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Abstract

Arid regions in Egypt are characterized by poor nutrients such as macro and microele-
ments and unfavorable environmental conditions which negatively affect growth and
productivity of medicinal and aromatic plants including anise (Pimpinella anisum L.),
coriander (Coriandrum sativum L.) and sweet fennel (Foeniculum vulgare var. Dolce)
plants. Thus, the main objective of the present investigation was to study the effect of
different levels of NP fertilizers, trace elements and their interactions on the morpho-
logical and biochemical contents of these three plants under arid regions conditions.
The effects of NP and trace elements on the growth (height, leaf number, branch num-
ber, umbel number, fresh weight, dry weight and fruit yield per plant) was measured
and quantitative analysis of essential oils, fixed oil, total carbohydrates, soluble sugars
and nutrient content of anise, coriander and sweet fennel were performed. The most
effective rate was N3P3 x trace elements interaction, resulting in a positive increase
in vegetative growth characters. The highest values of vegetative growth characters
were 53.4,45.9, 10.3, 33.5, 36.8, 11.8 and 7.9, respectively for anise; 83.0, 69.3, 9.8,
29.0, 34.0, 17.5 and 14.4, respectively for coriander; 89.8, 32.6, 7.8, 22.9, 257.8, 99.1
and 27.8, respectively for sweet fennel. As well as N3P3 x trace elements led to higher
biochemical contents than the control. The increases were 0.9, 0.3 and 0.9% in essen-
tial oil; 5.4, 4.4 and 3.7% in fixed oil, 9, 7.9 and 8.2% in total carbohydrates; 2.4, 2.8
and 1.6% in soluble sugars; 5.0, 7.5 and 14.4% in crude protein; 0.8, 2.0 and 2.3% in
nitrogen; 1.5, 0.6 and 0.4% in phosphorous; 1.3, 1.2 and 1.7% in potassium for anise,
coriander and sweet fennel, respectively.

Keywords: NP, trace elements, growth, essential oil, fixed oil, nutrients, crude pro-
tein, soluble sugars, total carbohydrates.
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1. Introduction

Plant nutrition one of the most important factors that
increase plant production. Nitrogen (N) is the most
recognized in plant for its presence in the structure of
the protein molecule. Accordingly, N plays an impor-
tant role in synthesis of the plant constituents through
the action of different enzymes (Jones et al., 1991). N
fertilization has been reported to reduce essential oil
content in creeping juniper (Juniperus horizontalis)
(Robert, 1986), although it has been reported to in-
crease total essential oil yield in thyme (Thymus vul-
garis L.) (Baranauskienne et al., 2003). Baranauski-
enne et al., (2003) found that N fertilizer increased
herb yield, but essential oil content was not remark-
able of thyme (Thymus vulgaris). Ashraf et al., (2006)
showed that N fertilization had a significant increase
in the oil content but did not affect on the nutrient con-
tent of black cumin (Nigella sativa L.) seeds. Akbar-
inia et al., (2007) indicated that increase N up to 60 kg
ha! caused a significant increase in coriander (Corian-
drum sativum L.) seed yield, but the highest essential
oil content and fatty acids were obtained with 90 kg
N ha!. Senthil Kumar ef al., (2009) revealed that N at
93.75 kg ha! gave the highest values of plant height,
number of laterals, fresh and dry weight of shoot, dry
matter production, fresh herb yield and essential oil
yield of Davana (4rtemisia pallens Wall.), while the
maximum fresh and dry weight of root was obtained
with 93.75 kg ha! of nitrogen. The highest values of
vegetative growth, oil yield and NPK content of dill
(Anethum graveolens L). plants were recorded by the
treatment of 100 kg N ha ' (Hellal et al., 2011).

Seeds have the highest concentration of P in a ma-
ture plant, and P is required in large quantities in young
cells, such as shoots and root tips, where metabolism
is high and cell division is rapid. P aids in root de-
velopment, flower initiation, seed and fruit develop-

ment P has been shown to reduce disease incidence

in some plants and has been found to improve the
quality of certain crops (Silva and Uchida, 2000). P is
found to be abundant in fruits and seeds of cucumber
plants (Papadopoulos, 1994). It is widely found that
increasing P as a fertilizer will promote reproductive
yields (Egle et al., 1999) and inflorescence produc-
tion (Besmer and Koide, 1999), particularly when P is
limiting in natural systems (Feller, 1995). Conversely,
limitation of P supply has been shown to decrease the
production of floral structures (Arnon and Hoagland,
1943; Shamsi and Whitehead, 1977; Ma et al., 2001).
P concentrations were manipulated in order to maxi-
mize flower-head yield of Calendula officinalis L.; it
was found that high P concentrations did not increase
flower production, but instead produced significantly
more leaf biomass (Stewart and Lovett-Doust, 2003).
Three different concentrations of P (5, 30, and 60 mg
L") in the nutrient solution were used for the cultiva-
tion of Origanum dictamnus, significant differences
(qualitative and quantitative) were observed between
the essential oil samples (Economakis et al., 2002).
The five levels of P evaluated were 0, 30, 60, 90 and
120 kg P,O, ha™' using single super phosphate fertiliz-
er (8% P), statistical analysis showed that 90 kg PO,
ha'! gave statistically significant higher fruit yield of
Trichosanthes cucumerina L. compared with other
P levels (Adebooye and Oloyede, 2007). The Cath-
aranthus roseus plants treated with 150 and 200 kg
PO, ha' had the maximum plant height, number of
leaves, root biomass, P content when compared with
the control plants (Karthikeyan et al., 2008). 150 kg
fed! (feddan = 4200 m?) of superphosphate calcium
produced maximum fresh leaves yield of Artichoke
(Cynara cardunculus var. scolymus) plants (Ezz El-
Din et al., 2010).

Hornok (1980) indicated that NP fertilization not

only effective on the quantity of vegetative and gen-
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eration mass, but on the essential oil content of dill
(Anethum graveolens L.). The application of 100 kg N
and 26 kg P per hectare produced the highest biomass
and essential oil yields and NPK uptake of davana
(Artemisia pallens Wall.) (Rao, 1989). The highest
yields of inflorescence and essential oil of chamomile
(Chamomilla recutita (L.) were achieved when the
ratio between the major nutrients N: P was 1:1 (Niko-
lova et al., 1999). High amount of NP (2.0 and 4.0
g pot™) increased plant height, dry mass, and flower
head yield of gum (Grindelia camporum Greene)
plants (Mahmoud, 2002).

Micronutrients are involved in all metabolic and
cellular functions. Plants differ in their need for mi-
cronutrients. Several of these elements are redox-ac-
tive that makes them essential as catalytically active
cofactors in enzymes, others have enzyme-activating
functions, and yet others fulfill a structural role in sta-
bilizing proteins (Hansch and Mendel, 2009). Appli-
cation of trace elements improved the performance of
the plants; increased leaf size and yield of foxglove
plant (Letchamo, 1986). Kandeel (1991) reported that
using trace elements as foliar application at 2000 mg
L' + NP had a significant effect on plant height, fresh
weight, dry weight, fruit yield and essential oil con-
tent of parsley (Petroselinum crispum Mill).

Anise (Pimpinella anisum L., Apiaceae) has
been used as an aromatic herb and spice since Egyp-
tian times and antiquity and has been cultivated
throughout Europe (Hénsel ef al., 1999). In folk
medicine, anise is used as an appetizer, tranquil-
lizer and diuretic drug (Tyler et al., 1988; Lawless,
1999). For medical purposes, it used to treat dyspep-
tic complaints and catarrh of the respiratory tract,
and as mild expectorants. It was also reported that
extracts from anise fruits have therapeutic effects
on several conditions, such as gynaecological and
neurological disorders (Lawless, 1999; Czygan and

Anis, 1992). Ethanolic extract of anise fruits con-
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tains trans-anethole, methylchavicol (estragole),
eugenol, psedoisoeugenol, anisaldehyde, coumarins
(umbelliferon, scopoletin), caffeic acid derivatives
(chlorogenic acid), flavonoids, fatty oil, proteins,
minerals, polyenes and polyacetylenes as its major
compounds (Hénsel et al., 1999). Coriander (Cori-
andrum sativum L.) is a culinary and medicinal plant
belongs to the Apiacea family. This plant is of eco-
nomic importance since it has been used as flavoring
agent in food products, perfumes and cosmetics. As
a medicinal plant, C. sativum L. has been credited
with a long list of medicinal uses. Powdered seeds
or dry extract, tea, tincture, decoction or infusion
have been recommended for dyspeptic complaints,
loss of appetite, convulsion, insomnia and anxiety
(Emamghoreishi ez al., 2005). Moreover, the essen-
tial oils and various extracts from coriander have
been shown to possess antibacterial (Burt, 2004),
antioxidant (Wangensteen et al., 2004), antican-
cerous and antimutagenic (Chithra and Leelamma,
2000) activities. Many phytochemical studies so far
investigated the chemical composition of the essen-
tial oil from C. sativum L. fruits from different ori-
gins (Steinegger and Hansel, 1988). Evaluations of
the essential oil composition extracted from leaves
have also been reported (Eyres et al., 2005). The
coriander (Coriandrum sativum L.) fruits essential
oil yields showed marked increase during matura-
tion process and linalool was the main compound at
the fruiting stage (Kamel ez al., 1994). Due to their
unique and preferred favor and aroma, the swol-
len bases of sweet fennel (Foeniculum vulgare var.
Dolce. Apiaceae) are freshly consumed in salads or
cooked as a kitchen vegetable (Haupt, 1986; Marotti
et al., 1993; Stuart, 1982). 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 (Marotti et al., 19
93; Stuart, 1982).
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Arid regions in Egypt are characterized by poor nu-
trients (macro and micro) and unfavorable environ-
mental conditions which negatively affect growth
and productivity of medicinal and aromatic plants
including anise, coriander and sweet fennel plants
(Abd-Allah et al., 2001). The main objective of the
present investigation was to study the effect of differ-
ent levels of NP fertilizers, trace elements and their
interactions on the morphological and biochemical
contents of anise, coriander and sweet fennel plants

under these arid conditions.

2. Materials and methods

2.1 Experimental

Experiments were carried out in arid region at the Experi-
mental Farm of Desert Development Center (DDC) in
Sadat City, American University, Egypt, during two suc-
cessive seasons, 1992/93 and 1993/94. The area of DDC
had been recently reclaimed and had not cultivated be-
fore. Physical and chemical properties of the soil used in
this study were determined according to Jackson (1973)
and Cottenie et al., (1982) and are presented in Table 1.

Table 1. Mechanical and chemical analysis of the soil.

Sand Silt Clay Gravel pH EC (dS m™)
%
79.7 13.0 7.3 18.7 8.7 2.0
Ca™ Mg* Na* K* Co, HCO; al- SO,
meq L'
4.9 5.6 11.9 0.6 1.8 1.9 18.6 1.2
Fe Cu Zn Mn
mg L!
54 0.4 0.3 1.6

Seeds of coriander and anise, which were kindly pro-
vided by the Department of Medicinal and Aromatic
Plants, Ministry of Agriculture, Giza, Egypt; whereas
sweet fennel seeds were imported from France. Sweet
fennel seeds were sown in the third week of October
during both seasons. The seedlings of sweet fennel
were transplanted into the open field 45 days after
sowing. At the same time, the seeds of coriander and
anise were sown directly in the open field. The experi-
mental design was a complete randomized block with
four replicates. The experimental area (plot) was 30
m? (4 m x 7.5m) containing 15 rows; the distance be-
tween hills was 25 cm and 50 cm apart. Thinning for

two plants per hill was made 45 days after cultivating

the plants in the open field. All agriculture practices
operations other than experimental treatments were
performed according to the recommendations of the
Ministry of Agriculture, Egypt. Plots were divided into
two main groups. The first group was subjected to dif-
ferent levels of NP combinations: NOPO, N1P1, N2P2
and N3P3. NO = 0 kg N ha', N1=100 kg N ha', N2
=150 kg N ha'', N3 =200 kg N ha'; PO = 0 kg PO
ha', P1=37.5kgP,O ha', P2=56.3kgP O, ha',P3
=75 kg P,O, ha'. The second group was subjected
to the same NP treatments but foliar spray (trace ele-
ments) was added at 1 g L. N source was ammonium
sulphate [(NH,),SO,] (20% N). P,O, source was cal-
cium superphosphate (15% P,O). Foliar spray source
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was commercial solution (Greenzite) which contains
EDTA Na2 Mn (40%), EDTA Na2 Zn (48%), Fe (5.4
mg L), Mg (0.54 mg L"), Mn (50.54 mg L"), Zn
(570.27 mg L"), Cu (0.054 mg L"), Mo (0.027 mg
L"), Ni (0.005 mg L") and Co (0.005 mg L"). Greenz-
ite was added as foliar spray during 2 times, the first
one after 2 weeks from thinning while the seconded

one after 21 days from the first one.

2.2 Harvesting

At fruiting stage, the plants were harvested at the end
of two seasons. Vegetative growth characters mea-
surements [plant height (cm), leaf number (plant™),
branch number (plant'), umbel number (plant'), herb
fresh weight (g plant), herb dry weight (g plant') and
fruit yield (g plant')] were recorded.

2.3 Essential oil isolation

Ripening fruits were collected from each treatment
during the first and second season, and then 100 g
from each replicate of all treatments was subjected to
hydro-distillation for 3 h using a Clevenger type ap-
paratus (Clevenger, 1928). The Essential oil content

was calculated as a percentage.

2.4 Total carbohydrates and soluble sugars

Total carbohydrates and soluble sugars concentrations
in leaves (collected at the end of the first and second
season of each treatment) were determined according
to Ciha and Brun (1978) with some modifications.
Samples of 100 mg were homogenized with 10 mL of
extracting solution [glacial acetic acid: methanol: wa-
ter, 1:4:5, v/v/v for TSS or glacial acetic acid: H2SO4
(1n): water, 1:4:5, v/v/v for TC]. The homogenate was
centrifuged for 10 min at 3.000 rpm and the super-

natant was decanted. The residue was resuspended in
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10 mL of extracting solution and centrifuged another
5 min at 3.000 rpm. The supernatant was decanted,
combined with the original extract and made up to 50
mL with water. For measurement of total carbohy-
drates and soluble sugars, a phenol-sulfuric acid assay
was used (Dubois et al., 1956). A volume of 0.5 mL of
5% (v/v) phenol solution and 2.5 mL of concentrated
sulfuric acid were added to 0.5 mL aliquots. The mix-
ture was shaken, heated in a boiling water-bath for 20
min and cooled to room temperature. The absorption

was then determined by spectrophotometry at 490 nm.
2.5 Fixed oil, nutrients and protein determination

Fixed oil extraction: 50 g of fruits were crushed to
coarse powered and extracted with petroleum ether
(40-60 °C) in a Soxhlet apparatus (AOAC 1970). N,
protein, P and K (in the leaves) of both seasons of
each treatment were determined using the methods
described by the AOAC (1970) as follows:

The washed and dried materials were ground to fine
powder with mortar and pestle and used for dried ashing.

For analysis of K the powdered plant material
(0.2 g) was taken in precleane and constantly weighed
silica crucible and heated in muffle furnace at 400 °C
till there was no evolution of smoke. The crucible was
cooled in desicator at room temperature. The ash to-
tally free from carbon moistened with Conc. H,SO,
and heated on Hot plate till fumes of sulphuric acid
get evolved the silica crucible with sulphated ash was
again heated at 600 °C in muffle furnace till weight of
sample was constant (3-4 hrs) one gram sulphated ash
were taken in beaker which dissolved in 100 ml 5 %
conc. HCI to obtain solution for determination of K
through flame photometry, standard solution of each
mineral was prepared and calibration curve drawn for
K element using flame photometry.
For determination of protein and Nitrogen using Mi-

cro Kjeldahl method, 1 g of plant sample taken in a
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Pyrex digestion tube and 30 mL of conc. H,SO, care-
fully added, then 10 g potassium sulphate and 14 gm
copper sulphate, mixture is placed on sand both on
a low flame just to boil the solution, it was further
heated till the solution becomes colorless and clear,
allowed to cool, diluted with distilled water and trans-
ferred 800 mL Kjeldahl flask, washing the digestion
flask, Three or four pieces of granulated zinc and 100
mL of 40 % caustic soda were added and the flask
was connected with the splash heads of the distillation
apparatus. Next 25 mL of 0.1 N sulphuric acids was
taken in the receiving flask and distilled; it was tested
for completion of reaction. The flask was removed
and titrated against 0.1 N caustic soda solution using
Methyl Red indicator for determination of nitrogen,
which in turn give the protein content.

For determination of phosphorous 2 g sample of
plant material taken in 100 ml conical flask two spoons
of Darco-G-60 is added followed by 50 mL of 0.5 M
NaHCo, solution, next flask was corked, and allowed
for shaking for 30 min on shaker. the content was fil-
tered and filtrate was collected in flask from which 5
ml filtrate was taken in 25 mL volumetric flask to this
2 drops of 2, 4- paranitrophenol and 5 N H,SO, drop
by drop was added with intermittent shaking till yellow
color disappear, content was diluted about 20 mL with
distilled water and then 4 mL ascorbic acid was added
then the mixture was shacked well and the intensity

of blue color at 660 nm on colorimeter was measured.

The absorbances were compared and concentrations of

phosphorous using standard value were calculated.

2.6 Statistical analysis

The average data obtained from both seasons were
statistically analyzed using analysis of variance
(ANOVA) and the values of least significant differ-
ence (LSD) at 1% and 5% according to Snedecor and
Cochran, 1990).

3. Results

3.1 Effect of NP, trace elements and their
interactions on the growth characters

Plant growth characters such as plant height (cm),
leaf number (plant'), branch number (plant'), um-
bel number (plant?!), herb fresh weight (g plant?),
herb dry weight (g plant™) and fruit yield (g plant™)
in anise, coriander and sweet fennel plants were sig-
nificantly affected by changes in NP fertilization +
trace elements treatments. Thus the various growth
characters in general increased under the various NP
fertilization levels + trace elements compared with
NP fertilization treatments. Highest values of plant
growth characters were obtained in the N3P3+ trace
elements treatment. NP and trace elements affected in

plant morphology (Table 2).
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Table 2. Effect of NP, trace elements and their interactions on the vegetative growth characters.

Vegetative growth characters

Plant Leaf Branch Umbel Plant fresh  plant dry Fruit
height number number number weight weight yield
(cm) (plant') (plant') (gplant') (gplant!) (gplant!) (g plant?)

Anise (Pimpinella anisum)

Treatments

NOPO 295 15.7 5.2 6.4 7.9 3.9 1.1
Without — N\jpp 31 253 4.6 12.3 9.9 42 2.3
foliar
spray N2P2  40.1 27.9 7.5 19.5 14.7 93 5.8
N3P3 458 31.7 8.5 21.4 228 10.6 5.9

Over all without

. 36.9 252 6.5 149 13.8 7.0 3.8
foliar spray
NOPO  33.1 18.5 73 239 14.4 4.7 35
}’V;Fh N1P1 38.4 31.7 8.7 25.6 26.3 8.5 5.9
oliar
spray N2P2 449 37.6 9.8 31.1 33.9 10.9 7.1
N3P3 53.4 45.9 103 33.5 36.8 11.8 7.9
Overall 425 334 9.0 285 27.9 9.0 6.1
foliar spray
NOPO 313 17.1 6.3 15.2 11.2 43 23
Overall  NIPI 34.8 28.5 6.7 19.0 18.1 6.4 4.1
NP N2P2 425 32.8 8.7 25.3 24.3 10.1 6.5
N3P3 496 38.8 9.4 275 29.8 112 6.9
LSD: 0.05
NP 3.7 5.8 0.5 43 5.8 12 0.4
Foliar spray 4.9 6.3 0.9 8.9 8.9 1.4 0.6
NP x foliar spray 5.2 8.8 1.1 11.6 9.1 1.6 0.9
Coriander
(Coriandrum sativum)
NOPO 426 12,6 2,5 6.1 7.7 3.2 12
Without  Njp; 614 19.8 2.9 75 8.2 4.1 3.1
foliar
spray N2P2  69.5 39.4 32 11.2 10.9 53 5.7
N3P3  70.7 433 4.1 223 16.8 7.9 6.2
Over all without 61.1 28.8 3.4 118 10.9 5.1 4.1
foliar spray
NOPO 613 412 6.5 12.8 20.4 7.9 33
}’VliFh NIPl 716 48.8 7.7 224 27.0 12.5 7.8
oliar
spray N2P2 734 54.1 8.6 26.6 312 16.1 12.5
N3P3 83.9 69.3 9.8 29.0 34.0 17.5 14.4
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Continued...

Vegetative growth characters

Treatments Plant Leaf Branch Umbel Plant fresh  plant dry Fruit
height number  number number weight weight yield
(cm) (plant') (plant') (gplant') (gplant') (gplant') (g plant?)
fc‘)o\l/iearrasl[])ray 72.6 53.4 8.2 227 26.2 13.5 9.5
NOPO 52.0 26.9 6.5 9.5 14.1 5.6 2.3
Over NI1PI 66.5 343 5.3 15.0 17.6 8.3 5.5
all NP N2P2 715 46.8 5.9 18.9 21.1 10.7 9.1
N3P3 77.3 56.3 7.0 25.7 26.8 12.7 10.3
LSD: 0.05
NP 6.8 4.9 0.3 6.5 3.4 0.9 1.1
Foliar spray 7.5 8.9 1.2 7.9 5.8 1.4 2.8
NP x foliar spray 7.9 10.6 23 8.4 7.5 2.5 33
Sweet fennel
(Foeniculum vulgare var. ‘Dulce’)
NOPO 56.3 6.8 1.4 2.3 16.2 5.2 9.7
l‘c’(‘)’lllt:r"m NIPI  60.6 8.8 1.9 7.6 19.4 6.7 10.6
spray N2P2 71.9 16.4 3.4 8.5 80.8 36.9 12.8
N3P3 72.5 20.6 5.4 9.8 94.2 423 17.7
‘%T;rr zgr;”;tho“t 65.3 132 3.0 7.1 52.7 238 12.7
NOPO 71.8 16.7 3.4 11.0 137.6 34.1 18.9
}lelt:r NIPI 725 22,9 4.4 13.7 233.6 52.9 213
spray N2P2 83.9 25.8 5.6 19.8 2359 89.6 22.8
N3P3 89.9 32.6 7.8 22.9 257.8 99.1 27.8
g;z;a“ foliar 79.5 245 5.3 16.9 2163 67.0 227
NOPO 64.1 11.8 2.4 6.7 76.9 19.7 14.3
Overall NIPI1 66.6 15.9 32 10.7 126.5 29.8 16.0
NP N2P2 779 21.1 4.5 14.2 158.4 63.3 17.8
N3P3 81.2 26.6 6.6 16.4 176.0 70.7 22.8
LSD: 0.05
NP 6.8 5.4 1.0 3.6 13.3 12.4 3.6
Foliar spray 7.1 7.7 1.1 4.9 23.7 23.8 4.8
NP x foliar spray 8.2 8.8 1.7 53 31.8 25.8 5.7
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3.2 Effect of NP, trace elements and their

interactions on the essential oil content

As shown in Table 3 essential oil content increased

at all NP treatments, trace elements and NP + trace
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elements levels. The highest accumulation of essen-
tial oil was recorded at the highest NP level (N3P3)
X trace elements interaction compared with control
treatment (NOPO).

Table 3. Effect of NP, trace elements and their interactions on the chemical content.

Chemical content (%)

Treatments Essen-  Fixed Total Soluble  Crude P K
tial oil oil carbohydrates  sugars protein
Anise (Pimpinella anisum)
NOPO 2.4 4.3 6.9 2.1 10.6 1.7 0.5 1.3
Without foliar NI1PI1 2.5 5.6 8.9 2.9 11.3 1.8 07 14
spray N2P2 2.8 6.8 10.6 3.1 11.9 19 09 15
N3P3 2.9 6.9 12.8 3.1 13.1 2.1 09 15
g‘l’; ﬁr‘:;hom 2.7 5.9 9.8 2.8 117 19 08 14
NOPO 2.5 5.6 8.9 2.8 11.9 19 12 1.7
With NIP1 2.7 7.5 9.8 3.5 13.8 2.2 14 19
foliar spray  N2p2 2.9 8.9 13.6 3.9 14.4 23 19 21
N3P3 33 9.7 15.9 4.5 15.6 25 20 26
Over all trace elements 2.9 7.9 12.1 3.7 14.0 2.2 1.6 2.1
NOPO 2.5 5.0 7.9 2.5 11.3 1.8 09 15
NIP1 2.6 6.6 9.4 32 12.6 20 1.1 1.6
Over all NP
N2P2 2.9 7.9 12.1 3.5 13.2 2.1 14 1.8
N3P3 3.1 8.3 14.4 3.8 14.4 2.3 1.5 21
LSD: 0.05
NP 0.1 1.1 1.3 0.4 1.3 0.1 0.1 0.1
Trace elements 0.2 2.3 1.9 0.8 2.1 0.2 02 0.1
NP x Trace elements 0.3 3.1 3.1 1.2 2.5 0.2 02 02
Coriander (Coriandrum sativum)
NOPO 0.2 2.5 5.8 1.6 10.0 14 03 23
Without NIP1 0.3 3.6 6.8 1.9 11.9 1.7 04 25
foliar spray  N2p2 0.3 5.8 9.8 2.0 12.5 19 04 26
N3P3 0.3 6.8 9.9 22 13.8 2.1 05 29
Over all without 0.3 47 8.1 1.9 121 18 04 26

foliar spray
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Continued...

Chemical content (%)

Treatments Essen-  Fixed Total Soluble  Crude P K
tial oil oil carbohydrates  sugars protein
NOPO 0.3 4.9 7.9 32 20.0 1.8 04 24
With NI1P1 0.4 5.9 8.9 34 213 19 05 29
Foliar spray  N2p2 0.5 8.7 12.9 3.9 24.4 23 08 33
N3P3 0.5 9.6 13.7 4.4 27.5 44 09 35
Over all foliar spray 0.4 7.3 10.9 3.7 233 26 0.7 3.0
NOPO 0.3 3.7 6.9 24 15.0 1.6 04 24
N1P1 0.4 4.8 7.9 2.6 16.6 1.8 05 27
Over all NP
N2P2 0.4 7.3 114 3.0 18.5 21 06 3.0
N3P3 0.4 8.2 11.8 33 20.7 33 07 32
LSD: 0.05
NP NS 2.1 2.1 0.2 1.6 02 01 03
Foliar spray NS 2.1 23 0.3 1.7 0.3 02 03
NP x foliar spray NS 2.2 4.6 0.9 2.0 04 03 04
Sweet fennel (Foeniculum vulgare var. ‘Dulce”)
NOPO 1.3 1.2 8.6 1.7 7.5 1.2 03 21
Without foliar NIP1 1.4 1.9 9.8 1.9 10 1.6 04 23
spray N2P2 1.5 2.2 10.9 2.1 11.9 1.9 04 24
N3P3 1.5 2.9 11.1 22 13.1 21 05 26
g};rrzgrgth"“t 14 2.1 10.1 2.0 106 17 04 24
NOPO 1.5 2.3 9.6 2.0 11.9 19 05 28
With NI1P1 1.7 3.6 12.7 2.3 15.6 25 06 29
foliar spray  N2p2 1.8 4.8 14.8 2.8 18.1 29 08 36
N3P3 22 4.9 16,8 33 21.9 35 07 38
Over all foliar spray 1.8 3.9 12.4 2.6 16.9 27 07 33
NOPO 1.4 1.8 9.1 1.9 9.7 1.6 04 25
NIP1 1.6 2.8 11.3 2.1 12.8 21 05 26
Over all NP
N2P2 1.7 3.5 12.9 2.5 15.0 24 0.6 3.0
N3P3 1.9 3.9 11.1 2.8 17.5 28 06 32
LSD: 0.05
NP 0.2 0.5 1.1 0.1 2.4 03 NS 0.1
Foliar spray 0.3 1.1 1.4 0.3 3.0 0.5 NS 0.1
NP x foliar spray 0.3 2.4 1.8 0.5 3.9 06 NS 02

Journal of Soil Science and Plant Nutrition, 2012, 12 (3), 617-632



3.3 Effect of NP, trace elements and their
interactions on the fixed oil content

Fixed oil content increased with NP, trace elements
and their interactions (Table 3). However, the highest
fixed oil content resulted from N3P3 + trace elements

treatment compared with control.

3.4 Effect of NP, trace elements and their
interactions on the Total carbohydrates and
soluble sugars content

Total carbohydrates and soluble sugars content in-
creased with NP fertilization, trace elements and
the NP fertilization X trace elements interaction
(Table 3). However, the highest total soluble sugars
content resulted from N3P3 + trace elements treatment

compared with control.

3.5 Effect of NP, trace elements and their
interactions on the crude protein content

The accumulation of protein in anise, coriander and
sweet fennel plants leaves was promoted by applying
various levels of NP, trace elements and their interac-
tions (Table 3). The highest protein content resulted

from N3P3 + trace elements treatment.

3.6 Effect of NP, trace elements and their
interactions on mineral content

Addition of NP ameliorated the increase in NPK con-
tents (%) with increasing NP fertilization. Control
(NOPO) treatment resulted in the lowest nutrient ac-
cumulation while the highest mineral content was ob-

served in the N3P3 + trace elements treatment.
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4. Discussion

The positive effects of these treatments (NP, trace ele-
ments and their interactions) may be due to the impor-
tant physiological role of N; N plays an important role
in synthesis of the plant constituents through the ac-
tion of different enzymes activity and protein synthe-
sis (Jones et al., 1991) that reflected on an increase in
growth parameters and chemical constituents of anise,
coriander and sweet fennel plants. The obtained re-
sults are in accordance with those obtained by previ-
ous literature. N is a necessary component of several
vitamins. N improves the quality and quantity of dry
matter in leafy plants and protein in grain crops (Silva
and Uchida, 2000). Increase the N fertilizer caused a
significant increase in the seed yield of Japanese mint
(Mentha arvensis L) (Randhawa et al., 1996; Munsi,
1992). N fertilization increased the vegetative growth,
essential oil, fixed oil, total carbohydrates, soluble
sugars and NPK content of Nigella sativa L. plants
(Khalid, 2001). Zheljazkov and Margina (1996) estab-
lished that vegetative growth and essential oil (yield
and constituents) of Mentha piperita and Mentha ar-
vensis were increased as N fertilizer increase (Saxena
and Singh, 1998). Arabaci and Bayram (2004) found
that N fertilizer increased the amount of green herb
yield, drug herb yield, drug leaves, essential oil (% &
yield) of basil (Ocimum basilicum L.). N fertilization
increased the dry weight of Mentha. x piperita, lin-
alool chemotype (Luciana et al., 2010). P leads to en-
hanced herb and essential oil yields of different mint
species (Kothari et al., 1987). The P had a stimulating
effect on the growth parameters, total carbohydrates,
soluble sugars, mineral contents and on the percent-

age of essential oil production from chamomile flow-
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ers compared with the control (Nassar et al., 2004).
Protein results be due to N which has an influence on
the ribosome structure and the biosynthesis of some
hormones (gibberellines, auxins and cytokinins) in-
volved in protein synthesis (Jones et al., 1991); P
activates coenzymes for amino acid production used
in protein synthesis (Espinosa et al., 1999); Trace ele-
ments are redox-active that makes them essential as
catalytically active cofactors in enzymes, others have
enzyme-activating functions, and yet others fulfill
a structural role in stabilizing proteins (Hénsch and
Mendel, 2009). Hussien (1995) reported that NP fer-
tilization was more affect on the dill essential oil. It
was established that plant height, branching and es-
sential oil content were increased with increasing NP
fertilizer rates. However, plant leaves were not signifi-
cantly affected by the increase of NP rates (Zheljaz-
kov and Margina, 1996). Fresh material and essential
oil yields of peppermint (Mentha X piperita L.) were
increased by the increase in NP levels (Jeliazkova, et
al., 1999). NP treatments produced the highest growth
and essential oil of garden thyme (Thymus vulgaris
L.) compared with the control treatment (Sharafza-
deh, 2011). Spraying of trace elements under sandy
soil conditions resulted in a significant increase in
vegetative characters, essential oil, NPK and total car-
bohydrate content of Trachyspermum ammi L (Abd
El- Wahab and Mohamed, 2008). Nasiri ez al. (2010)
showed that flower yield, essential oil (% and yield)
increased by foliar application of micronutrients com-
pared with control untreated. Essential oil, growth
and yield of onion plants significantly increased by
the application of micronutrients compared with con-
trol plants (El-Tohamy et al., 2009). NP fertilization +
trace elements increased the vegetative growth, essen-
tial oil, fixed oil, total carbohydrates, soluble sugars,
protein N, P and K of some medicinal Apiaceae plants
(Khalid, 1996). Increasing the essential minerals ac-

cording to the NP, trace elements and their interac-

tions treatments may be due to the increase in the dry
matter of plant materials (Kandeel 1991; Khalid 1996;
Silva and Uchida, 2000; Mahmoud, 2002). The effect
of NP, trace elements and their interactions treatments
on essential oil may be due to its effect on enzyme
activity and metabolism of essential oil production in
peppermint plant (Burbott and Loomis, 1969). The re-
sults of fixed oil agree with those obtained by Khalid,
2001 on Nigella sativa L. plant; Espinosa et al. (1999)
who indicated that NP and trace elements plays an im-
portant role in various metabolism processes such as

fatty acid (fixed oil) synthesis.

5. Conclusions

It may be concluded that NP + trace elements had a
significant effect on anise, coriander and sweet fennel
plants which positively affect on growth and chemi-
cal constituent’s of these three plants grow under arid

regions in Egypt.
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