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ABSTRACT 
 

Two field experiments were conducted, to determine the effect of planting 
anise plant on late date (۲٥th Dec.) in addition to the control date (۲٥th Oct.) on growth 
parameters, photosynthetic pigments, carbohydrates and nitrogen content of 
Pimpinella anisum L. treated with cinnamic acid (CA) and/ or urea. In general the 
obtained data showed that, treating anise plant with different concentrations of CA 
(۱mM, ٥mM and ۱۰mM) decreased all the growth parameters, photosynthetic 
pigments, carbohydrate and nitrogen contents during the two dates of cultivation. On 
the other hand the two used levels of urea fertilizer (٥۰٪ and ۱۰۰٪) especially ۱۰۰٪, 
increased all the growth parameters, photosynthetic pigments, carbohydrate and 
nitrogen contents during the two dates of cultivation. In general, the results obtained 
by CA and urea; either alone or together in case of control date of cultivation were 
much better than those obtained on the late date of cultivation. 
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INTRODUCTION 
 

Anise, Pimpinella anisum L., a herbaceous annual native to the 
Mediterranean region and Egypt, is cultivated in Europe, the Middle East, 
Mexico, North Africa, India and Russia chiefly for its fruits, called aniseed, the 
flavour of which resembles that of licorice. Anise was well known to the 
ancient Egyptians and Romans. Anise is used for the treatment of a 
carminative, antiseptic, antispasmodic, expectorant, stimulant, and 
stomachic. In addition, it has been used to promote lactation in nursing 
mothers and as a medicine against bronchitis and indigestion Muller-
Schwarze, Dietland (۲۰۰٦).  

Cinnamic acid (۳-Pheynl-۲-propenoic acid) is a phenolic compound 
found naturally in many spices (cinnamon and cloves), cranberries, and 
prunes, and provides a natural protection against pathogenic organisms.  At 
low concentration (۳۰ mg/L) cinnamic acid has been reported to have a 
flowery or cinnamon type flavor (Chambel et al., ۱۹۹۹; Anslow and Stradford, 
۲۰۰۰; Eblen et al., ۲۰۰٤).  Cinnamic acid was shown to inhibit the uptake of 
phosphate and potassium ions by barley roots (Glass, ۱۹۷٤). Some studies 
point to cinnamic acid as being an uncoupler of oxidative phosphorylation 
(Van Sumere et al., ۱۹۷۲), while others have shown that cinnamic acid is 
probably a weak uncoupler of oxidative phosphorylation but the effect could 
not totally account for the strong inhibitory effect observed (Tillberg, ۱۹۷۰). 
Glass and Dunlop (۱۹۷٤) demonstrated that cinnamic acid caused a rapid, 
strong depolarization of the membranes of barley roots, and they suggested 
that this depolarization would account for inhibition of uptake of inorganic 
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ions. Cinnamic acid was found to inhibit seed germination and seedling 
growth of tomato (Yao, ۲۰۰۷). Singh et al, (۲۰۱۳) reported that at ۰٫٥, ۱٫۰ and 
۱٫٥ mM concentrations CA has shown inhibitory effects on shoot and root 
length, fresh and dry weight of cabbage seedlings. Also CA significantly 
decreased the photosynthetic pigments and protein content. 

Urea is a low cost nitrogen fertilizer form. This is because of its high 
nitrogen composition and consequent low transport and storage costs. It 
converts to ammonium bicarbonate within about ٤۸ hours after field 
application. Nitrogen in this form will tend to volatilize to the air as ammonia 
gas. This lost fertilizer investment risk can be minimized or eliminated by 
assuring that the urea gets into the soil and does not merely remain on the 
surface of the soil or crop foliage (James, ۲۰۱۰). Urea was reported to 
increase the length, fresh mass and dry mass of the shoots and roots of 
wheat plant (Gharakand et al.; ۲۰۱۲). Similar results were obtained on 
studying the effect of urea application as a common fertilizer on some 
vegetables; Brassica compestris, Trigonella foenum graecum and Anethum 
graveolens, as urea was found to increase the percentage of seed 
germination, root length, shoot length (root /shoot ratio) and seedling height 
(Ramteke and Shirgave, ۲۰۱۲). Younis et al, ۲۰۰۸ studied the effect of 
treating lettuce plants with increasing concentrations of urea fertilizer and 
found that urea led to significant increases in nitrate-, ammonia-, amide-, 
urea-, protein- and total-N contents, led to positive changes in the protein 
content of the treated lettuce plants. 

Global climate change is resulting in increases in the daily, seasonal, 
and annual mean temperatures experienced by plants. Moreover, climate 
change will increase the intensity, frequency, and duration of abnormally low 
and high temperatures (Christensen et al.; ۲۰۰۷). Temperature limits plant 
growth and is also a major determining factor in the distribution of plants 
across different environments (Mittler ۲۰۰٦). Since photosynthesis has long 
been recognized as one of the most temperature-sensitive processes in 
plants, understanding the physiological processes that underlie the 
temperature response of photosynthesis and its acclimation is important to 
both agriculture and the environment (Yamori et al.; ۲۰۱۳). Haroun et al. 
(۲۰۱۲) conducted a field experiment to determine the effect of two planting 
dates; early (۲٥th Oct.) and late (۱٥th Dec.) in addition to the control planted 
at ۲۰th Nov. on phonology, growth, yield (yield components and yield quality) 
of four bread wheat (Triticum aestivum L.). In general, the obtained data 
showed that, the requirement of days and Growing degree days (GDD) to 
attain different phonological stages (seedling, booting, heading, anthesis and 
maturity) decreased with delay in sowing date. Also, planting on the control 
date (۲۰th Nov) surpassed the other sowing dates in all yield studied 
parameters and flour quality. However, late sowing date (۱٥th Dec.) caused 
an increase in most technological properties (protein, wet and dry mass) of 
the yielded grains. 

Accordingly the objective of this study was to evaluate the effect of 
the foliar application of different concentrations of cinnamic acid (۱mM, ٥mM 
and ۱۰mM) and / or two different concentrations of urea fertilizer (٥۰٪ and 
۱۰۰٪) of the recommended dose during a different planting late date (۲٥ Dec) 
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and control one (۲٥ Oct) on growth parameters, some metabolites of 
Pimpinella anisum L. plant. 

 

MATERIALS AND METHODS 
 

Plants used and growth conditions: 
Pure strains of Pimpinella anisum L. (anise) were purchased from the 

Agricultural Research Center, Ministry of Agriculture, Giza, Egypt. Two pot 
experiments were conducted at the Faculty of Science, Mansoura University 
during two different seasons control date (October ۲۰۱۱) and late date 
(December ۲۰۱۲). The experiments were carried in clay: sandy soil (۲:۱) 
mixed with phosphate and nitrate fertilizers as common practice. The pots 
were kept in the greenhouse under a normal day/night conditions and 
irrigated as usual practice with equal amounts of tap water when required. 

The experiments were carried out to study the effect of foliar 
application of different concentrations of cinnamic acid and urea fertilizer; 
either each alone or together on growth parameters, photosynthetic 
pigments, different carbohydrate fractions, total protein content and different 
nitrogen constituents. According to a preliminary experiment three different 
concentrations of cinnamic acid (۱mM, ٥mM and ۱۰mM) and two levels of 
urea fertilizer were chosen [٥۰٪ urea (۰٫۷ g/pot) and ۱۰۰٪ (۱٫٤ g/pot)] 
according to the recommended dose for anise crop which is ۲۰۰ Kg/fed; 
according to the announcement of Ministry of Agriculture of Egypt.  

In the  two experiments, ٤٥ and ۱۲٥ days old samples were collected 
as a vegetative and flowering stages referring to stage I and II respectively. 
Analytical methods: 
Growth parameters: 

Length of root, length of shoot, fresh mass, dry mass and leaf area 
were estimated. 
Estimation of photosynthetic pigments: 

The plant photosynthetic pigments (chlorophyll a, chlorophyll b, and 
carotenoids) were determined at different stages of plant growth using the 
spectrophotometric method as recommended by Arnon (۱۹٤۹) for 
chlorophylls and Horvath et al., (۱۹۷۲) for carotenoids as adopted by 
Kissimon (۱۹۹۹). 
Estimation of carbohydrates: 

The method of extraction of different carbohydrate fractions (glucose, 
sucrose and total soluble sugars), used in this investigation was essentially 
those adopted by Yemm and Willis (۱۹٥٤) and Handel (۱۹٦۸). The method 
used for estimation of polysaccharides in the present study was that of 
Thayumanavan and Sadasivam (۱۹۸٤). 
Estimation of nitrogenous constituents: 

The method used in this investigation was essentially that adopted by 
Yemm and Willis (۱۹٥٦). The dried tissue samples were ground to a fine 
powder, then a known weight of this powder was extracted in distilled water 
by grinding the samples for ۳۰ minutes, at room temperature, in a glass 
mortar. The mixture was then quantitively transferred to a boiling tube, 
brought quickly to water bath maintained at ۸۰oC for ۱٥ minutes. The 
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insoluble residue was removed by filtration and the filtrate was made up to 
volume and used for estimation of ammonia-, amino-, amide- and total 
soluble-nitrogen fractions. Whereas, total nitrogen was determined directly 
using the dried powder tissue. 

The full data of different treatments were statistically analyzed and 
comparison among means at P ≤ ۰٫۰٥ was carried out by using CoHort/ 
CoStat statistical software version display ANOVA (۷۹۸ lighthouse Ave. PMB 
۳۲۰, Monterey, CA, ۹۳۹٤۰, USA) ( McCrae and Costa, ۲۰۰٤). 
 

RESULTS AND DISCUSSION 
 

Changes in growth parameters: 
During the control date of cultivation and at vegetative stage, the 

shoot length of anise plants decreased in case of ۱mM, ٥mM and ۱۰mM 
cinnamic acid, but it increased with ٥۰٪ and ۱۰۰٪ urea fertilizer. Also the 
interaction between cinnamic acid (٥mM and ۱۰mM) and urea (٥۰٪ and ۱۰۰٪) 
caused decrease in shoot length of anise plants.  The pattern of changes in 
root length, in response to the different treatments was more or less similar to 
that of shoot length (Table ۱).  Anise  leaf area and fresh and dry masses in 
general, decreased with the three concentrations of CA. Whereas ٥۰٪ and 
۱۰۰٪ urea fertilizer increased the leaf area, fresh and dry masses. Moreover 
urea interaction with the different concentrations of CA caused decrease in 
the leaf area of anise plants.  

 

Table ۱: The effect of two planting dates , different  concentrations of cinnamic 
acid (CA) and urea, either alone or in combination, on growth 
parameters; length of root (cm plant-۱), length of shoot (cm plant-۱), 
fresh mass (g plant-۱), dry mass (g plant-۱) and  leaf area (cm۲ plant -۱) of 
Pimpinella  anisum plants during vegetative stage. 

Date Treatment Shoot 
Length 

Root 
Length 

Leaf 
area 

Fresh 
mass 

Dry 
mass 

Control 

Control ۱۰٫٦٥۰ ۳٫٦۰۰ ۲٫۲۳٤٫ ٤۲۷۳ ۰٫٦٦۸ 
۱mM CA ۱۰٫۰۰۰ ۳٫۳٥۰ ۲٫۲۱۲ ۳٫۹۲۱* ۰٫٤٦٥* 
٥mM CA ۹٫٥۰۰* ۲٫۹۰۰* ۱٫۹٦٥* ۳٫٤۱۲* ۰٫٤۳۷* 
۱۰mM CA ۸٫٤۰۰* ۲٫۷٥۰* ۱٫۹۲۷* ۳٫۰۳۲* ۰٫٤۱٥* 
Urea ٥۰٪ ۱۰٫۷۰۰ ۳٫۷٥۰ ۲٫٤۲۰ ٤٫۳۳٥ ۰٫٦۷۰ 

Urea ٥۰٪ + ۱mM CA ۱۰٫۱٥۰ ۳٫٤٥۰ ۲٫۲۷۸ ۳٫۹۲۷* ۰٫٥٤۸* 
Urea ٥۰٪ + ٥mM CA ۹٫٤٥۰* ۳٫٥٥۰ ۲٫۱۸۳ ۳٫٥٤۸* ۰٫٤۸۷* 
Urea ٥۰٪ + ۱۰mM CA ۸٫۸٥۰* ۲٫۹٥۰* ۲٫۰٥٤ ۳٫۱۲۹* ۰٫۳۹۳* 

Urea ۱۰۰٪ ۱۱٫۱۰۰ ٤٫۲٥۰* ۲٫٥٦۱* ٤٫٤۲٦ ۰٫٦۸۲ 
Urea ۱۰۰٪ + ۱mM CA ۱۰٫۳۰۰ ٤٫۱۰۰* ۲٫۱٦۳ ٤٫۳٥٤ ۰٫٦٤٥ 
Urea ۱۰۰٪ + ٥mM CA ۹٫٦٥۰* ۳٫٥٥۰ ۲٫۱٤۲ ٤٫۱٦۲ ۰٫٥۹٦ 
Urea ۱۰۰٪ + ۱۰mM CA ۹٫٥۱۰* ۳٫٤۰۰ ۲٫۱۲۸ ۳٫٦۸٥* ۰٫٤۷۷* 

L.S.D ۰٫۸۱٦ ۰٫٤۱۷ ۰٫۲٤٦ ۰٫۳۱۸ ۰٫۱۰۳ 

Late 

Control ۹٫٥٥۰ ۳٫۲٥۰ ۲٫٤٦۳ ۳٫۸۱۲ ۰٫٦٤۷ 
۱mM CA ۹٫۱٥۰ ۲٫۹٥۰* ۲٫۲۸٤* ۳٫٥٤۲ ۰٫٥۳۷* 
٥mM CA ۸٫۸٥۰* ۲٫۸۰۰* ۲٫۰۸۳* ۳٫۰۷٦* ۰٫٤۷۰* 
۱۰mM CA ۸٫۱٥۰* ۲٫۲٥۰* ۱٫۹۷۰* ۳٫۰٦۱* ۰٫٤٥۲* 
Urea ٥۰٪ ۱۰٫۱٥۰ ۳٫٥٥۰* ۲٫٥٦۳ ٤٫۰۱۲ ۰٫۷۱۹* 

Urea ٥۰٪ + ۱mM CA ۹٫۷٥۰ ۳٫۱٥۰ ۲٫٤۲۸ ۳٫۹٦٤ ۰٫٦٦۰ 
Urea ٥۰٪ + ٥mM CA ۹٫۱٥۰ ۳٫۰۰۰* ۲٫۲٦۳* ۳٫٦٥۳ ۰٫٦۱۲ 
Urea ٥۰٪ + ۱۰mM CA ۸٫۹۰۰ ۲٫۹۰۰* ۲٫۱۰۷* ۳٫۲۱۸* ۰٫٥۸۳* 

Urea ۱۰۰٪ ۱۰٫۷٥۰* ۳٫۷٥۰* ۲٫۷۱۸* ٤٫۳۲۰* ۰٫۷۳٤* 
Urea ۱۰۰٪ + ۱mM CA ۱۰٫۰۰۰ ۳.٥۰۰* ۲٫٥٤۱ ٤٫۱۹٥* ۰٫٦۸۱ 
Urea ۱۰۰٪ + ٥mM CA ۹٫٤٥۰ ۳٫۱٥۰ ۲٫٤۳٥ ۳٫۸۸۲ ۰٫٦۰۹ 
Urea ۱۰۰٪ + ۱۰mM CA ۹٫۲۰۰ ۲٫۸٥۰* ۲٫۳۲۲ ۳٫۲٦۷* ۰٫٥۹٥ 

L.S.D ۰٫۰٦۳ ۰٫۲۱۷ ۰٫۱٤۹ ۰٫۲۸۸ ۰٫۰٦۳ 
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At flowering stage the results in table ۲ show that, all the different 
concentrations of cinnamic acid decreased the shoot length of anise plants. 
Meanwhile ٥۰٪ urea fertilizer increased shoot length while its combination 
with different concentrations of CA decreased the shoot length of anise 
plants. The shoot length of plants supplied with ۱۰۰٪ urea increased, 
whereas its combination with different concentrations of CA decreased the 
shoot length. Root length of anise plants decreased on treating with the three 
concentrations of CA. Also ٥۰ % urea fertilizer either alone or combined with 
the three CA concentrations decreased root length and increased with ۱۰۰٪ 
urea fertilizer, whereas its combination with the different concentrations of CA 
decreased root length, as compared to control values. 

 
Table ۲: The effect of two planting dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
growth parameters; length of root (cm plant-۱), length of shoot 
(cm plant-۱), fresh mass (g plant-۱), dry mass (g plant-۱) and  leaf 
area (cm۲ plant -۱) of Pimpinella  anisum plants during flowering 
stage. 

Date Treatment Shoot 
Length 

Root 
Length 

Leaf 
area 

Fresh 
mass 

Dry 
mass 

Control 

Control ۳٤٫۱٥۰ ٥٫٤٥۰ ٤٫۲۷۱ ٦٫۲٤۷ ۱٫٥٤۰ 
۱mM CA ۳۲٫۱٥۰* ٤٫۹۰۰* ٤٫۱۸۰ ٦٫۱۱٦ ۱٫۳٥٦* 
٥mM CA ۳۱٫۷٥۰* ٤٫٤٥۰* ٤٫۲۱٦٫ ٥۱۷۱ ۱٫۳۷۳ 
۱۰mM CA ۲۹٫۹۰۰* ٤.٥٥۰* ۳٫۹٤٫٦٦ *٤٦۰* ۰٫۸۸٥* 
Urea ٥۰٪ ۳٤٫۳٥۰ ٥٫۱۰۰ ٤٫۳۰۷ ٦٫٤۲٤ ۱٫٥۹۲ 

Urea ٥۰٪ + ۱mM CA ۳٤٫۰٥۰ ٤٫۹٥۰ ٤٫۰۹۰ ٦٫۳۲۸ ۱٫٤۸٦ 
Urea ٥۰٪ + ٥mM CA ۳۳٫٤۰۰* ٤٫۹۰۰* ٤٫۲٦۳ ٦٫۱۳٤ ۱٫٥۲۰ 
Urea ٥۰٪ + ۱۰mM CA ۳۳٫۲٥۰ ٤٫۸۰۰* ٤٫۰۳٦٫ ٤۰۱۸ ۱٫۱۹٥* 

Urea ۱۰۰٪ ۳٥٫۳۰۰* ٥٫٦٥۰ ٤٫۳۲٦٫ ٦۷٦۱ ۲٫۰۱۳* 
Urea ۱۰۰٪ + ۱mM CA ۳۳٫۹٥۰ ٥٫۲٥۰ ٤٫۲۸۲ ٦٫٤۸۰ ۱٫۸۲٤* 
Urea ۱۰۰٪ + ٥mM CA ۳۲٫۹۰۰* ٥٫۳٥۰ ٤٫۲۲۳ ٦٫۳٥٥ ۱٫۳۷۰ 
Urea ۱۰۰٪ + ۱۰mM CA ۳۲٫٦٥۰* ٤٫۷۰۰* ۳٫۲٦۰* ٥٫۹۸٤ ۱٫۲۹٥* 

L.S.D ۱٫۱٤۹ ۰٫٥٤۹ ۰٫۲۸۱ ۰٫٥۱۸ ۰٫۱۸٦ 

Late 

Control ۲۷٫٥۰۰ ٤٫۹۰۰ ٤٫۰۹٥٫ ٥۳٤۲ ۱٫۹۸٤ 
۱mM CA ۲٥٫٥٥۰* ٤٫٥۰۰* ۳٫۸٥٫ *٤٦۰۲٤* ۱٫٥٦۳* 
٥mM CA ۲٥٫۱٥۰* ٤٫۲٥۰* ۳٫٥٤۲* ٥٫۰۱۳* ۱٫۳۰۸* 
۱۰mM CA ۲۳٫۰۰۰* ۳٫۷٥۰* ۳٫٤۳٤٫٤٥ *٦۸* ۱٫۰۱۲* 
Urea ٥۰٪ ۲۷٫۹۰۰ ٥٫۱۰۰ ٤٫۲۱٥٫ ٤۷۲۱* ۲٫۱۱۲* 

Urea ٥۰٪ + ۱mM CA ۲۷٫۲٥۰ ٤٫٥٥۰* ٤٫۱۲٥٫٥ ٦۲٤ ۲٫۰۱٤ 
Urea ٥۰٪ + ٥mM CA ۲٦٫٥۰۰ ٤٫٦٥۰ ٤٫۰٥۲ ٥٫۲۸۳ ۱٫۸٥۰* 
Urea ٥۰٪ + ۱۰mM CA ۲٥٫٥۰۰* ٤٫٥۰۰* ۳٫۸٤٫ *٦٤۹۷۲* ۱٫٥٤٤* 

Urea ۱۰۰٪ ۲۸٫٤۰۰ ٥٫۱٥۰ ٤٫۳۳۹* ٦٫۲٤۸* ۲٫۲۲٦* 
Urea ۱۰۰٪ + ۱mM CA ۲۷٫۹۰۰ ٥٫۱۰۰ ٤٫۲٦۳* ٦٫۰٤۳* ۲٫۱۹٦* 
Urea ۱۰۰٪ + ٥mM CA ۲٦٫٤٥۰ ٤٫۸۰۰ ٤٫۰۱٥٫٤ ٥۲۲ ۲٫۰٤۷ 
Urea ۱۰۰٪ + ۱۰mM CA ۲٥٫٥۰۰* ٤٫٦۰۰ ۳٫۹٥۳ ٥٫۱۱٦ ۱٫۹٤۲ 

L.S.D ۱٫۰٥۷ ۰٫۳۲۸ ۰٫۱٥۷ ۰٫۳۱۲ ۰٫۱۱٦ 
 
Leaf area of anise plant decreased on treating with ۱mM, ٥mM and 

۱۰mM CA but increased with ٥۰٪ urea, whereas its interaction with different 
concentrations of CA decreased leaf area. On the other hand, ۱۰۰٪ urea 
either alone or in combination with ۱mM CA caused increase in leaf area 
while its combination with  CA decreased leaf area at ٥mM and ۱۰mM CA. 
Fresh mass, decreased in case of ۱mM, ٥mM and ۱۰mM CA concentration. 
Meanwhile ٥۰٪ urea fertilizer either alone or in combination with ۱mM CA 
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caused increase in fresh mass, while its combination with ٥mM and ۱۰mM 
CA led to decrease in fresh mass. Also ۱۰۰٪ urea fertilizer either alone or 
combined with ۱mM and ٥mM CA increased fresh mass while ۱۰mM CA 
decreased it. The dry mass of plants treated with different concentrations of 
CA decreased with the three concentrations of CA. The ٥۰٪ urea-fed plants 
showed increase in dry mass, whereas ٥۰٪ urea combined with all CA 
concentrations decreased this parameter. Treatment with ۱۰۰٪ urea alone or 
in combination with ۱mM CA increased dry mass, while its combination with 
٥mM and ۱۰mM CA decreased this parameter. 

Perusal of the data, at both vegetative and flowering stage during the 
late date of cultivation, shows nearly the same pattern of change occurred in 
the control date. It's worthy to mention that results obtained by CA and urea; 
independent or together in case of control date of cultivation were much 
better than those obtained on the late date of cultivation. 

In this connection, under CA stress, the reduction in plant growth 
(root length, shoot length) and biomass was observed in Lactuca sativa 
(Hussain et al., ۲۰۱۰). Similar results were observed by Ye et al., ۲۰۰٤ on 
Cucumis sativus L. The CA (۰٫٥-۰٫۲٥ mM) has been shown to cause 
oxidative stress in cucumber roots (Ding et al., ۲۰۰۷). Altered root 
morphology in Pisum sativum (Vaughan and Ord, ۱۹۹۱). Trans- cinnamic acid 
inhibited the root elongation of Lactuca sativa (Fujita and Kabo, ۲۰۰۳). 
Likewise, Ding et al. (۲۰۰۷) reported that CA significantly inhibited the growth 
of cucumber. 

 In other study, urea was reported to increase the length, fresh mass 
and dry mass of the shoots and roots of wheat plant (Gharakand et al.; ۲۰۱۲). 
Similar results were obtained on studying the effect of urea application as a 
common fertilizer on some vegetables; Brassica compestris, Trigonella 
foenum graecum and Anethum graveolens, as urea was found to increase 
the percentage of seed germination, root length, shoot length, root /shoot 
ratio and seedling height (Ramteke and Shirgave, ۲۰۱۲). In support of the 
present observations, Puttanna et al., (۲۰۰۱) demonstrated that foliar 
application of urea fertilizer significantly enhanced the growth and yield of 
citronella plants and increased most of the growth parameters (plant height, 
leaf area, fresh and dry masses. 

The improvement of vegetative characteristics of anise plant (height, 
fresh mass and dry mass ) with increase in nitrogen fertilizer rate could be 
attributed to increased uptake of nitrogen and its associated role in 
chlorophyll synthesis and hence the process of photosynthesis and carbon 
dioxide assimilation (Jasso-chaverria et al., ۲۰۰٥) leading to enhance growth. 
In addition, nitrogen stimulates vegetative growth resulting in large stems and 
leaves. The significant response of leaf area by urea fertilizer may be an 
indication that nitrogen was taken up by the plant and subsequently utilized in 
cell multiplication, amino acid synthesis and energy formation that acts as 
structural compound of the chloroplast which carries out photosynthesis as 
nitrogen fertilizer has been reported to be a constituent of chlorophyll (Lawlor, 
۲۰۰۲). In support, nitrogen insufficiencies have been reported to reduce the 
individual leaf area, leaf area index, and total leaf area resulting to reduced 
surface light interception for photosynthesis (Cechin and Fumis, ۲۰۰٤).  

 ۱۰۲٦ 



J. Plant Production,  Mansoura Univ., Vol. (٦) ٥, June, ۲۰۱٤ 

Changes in photosynthetic pigments: 
As compared to control values, the different concentrations of CA at 

vegetative stage caused decrease in chlorophyll a, chlorophyll b, total 
chlorophylls (chl a+ chl b), carotenoids and consequently total pigments in 
case of ۱mM, ٥mM and  ۱۰mM CA. In ٥۰٪ urea-fed plants there was an 
increase in chlorophyll a, chlorophyll b, total chlorophylls (chl a+ chl b), 
carotenoids and total pigments. The combination of ٥۰٪ urea fertilizer and 
۱mM CA caused decrease in chlorophyll a, total chlorophylls (chl a+ chl b) 
and total pigments, but increased chl b and carotenoids. Meanwhile the 
interaction between ٥mM CA and ٥۰٪ urea caused decrease in chlorophyll a, 
chlorophyll b, total chlorophylls (chl a+ chl b), carotenoids and total pigments. 
Also ۱۰mM CA mixed with ٥۰٪ urea caused decrease in chlorophyll a, 
chlorophyll b, total chlorophylls, carotenoids and total pigments content 
during the control date of cultivation (Table ۳). 

 
Table ۳: The effect of two planting dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
photosynthetic pigments (mg g -۱ dry weight) of Pimpinella  
anisum plants during the vegetative stage. 

Date Treatment Chl a Chl b Chl a + b Cars Total 
pigments 

Control 

Control ٥٫۸۸۰ ۳٫٤۹۰ ۹٫۳۷۰ ۳٫۱٦۰ ۱۲٫٥۳۰ 
۱mM CA ٥٫٦٥۰ ۳٫۱۲۰ ۸٫۷۷۰ ۲٫۸۸۰ ۱۱٫٦٥۰ 
٥mM CA ٥٫٦۷۰ ۳٫۰۷۰ ۸٫۷٤۰ ۲٫۷۲۰ ۱۱٫٤٦۰ 
۱۰mM CA ٤٫۱٥۰* ۲٫۸٦۰* ۷٫۰۱۰* ۲٫۱۸۰* ۹٫۱۹۰* 
Urea ٥۰٪ ٥٫۹٦۰ ۳٫٥۸۰ ۹٫٥٤۰ ۳٫۳٥۰ ۱۲٫۸۹۰ 

Urea ٥۰٪ + ۱mM CA ٥٫۷۸۰ ۳٫٥۱۰ ۹٫۲۹۰ ۳٫۲۲۰ ۱۲٫٤۸۰ 
Urea ٥۰٪ + ٥mM CA ٥٫۷۲۰ ۳٫٤٤۰ ۹٫۱٦۰ ۳٫۰۷۰ ۱۲٫۲۳۰ 
Urea ٥۰٪ + ۱۰mM CA ٤٫۸۳۰* ۳٫۱٦۰ ۷٫۹۹۰* ۲٫۹۲۰ ۱۰٫۹۱۰ 

Urea ۱۰۰٪ ٥٫۹۲۰ ٤٫۲۱۰* ۱۰٫۱۳۰ ۳٫٦۷۰ ۱۳٫۸۰۰ 
Urea ۱۰۰٪ + ۱mM CA ٥٫۷۳۰ ٤٫۱۳۰* ۹٫۸٦۰ ۳٫٤۲۰ ۱۳٫۲۸۰ 
Urea ۱۰۰٪ + ٥mM CA ٥٫٦٤۰ ۳٫۸۸۰ ۹٫٥۲۰ ۳٫۱٥۰ ۱۲٫٦۷۰ 
Urea ۱۰۰٪ + ۱۰mM CA ٥٫۰۷۰ ۳٫۱٥۰ ۸٫۲۲۰ ۲٫۹٤۰ ۱۱٫۱٦۰ 

L.S.D ۰٫۸۸٤ ۰٫٦۰٥ ۱٫۳۳٥ ۰٫٥۹۰ ۱٫۷۲٦ 

Late 

Control ٤٫۹۳۰ ۲٫۳۱۰ ۷٫۲٤۰ ۲٫۲۳۰ ۹٫٤۷۰ 
۱mM CA ٤٫٤٦۰ ۲٫۱٥۰ ٦٫٦۱۰ ۲٫۲٤۰ ۸٫۸٥۰ 
٥mM CA ۳٫۹۰۰* ۲٫۱۳۰* ٦٫۰۳۰* ۲٫۱٥۰ ۸٫۱۸۰ 
۱۰mM CA ۳٫۳۸۰* ۲٫۰۷۰* ٥٫٤٥۰* ۱٫۸۸۰* ۷٫۳۳۰* 
Urea ٥۰٪ ٤٫۹٦۰ ۲٫٤۲۰ ۷٫۳۸۰ ۲٫۲٦۰ ۹٫٦٤۰ 

Urea ٥۰٪ + ۱mM CA ٤٫٥۹۰ ۲٫۱۷۰ ٦٫۷٦۰ ۲٫۳۱۰ ۹٫۰۷۰ 
Urea ٥۰٪ + ٥mM CA ٤.۰۷۰* ۲٫۰۰۰* ٦٫۰۷۰* ۲٫۰۲۰ ۸٫۰۹۰ 
Urea ٥۰٪ + ۱۰mM CA ۳٫۳۸۰* ۱٫۹٥۰* ٥٫۳۳۰* ۱٫۸۹۰* ۷٫۲۲۰* 

Urea ۱۰۰٪ ٥٫۰۹۰ ۲٫٤٦۰ ۷٫٥٥۰ ۲٫۲٥۰ ۹٫۸۰۰ 
Urea ۱۰۰٪ + ۱mM CA ٤٫۷۱۰ ۲٫۲۸۰ ٦٫۹۹۰ ۲٫۱۷۰ ۹٫۱٦۰ 
Urea ۱۰۰٪ + ٥mM CA ۳٫۸۲۰* ۲٫۰۳۰* ٥٫۸٥۰* ۲٫۰۱۰ ۷٫۸٦۰* 
Urea ۱۰۰٪ + ۱۰mM CA ۳٫٥٥۰* ۱٫۹٥۰* ٥٫٥۰۰* ۱٫۹٦۰ ۷٫٤٦۰* 

L.S.D ۰٫٥٤۲ ۰٫۱٦۸ ۰٫۷۰۳ ۰٫۳۰۲ ۱٫۷۹۲ 
 
Plants supplied with ۱۰۰٪ urea fertilizer at the control date of 

cultivation showed increase in chlorophyll a, chlorophyll b, total chlorophylls, 
carotenoids and total pigments. The interaction of ۱۰۰٪ urea with ۱mM CA 
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caused decrease in chlorophyll a and  increase in chlorophyll b, total 
chlorophylls, carotenoids and total pigments. The application of ٥mM CA with 
۱۰۰٪ urea decreased chlorophyll a and carotenoids, but increased chlorophyll 
b, total chlorophylls and total pigments content. Meanwhile, combination of 
۱۰۰٪ urea and ۱۰mM CA decreased chlorophyll a, chlorophyll b, total 
chlorophylls, carotenoids and total pigments. 

At flowering stage during the control date of cultivation, showed 
decrease in chlorophyll a, chlorophyll b, total chlorophylls (chl a+ chl b), 
carotenoids and total pigments in case of ۱mM, ٥mM and ۱۰mM CA. The 
application of ٥۰٪ urea fertilizer caused increase in chlorophyll a, chlorophyll 
b, total chlorophylls, carotenoinds and total pigments. ٥۰٪ urea + ۱mM CA 
caused decrease in chlorophyll a, chlorophyll b, total chlorophylls (chl a+ chl 
b), and total pigments and increase in carotenoids. Whereas, interaction of 
٥mM CA as well as with ۱۰mM CA and ٥۰٪ urea decreased chlorophyll a, 
chlorophyll b, carotenoids, total chlorophylls and total pigments. ۱۰۰٪ urea 
fertilizer caused increase in chlorophyll a, chlorophyll b, total chlorophylls (chl 
a+ chl b), carotenoids and total pigments. Combination of ۱۰۰٪ urea with 
۱mM, ٥mM or ۱۰mM CA resulted in decrease in chlorophyll a, chlorophyll b, 
total chlorophylls (chl a+ chl b), carotenoids and total pigments (Table ٤). 

 

Table ٤: The effect of two planting dates, different concentrations of 
cinnamic acid (CA) and urea, either alone or in combination, on 
photosynthetic pigments (mg g -۱ dry weight) of Pimpinella  
anisum plants during the flowering stage. 

Date Treatment Chl a Chl b Chl a + b Cars Total pigments 

Control 

Control  ٤٫۹۳۰ ۲٫۳۱۰ ۷٫۲٤۰ ۲٫۲۳۰ ۹٫٤۷۰ 
۱mM CA ٤٫٤٦۰ ۲٫۱٥۰ ٦٫٦۱۰ ۲٫۲٤۰ ۸٫۸٥۰ 
٥mM CA ۳٫۹۰۰* ۲٫۱۳۰* ٦٫۰۳۰* ۲٫۱٥۰ ۸٫۱۸۰ 
۱۰mM CA ۳٫۳۸۰* ۲٫۰۷۰* ٥٫٤٥۰* ۱٫۸۸۰* ۷٫۳۳۰* 
Urea ٥۰٪ ٤٫۹٦۰ ۲٫٤۲۰ ۷٫۳۸۰ ۲٫۲٦۰ ۹٫٦٤۰ 
Urea ٥۰٪ + ۱mM CA ٤٫٥۹۰ ۲٫۱۷۰ ٦٫۷٦۰ ۲٫۳۱۰ ۹٫۰۷۰ 
Urea ٥۰٪ + ٥mM CA ٤٫۰۷۰* ۲٫۰۰۰* ٦٫۰۷۰* ۲٫۰۲۰ ۸٫۰۹۰ 
Urea ٥۰٪ + ۱۰mM CA ۳٫۳۸۰* ۱٫۹٥۰* ٥٫۳۳۰* ۱٫۸۹۰* ۷٫۲۲۰* 
Urea ۱۰۰٪ ٥٫۰۹۰ ۲٫٤٦۰ ۷٫٥٥۰ ۲٫۲٥۰ ۹٫۸۰۰ 
Urea ۱۰۰٪ + ۱mM CA ٤٫۷۱۰ ۲٫۲۸۰ ٦٫۹۹۰ ۲٫۱۷۰ ۹٫۱٦۰ 
Urea ۱۰۰٪ + ٥mM CA ۳٫۸۲۰* ۲٫۰۳۰* ٥٫۸٥۰* ۲٫۰۱۰ ۷٫۸٦۰* 
Urea ۱۰۰٪ + ۱۰mM CA ۳٫٥٥۰* ۱٫۹٥۰* ٥٫٥۰۰* ۱٫۹٦۰ ۷٫٤٦۰* 
L.S.D  ۰٫٥٤۲ ۰٫۱٦۸ ۰٫۷۰۳ ۰٫۳۰۲ ۱٫۷۹۲ 

Late 

Control  ۲٫٦٥۰ ۱٫۹۳۰ ٤٫٥۸۰ ۱٫۹٥۰ ٦٫٥۳۰ 
۱mM CA ۲٫٤۹۰ ۱٫۸٥۰ ٤٫۳٤۰ ۱٫۸٦۰ ٦٫۲۰۰ 
٥mM CA ۲٫٤۳۰ ۱٫۸۲۰ ٤٫۲٥۰* ۱٫۷٦۰* ٦٫۰۱۰ 
۱۰mM CA ۱٫٥۱۰* ۱٫۷۱۰* ۳٫۲۲۰* ۱٫۷٥۰* ٤٫۹۷۰* 
Urea ٥۰٪ ۲٫۷٦۰ ۱٫۹۸۰ ٤٫۷٤۰ ۱٫۹۹۰ ٦٫۷۳۰ 
Urea ٥۰٪ + ۱mM CA ۲٫٥۱۰ ۱٫۸۹۰ ٤٫٤۰۰ ۱٫۸۷۰ ٦٫۲۷۰ 
Urea ٥۰٪ + ٥mM CA ۲٫٤٥۰ ۱٫۸۳۰ ٤٫۲۸۰* ۱٫۸۰۰ ٦٫۰۸۰ 
Urea ٥۰٪ + ۱۰mM CA ۱٫۹۳۰* ۱٫۷٦۰ ۳٫٦۹۰* ۱٫٦٤۰* ٥٫۳۳۰* 
Urea ۱۰۰٪ ۲٫٦۸۰ ۲٫۰۷۰ ٤٫۷٥۰ ۲٫۰٥۰ ٦٫۸۰۰ 
Urea ۱۰۰٪ + ۱mM CA ۲٫٥۲۰ ۱٫۹۱۰ ٤٫٤۳۰ ۱٫۹۱۰ ٦٫۳٤۰ 
Urea ۱۰۰٪ + ٥mM CA ۲٫٤٤۰ ۱٫۸۳۰ ٤٫۲۷۰* ۱٫۸۲۰ ٦٫۰۹۰ 
Urea ۱۰۰٪ + ۱۰mM CA ۲٫۰۷۰* ۱٫۷٥۰ ۳٫۸۲۰* ۱٫۸۰۰ ٥٫٦۲۰* 
L.S.D  ۰٫٥۱۹ ۰٫۲۰۷ ۰٫۲۹۷ ۰٫۱٥۸ ۰٫٦۳۹ 
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Data in tables ۳ and ٤ shows that at both vegetative and flowering 
stages during the late date of cultivation, the pattern of change didn't differ so 
much from the control date. But as mentioned before, results obtained by CA 
and urea; independent or together in case of control date of cultivation were 
much better than those obtained on the late date of cultivation.  

In this respect, chlorophylls are the core component of pigment 
protein complexes embedded in the photosynthetic membranes and play a 
major role in the photosynthesis. Any changes in chlorophyll content are 
expected to bring about change in photosynthesis (Reigosa et al., ۲۰۰٦). The 
influence of N on plant growth and development is often connected with the 
process of photosynthesis, because the quantity of N, in the highest degree, 
determines the formation and the functional state of assimilation apparatus of 
plants including the content of photosynthetic pigments, the synthesis of the 
enzymes taking part in the carbon reduction and the formation of the 
membrane system of chloroplasts (Stanev, ۱۹۸٤; Ivanova and Vassilev, 
۲۰۰۳). 

Also the positive effects of N fertilization may be due to the important 
physiological role of N in molecule structure as porphyrin. The porphyrin 
structure is found in such metabolically important compounds as the 
chlorophyll pigments and the cytochromes, which are essential in 
photosynthesis and respiration. Coenzymes are essential to the function of 
many enzymes. Accordingly, nitrogen plays an important role in synthesis of 
the plant constituents through the action of different enzymes activities and 
protein synthesis (Jones et al,. ۱۹۹۱) that reflected in the increase in growth 
parameters of plants such as anise, coriander and sweet fennel plants. Also, 
these results are in accordance with those obtained by Khalid (۱۹۹٦, ۲۰۰۱) on 
some Apiaceae and Nigella sativa L. plants; Ashraf et al. (۲۰۰٦) on cumin; 
Akbarinia et al. (۲۰۰۷) on coriander; Hellal et al. (۲۰۱۱) on dill (Anethum 
graveolens L.), all of them reported that N fertilizer treatments were superior 
to the control treatment and significantly improved the vegetative growth 
characters of family Apiaceae. 
Changes in carbohydrate contents: 

Regarding the control date of cultivation at vegetative stage, glucose 
content, sucrose, total soluble sugars, polysaccharides and total 
carbohydrates of anise plant were decreased by treating with ۱mM, ٥mM and 
۱۰mM CA. But increased by ٥۰٪ or ۱۰۰٪ urea or their combination with 
different CA concentrations. Also different concentrations of CA led to 
decrease in these parameters. Meanwhile applying ٥۰٪ urea to anise plants 
either alone or in combination with ۱mM CA increased glucose, sucrose, total 
soluble sugars, polysaccharides and total carbohydrates (Table ٥). 

On the other hand, ٥mM CA+ ٥۰٪ urea decreased glucose and 
sucrose and increased total soluble sugars, polysaccharides and total 
carbohydrates, whereas ۱۰mM CA with ٥۰٪ urea  decreased glucose, 
sucrose, total soluble sugars, polysaccharides and total carbohydrates. 
Fertilization by ۱۰۰٪ urea caused increase in all the determined 
carbohydrates content. Also ۱۰۰٪ urea and ۱mM CA increased glucose, 
sucrose, total soluble sugars, polysaccharides and total carbohydrates, 
whereas ۱۰۰٪ urea+ ٥mM CA increased all the determined carbohydrates 
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content except for sucrose content which decreased. Regarding the 
interaction of ۱۰۰٪ urea and ۱۰mM CA a decrease in all the determined 
carbohydrates was detected. 

 
Table ٥: The effect of two plantimg dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
carbohydrates content (mg g -۱ dry weight) of Pimpinella  
anisum plants during the vegetative stage. 

Date Treatment Glucose Sucrose TSS Polysaccharides Total 
carbohydrates 

Control 

Control ۲۱٫٦۷۰ ۳۲٫۲۲۰ ۷٦٫۸۰۰ ٤۰٫۱۲۰ ۱۱٦٫۹۲۰ 
۱mM CA ۲۱٫۲۸۰ ۲۹٫۸۷۰* ۷٦٫۳٤۰ ٤۰٫۳۳۰ ۱۱٦٫٦۷۰ 
٥mM CA ۲۰٫۸۷۰ ۲۹٫۰٤۰* ٦۸٫۰۰۰* ۳۸٫٦۷۰ ۱۰٦٫٦۷۰* 
۱۰mM CA ۱۹.۱٥۰* ۲۸٫۱۸۰* ٦۲٫۲۷۰* ۳٥٫۸۹۰* ۹۸٫۱٦۰* 
Urea ٥۰٪ ۲۳٫۲۸۰ ۳۸٫۱۲۰* ۸۲٫٤۰۰* ٤۲٫۸۹۰* ۱۲٥٫۲۹۰* 

Urea ٥۰٪ + ۱mM 
CA ۲۳٫۰۳۰ ۳٥٫۸۳۰* ۸۲٫۲٤۰* ٤۲٫۷۰۰* ۱۲٤٫۹٤۰* 

Urea ٥۰٪ + ٥mM 
CA ۲۲٫۱٥۰ ۳٥٫۹۰۰* ۸۰٫۱۰۰* ٤۲٫۰۲۰* ۱۲۲٫۱۲۰* 

Urea ٥۰٪ + ۱۰mM 
CA ۲۲٫۰۰۰ ۳٤٫٤۲۰* ۷۸٫۳۰۰ ٤۱٫۰۰۰* ۱۱۹٫۳۰۰* 

Urea ۱۰۰٪ ۲٥٫٦۷۰* ٤۰٫٦۷۰* ۹٤٫۲۰۰* ٤۸٫۰۰۰* ۱٤۲٫۲۰۰* 
Urea ۱۰۰٪ + ۱mM 

CA ۲٥٫٥۲۰* ٤۰٫٤۷۰* ۹٤٫۱٥۰* ٤۷٫٦۲۰* ۱٤۱٫۷۷۰* 

Urea ۱۰۰٪ + ٥mM 
CA ۲٥٫۱٥۰* ۳۸٫۲۷۰* ۹۳٫۸۱۰* ٤۷٫۱۳۰* ۱٤۰٫۹٤۰* 

Urea ۱۰۰٪ + ۱۰mM 
CA ۲٤٫۲۹۰* ۳۸٫۰۸۰* ۹۲٫۱٥۰* ٤٦٫۳۳۰* ۱۳۸٫٤۸۰* 

L.S.D ۲٫٥۰۳ ۱٫۹۳۳ ۲٫۷۳۷ ۲٫۰٥۲ ۳٫٦۹٦ 

Late 

Control ۲٥٫٥٤۰ ۲۲٫٥۸۰ ٦۳٫۲۲۰ ٤۹٫۸۲۰ ۱۱۳٫۰٤۰ 
۱mM CA ۲۳٫٤۱۰* ۲۲٫۱۲۰ ٦۲٫٥٤۰ ٤۸٫٦٥۰ ۱۱۱٫۱۹۰ 
٥mM CA ۲۲٫٦۹۰* ۲۰٫٤۷۰* ٦۲٫۲٤۰ ٤۸٫۲٦۰* ۱۱۰٫٥۰۰* 
۱۰mM CA ۲۰٫۷٥۰* ۲۰٫۱٦۰* ٦۰٫۱۷۰* ٤۸٫۱۷۰* ۱۰۸٫۳٤۰* 
Urea ٥۰٪ ۲٦٫۳٤۰ ۲۳٫٥٦۰ ٦٥٫۲۹۰ ٥۰٫٥۷۰ ۱۱٥٫۷٦۰* 

Urea ٥۰٪ + ۱mM 
CA ۲٥٫۸۲۰ ۲۳٫۷۲۰ ٦٥٫۱۱۰ ٥۰٫٤۲۰ ۱۱٥٫٥۳۰* 

Urea ٥۰٪ + ٥mM 
CA ۲٤٫۷۳۰ ۲۲٫٤٦۰ ٦٥٫۰۷۰ ٥۰٫۱۸۰ ۱۱٥٫۲٥۰ 

Urea ٥۰٪ + ۱۰mM 
CA ۲۳٫٤٦۰* ۲۱٫٥٥۰ ٦٤٫۲۱۰ ٤۸٫۳٦۰* ۱۱۲٫٥۷۰ 

Urea ۱۰۰٪ ۲۷٫٤۹۰* ۲۳٫۸۹۰* ٦۹٫۳٤۰* ٥۲٫٤۷۰* ۱۲۱٫۸۱۰* 
Urea ۱۰۰٪ + ۱mM 

CA ۲٦٫۱۷۰ ۲۳٫٥٤۰ ٦۷٫٤۲۰* ٥۲٫۱۲۰* ۱۱۹٫٥٤۰* 

Urea ۱۰۰٪ + ٥mM 
CA ۲٥٫٥٥۰ ۲۲٫۱٤۰ ٦٥٫۲۲۰ ٥۱٫۳٤۰* ۱۱٦٫٥٦۰* 

Urea ۱۰۰٪ + ۱۰mM 
CA ۲٥٫٤۲۰ ۲۱٫۳۱۰ ٦۳٫۱٤۰ ٤۹٫۳۱۰ ۱۱۲٫٤٥۰ 

L.S.D ۱٫۷۸۳ ۱٫۲٤٥ ۳٫۰۱۸ ۱٫٤۰۲ ۲٫۳٦۱ 
 
In table ٦ the results show that, at flowering stage at the control date 

of cultivation, the different concentrations of CA decreased glucose, sucrose, 
polysaccharides, total soluble sugars and total carbohydrates content.  The 
application of ٥۰٪ urea fertilizer caused increase in glucose, sucrose, 
polysaccharides and total carbohydrates content but decreased total soluble 
sugars content. Whereas the interaction of ٥۰٪ urea with ۱mM CA decreased 
sucrose, total soluble sugars and total carbohydrates content but increased 
glucose and polysaccharides contents. Also ٥۰٪ urea + ٥mM CA increased 
glucose, total soluble sugars, total carbohydrates and polysaccharides, and 
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decreased sucrose content. While ٥۰٪ urea with ۱۰mM CA decreased these 
metabolites. 

Treatment with ۱۰۰٪ urea fertilizer increased all determined 
carbohydrates fractions. Glucose, sucrose and polysaccharides content also 
increased in response to ۱۰۰٪ urea combined with the three different 
concentrations of CA. Total soluble sugars and total carbohydrates also 
increased  with ۱mM and decreased with ٥mM and ۱۰mM CA mixed with 
۱۰۰٪ urea. 

 
Table ٦: The effect of two planting dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
carbohydrates content (mg g -۱ dry weight) of Pimpinella  
anisum plants during the flowering stage. 

Date Treatment Glucose Sucrose TSS Polysaccharides Total 
carbohydrates 

Control 

Control  ۳۲٫٤۸۰ ٤٤٫٤۰۰ ۹۸٫۷۸۰ ٤٥٫۳٤۰ ۱٤٤٫۱۲۰ 
۱mM CA ۳۱٫٦٤۰ ٤٤٫۲۱۰ ۹٦٫۲٤۰* ٤٦٫۲۱۰ ۱٤۲٫٤٥۰ 
٥mM CA ۳۱٫۰۷۰ ٤۱٫٤۷۰ ۹٥٫٦۳۰* ٤٥٫۰۰۰ ۱٤۰٫٦۳۰ 
۱۰mM CA ۳۰٫٦۳۰ ٤۰.٦۷۰* ۹٥٫۲۲۰* ٤٥٫۸۱۰ ۱٤۱٫۰۳۰ 
Urea ٥۰٪ ۳۳٫٥۹۰ ٤٥٫۲۸۰ ۹۸٫۳۲۰ ٤۷٫۲۳۰ ۱٤٥٫٥٥۰ 
Urea ٥۰٪ + 
۱mM CA ۳۳٫٤۲۰ ٤٤٫۲۳۰ ۹۷٫۷۳۰ ٤٦٫۲۲۰ ۱٤۳٫۹٥۰ 

Urea ٥۰٪ + 
٥mM CA ۳۳٫۰۰۰ ٤۲٫۳۳۰ ۹٦٫۲۰۰* ٤٥٫۳٥۰ ۱٤۱٫٥٥۰ 

Urea ٥۰٪ + 
۱۰mM CA ۳۱٫۲۱۰ ٤۳٫٥۲۰ ۹٥٫۲٦۰* ٤٤٫٦۲۰ ۱۳۹٫۸۸۰* 

Urea ۱۰۰٪ ٤۰٫۰۹۰* ٥۰٫۲۳۰* ۱۱۰٫٤۷۰* ٥۰٫۷۲۰* ۱٦۱٫۱۹۰* 
Urea ۱۰۰٪ + 
۱mM CA ۳۸٫۱۳۰* ٤۸٫۰۰۰* ۹۹٫٦۲۰ ٤۸٫۲۱۰* ۱٤۷٫۸۳۰ 

Urea ۱۰۰٪ + 
٥mM CA ۳٦٫۷۳۰* ٤٥٫٥٦۰ ۱۰۲٫٥٤۰* ٤۷٫۲۳۰ ۱٤۹٫۷۷۰* 

Urea ۱۰۰٪ + 
۱۰mM CA ۳۳٫٤۲۰* ٤٤٫۸٥۰ ۹۸٫۳٥۰ ٤٥٫۲۱۰ ۱٤۳٫٥٦۰ 

L.S.D  ۲٫٥٦۳ ۲٫۱۷۷ ۲٫۳۳۳ ۲٫٤۰۸ ٤٫٤٥۰ 

Late 

Control  ٤٦٫۱۸۰ ۳۹٫۲٦۰ ۸٦٫۳۲۰ ٤۹٫۸۲۰ ۱۳٦٫۱٤۰ 
۱mM CA ٤٤٫۲٥۰ ۳۸٫٤۲۰ ۸٦٫۲٤۰ ٤۷٫۳٦۰* ۱۳۳٫٦۰۰ 
٥mM CA ٤۳٫۸۷۰* ۳۷٫٥٤۰ ۸٥٫٦۷۰ ٤۷٫۲٥۰* ۱۳۲٫۹۲۰* 
۱۰mM CA ٤۲٫۷۳۰* ۳۷٫۱٦۰ ۸٤٫۲۱۰* ٤٦٫۲۲۰* ۱۳۰٫٤۳۰* 
Urea ٥۰٪ ٥۰٫٤۷۰* ٤۳٫٥۱۰* ۸۸٫٤۷۰* ٥۰٫۲۷۰ ۱۳۸٫۷٤۰ 
Urea ٥۰٪ + 
۱mM CA ٥۰٫۲۱۰* ٤۰٫۷۲۰ ۸٦٫۹٤۰ ٤۹٫۹۷۰ ۱۳٦٫۹۱۰ 

Urea ٥۰٪ + 
٥mM CA ٤۸٫۷٦۰* ۳۹٫٥۲۰ ۸٦٫۲٤۰ ٤۸٫٦۷۰ ۱۳٤٫۹۱۰ 

Urea ٥۰٪ + 
۱۰mM CA ٤۸٫۲۲۰* ۳۸٫۱٤۰ ۸٥٫۲۳۰ ٤۷٫۰۹۰* ۱۳۲٫۳۲۰* 

Urea ۱۰۰٪ ٥۳٫۷٤۰* ٤۲٫٥۷۰* ۸۹٫۷٦۰* ٥۲٫٤۷۰* ۱٤۲٫۲۳۰* 
Urea ۱۰۰٪ + 
۱mM CA ٥۱٫۰۸۰* ٤۱.۷۸۰ ۸۸٫۳٤۰ ٥۲٫۱٤۰* ۱٤۰٫٤۸۰* 

Urea ۱۰۰٪ + 
٥mM CA ٥۰٫٤۲۰* ۳۹٫۷۸۰ ۸۷٫٤۱۰ ٥۰٫۸۹۰ ۱۳۸٫۳۰۰ 

Urea ۱۰۰٪ + 
۱۰mM CA ٥۰٫۰٤۰* ۳۸٫٦٤۰ ۸٦٫۰۸۰ ٥۰٫۱۲۰ ۱۳٦٫۲۰۰ 

L.S.D  ۱٫۹٦۳ ۲٫۷٤٦ ۲٫۰۷۷ ۱٫۳٤۹ ۳٫۱٥۲ 
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Also at the late date of cultivation during the flowering stage, results 
in table ٦ show that, comparing to control levels, ۱mM, ٥mM and ۱۰mM CA 
decreased all the determined carbohydrates fractions. On the other hand ٥۰٪ 
urea increased the determined carbohydrate contents. Meanwhile the 
interaction of ٥۰٪ urea with the three concentrations of CA increased glucose 
content significantly, whereas ٥۰٪ urea+ ۱mM CA decreased sucrose, total 
soluble sugars, polysaccharides and total carbohydrates. Also ٥۰٪ urea+ 
٥mM led to increase in sucrose and  decrease in total soluble sugars, 
polysaccharides and total carbohydrates content, while the combination of 
٥۰٪ urea and ۱۰mM CA decreased sucrose, total soluble sugars 
polysaccharides and total carbohydrates. Regarding ۱۰۰٪ urea either alone 
or combined with ۱mM CA, an increase in all the determined carbohydrates 
content was detected. Interaction of ٥mM and ۱۰mM CA with ۱۰۰٪ urea led to 
increase in glucose, polysaccharides and total carbohydrates content and 
increased sucrose and total soluble sugars with ٥mM CA combined with ۱۰۰٪ 
urea and decreased in response to ۱۰mM CA + ۱۰۰٪ urea. 

There has been increase in research on the role of the demand for 
photo-assimilates in regulating photosynthesis through changes in 
carbohydrate partitioning and accumulation under stress condition (Paul and 
Driscoll, ۱۹۹۷; Nielsen et al., ۱۹۹۸; Paul and Foyer, ۲۰۰۱). N plays an 
important role in synthesis of the plant constituents through the action of 
different enzymes activity and protein synthesis (Jones et al., ۱۹۹۱) that 
reflected on an increase in growth parameters and chemical constituents of 
anise, coriander and sweet fennel plants. The obtained results are in 
accordance with those obtained by previous 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, ۲۰۰۰). 
Increase the N fertilizer caused a significant increase in the seed yield of 
Mentha arvensis L and Anethum graveolens L. (Munsi, ۱۹۹۲; Randhawa et 
al., ۱۹۹٦ respectively). N fertilization increased the vegetative growth, 
essential oil, fixed oil, total carbohydrates, soluble sugars and NPK content of 
Nigella sativa L. plants (Khalid, ۲۰۰۱). Zheljazkov and Margina (۱۹۹٦) 
established that vegetative growth and essential oil (yield and constituents) of 
Mentha piperita and Mentha arvensis were increased as N fertilizer increase. 
Arabaci and Bayram (۲۰۰٤) found that N fertilizer increased the amount of 
green herb yield, drug herb yield, drug leaves, essential oil (% & yield) of 
basil (Ocimum basilicum L.).  
Changes in nitrogenous fractions: 

Results presented in table ۷ show that, at the vegetative stage, the 
different concentrations of CA decreased ammonia-N content with the three 
CA concentrations. Amino- N content increased with ۱mM CA and decreased 
with the two other concentrations. Whereas amide-, total soluble- N, total- N 
and protein- N they decreased with the different concentrations of CA during 
the control date of cultivation. Ammonia- and amino- N increased with ٥۰٪ 
urea either alone or when mixed with the three concentrations of CA. 
However, ۱۰۰٪ urea either alone or combined with different CA 
concentrations increased  both ammonia- and amino-N. Amide- N increased 
with ٥۰٪ urea either alone or in combination with ۱mM CA, and this 
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parameter decreased with ٥mM and ۱۰mM CA mixed with ٥۰٪ urea. 
Meanwhile, ۱۰۰٪ urea either alone or in addition to ۱mM and ٥mM CA 
increased amide- N content, while ۱۰۰٪ urea+۱۰mM CA caused in amide- N 
content. 
 
Table ۷: The effect of two planting dates, different concentrations of 

cinnamic acid (CA) and urea, either alone or in combination, on 
nitrogenous constituents (mg g -۱ dry weight) of Pimpinella  
anisum plants during the vegetative stage. 

Date Treatment Ammonia 
N 

Amino 
N. 

Amide 
N. 

Total 
soluble 

N. 
Total 

nitrogen 
Protein 
nitrogen 

Control 

Control  ٤٫۳۳۰ ۳٫٦۲۰ ۰٫۸۸۰ ۱۱٫۳۷۰ ۳۳٫٤٦۰ ۲۲٫۰۹۰ 
۱mM CA ٤٫۲٥۰ ۳٫۷٤۰ ۰٫۸۲۰ ۱۰٫۹٦۰ ۳۲٫۱۹۰* ۲۱٫۸٥۰ 
٥mM CA ٤٫۰۷۰ ۳٫٤٥۰ ۰٫۷۹۰ ۱۰٫۲۳۰* ۳۱٫۸٦۰* ۲۱٫٦۳۰ 
۱۰mM CA ۳٫۹۲۰* ۳٫۱۸۰ ۰٫۷٤۰ ۱۰٫۰۷۰* ۳۱٫٤۲۰* ۲۱٫۳٥۰ 
Urea ٥۰٪ ٤٫٦۳۰* ۳٫۹٤۰* ۰٫۹۲۰ ۱۲٫٤۸۰ ۳٥٫٦۲۰* ۲۳٫۱٤۰ 
Urea ٥۰٪ + ۱mM CA ٤٫٦۱۰* ۳٫۸۲۰* ۰٫۸۹۰ ۱۲٫۱۲۰ ۳٥٫۱٥۰ ۲۳٫۰۳۰ 
Urea ٥۰٪ + ٥mM CA ٤٫٥۰۰ ۳٫٥۱۰ ۰٫۸٥۰ ۱۱٫۸٤۰ ۳٤٫۸٥۰ ۲۳٫۰۱۰ 
Urea ٥۰٪ + ۱۰mM CA ٤٫٥۷۰ ۳٫۱۲۰ ۰٫۷۹۰ ۱۱٫٥۳۰ ۳٤٫۲٦۰ ۲۲٫۷۳۰ 
Urea ۱۰۰٪ ٥٫۱٤۰* ٤٫۲٦۰* ۰٫۹۸۰ ۱۲٫۹۳۰* ۳۸٫۷۲۰* ۲٥٫۷۹۰* 

Urea ۱۰۰٪ + ۱mM CA ٥٫۰٦۰* ٤٫۱۷۰* ۰٫۹٦۰ ۱۲٫٤٤۰ ۳٦٫٤٥۰* ۲٤٫۰۱۰* 

Urea ۱۰۰٪ + ٥mM CA ٤٫۸۱۰* ٤٫۱۳۰* ۰٫۹۷۰ ۱۱٫۹٦۰ ۳٦٫۲۹۰* ۲٤٫۳۳۰* 

Urea ۱۰۰٪ + ۱۰mM CA ٤٫۷۲۰* ۳٫۹۱۰* ۰٫۸۷۰ ۱۱٫٦٥۰ ۳٥٫۱۲۰ ۲۳٫٤۷۰ 
L.S.D  ۰٫۲۷٥ ۰٫۲۰٥ ۰٫۳۱۱ ۱٫٤۹٤ ۱٫۰۷۹ ۱٫۲۳٦ 

Late 

Control  ٤٫٦٥۰ ٤٫۰٥۰ ۰٫۷۹۰ ۱۳٫٤۸۰ ۳٥٫۷۱۰ ۲۲٫۲۳۰ 
۱mM CA ٤٫۲۳۰* ۳٫۹۲۰ ۰٫۷٥۰ ۱۱٫۸۷۰ ۳٥٫۱٦۰ ۲۳٫۲۹۰* 
٥mM CA ٤٫۱۲۰* ۳٫۷۳۰* ۰٫٦۹۰* ۱۱٫٥۳۰ ۳۳٫۷٦۰* ۲۲٫۲۳۰ 
۱۰mM CA ۳٫۰۸۰* ۳٫٥٤۰* ۰٫٦٦۰* ۱۱٫۳۷۰* ۳۳٫۱۲۰* ۲۱٫۷٥۰ 
Urea ٥۰٪ ٤٫۷۹۰ ٤٫۲۷۰* ۰٫۹٦۰* ۱٤٫٤۲۰ ۳٦٫٦٦۰ ۲۲٫۲٤۰ 
Urea ٥۰٪ + ۱mM CA ٤٫٦۳۰ ٤٫۱۳۰ ۰٫۹٤۰* ۱۳٫٦۹۰ ۳٥٫۹٥۰ ۲۲٫۲٦۰ 
Urea ٥۰٪ + ٥mM CA ٤٫٤۹۰ ٤٫۰۷۰ ۰٫۹۱۰* ۱۲٫۸٤۰ ۳٥٫۸٥۰ ۲۳٫۰۱۰ 
Urea ٥۰٪ + ۱۰mM CA ٤٫۳٦۰* ۳٫۸۷۰ ۰٫۸۷۰* ۱۲٫۲۹۰ ۳٥٫۷٦۰ ۲۳٫٤۷۰* 
Urea ۱۰۰٪ ٥٫۳۷۰* ٤٫٥۷۰* ۱٫۱٤۰* ۱٥٫۷۳۰* ۳۸٫۹۷۰* ۲۳٫۲٤۰* 

Urea ۱۰۰٪ + ۱mM CA ٥٫۲۱۰* ٤٫۳۳۰* ۱٫۰۸۰* ۱۳٫٦٤۰ ۳۷٫٤٥۰* ۲۳٫۸۱۰* 

Urea ۱۰۰٪ + ٥mM CA ٤٫۹٤۰* ٤٫۲۱۰ ۰٫۹۱۰* ۱۲٫۷۰۰ ۳٦٫٤٥۰ ۲۳٫۷٥۰* 

Urea ۱۰۰٪ + ۱۰mM CA ٤٫۸۰۰ ۳٫۹٤۰ ۰٫۸۳۰ ۱۱٫۰۸۰* ۳٥٫۸۲۰ ۲٤٫۷٤۰* 
L.S.D  ۰٫۱۸۷ ۰٫۱۹۳ ۰٫۰۷٤ ۱٫۹۸٥ ۱٫٥٦۷ ۰٫۹۸٤ 
 
Total soluble- and protein- N increased as a result of treating anise 

plants with ٥۰٪ urea either alone or in combination with three different CA 
concentrations. On the other hand total- N increased in plants supplied with 
٥۰٪ urea alone or combined with the different concentrations of CA. 
Fertilization of anise plant with ۱۰۰٪ urea alone or combined with the different 
CA concentrations increased total soluble-, total- and protein- N. 

During flowering stage results illustrated in table ۸ show that, all the 
determined nitrogenous constituents decreased with the three concentrations 
of CA. Fertilization with ٥۰٪ urea either alone or combined with the CA used 
concentrations increased all the determined nitrogenous constituents. The 
highest concentration of urea (۱۰۰٪) when used either alone or in 
combination with CA different concentrations caused significant increase in 
all the determined nitrogenous fractions.  
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Table ۸: The effect of two planting dates, different concentrations of 
cinnamic acid (CA) and urea, either alone or in combination, 
on nitrogenous constituents (mg g -۱ dry weight) of Pimpinella  
anisum plants during the flowering stage. 

Date Treatment Ammonia 
N 

Amino 
N. 

Amide 
N. 

Total 
soluble 

N. 
Total 

nitrogen 
Protein 

nitrogen 

Control 

Control ٥٫٤۳۰ ٤٫۳۲۰ ۱٫٤۷۰ ۱۳٫٤۰۰ ٤٦٫۳۱۰ ۳۲٫۹۱۰ 
۱mM CA ٥٫۳۷۰ ٤٫۱۸۰ ۱٫۳٥۰* ۱۲٫۸۷۰ ٤٦٫۱٦۰ ۳۲٫۲۹۰ 
٥mM CA ٤٫۸۲۰* ۳٫۸٥۰* ۱٫۳۳۰* ۱۲٫٥۲۰ ٤٤٫۸۲۰* ۳۲٫۳۰۰ 
۱۰mM CA ٤٫٥۱۰* ۳٫٤۷۰* ۱٫۱۹۰* ۱۱٫۸۲۰* ٤۳٫۹۸۰* ۳۲٫۱٦۰ 
Urea ٥۰٪ ٥٫۹۸۰ ٤٫٦۹۰ ۱٫۸۳۰* ۱٤٫٥٦۰* ٥۰٫۸۲۰* ۳٦٫۲٦۰* 
Urea ٥۰٪ + ۱mM CA ٥٫۹۳۰ ٤٫٤٦۰ ۱٫٦۲۰* ۱٤٫۱۳۰ ٤۹.۷۳۰* ۳٥٫٦۰۰* 
Urea ٥۰٪ + ٥mM CA ٥٫٤۷۰ ٤٫٥۱۰ ۱٫٦۳۰* ۱۳٫۸٦۰ ٤۸٫۲۱۰* ۳٤٫۳٥۰* 
Urea ٥۰٪ + ۱۰mM CA ٥٫۱۲۰ ٤٫٤٤۰ ۱٫٥٦۰ ۱۳٫٤۲۰ ٤۸٫۱۱۰* ۳٤٫٦۹۰* 
Urea ۱۰۰٪ ٦٫٦۸۰* ٥٫۲۳۰* ۱٫۹۷۰* ۱٥٫٤٤۰* ٥۲٫۹٦۰* ۳۷٫٥۲۰* 
Urea ۱۰۰٪ + ۱mM CA ٦٫٥۳۰* ٤٫۸۷۰* ۱٫۸٤۰* ۱٤٫۸۳۰* ٥۲٫۷۹۰* ۳۷.۹٦۰* 
Urea ۱۰۰٪ + ٥mM CA ٦٫۰۷۰* ٤٫۷۳۰ ۱٫۸۲۰* ۱٤٫٥٤۰ ٥۱٫۸٤۰* ۳۷٫۳۰۰* 
Urea ۱۰۰٪ + ۱۰mM CA ٥٫۹۲۰ ٤٫٤۲۰ ۱٫۷۹۰* ۱۳٫۹۲۰ ٥۰٫۹۱۰* ۳٦٫۹۹۰* 
L.S.D ۰٫٦۲۱ ۰٫٤۲۲ ۰٫۱۰۷ ۱٫۲۱۷ ۱٫۰۸۷ ۱٫۳۰۸ 

Late 

Control ٦٫۲٤۰ ٥٫٥۲۰ ۱٫۳۳۰ ۱٥٫٦۸۰ ٤٦٫۸۹۰ ۳۱٫۲۱۰ 
۱mM CA ٦٫۰٥۰ ٥٫۱۱۰* ۱٫۲۸۰ ۱٤٫۸٤۰ ٤٥٫۲۷۰ ۳۰٫٤۳۰ 
٥mM CA ٥٫۸۷۰* ٤٫۸۸۰* ۱٫۱٦۰* ۱٤٫٥۰۰ ٤٥٫۳۱۰ ۳۰٫۸۱۰ 
۱۰mM CA ٥٫۲۹۰* ٤٫۳۹۰* ۱٫۰۹۰* ۱۳٫۷۷۰* ٤٤٫٤۷۰ ۳۰٫۷۰۰ 
Urea ٥۰٪ ٦٫۹٤۰* ٥٫۷۹۰ ۱٫٥٦۰* ۱۷٫۷۲۰* ٤۹٫٥٤۰* ۳۱٫۸۲۰ 
Urea ٥۰٪ + ۱mM CA ٦٫۹۳۰* ٥٫۷٦۰ ۱٫٥۲۰* ۱٦٫٤۳۰ ٤۷٫٦۸۰ ۳۱٫۲٥۰ 
Urea ٥۰٪ + ٥mM CA ٦٫٤٦۰* ٥٫٥۸۰ ۱٫٤۷۰* ۱٦٫٦٦۰ ٤۷٫۳۲۰ ۳۰٫٦٦۰ 
Urea ٥۰٪ + ۱۰mM CA ٦٫۱۲۰ ٥٫٥٤۰ ۱٫۳٦۰ ۱٥٫٤۸۰ ٤٦٫۹٤۰ ۳۱٫٤٦۰ 
Urea ۱۰۰٪ ۷٫۳٥۰* ٦٫۲۷۰* ۱٫۸۹۰* ۱۷٫۹۳۰* ٥۱٫۲۸۰* ۳۳٫۳٥۰* 
Urea ۱۰۰٪ + ۱mM CA ٦٫۸٦۰* ٦٫۰۷۰* ۱٫۷۷۰* ۱۷٫٥۹۰* ٥۱٫۱۹۰* ۳۳٫٦۰۰* 
Urea ۱۰۰٪ + ٥mM CA ٦٫۳۹۰ ٥٫۹۳۰* ۱٫۷٤۰* ۱٦٫۸۲۰ ٥۰٫۷۹۰* ۳۳٫۹۷۰* 
Urea ۱۰۰٪ + ۱۰mM CA ٦٫۱۲۰ ٥٫٦۱۰ ۱٫٦۱۰* ۱٥٫۸٥۰ ٥۰٫۰۰۰* ۳٤٫۱٥* 
L.S.D ۰٫۲۰۷ ۰٫۳۸۱ ۰٫۰۹۳ ۱٫٦۱۸ ۲٫٤٦۲ ۱٫۰٥٦ 

 

Similar pattern of change in general was obtained at the two stages 
of growth during the late date of cultivation. Again, results obtained by CA 
and urea; independent or together in case of control date of cultivation were 
much better than those obtained on the late date of cultivation. 

Based on the mentioned results CA as an allelochemical was found 
to decrease the nitrogenous fractions and according to the allelopathy 
definition, it is so evident that allelochemicals could affect all phases of 
nitrogen cycle that involve plant or microorganisms. When plants take up 
nitrate, they must use energy to convert it to ammonium form before it can be 
used. Thus, growth reduction due to missing of energy could be an argument 
for nitrogen reduction in seedlings which treated by allelochemicals, also 
loosing of nitrogen content in some seedling, could be occurred by limiting or 
reducing some key factors in nitrogen metabolism such as nitrate reductase 
and glutamine synthetase (Reigosa et al., ۲۰۰٦). 

 

REFERENCES 
 

Anslow P.A. and  Stratford M.  (۲۰۰۰). Preservative and flavoring system. U. 
S. patent ٦،۰٤۲،۸٦۱. 

Akbarinia A., Jahanfar D. and Beygifarzad M. (۲۰۰۷). Effect of nitrogen 
fertilizer and plant density on seed yield, essential oil and fixed oil 
content of Coriandrum sativum L. Int J Med Arom Plants ۲۲ (۳٤): ٤۱۰-
٤۱۹. 

 ۱۰۳٤ 



J. Plant Production,  Mansoura Univ., Vol. (٦) ٥, June, ۲۰۱٤ 

Arabaci O. and Bayram E. (۲۰۰٤). The effect of nitrogen fertilization and plant 
densities of some agronomic and technologic characteristics of 
Ocimum basilicum L. (Basil). J. Agron. ۳ ,٤, ۲٥٥-۲٦۲. 

Arnon D.I. (۱۹٤۹). Copper enzymes in isolated chloroplasts: 
Polyphenoloxidase in Beta vulgaris. Plant Physiology, ۲٤: ۱- ۱٥. 

Ashraf M., Ali Q. and Iqba Z. (۲۰۰٦). Effect of nitrogen application rate on the 
content and composition of oil, essential oil and minerals in black 
cumin (Nigella sativa L.) seeds. J Sci Food Agric ۸٦۳۰ (٦۰): ۸۷۱-۸۷٦. 

Cechin I. and Fumis T. (۲۰۰٤). Effect of nitrogen supply on growth and 
photosynthesis of sunflower plants grown in the greenhouse. Plant 
Science. ۱٦٦:۱۳۷۹ - ۱۳۸٥. 

Chambel A., Viegas C.A. and Sa-Correia I. (۱۹۹۹). Effect of cinnamic acid on 
the growth and on plasma membrane H+-ATPase activity of 
Saccharomyces cerevisiae. Int. J. of Food Microbiology. ٥۰:۱۷۳-۱۷۹.  

Christensen J.H., Hewitson B., Busuioc A., Chen A. and Gao X. (۲۰۰۷). 
Regional climate projections. In: Solomon S, Qin D, Manning M, 
Chen Z, Marquis M, Averyt KB, Tignor M, Miller HL (eds) Climate 
change: the physical science basis. Contribution of Working group I 
to the fourth assessment report of the intergovernmental panel on 
climate change. Cambridge University Press, Cambridge and New 
York, pp ۸٤۷–۹٤۰. 

Ding  J., Sun Y., Xiao C.L., Shi K., Zhou Y.H. and Yu J.Q. (۲۰۰۷). 
Physiological basis of different allelopathic reactions of cucumber 
and figleaf gourd plants to cinnamic acid. J. Exp. Bot., ٥۸, ۳۷٦٥-۳۷۷۳. 

Eblen B. S., Walderhaug M. O., Edelson-Mammel S., Chirtel S. J., Jesus A. 
d., Merker R. I., Buchanan R. L., and Miller A. J. (۲۰۰٤). Potential for 
internalization, growth, and survival of Salmonella  and Escherichia 
coli O۱٥۷:H۷ in oranges. J. of Food Protection. ٦۷:۱٥۷۸-۱٥۸٤. 

Fujita K. and Kabo I. (۲۰۰۳). Synergism of polygodial and trans-cinnamic acid 
on inhibition of root elongation in lettuce seedling growth bioassays. 
J. Chem. Ecol., ۲۹, ۲۲٥۳-۲۲٦۲. 

Gharakand J. A., Hashemi- majd K., Mosavi S.B., Feiziasl V., Jafarzadeh J., 
karimi E. (۲۰۱۲). Effects of nitrogen application on dry land wheat 
roots and shoot. Greener J. of Agri. Sci. Vol. ۲ (٥), pp. ۱۸۸-۱۹٤. 

Glass A. D. M. (۱۹۷٤). Influence of phenolic acids upon ion uptake. III. 
Inhibition of potassium absorption. J. Exp. Bot. ۲٥:۱۱۰٤-۱۱۱۳. 

Glass A. D. M. and J. Dunlop. (۱۹۷٤). Influence of phenolic acids on ion 
uptake. IV. Depolarization of membrane potentials. Plant Physiol. 
٥٤:۸٥٥-۸٥۸. 

Handel E.V. (۱۹٦۸). Direct microdeterminations of sucrose. Anal. Biochem., 
۲۲: ۲۸۰- ۲۸۳. 

Haroun S.A., Abbas M.A., Abo-Shoba L.M. and El-Mantawy R.F. (۲۰۱۲). 
effect of planting  date on phenology, productivity and flour quality of 
some wheat cultivars. J.plant production, Mansoura Univ., Vol.۳ (٤): 
٦۱٦ -٥۲٦،۲۰۱۲. 

Hellal F. A., Mahfouz S.A. and Hassan A.S. (۲۰۱۱). Partial substitution of 
mineral nitrogen fertilizer by bio-fertilizer on (Anethum graveolens L.) 
plant. Agri Biol J North Amer ٦٥ :٤۲-٦٦۰. 

 ۱۰۳٥ 



El Shahaby, O. A. et al. 

Horvath, G.,Kissimon, J.and Faludi-Daniel, A. (۱۹۷۲).Effect of light intensity of 
carotenoids in normal and mutant leaves.Phytochemistry,۱۱:۱۸۳- 
۱۸۷. 

Hussain M.I., Gonza´ lez L. and Reigosa M.J. (۲۰۱۰). Phytotoxic effect of 
allelochemicals and herbicides on photosynthesis, growth and carbon 
isotope discrimination in Lactuca sativa. Allelopathy J., ۲٦, ۱٥۷–۱۷٤. 

Ivanova V. and Vassilev A. (۲۰۰۳). Biometric and physiological characteristics 
of Chrysanthemum (Chryanthemum indicum L.) plants grown at 
different rates of nitrogen fertilization. J. Cent. Europ. Agric. ٤: ۱-٦. 

James D.W. (۲۰۱۰). Urea: A Low Cost Nitrogen Fertilizer with Special 
Management Requirements. Fertilizer Fact Sheet. 

Jasso-Chaverria C., Hochmuth G.J., Hochmuth R.C. and Sargent S.A. 
(۲۰۰٥). Fruit yield, size, and colour responses of two Greenhouse 
cucumber types to nitrogen fertilization in perlite soilless culture. 
Horticulture Technology. ۱٥:٥٦٥. 

Jones I.B., Wolf B. and Milles H.A. (۱۹۹۱). Plant analysis handbook. Macro-
Micro Publishing. Inc. 

Khalid K.A. (۱۹۹٦). Effect of fertilization on the growth, yield and chemical 
composition of some medicinal umbelleferous Plant. [M.Sc. Thesis] 
Faculty of Agriculture Al-Azhar University Cairo Egypt. 

Khalid K.A. (۲۰۰۱). Physiological studies on the growth and chemical 
composition of Nigella sativa L. plants. [Ph.D. Dissertation]. Faculty 
of Agriculture Ain-Shams Univ Cairo Egypt. 

Kissimon J. (۱۹۹۹). Analysis of the photosynthetic pigment composition. 
Inernational Workshop and Training Course on Microalgal Biology 
and Biotechnology. Mosonmagyarouar, Hungeria, pp. ۱۳- ۲٦. 

Lawlor D.W. (۲۰۰۲). Carbon and nitrogen assimilation in relation to yield: 
mechanisms are the key to understanding production systems, J. 
Exp. Botany. ٥۳:۷۷۳ - ۷۸۷. 

McCrae R. and Costa Jr.  T. (۲۰۰٤). A contemplated revision of the NEO 
Five-Factor Inventory. Personality and Individual Differences ۳٦ 
(۲۰۰٤) ٥۸۷–٥۹٦. 

Mittler R. (۲۰۰٦). Abiotic stress, the field environment and stress combination. 
Trends Plant Sci ۱۱:۱٥–۱۹. 

Muller-Schwarze, Dietland (۲۰۰٦). Chemical Ecology of Vertebrates. 
Cambridge University Press. pp. ۲۸۷. 

Munsi P.S. (۱۹۹۲). Nitrogen and phosphors nutrition response in Japanese 
mint cultivation. Acta Hort. ۳۰٤ ,٦۳٤٤ - ٦۳. 

Nielsen T.H., Krapp A., Rooper-Shwarzand U. and Stitt M. (۱۹۹۸). The sugar-
mediated regulation of gene encoding the small subunit of Rubisco 
and the regulatory subunit of ADP glucose pyrophosphorylase is 
modified by phosphate and nitrogen. Plant Cell Environ. ۲۱:٤٤۳-٤٥٤. 

Paul M.J and Foyer C.H. (۲۰۰۱). Sink regulation of photosynthesis. J. Exp. 
٥۲:۱۳۸۳-۱٤۰۰. 

Paul M.J. and Driscoll S.P. (۱۹۹۷). Sugar repression of photosynthesis: The 
role of carbohydrates in signaling nitrogen deficiency through source 
source: sink imbalance. Plant Cell Environ. ۲۰:۱۱۰-۱۱٦. 

 ۱۰۳٦ 



J. Plant Production,  Mansoura Univ., Vol. (٦) ٥, June, ۲۰۱٤ 

Puttanna K., Gowwda M.N. and  Rao E.V. (۲۰۰۱). Effects of application of N 
fertilizers and nitrification inhibitors on dry matter and essential oil 
yields of Java citronella (Cymbopogon winterianus). J. Agric. Sci. 
۱۳٤ :٦۲۷-٤۳۱. 

Ramteke A. A. and Shirgave P. D. (۲۰۱۲). Study of germination effect of 
fertilizers like urea NPK and biozyme on some vegetable plants  J. 
Nat. Prod. Plant Resour., ۲ (۲):۳۲۸-۳۳۳. 

Randhawa G.S., Gill B.S., Saini S.S. and Singh, J. (۱۹۹٦). Effect of plant 
spacing and nitrogen levels on the seed yield of dill seed (Anethum 
graveolens L.). Acta Hort. ٤۲٦ ,٦۲۳ - ٦۲۸. 

Reigosa M.J., Pedrol N. and Gonzalez L. (۲۰۰٦). Allelopathy: A physiological 
process with ecological implications pp: ۲۹۹-۳۳۰ SAS, ۱۹۹۷. 
SAS/STAT User’s Guide, Version ٦٫۱۲. SAS Institute, Cary, NC. 
USA. 

Silva J.A. and Uchida R. (۲۰۰۰). Plant Nutrient Management in Hawaii’s Soils, 
Approaches for Tropical and Subtropical Agriculture, University of 
Hawaii at Manoa. 

Singh N. B., Yadav K. and Amist N. (۲۰۱۳). Phytotoxic Effects of Cinnamic 
Acid on Cabbage (Brassica oleracea var. capitata) Journal of Stress 
Physiology & Biochemistry, Vol. ۹ No. ۲ ۲۰۱۳, pp. ۳۰۷-۳۱۷. 

Stanev V. (۱۹۸٤). Influence of deficit of nitrogen, phosphorus and potassium 
on the photosynthetic apparatus. In: Formation and functional activity 
of the photosynthetic apparatus (ed.Yordanov I.), Publ. House of 
BAS, Sofia. pp. ۱٥۹-۱۷۱. 

Thayermanavan V. and Sadasivam S. (۱۹۸٤). Qual Plant Foods Hum Nutr., 
۳٥ :٤۳- ۲٥۷. In: Biochemical methods, ۲nd edition (Sadasivam, S. and 
Manickam, A. eds.). New ag. Inter. Limit. Publ. New Delhi, India, pp. 
۱۱- ۱۲. 

Tillberg J. (۱۹۷۰). Effects of abscisic acid, salicyclic acid and transcinnamic 
acid on phosphate uptake, ATP-level, and oxygen evolution in 
scenedesmus. Physiol. Plant. ۲۳:٦٤۷-٦٥۳. 

Van Sumere C. F., Cottenie J., De Greef J. and Kint J. (۱۹۷۲). Biochemical 
stu۰dies in relation to the possible germination regulatory role of 
naturally occurring coumarin and phenolics. V. C. Runeckles and J. 
E. Watkin (ed.). Advances in Phytochemistry. Appleton-Crofts, New 
York. p. ۱٦٥-۲۲۱. 

Vaughan D. and Ord B.G. (۱۹۹۱). Extraction of potential allelochemicals and 
their effects on root morphology and nutrient content. In: Atkinson, D. 
(ed.) Plant Root Growth: an Ecological Perspective. Blackwell 
Scientific, London, pp. ۳۹۹-٤۲۱. 

Yamori  W., Hikosaka K. and Danielle A. (۲۰۱۳). Temperature response of 
photosynthesis in C۳, C٤, and CAM plants: temperature acclimation 
and temperature adaptation. Photosynth. Res. DOI ۱۰٫۱۰۰۷/s۱۱۱۲۰-
۰۱۳-۹۸۷٦-٤. 

Yao  J. (۲۰۰۷). Defect allelopathy of the processed tomato and research 
physiological speciality. Xinjiang Agricultural University. 

 ۱۰۳۷ 



El Shahaby, O. A. et al. 

Ye S.F., Yu J.Q., Peng Y.H., Zheng J.H. and Zou L.Y. (۲۰۰٤). Incidence of 
Fusarium wilt in Cucumis sativus L. is promoted by cinnamic acid, an 
autotoxin in root exudates. Plant Soil., ۲٦۳, ۱٤۳–۱٥۰. 

Yemm E.W. and Willis A.J. (۱۹٥٤). The estimation of carbohydrates by 
anthrone. Biochem. J., ٥۷: ٥۰۸- ٥۱٤. 

Yemm E.W. and Willis A.J. (۱۹٥٦). The respiration of barely plants. IX. The 
metabolism of roots during the assimilation of nitrogen. New 
Phytologist, ٥٥: ۲۲۹- ۲٥۲. 

Younis, M.E., Hasaneen, M.N.A., Ahmed, A.R. and El-Bialy, D.M.A. (۲۰۰۸). 
Plant growth, metabolism and adaptation in relation to stress 
conditions. XXI. Salinity and nitrogen rate effects on growth, 
photosynthesis, carbohydrate content and activities of antioxidant 
enzymes in Lactuca sativa transplants. Aust. J. of Crop Sci., ۲: ۸۳- 
۹٥. 

Zheljazkov V. and Margina A. (۱۹۹٦). Effect of nitrogen doses of fertilizer 
application on quantitative and qualitqtive characters of mint. Acta 
Hort. ٤۲٥ ,٦۷۹ – ٥۹۲. 

 
تأثیر تاریخ الزراعة، حمض السینامیك و السماد النیتروجینى على نمو وأیض نب�ات 

 الینسون
 و س����امي أب����و القاس����م أب����و حام����د  ،س����امیة عل����ى ھ����ارون  ،عم����ر عب����د الس����میع الش����ھابي

 ریھام عبد الله شمس الدین
 مصر -المنصورة –جامعة المنصورة  –كلیة العلوم  –قسم النبات 

 
 الموع���د المعت���اد لزراعت���ھ ف���يتج���ربتین منفص��لتین، أح���دھما  ف���يتم��ت زراع���ة الینس���ون 

 أدت معاملة نبات الینسون ب�التركیزات المختلف�ة م�ن حم�ض الس�ینامیك و . خرموعد متأ فيوالأخرى 
 – س�اقط�ول ال -رط�ول الج�ذ(  للنب�ات لات النم�و المختلف�ةاكل د  فيإلى نقص  خلال مرحلتي النمو

 نقص�انك�ذلك ل�وحظ  ،الض�ابطة عیناتبالمقارنة بال) لوزن الجافالوزن الطازج و ا – مساحة الورقة
ب +ب ، كلوروفیل أكلوروفیل أ ،  كلوروفیل (  الضوئيالبناء  صباغالمكونات النسبیة لأ في معنوي

الجلوك��وز، (محت��وى الكربوھی��درات  ف��ي اخت��زالأیض��ا ح��دث ) ، و المحت��وى الص��بغى، الكاروتین��ات
 محت��وى ف��ينق��ص  إل��ى أدىكم��ا ) والمحت��وى الكل��ى للكربوھی��درات س��كریات العدی��دةالس��كروز، ال

لمحت�وى الامونیا، الامینو، الامی�د، المحت�ى النیتروجین�ى ال�ذائب والب�روتین وا( المركبات النیتروجینیھ
بینم�ا . عند مقارنتھ�ا بالعین�ات الض�ابطة وذل�ك خ�لال موع�دي الزراع�ة المختلف�ین) ىالنیتروجینى الكل

لات النمو، المكونات اإلى زیادة كل د %)۱۰۰ -% ٥۰(المستخدمین  الیوریا زيتركی أدت معاملات
ربوھیدرات و المحت�وى النیتروجین�ى وذل�ك عن�د اس�تخدام البناء الضوئي، محتوى الك صباغالنسبیة لأ

الیوریا منفردة أو مع التركی�زات المختلف�ة م�ن حم�ض الس�ینامیك، م�ع الأخ�ذ ف�ي الاعتب�ار أن الیوری�ا 
ومما تجدر الإشارة إلیھ أن جمیع النتائج كانت أفضل في حال�ة زراع�ة الینس�ون . انت أفضلمنفردة ك

 .في موعده عن زراعتھ في الموعد المتأخر
 

 ۱۰۳۸ 


