Ilus efféect might be’, due to the fower ‘empe
photoperiod during lately" sowmgxlmt can helpm fasﬁcr growing of plants thag' .

thiose grown jn hoter condition; thxswasnb\nousﬂomsTable{B)forthememr';_
temperature. in Qatyoubia governorate as in the first season recorded 25,06 and™

21.44°C, respoctively and in-the, second season the values 24.83.and 2199°Cion -
Oct:-and- Nov.; respectively. The sosulls weeo in- : with, those obtained =
by Bhati (1988) and Mohamed (1992) on Corlandrum satfvum Matter (1977) on

bh&wﬂﬁnmmmuow}wmmm. R

ying fennel plafits with potassiim st rm oﬂ G%farm&, three and. -

hoth Seasons significantly increased frésh weight of branches at the
different- sowmg dates. "Thé heaviest. fresh: w«ylt of branchies was resulted of i .
spraying potassium at fate of 1.:5% of fourth sowing date. It could be noticed from
(Table 3) that, branchesﬂy weight/plant.was significantly increased at the fourth -
dateoverthcﬁrst,seoonﬂonhnddatemboth SEASONS. Howcver, thcﬁrstand_
second dates did not s:gmﬁmntly differ between each other in the first and second
seasons of this experiment. The highest dry weight/plant sectned to be due to the
effect of intéraction.betwecti application pottissium oxide'thiee or four sprays at
the fourth sowmgdate A sinular trend resulls was obtamedby Abd El-Dayem ef -
al. (2002).

Tables (4 and 5) showed that the fennel planis plamed in different dates
gave the largest fresh and dry weights of leaves/plant for the two scasons.
However, the maximum increase was obtained by planting in the fourth date for
the first scason and in third and fourth dates for second scasons respectively. Data
showed also that there were significant differences due to fertilization treatments
in fresh and dry weights of leaves/plant compared with control plants of both
seasons. Furthermore, fennel plants treated with four sprays of K at the rate of
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1.5% in the fourth sowing date gave the heavest fresh and dry weights of
leaves/plant when compared with control plant or any other treatments. In this
respect Gardner et al. (1985) reported that solar radiation and temperature are two
weather variables that have direct and significant effect on ¢rop production.
Temperature affects the duration of the crop growth (Wilheim and McMaster,
1995). Consequently influences; yield (McMaster, 1997). Haeder ef al. (1973)
mentioned that, the leaves of wheat plants well supplied with K remain green for
a longer time during grain filling, thus providing the ears with assimilates over an
extended period. As a result more starch ¢an be synthesized and the grains grow
larger. In addition, K also enhances the synthesis of lipids in oleaginous crops,
thus improving oil production.

2- Effect of sowing date and potassium fertilization on fruit yield of fennel plants:

Data given in Table (6) indicated that the latest sowing date caused a
significant increase in fruit yietd/plant in the first season but the second and third
dates of sowing in the second season caused a significant increase compared with
the first sowing date. &t was clear from the results that the fruits yield/plant was
significantly affected with the foliar sprays with potassium at rate of 1.5% for the
different sowing dates. Generally, the highest fruit yield/plant was obtained when
the plants were sprayed with K four times in fourth sowing date in both seasons.
This might be due to the favourable effect of this ¢clement on photosynthetic
activity of leaves which improves the mobilization of photosynthetic materials,
having through and direct impact increased weight of seeds (Bottril ef al., 1970).

Data in Table (7) indicated that the fruit yicld/fed was significantly
increased from planis of the third and fourth dates over the first and second dates
in the first season, while the second and the third dates gave significantly
increased over the first date in the second scason.

1t may be concluded that, delaying the time of sowing up to the 30™
Nov., caused a considerable increment in seed yield. Moreover, the increase seed
yield with lately sowing might be atiributed to the increase the number of
umbels/plant and average weight of seeds/plant with the lately sowing. A similar
results were reported by many investigators as Bhati (1988) and Mohamed (1992)
on Coriandrum sativum and Matter (1997) on black cumin.

Similar trend of resulis was obtained by Zaky et al. (1988) and Salama
(1996) found that, flax yield and its components seed quality and fiber quality of
flax plant were significantly increased and reached their maximum values at the
third planting date (15/11) which consider the optimum as comnpared with that of
carlier dates (25/10 and 5/11) and those of latcst planting date (25/11). and Abd
El-Dayem, ef al. (2002) mentioned that flax yield and its componenis were
affected significantly with planting date treatments, the maximum values were
recorded at the third planting date (15/11) as compared with those observed in
case of plants which were planted earlier (15/10 and 30/10) or late (30/11).

The obtained results (Table, 7) showed that the application of K at rate
of 1.5% three or four sprays increased fruits yield/fed when compared to the
control plants in first two dates, however, significant differences were detected
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when potassium was sprayed two, three or four times at the third or fourth date
when compared to the control plants. Generally, the maximum yigld/fed was
obtained when the plants were sprayed with potassium at rate of 1.5% four sprays
at the late planting in both scasons. These results on promotion of vegetative
growth by foliar application with potagsium support the findings of the other
workers i.e Badran and El-Maziny (1989) on cumin, Mohamed (1989) on
chamomile, Munshi ef al. (1990) on Carium carvi and Ali (1993) on Nigella
sative who mentioned that potassium increased plant height, number of branches,
fresh and dry weight, of branches, seed yield per plant, oil percentage as well as
N,P K and total carbohydrates percentage in the herb.

3- Effect of differeat sowing date and potassium fertilization on chemical
compaosition of fennel plant;
2~ Volatile oil perceatage and composition:

Data in Table (8) revealed that, sowing dates at 30/10, 15/11 and 30/11
caused a significant increase in volatile oil percentage compared with early
sowing date (15/10) in the first season, while the oil percentage significantly
unvaried between various sowing dates in the second season. These results
agreement with obtained by Tbrahim 2000 on some medicinal plants.

Studying oil percentage of each sprays number with K oxide at each
date, showed that each spray treatment produced significantly more volatile oil %
than control plant (un sprayed with K). The maximum effect was obtained when
the plants were sprayed with potassium ai the rate of 1.5% four times at late
planting for both seasons. The results indicated that fennel fruit oil percentage
was ranging from 3.0-5.0% at maturity stage.

These results are in line with those of vegetative growth and flowers
yield, since the chemical K fentilizer induced rapid plant growth which led to
more metabolites accumulation involving synthesizing of more secondary
products as volatile oil. These results are in agreement with those obtained by
Kandil (2002) on fennel,

The relative percentage of the main constituents of essential oil of fennel
fruits as affected by sowing dates, potassium fertilizations and the interaction
between the two factors, are shown in Table (9) and Figs. (1:16). Four
compounds have been identified. Approximately 100% of essential oil
constituents was identified where the major compound was found to be anethole
in all treatments and ranged from 46.41 to 88.27%. This was followed by L-
limonene which ranged from 4.15 to 28.19%. The third compound was oc-pinene
which ranged from 0.01 to 6.48% while last compound was chavicol which
ranged from 0.01 to 4.17%. These results are in agreement with Wagner (1999)
who mentioned that, the essential oil percentage of fruit sweet fennel
(Foeniculum dulcis fructose) was 2% and the essential oil contained about 80%
anethole, while the essential oil percentage of bitter fennel (Foeniculium amari
Jructose) was 4% and the essential oil contained 60% anethole and about 15%
fenchone.



Table (1): Effect of sowing date and potassium fertilization on the plant height (cm) of Foeniculum vulgare Mill. during

2003/2004 and 2004/2005 seasons.
Treatments First season Second season
5 Al 1810 | 30710 | 1511 | 3041 | Mean | 1510 | 3010 | 1511 | 30/11 | Mean
0.0 control 85.5 98.5 1087 1215 103.6 104.5 110.9 120.0 123.7 114.8
K (two sprays) 96.5 116.0 121.0 131.7 116.3 112.5 122.3 128.5 130.5 1235
K (Three sprays) 101.0 122.5 1257 138.5 121.9 119.5 134.1 134.0 1407 132.1
K Four sprays 124.5 129.5 130.0 1397 130.9 132.0 140.0 141.5 146.0 1399
Mean 101.9 116.6 1214 132.9 117.1 136.8 131.0 1352 !

L.S.D, 5% 1% 5% 1%

A= (sowing dates) 5.4 6.95 5.2 6.87

B = (potassium levels) 4.5 572 6.3 8.02

(A x B) = Interaction 18 9.13 8.8 10.13

Table (2); Effect of sowing date and potassium fertilization on fresh weight of branches/plant (g) of Foeniculum vulgare Mill,
during 2003/2004 and 2004/2008 seasons.

Treatments First season Second season
B Al gsmo | 3010 | 151 | 30/11 | Mean | 1510 | 300 | 1511 | 3011 | Memm
0.0 control 1517 | 15335 | 1825 | 2035 | 1758 | 1517 | 1695 | 1985 | 2357 | 1889
K (two sprays) 1715 1 1967 | 267.0 T 2710 | 2266 | 2045 | 2380 | 2477 | 2845 | 2437
K (three sprays) | 1923 | 2235 | 323.5 | 3315 | 2677 | 2750 | 3055 | 3320 | 3900 | 3256
K_(four sprays) 3375 | 2855 | 335.0 | 352.0 | 3025 | 2835 | 3157 | 3740 | 398.0 | 3428
Mesn 18825 | 2148 | 2770 | 289.5 3287 | 257.2 | 2881 | 327.1

LS.D. 5% 1% % 1%

A= (sowing dates) 148 18.51 15.3 19.2

B= (potassium levels) 19.7 23.82 20.4 24.15

(A x B) = Interaction 234 27.21 238 27192
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Table {3): Effect of sowing date and potassium fertilization on the dry weight of branches/plant of Foeniculum vulgare Mill

during 2003/2004 and 2004/2005 seasons..

Treatments First season Second season

B A 15/10 30/10 15/11 30/11 Mean 15/10 30/10 15/11 30/11 Mean
0,0 control 98.5 98.5 102.5 118.5 104.50 100.5 102.0 109.5 130.5 110.63
K (two sprays) 120.5 121.5 130.0 131.5 125.88 121.5 130.0 132.5 133.5 129.38
K {three sprays) 125.5 128.5 154.5 157.5 141.50 135.5 142.0 149.0 165.0 147 .88
K {four sprays) 1295 1355 1585 161.0 146,13 1375 143.0 152.0 165.5 149.50

‘ Mean 118.50 121.00 136.38 142.13 123.75 12925 135,75 148.63
L.S.D. 5% 1% 5% 1%

A= (sowing dates) 5.64 7.43 : 6.1 7.82

B = (potassinm levels) 7.18 9.89 6.7 9.15

(A 1 B) = Interaction 945 12.04 9.5 11.67

Table (4): Effect of sowing date and potassium fertilization on the fresh weight of leaves/plant of Foemiculum valgare MillL

ing 2003/2004 and 2004/20035 seasons,.

K (two sprays)

| K (three sprays)

i K (four sprays)
L.S.D. 5% 1% 5%
A= (sowing dates) 7.6 9.2 7.8
B = (potassium levels) 83 10.06 84

{A 1 B) = Interaction 10.6 13.52 10.8

1%
9.7
10.25
13.42

1474
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Table (5): Lffect of pwing datc and potassium fertilization on the dry weight of leaves/plant of Foemiculum vulgare Mill.
ng 2003/2004 and 2004/2005 scasons..

by

Treatments First season Second season ?

B Al 1sne | 300 1511 311 | Mean | 3510 | 3010 | 1541 | 3011 | Mean S
0.0 control 19.5 20.5 209 - 239 -1 2129 207 -20.8 227 26.8 22.8

K (two sprays) 242 253 -1 262 | 266 | 256 { 263 | 270 272 274 27.0 §

K (three sprays) 24.5 26.0 301 | 32 282 1 279 | 285 28.9 29.6 287 S

K (four sprays) 15.1 28.3 325 | 332 298 | 283 | 285 | 292 29.8 29.0 N

Mean 233 250 -+ 274 290 258 | 262 27.0 28.4 E

L.S.D. 5% " 1% o 7 1% P

A= (sowing dates) 24 3.26 : , 1.85 2.45 .,,u

B = (potassium levels) A3 © 4.58 T L T 2% 287

(A 1 B) = Interaction ' 4.1 . 5.67 R 343 4,09 E

Table (6): Effect of sowing date and potassium fertilization on [rmt yield/plant of Foeniculum vulgm Mill duriag 2003/2004 §

ang 2004/2005 seasons.. "y

Treatments -First season _ _Sécond season Y

B Al isno | sone | 1sm | s |, o A8410.01.3010 | 1511 | 30/11 | Mean ’

-

»

th

7

0.0 comtrol 3172 [ 32.16 | 3264 | 33.06 |- 32 33 30 |. 3560 | 3640 | 34.10 | 34.90
K (two sprays) 3760 | 38.10 | 3930 | 39.94 | 381 -'--33,00- 3724 | 3980 | 4034 | 38.10
K (three sprays) 3830 | 4136 | 4144 | 2374 | 412271736560 13960 | 4114 | 4450 | 4046
K (four sprays) 3930 |-42.10 | 4270 | 4516 | 42327 _‘41 S0V T 4240 | 3400 | 46.00 | 43.48
Mean 3668 | 3844 | 3902 | 4048 | - - | 3666 | 3872 | 4034 | 41.24
p.s.n. 1% o 5% _ 1%
‘-'-‘-’B - (W”M lﬂ?l‘h) B O R e s | Y Eoe 1. 85

D '(A x B) hterm : EEPES RN RO :2'28, shond Fatlingiar aviln o 2*16 L .2.23



Table (7): Effect of sowing date and potassium fertilization on the fruit yield/fed. (kg) of Foeniculum vulgare Mill. during

2003/2004 and 2004/2005 seasons.. -
Treatments First season Second season 2
5 Al wsno | om0 | 1sm | sem | Mean | 1810 | 3010 | 15m1 | 3011 | Mean
0.0 centrol 1015.04 | 1029.13 | 1044.48 | 1057.92 | 10368 | 1072.00 | 1139.20 | 1164.80 | 1091.30 | 1116.80

K (two sprays) 1203.20 | 1219.20 } 1257.60 | 1278.08 | 1237.76 { 112000 | 119168 | 127360 | 1290.88 | 1219.20
K (three sprays) | 1225.60 | 1323.52 ) 1326.08 | 1399.68 | 1319.04 | 1171.20 | 1267.20 | 1316.48 | 1424.00 | 1299.72
K (four sprays) | 1257.60 | 1347.20 | 136640 | 144512 | 1354.24 | 1328.0 | 1356.8 | 1408.00 | 1472.00 | 1391.36

Mean 1173.76 | 1230.08 | 1248.64 | 1295.36 1173.12 | 1239.04 | 1290.88 | 1319.68

L.S.D. 5% 1% 5% 1%
A= (sowing dates) 178 214 15.2 19.8
B = (potassium levels) 226 25.7 24.2 27.6
(A 3 B) = Interaction 29.3 32.9 28.5 32.3

Table (8): Effect of sowing date and potassium fertilization on the fruit voiatile oil percentage of Foemiculion vulgare Mil
during 2003/2004 and 2004/2005 seasons..

$007 ‘(6)6» 104 ‘soqorysopy ‘9§ duly JO spuuy

Treatments First season Second season
B A 15/10 30/10 15/11 Jor11 Mean 15/10 30/10 15111 /11 Mean
0.8 comtrol 3.10 3.24 3.26 3.54 3.29 3.31 345 3152 3.55 3.46
K {two sprays) 3.70 4,00 435 447 4.13 4.15 435 447 4.59 4.39
K (three sprays) 3.80 4.60 4.68 4.74 4.46 4.23 448 4.58 4.61 443
K (four sprayvs) 4.15 470 4,72 4 86 4,61 4.37 4.53 4.58 4,70 4.55
Mean 3.69 4.14 425 4.40 4,02 4.20 4.29 4.36

L.S.D. 5% 1% 5% 1%

A= (sowing dates) 0.05 0.08 N.S N.S

B = (potassium levels) 011 0.13 0.11 0.15

(A x B) = Interaction 0.15 0.19 0.16 0.19
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Table (9): Effect of sowing date and foliar application with potassium on the
identified coustituents of fennel fruits volatile oil obtained
from G.L.C. analysis and caiculated as relative percentages.

Treatments Constituents «-Pinene ljm'n;lene Chavicol | Anethol
October 15 + 0.0 potassium 0.64 6.84 0.50 88.27
+ WO sprays 0.72 9.10 4.17 79.64
+ thiee sprays 6.48 8.35 ¢.12 84.83
+ four sprays 0.13 21.66 1.07 55.07
October 30™ + 0.0 potassium 2.55 25.79 1.77 46.41
+ (WO sprays 0.01 9.23 0.48 73.20
+ three sprays 1.76 11,37 0.20 76.13
+ four sprays 2.11 28.19 1.17 52.40
November 15® + 0.0 potassiwm 0.61 6.49 043 | 8240
+ (WO Sprays 3.09 25.20 0.26 54.01
+ three sprays 416 477 0.09 87.91
¥ four sprays 092 | 5.69 0.94 7155
November 30™ + 0.0 potassium 0.53 7.16 _1 056 80.76
+ two sprays 0.50 5.55 0.00 83.00
+ three sprays 0.47 4.15 0.69 83.00
+ four sprays 0.22 i2.25 0,02 87.51

The anethole percentage of fennel fruits oil was influenced by the
different sowing dates, sprays number with K at the rate of 1.5% and the
interaction between them. The obtained data in Table (9) and Figs. (1:16)
revealed that sowing date of October 15% was the most effective which increased
the anethole percentage over that of the medium or the late one The anethole
component percentage decreased with applying 1 5% of K at the rates of two.
three or four sprays at first planting date compared with unsprayed plants. The
opposite trend of this was attained in the second. third and fourth sowing dates
(October 30", November 15™ and November 30™). As for L-limonene compound,
sowing date of October 30" + spraying fennel plants with 1.5% of K four times
attained a higher value for this compound compared with all other treatments.
However, the lowest value of the same compound (L-limonene) was obtained by
lating sowing datc (November 30™) + spraying fennel plants with three sprays of
K at rate 1.5%. As for = -pinene compound, cultivating fennel seeds in Gctober
15" combined with spraying plants by 1.5% of K three times gave the highest
percentage of o«c-pinene in cssential oil compared with all other treatments, while
the lowest value of this compound was attained by second sowing date X
spraying plants with 1.5% of K two times during growth seasons Regarding
chavicol compound, the data in Table (9) and Figs (1°16) cleared that. earlist
sowing date (October 15™) X two sprays of 1.5% K during growth season. gave
the highest percentage of chavice!l compound in the oil whereas fast sowing daie
(November 30™) X two sprays of | 5% K during growth season attained the
lowest value
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b~ Total carbohydrates percentage:

Data illustrated in Table (10) showed that, the total carbohydrates
percentage in leaves of fennel plants was varied between various planting dates.
The highest value in both seasons-was attained by sowing fennel seeds at the last
date (30/11), this treatment increased total carbohydrates percentage over early
sowing date (15/10) by 5.44 and 7.81% in the first and second Seasons,

respectively.

In this respect Bowler er al. (1992), Elstner and Osswald 1994 and
Mckerise ef al., 1996, mentioned that higher temperature stress either accelerates
the formation of toxic reactive oxygen species (ROS) within plant tissues or
impair the normal defense mechanisms that protect tissues from (ROS) toxic
effect. Such stress induces higher O, photo reduction within chloroplast or
electron transport disturbance and donation of electron to O, within mitochondria,
all led to generation of toxic ROS. Those ROS (H,O,, OH, O,...... ) damaged
chloroplast, reduced carbohydrates synthesis and exportation and hastened
oxygen senescence (Dicknson ef al., - 1991), attacked cell membranes and led to
their degradation and leakage of cell solutes, denaturation of proteins and
enzymes, damage of nucleic acids, degradation of chlorophyll and suppression of
all metabolic processes, finally senescence and death of cells and tissues, hence,
stimulates flower abortion and reduction of vielded fruits (Stroev 1989; Cakmak
and Marschner, 1992 and Taiz and Zeiger 1998).

The obtained results in Table (10) showed that, the total carbohydrates
percentage in fennel leaves was affected by foliar application of potassium. The
increase of spraying times gradually increased total carbohydrates percentage in
plant leaves compared with control plants in both seasons. The maximum
increase in total carbohydrates percentage was attained as a result of K
application three or four times at the fourth sowing date in both seasons.

¢- Minerals content:
Nitrogen percentage:

Data in Table (11) revealed that the latest sowing date significantly
increased the N % of fennel leaves compared with the first sowing date in the first
scason. Generally, the fourth sowing date resulted in the highest N % compared
with the first, second or third sowing date in both seasons. The results in the same
Table indicated that, the spraying ircatments with K at the rate of 1.5% increased
N% in each sowing date. The highest values of N% were 2.5 and 2.29%
obtained from K spraying with four sprays in the fourth sowing date in the first
and second seasons, respectively.

Phosphorous percentage;

Data presented in Table (12) indicated that sowing dates had a constant
trend on phosphorous accumulation in fennel plant in the two seasons, The latest
sowing dates slightly increased P % in plant leaves compared with early sowing
date (15/10), as the highest value in both seasons was attained by sowing fennel
seeds in 30/i1. On the other side, the data in the same Table (12), generally
revealed that, all potassium treatments (separated or combined with sowing dates)



Tabie (10): Effect of sowing date and potassium fertilization on the total carbohydrates percentage of Foeniculum valpzre Hiill

during 2003/2004 and 2004/2005 seasons..

Treatments

First scason Second season
B A 15/10 30/10 15/11 30/11 Mean | 15/10 30/10 15/11 30/11 Mean
0.0 control 18.38 18.46 18.61 19.40 18.71 19.20 19.46 19.65 20.70 19.75
K (two sprays) 20,65 21,0 2213 22.80 21.65 20.47 21.63 22.40 22.83 21.83
K (three sprays) 21.75 21.91 21.37 23.12 2204 | 21.81 22.18 22.92 23.00 22.48
K (four sprays) 21.89 22.52 23.45 23.52 2285 21.82 22.68 23.14 23.35 2275
Mean - 20.67 20.97 21.39 22.21 20.83 21.49 22.03 22.47

_ L.S.D. . 5% 1% 5% 1%
A= (sowing dates) 0.74 0.97 0.63 N.S
B = (potassium levels) 0.95 1.14 0.87 1.13
(A x B} = Interaction 1.18 1.56 1.03

Table (11): Effect of sowing date and potassium fertilization on mitrogen percentage of Foeniculum vulgare Mill during

2003/2004 and 2604/2005 seasons..
Treatments

First season

N.§

€971 "M NOUDZYHLI,] WmssOOd B 210 Sumog JO 1olf

Secqnd scason
B Al 1simo | 3en0 | 1sm1 | 3em1 | Mean | 1510 | 3010 | 1511 | 3011 | Mean
0,0 comtrol 90 | 178 | 18 | 190 | 181 | 172 | 181 | 18 | 193 | 182
K (two sprays) 178 | 188 | 195 | 224 | 19 | 180 1 192 [ 198 | 211 | 195
K (threc sprays) 180 | 196 | 197 | 225 | 200 | 18 | 198 | 200 | 220 | 2.02
K (four sprays) 197 | 202 | 203 | 255 | 204 | 206 | 212 | 208 | 129 | 214
Mean 181 | 1o | 195 | 233 187 | 196 | 1.9 | 203

L.S.D. % 1% 5% 1%

A= (sowing dates) 0.10 NS 0.10 N.§S

B= (potassium levels) 011 NS, 0.13 NS

(A 1 B) = Interaction 0.18 NS 0.18 NS



Table (12); Effect of sowing date and potassium fertilization on phosphorous percentage of Foemicwlum vulgare Mill during

2003/2004 and 2004/2005 seasons..
Treatments ‘ First season Second season
B A 15/10 30/10 lSIll 30/11 Mean 15/10 Jo/10 15/11 30/11 Mean
4 0.0 control 0.48 0.49 051 | 052 0.50 0.50 0.51 0.52 0.53 0.52
K (two sprays) 0.49 0.51 0.52 0.54 0.52 0.51 0.52 0.53 0.54 0.53
K (three sprays) 0.51 0.52 0.54 0.56 0.53 0.51 0.54 0.54 0.55 0.54
K (four sprays) 0.54 0.54 0.58 0.56 0.55 0.54 0.54 0.56 0.55 0.55
Mean 0.51 0.52 (.53 0.55 1 052 0.53 0.54 0.54
L.S.D. 5% 1% 5% 1%
A= (sowing datey) N.§ NS N.§ NS
B = (potassimn Jevels) _ N.S N.S : N.S N.S
{A x B) = Interaction N.S NS NS N.S
Table (13): Effect of sowing date and potassium fertilization on potassium percentage of Foewiculum vulgare Mill during
2003/2004 and 2004/2005 seasons..
Treatments First season Second season
B A 15110 36/10 15/11 30/11 Mean 15/10 30/10 18/11 /11 Mean
0.0 control 1.50 1.54 1.62 1.66 1.58 1.57 1.57 1.62 1.67 1.61
K (two sprays) 1.68 1.70 1.76 1.80 1.74 1.62 1.63 1.75 1.82 1.71
K (three sprays) 1.72 1.79 1.85 1.89 1.81 1.72 1.72 1.83 1.85 1.78
K (four sprays) 1.80 1.85 1.87 1.95 187 1.84 1.89 1.88 1.95 1.89
Mean 1.68 1.72 1.78 1.83 1.69 1.70 177 1.82
L.S.D. 5% 1% 5% 1%
A = (sowing dates) 0.07 0.10 0.06 0.08
B = (potassium levels) 0.11 0.13 0.09 0.12

(A x B) = Interaction 0.13 0.16 0.12 0.16

| 444
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caused a slight increase in phosphorous percentage in both seasons and the
contro! plants had lowest value which reached 0.48 and 0.50% in the first and
second seasons respectively. Generally, the planis sprayed with potassium at the
rate of 1.5% four times in late sowing date attained the highest value of
phosphorous in fennel piants in both seasons. These results are in accordance with
the findings of Selim ef al. (1993) on roselle.

Potassium percentage

Data in Table (13} indicated that, the sowing dates treatments had a
constant effect on potassium percentage in fennel plants in both seasons. The late
sowing dates improved potassium % in plant leaves oompaﬂng with early sowing
date. The sowing date at 30/11 gave the highest increases of potassium % in plant
leaves compared with early sowing. date. ,(15/10) .as the differences were highly
significant. The data showed that all foliar sprays with’ potassmm treatments
tended to increase potassuun % in fennel plants in the two seasons. The most
effective treatment in this respect wils four sprays of K at the rate of 1.5% in the -
fourth sowing date which gave 1:95% in each season. These results are in
accordance with those: repo:ted on ros&lle plants by Sehm er al, (1993)

In general it can be ooncluded that the Yourth sowing dafe + spraying
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