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ABSTRACT

To investigate the effect of different types of nitrogen fertilization the
growth and productivity of thyme within reducing the harm effects of the
excess of nitrogen fertilizers as an environmental and healthy problems, two
successive experiments were carried out in pots during 2016, 2017 season's at
the experimental green house Faculty of Agriculture, Ain Shams University
Cairo , Egypt. Three types of nitrogen fertilizers amonium nitrate, ammonium
sulphate and Urea, with three concentrations (40%, 60%, 80%) were used.
Data showed an increase in number of lateral branches, plant height and
amino acids with 40 units of ammonium nitrate, while the best effect to
reduce NO3, NO, as a lowest value was 40 units of ammonium sulphate. The
highest value of herb fresh weight was recorded by 40 units of urea, (42:48 g
/ plant) while herb dry weight ( 18:54 ¢/ plant ) by 40 units of ammonium
sulphate, volatile oil (0.92 % v/ w) with 60 units of ammonium nitrate , amino
acid (3.71 g/ 100 g fw ) with 80 units of urea.
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INTRODUCTION

Thyme plant is an aromatic and medicinal plant indigenous to Europe and
Asia. It is a member of the Lamiaceae family. T. serpyllum, known as wild
thyme is native to Mediterranean Europe and North Africa, mainly at the
higher altitudes. The plant is aromatic, antiseptic, diaphoretic, analgesic,
carminative and diuretic; also it acts as carminative and stimulant, also being
used in mouth washes, gargles, cough and colds. Its essential oil contains
various compounds that are very powerful, proven disinfectants enhancing
the immune system and fighting infection. The oil relieves rheumatism and is
also used in hear loss-treatment (Aziz et al., 2008) Thymus species are
commonly used as herbal tea, flavoring agents (condiment and spice) and
medicinal plants. The best time for harvesting of this plant is the beginning of
flowering period (Yadegari, 2015). The major components are phenols
(mainly thymol and carvacrol), monoterpen hydrocarbon and alcohol that
have insecticide activity (Mendes et al., 2014; Deletre et al., 2015). Essential
oil % of thyme has been reported from 0.32% (OZGUVEN and Tansi, 1998).
to 4.9% (Carlen et al., 2009). Thymol and carvacrol, which are the major
components of thyme oil (Atti-Santos et al., 2004). have antioxidant activity
(Kulisic et al., 2005), antimicrobial activity (Prabuseenivasan et al., 2006),
antifungal activity (Segvi¢ Klari¢ et al., 2007). In other publication major
volatile constituents obtained from the aerial parts of the plant are geranial,
linalool, carvacrol, thymol and trans-thujan-4-ol/terpinen-4-ol (Omidbaigi
and Arjmandi, 2001; Ozcan and Chalchat, 2004). In thyme plants were
collected during the flowering period in eastern Morocco (Taforalt) in May,

essential oil yield was 1.0% and camphor (38.54%), camphene (17.19%), a-
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pinene (9.35%), 1,8-cineole (5.44%), borneol (4.91%) and B-pinene (3.90%)
were the major oil components. However, characteristic compounds of
T.vulgaris essential oil are thymol (44.4-58.1 %), p-cymene (9.1-28.5%), y-
terpinene (6.9-18.9%) and carvacrol (2.4-4.2%) (Eissa et al., 2005; Aziz et
al., 2008; El-Din et al., 2009).

Nutrition plays a key role in the growth and development of all crop
plants. In the case of medicinal plants that synthesize essential oils, nutrients
can effectively increase oil yield and quality (Aziz et al., 2010; Zheljazkov et
al., 2010; Jabbari et al., 2011; Sharafzadeh et al., 2011a; Sharafzadeh et al.,
2011b; Zheljazkov et al., 2011). Nitrogen is one of essential minerals, is used
by plants to syntheses many organic compounds: amino acids, proteins,
enzymes, and nucleic acids. Amino acids and enzymes are very important in
the biosynthesis of numerous compounds which are essential oil constituents
(Koeduka et al., 2006). Plants mainly use nitrate and ammonium nitrogen,
and the nitrate ion moves from the soil solution to the roots by passive and
active uptake. To undergo further transformations, the nitrate anion must be
reduced to ammonia, which occurs in the cells of the roots and in the aerial
parts (NO3—NO;) as well as in chloroplasts (NO,—NH3s). Organic nitrogen
compounds are formed by biosynthesis from nitrogen taken up in the cation
form (NH,") and plant species-specific amino acids are the main product of
this synthesis (Nowacki, 1980; Kopcewicz, 2002). Nitrogen uptake and use
by plants are dependent, among others, on the type of fertilizer (nitrogen
form) and its amount (nitrogen rate). The response of plants to different
nitrogen forms depends on the concentration of NH; * and NO;™ ions in the

nutritional environment, whereas the excess uptake of NH; * ions causes
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disturbances in plant metabolism leading even to toxicities (Barker and
Maynard, 1972; Chaillou et al., 1986; Lamb et al., 1993).

Considerably more work must be performed on the effect of different
forms of chemical nitrogen on thyme plant, therefore the present work takes
into consideration a study to cover the following points:

o Effect of different forms of nitrogen on thyme herbage yield by measuring
fresh and dry weight.

e Effect of different forms of nitrogen on some chemical constituents of
thyme like amino acids, nitrite and nitrate.

o Effect of different forms of nitrogen on thyme essential oil yield

MATERIALS AND METHODS
1. Location and duration:

Experiments were carried out during the two successive seasons of 2016
and 2017. Trials were undertaken and observed in the experimental farm of
Fac. of Agric., Ain shams Univ. Cairo, Egypt.

2. Plant materials:

At the first week of February of both seasons seeds of thyme were kindly
provided by "Sekem" company of medicinal and aromatic plants were sown
in nursery. After 45 days, seedling were transplanted in 30 cm diameter
plastic pots filled with 10 kg of clean and washed sand in combining with 1/2
kg compost from El-khalil company , 10 g of calcium superphate ,15.5 %
(representing as 200 Kg per fed.) and 15 g potassium sulphate , 48 %
representing as 150 Kg per fed.
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Chemical and physical properties of used compost (El Khalil Compost):

Weight of m® (kq) 5805
Moisture % 35
PH 75
EC (mmhos) 45
Total N (%) 1.69
Organic matter (%) 1.5
Total carbon (%) 28.6
Ash % 29.5
C/N ratio 20.5
Total P (%) 0.8
Total K (%) 1.0

All horticultural practices including irrigation, mineral fertilization
except nitrogen source, micro nutrient sp eying and pest and diseases

control were done as used recommendation in this respect.

3. Expermental treatments:

- Three types of nitrogen fertilizers were used; Ammonium Nitrate 33.5%,
Ammonium Sulphate 20.6% and Urea 46%, also three doses of each type
were used. So, the treatments were designed as Follows:

Ty : 80% unit of Ammonium Nitrate T, : 60% unit of Ammonium Nitrate

T3 : 40% unit of Ammonium Nitrate T, : 80% unit of Ammonium Sulphate

Ts : 60% unit of Ammonium Sulphate Tg : 40% unit of Ammonium Sulphate

T7 : 80% unit of Urea Tg : 60% unit of Urea

Ty : 40% unit of Urea

-regarding to the time of application, the dose of each pot were divided into

three doses: mid of may, mid of June and mid of July in the two seasons.
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4. Experimental design and statistical analysis:

The Experimental of both seasons were arranged in complete
Randomized Block design with three replicates. Every replicate contained
three plants. The results of each season were statistically analyzed separately.

A Two — way analysis of variance with interaction was carried out, as
described by SAS, (2009 )

5. Methods:
Analytical methods were carried out on herbage and essential oil as follows:

On herbage:

Fresh herbage yield. dry weight ., free amino acids%, nitrate%, nitrite %
and essential oil percent.

5.1. Determination of Free Amino Acids:

Free amino acids were determined calorimetrically by using ninhydrin
solution according to (Chandrasekhar et al., 1981). Ninhydrin solution was
prepared by dissolving 2.0g ninhydrin in 25ml of acetone followed by
addition of 25ml 0.2M acetate buffer (pH 5.5). Then the solution was stored
in a brown bottle to protect its from light.

A standard solution of lysine was prepared by dissolving 20.0mg of
lysine in 200ml of 10% aqueous isopropanol solution.

Aliquots of 0.05ml to 0.650ml of the standard lysine solution containing
10 to 130pg lysine or 1ml of sample extract were pipetted out into a series of
test tubes, then total volume was made up to 4ml with distilled water. One ml
of the ninhydrin reagent was added to each tube, mixed well, and the tubes
were kept in a boiling water bath for 15 minutes. The tubes were then cooled

and volume was made up to 10ml in a measuring flask with 50% ethanol.
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Optical density was measured at 570nm and free amino acids content
were calculated as lysine mg/100g f.wt.

5.2. Determination of nitrate concentration:

Nitrate content was determined calorimetrically by using salicylic acid
solution according to (Cataldo et al., 1975). as follows:

0.1g of ground plant samples were suspended in 10mL distilled water,
kept at 45°C for 1h and then filtered through Whatman No.40 filter paper
.Samples were extracted and analyzed immediately or within 24 h after
extraction when stored at 4°C .

Aliquots of 10ul to 100ul of the standard KNOj3 solution containing 1 to
10pugK NO3z or 1ml of sample extract were mixed thoroughly with 0.4mL
salicylic acid solution ( 5% w/v dissolved in concentrated sulfuric acid). After
20 min at room temperature, 9.5 mL 2N NaOH solution was slowly added
.This method is based on the formation of nitro salicylic acid that shows, in
highly basic solution, a maximum absorption at 412 nm. Nitrate-N in plant
tissue expressed as mg NO3/100g dry weight.

5.3. Determination of nitrite content:

Nitrite content was determined colourimetrically according to (Aydin et
al., 2005). as follows: 90.0 mL of sample in a 100 mL volumetric flask is
acidified by 0.1N AcOH solution to get approximately pH of 5.0 and diluted
to the mark with pH 5 buffer. An aliquot (maximum 60.0 mL) of that solution
containing nitrite in the working range (1.7-300.0 g NOy) is used in nitrite
analysis. Following the addition of 30 mL 5 x 10—4 M barbituric acid
solution, the mixture is left to stand for half an hour. 5.6 mL of 5N NaOH

solution is added and the mixture is diluted to the volume with buffer of pH
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5.50. Absorbance is measured at 310 nm against reagent blank. Nitrite—N in
plant tissue expressed as mg NO,/100g dry weight.
5.4. Extraction of essential oil:

The oil herbage was distilled and oil volume was measured according to
(Banthorpe, 2013). The procedure can be summarized in the following:

The fresh plant material subjected to distillation immediately after cutting
to avoid loss of oil using a micro distilling apparatus.

The plant material was weighted, immediately chipped, placed in 500ml
capacity flask of the apparatus and about 200ml of water was added to the
flask. The oil trap was filled with water. The oil trap and the condenser were
attached to the flask where tap water was circulated around the condenser for
condensation of the oil vapor. The flask was placed on heating mental. Steam
Distillation was continued usually 2 hr after water boiling until a constant
amount of oil was observed, after complete distillation, the oil was permitted
to stand undisturbed to obtain clear separation.

Oil content was determined as ml of oil per 100g fresh weight of plant

material.

RESULTS AND DISCUSSION
Herb fresh weight (g/plant):

Data presented in Table ( 1 ) show the effect of different types of
nitrogenous fertilizers and doses on fresh weight of Thymus vulgaris during
2016 and 2017 seasons. It is clear that high value was obtained with
ammonium sulphate (M2) followed by urea (M3). whereas ammonium nitrate
came later. However, 40 units recorded the highest effect on Herb fresh
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weight (g/plant). Whereas 80 units exhibited the less effect on herb fresh
weight. Interaction between the two studied factors was significant in most
cases; the higher interaction value (42.48) was obtained with 40 units from
urea. However, the least interaction value (9.83) was obtained with 80 units
from ammonium nitrate, these results were found to be agree with the finding
of (Omidbaigi and Nejad, 2000; Tabrizi et al., 2011) they demonstrated
that nitrogen fertilization had a significant effect on thyme productivity.The
same trend results as also recorded in the second season study.
But, the high value was obtained with ammonium sulphate (27.61) and

the least value was obtained with ammonium nitrate (19.42).
Table (1): Effect of ammonium nitrate ( A N ), ammonium sulphate ( A S) and urea

with three different doses of nitrogen (80, 60 and 40%) on the fresh

weight of thyme during two successive seasons in 2016 and 2017.

Units of nitrogen (%)

80 | 60 | 40 [ Mean g0 | 60 | 40 | Mean
1st season 2nd season
Herb fresh weight (g)

AN | 983b | 2388ab 22‘51 1845A | 1081b | 2528ab | 2215ab | 1942A | M1
As | 188 | sre3an | 392 | 2679 | 1949 | 2837ab | 3496ab | 2761A | M2

ab ab ab
Urea | 10.91b | 2485ab | 42.48a | 26.09A | 11.38b | 25.30ab 4325a | 2665A | M3
Mean | 13.19B | 25.45AB | 32.68 A 1389B | 2632AB | 3346A

Means followed by different letters are significantly different at P <0.05; LSD's
multiple range tests.
Herb dry weight (g/plant):

Data in Table ( 2 ) show that herb dry weight (g/plant) of Thymus
vulgaris plants greatly affected with three different types of nitrogenous

fertilizers and doses during 2016 and 2017 seasons.
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Regarding the type of nitrogenous fertilizer, it is clear that high value was
obtained with ammonium sulphate (M2). Whereas ammonium nitrate (M1)
came later. However, 40 units recorded the highest effect on herb dry weight.
Whereas 80 units exhibited the less effect on herb dry weigh. Interaction
between the two studied factors was significant in most cases; the higher
interaction value (18.54) was obtained with 40 units from ammonium
sulphate. However, the least interaction value (11.18) was obtained with 80
units from ammonium nitrate (Habibi et al., 2004). Explained the effect of
nitrogen doses on dry matter production of garden thyme. The second season
data showed that no significant differences between the type on the dose of
nitrogenous fertilizers were obtained. But, the high value was obtained with
ammonium sulphate (16.53) and the least value was obtained with ammonium
nitrate (14.32).

Table (2): Effect of ammonium nitrate ( A N ), ammonium sulphate ( A S) and urea

with three different doses of nitrogen (80, 60 and 40%) on the dry

weight of thyme during two successive seasons in 2016 and 2017.

Units of nitrogen (%0)

80 | 60 | 40 [ Mean 80 | 60 [ 40 | Mean

1% season 2" season

Herb dry weight (g)

AN 11.18a 16.31a 1439a | 13.96 A | 1153a 16.64 a 1477 a 1432 A M1

AS 15.14a 15.04 a 1854a | 16.24 A | 1546a 15.26 a 18.87 a 16.53 A M 2

Urea 11.35a 1591a 1541a | 1423A | 1163a 16.27 a 15.61a 1451 A M3

Mean 1256 A | 1575A | 16.12 A 12.88 A | 16.06 A 16.42 A

Means followed by different letters are significantly different at P <0.05; LSD's
multiple range tests.
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Amino acid concentration (g/100g fw):

Data illustrated in Table (3) show that three different types of
nitrogenous fertilizers and doses greatly affected Amino acid (g/100gfw) in
Thymus vulgaris during 2016 and 2017 seasons.

It is clear that high value was obtained with ammonium nitrate (M1).
Whereas urea came later. However, 80 units recorded the highest effect on
the concentration of Amino acid. On the other hand, 40 units exhibited the
less effect on amino acid. Interaction between the two studied factors was
significant in most cases, the higher interaction value (3.71) was obtained
with 80 units from urea. Moreover, the least interaction value (2.27) was
recorded with 40 units from ammonium sulphate.

Data of second season showed that higher value was obtained with
ammonium nitrate (M1). Whereas ammonium sulphate (M2) recorded the
lower values.

Significant differences were only obtained between M1 and M2.
Moreover, 80 units recorded the highest effect on amino acid. Whereas 40
units recorded the less effect on amino acid. Interaction between the two
studied factors was significant in most cases, the higher interaction value
(5.11) was obtained with 80 units from urea. On the other hand, interaction
lowest value (3.33) were obtained with 40 units from ammonium sulphate
and 60 units from urea without significant differences between them , these
results are harmony with (Chung et al., 2010). Reported that nitrogen
starvation decreased plant growth and amino acids content in Yarrow

(Achillea collina) .
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Table (3): Effect of ammonium nitrate ( A N ), ammonium sulphate ( A S)) and urea
with three different doses of nitrogen (80, 60 and 40%) on concentration

of the amino acids of thyme plant during two successive seasons in

2016 and 2017.
Units of nitrogen (%0)
80 | 60 | 40 | Mean 80 | 60 [ 40 Mean
1% season 2" season

Amino acid ( g/100gfw )

AN 3.25ab | 3.46ab 2.62¢ 3.11A 4.26b 4.49b 3.48 cde 4.08 A M1
AS 316D 317b 2.27c 2.87TA 3.95 bed 3.99 be 3.33e 3.76 A M 2
Urea 371a 253¢c 235¢ 2.86 A 511a 3.33e 3.42de 3.95A M3
Mean 337A 3.05B 241C 444 A 3.94B 341C

Means followed by different letters are significantly different at P <0.05; LSD's
multiple range tests.

Nitrate concentration (g/100gdw):

Data tabulated in table ( 4 ) show that NO3 (g/100gdw) of Thymus
vulgaris plants greatly affected with both different types of nitrogenous
fertilizers and doses during 2016 and 2017 seasons.

Regarding the type of nitrogenous fertilizer, it is clear that the best value
was obtained with ammonium sulphate (M2) whereas ammonium nitrate was
higher. However, 40 units recorded the best effect on NOs. Also, 80 units
recorded the highest effect on NO; Interaction between the two studied
factors was significant in most cases; the best interaction value (0.52) was
obtained with 40 units from ammonium sulphate. Moreover, the higher
interaction value (8.15) was obtained with 80 units from ammonium nitrate.
Data of second season showed that the best value was recorded with

ammonium sulphate (M2). Whereas ammonium nitrate was higher.
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Significant differences were only obtained between M2 and M1. However, 40
units recorded the best effect on NOs. Also, 80 units recorded the highest
effect on NOg. Interaction between the two studied factors was significant in
most cases, the best interaction value (0.31) was recorded with 40 units from
urea. On the other hand, the higher interaction value (9.24) was obtained with
60 units from ammonium nitrate. The response of plants to different nitrogen
forms depends on the concentration of NH; * and NOs” ions in the nutritional
environment, whereas the excess uptake of NH; * ions causes disturbances in
plant metabolism leading even to poisoning (Chaillou et al., 1986; Lamb et
al., 1993; Barker, 1999).

Table (4): Effect of ammonium nitrate ( A N ), ammonium sulphate ( A’ S ) and

urea with three different doses of nitrogen (80, 60 and 40%) on the NO;

of thyme during two successive seasons in 2016 and 2017.

Units of nitrogen (%)
80 | 60 | 40 [ Mean | 80 [ 60 [ 40 | Mean
1% season 2" season
NOs ( g/100gdw )

AN 8.15a 4.64b 187c 489 A 9.08 a 9.24a 285¢ 7.06 A M1
AS 1.8d 0.94 fg 052¢g 1.10C 2.04d 1.68 de 1.35e 1.69B M 2
Urea 2.68¢c 1.35¢ef | 1.48de 1.84B 342b 1.82d 031f 1.86 B M3
Mean 423 A 231B 1.29C 485 A 4.25B 151C

Means followed by different letters are significantly different at P <0.05; LSD's

multiple range test.

Nitrite concentration (g/100gdw):
Data illustrated in Table ( 5 ) show that different types of nitrogenous
fertilizers and doses greatly affected NO, concentration (g/100gdw) in

Thymus vulgaris during 2016 and 2017 seasons
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Regarding the type of nitrogenous fertilizer, it is clear that the best value
was obtained with ammonium sulphate (M2). Whereas urea was higher.
Significant differences were only obtained between M2 and M3. Moreover,
40 units recorded the best effect on NO,. Whereas 80 units recorded the
highest effect on NO,.

Interaction between the two studied factors was significant in most cases,
the best interaction value (0.44) was obtained with 40 units from ammonium
sulphate. However, the higher interaction value (1.76) was obtained with 80
units from ammonium nitrate. Data of second season showed that the best
value was recorded with ammonium sulphate (M2). Whereas ammonium
nitrate was higher. However, 40 units recorded the best effect on NO,. Also,
80 units recorded the highest effect on NOg,this results are in agree with the
results of (Baranauskiené et al., 2003), they determined that nitrogen
fertilizers influence the amount of nitrites in thyme plants.

Interaction between the two studied factors was significant in most cases;
the best interaction value (0.92) was obtained with 40 units from ammonium
nitrate. On the other hand, the higher interaction value (2.59) was recorded

with 80 units from ammonium nitrate.
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Table (5): Effect of ammonium nitrate ( A N ), ammonium sulphate (A S)
and urea with three different doses of nitrogen (80, 60 and 40%)
on the NO, concentration of thyme during two successive seasons
in 2016 and 2017.

Units of nitrogen (%)
80 | 60 [ 40 | Mean 80 | e | 40 | Mean
1* season 2" season
NO; ( g/100gdw )

AN 176a | 099cd | 0.73e| 116A | 259a| 121d| 092f| 157A[ M1
AS 124b | 0.78de | 044f| 082B | 149b| 098ef | 093f| 113C| M2
Urea | 1.19bc | 1.11bc | 0.88de | 186A | 1.48bc | 1.28cd | 1.17de | 131B| M3
Mean | 139A | 096B | 068C 186A | 116B | 1.01C

Means followed by different letters are significantly different at P <0.05; LSD's

multiple range test.

Volatile oil % (v/w): Data in Table ( 6 ) show that Volatile oil % (v/w) of
Thymus vulgaris plants greatly affected with different types of nitrogenous
fertilizers and doses during 2016 and 2017 seasons. It is clear that high value
was obtained with ammonium nitrate (M1) followed by ammonium sulphate
(M2) whereas urea ranked in last order. Significant differences were only
obtained between M1 and M3. However, 80 units recorded the highest effect
value on volatile oil. whereas 60 units recorded the less effect value on
volatile oil , these results agree with (Ehsanipour et al., 2012). they proved an
increase in essential oil concentration in fennel fruit under the influence of a
higer rate of nitrogen , and in the same trend was found by (Sharafzadeh,
2011). on garden thyme.

Interaction between the two studied factors was significant in most
cases; the highest interaction value (0.92) was obtained with 60 units from
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ammonium nitrate. However, the least interaction value (0.48) was obtained

with 80 units from urea. The same trend results as also recorded in the

second season study. But, the high value was obtained with ammonium

nitrate (0.90) and the least value was obtained with urea (0.55).

Table (6): Effect of ammonium nitrate ( A N ), ammonium sulphate (A S)
and urea with three different doses of nitrogen (80, 60 and 40%)
on the percentage of volatile oil in thyme during two successive
seasons in 2016 and 2017.

Units of nitrogen (%0)
80 | 60 | 40 ||v|ean 80 | 60 | 40 | Mean

1% season 2" season

Volatile oil % (v/w)
AN 0.84a 092a 0.79a 0.89 A 0.89a 0.97 a 0.83a 0.90 A M1
AS 0.85a 0.56a 0.84a 0.75 A 0.87a 0.59a 092a 0.80 A M 2
Urea 0.48a 0.54a 049a | 051A 0.53a 0.58a 0.54a 0.55 A M3

Mean 0.73A 0.67 A 0.71 A 0.77 A 0.72 A 0.77 A

Means followed by different letters are significantly different at P <0.05; LSD's
multiple range tests.
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